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ABSTRACT
Despite the widespread belief that deterioration is minimal or absent in Antarctica because of the „dry cold‟, field
research undertaken for this thesis at twelve Antarctic sites identified diverse deterioration problems, often related to
moisture and salts. Accurate diagnosis of causes of deterioration is essential to ensure appropriate conservation
treatments and rate measurements can help determine treatment priorities.
The main methods used in the research were field observations at 12 locations, various analyses of samples of
materials and studies of temperature and relative humidity measurements and wind and other observational data from
diverse sources. Temperature and humidity data measured by dataloggers inside of the AAE main hut at Cape
Denison were used to assess potential changes in interior conditions following ice removal. Since exposure of sample
materials to measure rates of deterioration by light and wind proved problematic, new methods based on repeated in
situ observations of historic materials were developed, particularly to assess the damage to wood caused by wind.
Modified ISO standard methods were used to measure salt deposition and corrosion rates and Raman microscopy
and XRD were used to analyse salts. Visitor questionnaires and observations were employed to examine attitudes
and awareness of conservation requirements relevant to site management. The outcomes of conservation treatments
were assessed by field observations and reviews of site reports.
The main conclusions of the research were that diagnosis of some conservation problems has mis-attributed or
over-stated the seriousness of some problems and under-estimated others.
Meltwater was found to be a greater risk than ice accumulation, except where the weight of ice is unsupported.
Analysis of temperature and RH data at Cape Denison found hoarfrost formation on sensors indicate conditions are
colder than in reality.
Removal of ice, a key conservation strategy at most huts, has not reduced high humidity as intended and treatments
aimed at removing and continued exclusion of ice may not succeed unless mass transfer changes occurring in
buildings are considered. These should determine whether internal cycles involving phase change (formation of
hoarfrost and melting of ice from condensation occurring inside walls and ceilings) could continue to cause cyclic
melting and re-freezing on structures and artefacts inside the building even if ice ingress is excluded. Melting of ice
was often associated with
corrosion and biodeterioration.
Corrosion rates at inland locations were the lowest measured on earth, but coastal corrosion rates exceeded
predictions from ISO standard 9223 and were comparable to temperate rural Australia. Measurements found
conditions for corrosion occurred above -10°C when RH exceeded 50%. Thus the ISO standard, widely used to
estimate corrosion risks, underestimates these risks.
Inside Ross Island huts, analyses found sulphates were more prevalent than chlorides, despite proximity to the sea.
The author identified defibring at some locations at Cape Denison and more extensively at Ross Island and Cape
Adare and linked this to salts rather than „freeze-thaw‟ cycles. Referring to more detailed subsequent research by
others at Ross Island, the difficulties in diagnosing salt risks were identified since winds remove damaged fibres
which may synergise surface loss.
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Observations and measurements and surface damage to timber at Cape Denison showed location of damage is
consistent with the boundary layer formed by katabatic winds, thus losses at edges and corners of buildings are high,
but were overstated elsewhere. Plucking of wood fibres in the lee of the wind may be as damaging as particle
impacts. Photodeterioration observations showed damage events occur relatively rarely over much of the building
surfaces.
Observations at historic sites found significant variability in visitor impacts. Visitors‟ attitudes generally supported
retention of older buildings but were generally less supportive of retaining outdoor artefacts implying a need to
improve interpretation. Analysis of selected site management plans identified information gaps in diagnosing
deterioration and in evaluating treatments. Scientific resources of historic sites have been frequently overlooked and
removal of dateable bio-artefacts and datum points in environmental clean ups could threaten opportunities to derive
further historical and environmental information. The thesis proposes a framework for identifying and conserving
these resources.

Significance of the findings

The research helps to provide a more holistic approach to understanding deterioration of Antarctic historic sites and
provides a framework for assessing conservation strategies that could be applied in other locations with severe
climates.
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AAE
ablation (of ice)
accumulation
zone
ANARE
ANAN
ASHRAE
AS/NZS
ASOC
ATCM
ATS
AWS
BANZARE
BOM
Butynol,
Butylclad
CEP
CFD
CMP
corrasion (fig
7.1)

Australasian Antarctic Expedition, led by Douglas Mawson, 1911-14
“Combined processes (such as sublimation, fusion or melting, evaporation) which remove
snow or ice from … a snow-field”. (US National Snow and Ice Data Center, NSIDC).
An area in which the amount of snow and ice that is deposited exceeds that lost by deflation,
evaporation , melting, or other means.
Australian National Antarctic Research Expeditions
Antarctic Non-Government Activity News, an Australian Antarctic Division publication
American Society of Heating, Refrigeration and Airconditioning Engineers
Australian and New Zealand Standard
Antarctic and Southern Ocean Coalition
Antarctic Treaty Consultative Meeting
Antarctic Treaty Secretariat
Automatic Weather Station
British Australian and New Zealand Research Expedition, 1927-30
[Australian] Bureau of Meteorology
Trade names of butyl rubber sheeting roof membranes used at Ross Dependency huts.

föhn

Committee for Environmental Protection (of Antarctica), an Antarctic Treaty committee.
Computational Fluid Dynamics
Conservation Management Plan
The US Navy Hydrographic Office publication No 609, 1952) definition: “wearing away of
the surface of ice or other material through the friction of solid material transported by water
or air”. Discussed in Chapter 7.
“all the processes of looking after a place so as to retain its cultural significance” (Burra
Charter of Australia ICOMOS), thus inclusive of preservation, restoration, etc.
Commonwealth Scientific and Industrial Research Organisation, the Australian
Government‟s main research agency
Effect on the surface of wood of chemical action by salts, not „freeze-thaw‟ processes. The
same process is called „defibration‟ by Blanchette et al (2002), see references.
Discussed in section 2.5.3 and differentiated from „defibring‟ used by Kaila (1988).
„Distant Early Warning‟ Line, a system of military bases in the Arctic during the Cold War
of 1947-1991
[Australian Government] Department of Environment, Water, Heritage
and the Arts
Equilibrium Moisture content. See also MC. Moisture is released from the
cell walls until it stabilises at an equilibrium moisture content (EMC)
dependent on RH and ambient temperature. Thus EMC is the point at
which wood is stable and in equilibrium with the humidity of its
surroundings and is no longer gaining nor losing moisture.
Expeditions Polaires Francaises
Early wood
“All the physical material of the place including components, fixtures, contents, and
objects”. (Burra Charter of Australia ICOMOS)
Rounded, well-bonded snow that is older than one year; firn has a density greater than 550
kilograms per cubic-meter (35 pounds per cubic-foot); called névé during the first year.
Wind warmed and dried by descent, in general on the lee side of a mountain.

freeze-thaw

This term was used by various authors to define a range of effects, discussed in Chapter 4,

conservation
CSIRO
defibring
(fig 2.2)
DEW Line
DEWHA
EMC

EPF
EW
fabric
firn
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Detailed references to both scientific and vernacular Antarctic terminology are available in „The Antarctic
Dictionary- a complete guide to Antarctic English‟, by Bernadette Hince, CSIRO Publishing, Collingwood, Victoria
Australia 2000 and the National Snow and Ice Data Center (US) website at
http://nsidc.org/arcticmet/glossary/permafrost.html
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damage

GOSEAC
HERCON
criteria
hoarfrost
(fig 4.14)
IAATO
ICOMOS
IGY
IPHC
ISO
katabatic
LW
Madrid
Protocol
maintenance
MC
MHF
nd
NEPA
névé
NGO
NSS
NZAHT
permafrost

ppb, ppm
preservation2
PVD
reconstruction
restoration
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but which are inconsistent or in some cases inaccurate (for example, defibring has often
been mis-attributed to freeze-thaw damage). Freezing and thawing processes can both cause
damage, but for different reasons. Freezing damage affecting rocks is caused by physical
processes at the freezing front, whereas thawing damage is essentially water damage.
Group of Specialists on Environmental Affairs and Conservation, a group within the
Scientific Committee on Antarctic Research
Heritage Conservation criteria adopted by the [Australian] National Environment Protection
and Heritage Council (EPHC) in 2008 to provide a consistent set of national criteria to
identify and manage heritage across Australia.
A deposit of interlocking ice crystals (hoar crystals) formed by direct sublimation on
objects, usually those of small diameter freely exposed to the air, which surface is
sufficiently cooled, mostly by nocturnal radiation, to cause the direct sublimation of the
water vapor contained in the ambient air (NSIDC).
International Association of Antarctic Tour Operators, a NGO.
International Council on Monuments and Sites, a non-government body linked to UNESCO.
International Geophysical Year -an international program of scientific research conducted
during 1956-57.
International Polar Heritage Committee, a committee of ICOMOS
International Standards Organisation
“Any wind blowing down an incline; the opposite to anabatic wind. If the wind is warm, it is
called a foehn; if cold, it may be a fall wind (bora), or a gravity wind (mountain wind)”.
(NSIDC). In Antarctica these are high velocity winds flowing from the polar plateau.
Late wood
The Protocol on Environmental Protection to the Antarctic Treaty, agreed at Madrid on 4
October 1991.
The “continuous protective care of the fabric and setting of a place, …. distinguished from
repair. Repair involves restoration or reconstruction”. (Burra Charter of Australia ICOMOS)
Moisture content is the weight of water contained in a piece of timber, as
a percentage of the weight of oven-dry wood. Newly cut wood has a high
MC.
Mawson‟s Huts Foundation, a non-government organisation undertaking conservation at the
AAE site at Cape Denison.
No date
[US] National Environmental Protection Act
One year old snow which is in the process of bonding together and compacting. It has a
density greater than 550 kilograms per cubic-meter; see also „firn‟.
Non Governmental Organisation
Non-sea salt, see Chapter 5
New Zealand Antarctic Heritage Trust, a non-government organisation undertaking
conservation at historic sites in the Ross Dependency.
“Layer of soil or rock, at some depth beneath the surface, in which the temperature has been
continuously below 0 °C for at least some years. It exists where summer heating fails to
reach the base of the layer of frozen ground”. (US National Snow and Ice Data Center,
NSIDC)
Parts per million, parts per billion
“Maintaining the fabric of a place in its existing state and retarding deterioration”.
(Burra Charter of Australia ICOMOS)
Peak-valley distance, the height difference between latewood and earlywood affected by
corrasion
“Returning a place to a known earlier state and is distinguished from restoration by the
introduction of new material into the fabric”. (Burra Charter of Australia ICOMOS)
“Returning the existing fabric of a place to a known earlier state by removing accretions or
by reassembling existing components without the introduction of new material”. (Burra
Charter of Australia ICOMOS)

The precise definitions in the Burra Charter are used interchangeably by many people in common usage.
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RH
SCAR
SEM
SMA
SPA
Sp, spp
SPRI
SS
SSSI
sublimation
TAAF
tin pest
Time of
Wetness, TOW
TNB
UKAHT

Relative humidity, the percentage of water in the air compared to that at saturation
Scientific Council on Antarctic Research
Scanning Electron Microscopy
Specially Managed Area, also called ASMA (Antarctic SMA)
Specially Protected Area, also called ASPA (Antarctic SPA)
Sp= species (singular); spp= species (plural)
Scott Polar Research Institute, University of Cambridge
Sea salt (as discussed in Chapter 5), distinct from non sea salt (NSS)
Site of Special Scientific Interest. This designation was replaced by ASPA and ASMA.
Phase change directly from the solid to the gaseous state without becoming liquid.
Territoires Australes et Antarctiques Francaises
Deterioration of tin caused by allotropic change, see Chapter 6.
The period (usually in hours per year) during which a metallic surface is covered by
adsorptive and/or liquid films of electrolyte that are capable of causing atmospheric
corrosion. (ISO 9223: 3.2)
Terra Nova Bay, Italian station in the Ross Sea area.
United Kingdom Antarctic Heritage Trust, non-government organisation undertaking
conservation at UK Antarctic sites.
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PREFACE
The author first travelled to Antarctica in 1985 to record the condition of artefacts and contribute
to a conservation management plan for „Mawson‟s Huts‟, the abandoned base of the Australasian
Antarctic Expedition (1911-14) at Cape Denison.
This initial visit revealed many conservation problems, such as unexpectedly extensive corrosion,
although other problems, such as „timbers worn paper-thin‟, appeared overstated. The favoured
treatment strategy for the building was to remove the „damaging‟ ice accumulation inside it and
install vapour barriers to prevent further ingress and lower RH. Subsequent visits to other
Antarctic historic sites revealed similar strategies had not lowered high RH, and additional
problems had occurred.
Reasons for choosing this topic
These observations suggested that further materials conservation research was required to clarify
causes and rates of deterioration to develop more effective conservation strategies.
Field observations prompted questioning of widespread assumptions, including:
 whether removing ice could reduce high RH;
 whether improved strategies to control temperature are needed to reduce meltwater-related
problems; and
 whether corrosion can occur in below freezing and at RH below 80%.
Given the severe and unfamiliar conditions in Antarctica and the high costs of logistics, it was
considered important to make best use scientific information already available in the literature
and to use standardised methods to measure rates of deterioration. This enables comparison with
data from other comparable locations (especially the Arctic) and facilitates evaluation of the
efficacy of conservation treatments. Understanding the interaction of deterioration processes was
also considered important.
The conservation of historic buildings requires a multidisciplinary approach involving
consideration of historical significance, materials science, engineering, architecture and
environmental management. This thesis therefore attempts to communicate the importance of
integrating all these perspectives to improve management of Antarctic historic sites.
Limits of the scope of the thesis
Geographic and logistics constraints
The difficulty of obtaining travel and logistics support severely limited opportunities to examine
Antarctic sites. There was also little funding to conduct analysis of materials or to obtain
appropriate equipment. Travel costs to Antarctica are particularly high, and in the case of sea
voyages, requires many weeks of travel for a few days ashore. Nevertheless the author visited 12
Antarctic historic sites dating from 1895 to 1961, including five of the six most significant
„Heroic Age‟ sites. This is unusual since few conservators have the opportunity to visit more than
one or two locations in such a remote continent. Four voyages were undertaken over a 12 year
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period, but it was not possible to visit Antarctic Peninsula sites, which have a warmer climate and
more visitors, although information about these sites was included where possible.
Coverage of historical significance of sites
Space limitations precluded detailed discussion of the significance of the sites and artefacts,
except when directly relevant to the understanding of deterioration processes or the development
of treatment methods.
Limited consideration of structural issues
Structural problems of Antarctic historic buildings require professional assessment by an
engineer, which is beyond the author‟s skills as a materials conservator. However, where
materials deterioration has structural implications these are discussed without detailed
engineering calculations.
Limitations on treatment of sites and artefacts
The thesis focusses on causes and rates of deterioration and the implications for treatments, but
treatments could not be carried out due to the scale of work and authorisation requirements.
Structure of the thesis
This thesis used the standard scientific approach (theory, hypothesis, methodology, results,
statistical analysis, discussion and conclusions) to study the key deterioration processes affecting
the Antarctic historic sites.
Chapter 1 analyses historical significance criteria for the sites and their climatic and political
context.
Chapter 2 examines the scientific and heritage literature, and identifies overall gaps in
knowledge.
Chapter 3 identifies an overall methodological approach for the thesis and provides the
observations template used at each site and the risk assessment tool.
Chapters 4 to 9 each study a particular deterioration issue (temperature, humidity and ice; salts;
corrosion; wind damage; photodeterioration and biodeterioration) using scientific methodologies
to identify the deterioration process, measure deterioration rates and to consider treatment
implications.
Chapter 10 uses a questionnaire to survey visitors about their visit and their views on
preservation of the historic sites. Field observations were used to assess physical impacts of
visitation and consider management requirements.
Chapter 11 examines the interactions of deterioration processes to and considers the implications
for the effectiveness of conservation management plans.
Benefits of the research
The research provides new and more „holistic‟ information on the deterioration of materials and
buildings in extreme climates. By improving diagnosis of the cause of deterioration, rather than
treating symptoms, treatments can be more effective. Improved quantification of affecting
deterioration processes (eg minimum conditions for deterioration to occur) can have wider
benefits applicable to managing environmental risks from deterioration of buildings and artefacts
and in designing new infrastructure in Antarctica.
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1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC
HISTORIC SITES
Figure 1.1: Barents hut, Novaya Zemlya, Siberia, 1596 (Mirsky 1970: 40)
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1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC HISTORIC SITES

INTRODUCTION
The survival of the hut of the 16th century Dutch Arctic explorer Willem Barents (figure 1.1) inspired
the famous British Antarctic explorer Robert Falcon Scott to write:
"Wm Barents House in Novaya Zemlya built 1596, found by Captain Carlsen 1871 (275 years
later) intact, everything inside as left! What of this hut!" (Scott 1913: 124).
A later commentator stated that at that time Scott was:
“very worried about his hut at Cape Evans and was upset to find the hut at Hut Point built ten
years before, had filled with ice and snow. Little did he know that the snow and ice which
eventually filled both of his huts would do so much to preserve them and their contents for
another seventy years" (anon 1983).
Increasing numbers of people now visit Scott’s hut and other buildings used by the first explorers of
the last-discovered continent. The buildings evoke the isolation and the hardships of the severe climate
and seem ‘frozen in time’. But, what is the state of preservation of Barents’ hut today? Can the future
of Scott’s hut be inferred from Barents’ hut? What is happening to the other huts of Antarctic
explorers? What are the factors that affect preservation and how can these places be preserved for the
future?
1.1 Aims and objectives
The overall aim of this thesis is to improve understanding of processes of deterioration affecting
Antarctic historic sites and use this knowledge to improve conservation treatments by meeting the
following objectives:


Reviewing the condition of Antarctica’s historic sites, based on field studies at 12 sites and using
published and unpublished reports to assess those not visited;



Examining the cause of deterioration and measuring rates of deterioration and predict long term
impacts and consider how climate change may influence deterioration rates;
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Assessing the effectiveness of conservation treatments of buildings and artefacts (excepting
structural repairs);



Preparing a risk model and evaluating site management plans.

This chapter introduces Antarctica’s climate, the historical background of Antarctic exploration
and its unique political context of the Antarctic Treaty, under which historic sites are protected.
Since scientific research was a major activity at many of the sites, the scientific history of the
sites is briefly considered since this is important in deciding conservation priorities, and in some
cases, how sites should be conserved. Because of the widespread expectation that conservation
problems of Antarctic historic sites have already been solved in the Arctic, some comparisons of
the two regions are made.
1.2 Climatic conditions in Antarctica
Although both polar regions are obviously cold, they have significant climatic differences
relevant to conserving their historic sites.
Figure 1.2: Geographic comparison of the Arctic and Antarctic (AAD website, downloaded
2009)
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Temperatures are generally lower in Antarctica than the Arctic
The Arctic centres on an ocean surrounded by the Eurasian and North American landmasses with
Greenland and archipelagos of smaller islands. Antarctica is a large, high altitude continent separated
from other landmasses by huge expanses of ocean so its marine and atmospheric circulation is largely
isolated from the rest of the planet. Antarctica is dominated by its extensive permanent ice cap up to
4,000 metres thick which reflects sunlight so temperatures do not increase markedly in summer
whereas in the Arctic only Greenland and small areas of Novaya Zemlya, Svalbard, Ellesmere Island
and Jan Mayen Island (figure 1.2) have permanent glaciers. The ice cover and oceanic isolation help
maintain low temperatures in Antarctica.
At Resolute Bay (74°N), one of the coldest populated places in the Arctic, the monthly mean for the
hottest month (July) is +4°C (Strub 1996: 169) whereas the monthly mean for the hottest month
(January) at Scott Base (78ºS), is -4.5ºC
(http://www.niwascience.co.nz/edu/resources/climate/antarctic/ downloaded on 1 December 2007). .
Antarctica’s wind regime is more severe
The topography and size of the Antarctic ice cap promotes the formation of dense cold air masses
which flow downslope producing severe ‘katabatic’ (down-flowing) winds. Katabatic winds occur in
extensive areas of Antarctica, but are less frequent and more localised in the Arctic (e.g. the pitoraq
winds of East Greenland).
The Southern Ocean is dominated by westerly airflows and low pressure 'depressions' that form and
dissipate in a continuous cycle. These circulate around Antarctica in a clockwise direction at about the
latitude of the Antarctic Circle so katabatic winds occur every few days.
Winds damage historic buildings throughout the world but it is the extreme speed and frequency
of katabatic winds that makes them so problematic in Antarctica, discussed in greater detail in
Chapter 7.
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Figure 1.3: Map of Antarctic historic sites
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Only 2% of the total area of Antarctica is bare of ice and wildlife favour these areas since most
species only breed on land. Bare rock (for building foundations) and proximity of wildlife (for
food and study) were important in selecting bases for expeditions during the early exploration of
Antarctica. The Australian explorer Mawson selected Cape Denison after unsuccessfully seeking
an ice-free site along the ice cliffs of Terre Adelie for several weeks. The unusual period of calm
weather when they landed gave no warning of the terrible conditions they later experienced
(figure 1.4). After two years experiencing winds that averaged approximately 80km/hr he called
it the ‘Home of the Blizzard’ and the expedition’s meteorological studies revealed it to be the
windiest place on earth (Mawson 1915).
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Figure 1.4: In the blizzard at C Denison (Jacka & Jacka 1988: 126-127)

Low humidity and precipitation
Greater exposure to maritime climatic conditions in the Arctic results in generally higher
precipitation than Antarctica, and the higher average temperatures means a greater proportion of
that precipitation falls as rain rather than snow. Precipitation (snow) is less than 50mm per year
in the interior of Antarctica and is highest in the warmest and most northerly part of Antarctica,
the Antarctic Peninsula, which receives the equivalent of up to 900mm of water precipitation per
year (McGonigal & Woodworth 2002: 52-53), comparable to Sydney, Australia. Rain is rare
except in the northern part of the Antarctic Peninsula in summer. This means deposited salts are
rarely washed from surfaces which increases corrosion risks (discussed in Chapter 6).
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The strong effects of the circulating low pressure cells1 combined with the katabatic flow of cold
air from the high polar plateau of the Antarctic cause strong periodic changes of humidity at
coastal locations in Antarctica which are generally less pronounced in the Arctic. The effects of
RH variation are discussed in detail in Chapter 4.
Climate change is a very significant issue for the polar regions as change is widely considered to
be occurring there at a faster rate than elsewhere on earth (Steig et al 2009).
The generally colder, drier conditions of Antarctica have inhibited soil formation, whereas in the
Arctic soils have formed from rock weathering and from biological decomposition of plants.
Large areas of the Arctic are permafrost soils that are permanently frozen to a significant depth
(often tens of metres deep) and only the surface melts in summer (figure 1.5). ‘Frost heave’
causes structural damage to buildings and extensive research in the Arctic is devoted to
understanding the phenomena (Washburn 1979). Permafrost in Antarctica occurs in a fraction of
the 2% of ice-free land surface and the active layer (the layer that freezes and thaws with the
seasons) is usually thin and often contains little ice with little biological material.
These climatic differences imply that deterioration processes and rates may also differ so
conservation strategies for Arctic historic sites may not be applicable in Antarctica.
Figure 1.5: Permafrost heave affecting a burial in Yukon (Chaplin & Barr 2004: 54)

1

These cells determine whether winds blow over sea or land, thus affecting moisture content of the air.
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1.3 Historical context of polar sites
Arctic and Antarctic historic sites are compared to examine the historic values at risk and to
consider implications for site management. The history of polar exploration and the technology
of each era influenced the designs of buildings and the materials used, which therefore affects the
types of conservation problems they experience.
Prehistoric sites
While there are numerous prehistoric sites throughout the Arctic there is no reliable evidence of
indigenous populations in the Antarctic although Chilean research published evidence of Fuegan
artefacts from natives who accompanied sealers to the South Shetland Islands during the
nineteenth century (Stehberg & Lucero 1995). A Maori tribe established an independent
settlement on the Subantarctic Auckland Islands in the nineteenth century (Smith 1910).
Many early Arctic sites have been excavated and extensively studied, such as the 500-year-old
‘mummies’ of Qilakitsoq in Greenland (Hart-Hansen et al 1991) and Norse sites in Greenland
and North America. Most of these excavations are from soil or gravel, as shown in figure 1.6,
rather than ice. The only Antarctic sites with comparable conditions are nineteenth century
sealing sites on beaches in the Antarctic Peninsula (Stehberg and Luchero 1995).
Figure1.6: Early twentieth century excavation in Greenland Hart-Hansen et al (1991: 21)
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Seventeenth century Arctic sites
Fortifications, bridges and churches (figure 1.7) survive in Siberia and northern Russia dating from the
seventeenth to nineteenth centuries (Opolovnikov and Opolovnikov 1989). Aspects of their condition
and treatment are discussed in subsequent chapters when considering the natural condition of timber in
cold conditions.
Figure1.7: Siberian church (Opolovnikov & Opolovnikov 1989: 232)

In 1596 the Dutch explorer Barents attempted to find the north east passage to China. His ship became
trapped in ice so he and his men were forced to build a hut ashore on the northeast coast of Novaya
Zemlya. Barents’ hut is the oldest European-style hut in the High Arctic and was about 7.8 metres by
5.5 metres(Hacquebord & Blankenstein 1993), similar in size to several Antarctic timber huts. Carlsen
visited the hut in 1871 (ibid) and stated it was in good condition. Artefacts from the expedition have
been removed from the site over the past one hundred years, many by souvenir hunters, although some
are in museums in Norway (Simonsen 1958), the Netherlands and Russia. A summary of
Hacquebord’s analysis of causes of its current ruinous condition is given in Chapter 2.
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The Norwegian archipelago of Svalbard, also known as Spitsbergen, has many sites from sixteenth to
nineteenth century shore-based European whalers (Barr, S 1985). Burial in frozen peaty soils has
produced exceptional preservation of human remains, clothing and equipment. The warmer, maritime
climate of Svalbard, and the types of artefacts (trypots, tools and graves) are more comparable to
Subantarctic islands or the Antarctic Peninsula, than most early Antarctic historic sites.
Figure 1.8: Tryworks on Svalbard (Hacquebord in Bjerck & Johannessen 1999: 9)

Figure 1.9: Body covered with cloth in grave, Svalbard (Bjerck and Johanessen 1999: 8)
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Other Svalbard sites relate to coal mining, hunting by Russian fur trappers and various European
explorers seeking routes to the North Pole (Barr 1985). Unfortunately no comprehensive list of
historic sites is publicly available due to recent increases in human damage to sites (Barr,
Riksantiksvaren Oslo, personal communication 2002). While Svalbard and Antarctic sites have some
similarities (eg wooden building, maritime equipment) most Svalbard sites are much older and
conservation of artefacts from peaty soil involves entirely different challenges to Antarctica.
Nineteenth century Canadian sites
Canadian Arctic historic sites that are historically and climatically comparable with Antarctica
include Fort Magnesia (Barr, W & Blake 1990) at Payer Harbour on Pim Island, Nunavut (near
Smith Sound); timber signposts erected by Peary at Cape Sheridan near the present day military
base of Alert; grave markers at Beechey Island and forts and caches such as Fort Conger and
Northumberland, dating from the mid nineteenth century when searchers were searching for Sir
John Franklin's expedition, to the early twentieth century. Canadian researchers Hett and Weaver
(1980) and Cross (1982) studied Captain Kellett's storehouse at Dealy Island in detail
(figure 1.10), discussed in subsequent chapters.
Figure 1.10: Kellett’s storehouse (photo by Martin Weaver in Harrowfield 1996)
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Later Arctic sites
There are many wooden buildings in Alaska and the Yukon, mainly relating to gold mining and fur
trading by the Hudson's Bay Trading Company, but these have much warmer climates than Antarctica.
Although there are no military sites in Antarctica (as military activity was prohibited under the 1959
Antarctic Treaty) North American military sites have some comparable conservation issues to
Antarctic International Geophysical Year (IGY, 1957-58) sites due to similar construction styles and
materials. DEW2 stations and weather stations such as Alert (Johnson 1990) on Ellesmere Island
included barracks style accommodation similar to Antarctic ‘dongas’ with extensive use of plywood
prefabricated panels with sandwich insulation,. Despite the comparative remoteness of the Arctic it
was strategically important during the 1945-1990 Cold War.
In the Russian Arctic Nansen’s refuge on Franz Josef Land (Barr 1991) and bases used by Sedov, the
Duke of Abruzzi, Ziegler and Fiala; and Soviet-era meteorological bases are comparable to Antarctic
historic sites in terms of climate, construction and materials and are discussed where relevant in
subsequent chapters. Fedorov, a Russian scientist, gives fascinating diary descriptions of his visit in
1933 to the remains of huts and tents from these expeditions:
"Many expeditions left traces here. In effect it was a museum telling about the race to the Pole
at the turn of the century. That museum should be put in order.” (Fedorov 1983: 106).
Federov’s observation, written in the 1930s, still awaits action although a joint NorwegianRussian expedition (Barr 1991) made significant progress in recording sites which had not been
visited for many years during the Cold War. Federov discussed the suitability of the buildings for
the size of the earlier expeditions and pondered the navigational problems of the era from
examining the equipment left behind and found flags intended by Fiala to claim undiscovered
land. It is reassuring to find a scientist so respectful and interested in the possibilities of
understanding history from the examination of the remains of former expeditions. This contrasts
with the actions of Stefansson cited by Jenness (1990) who alleged gross damage and desecration
at a Canadian site. Soviet weather stations were established along with military installations
2

Distant Early Warning (DEW) stations were used to detect intercontinental ballistic missiles.
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(figure 1.12), some of which are still in use. A few concentration camps or 'gulags' (figure 1.11)
in northern areas are climatically comparable with Antarctic buildings and used similar materials
such as wood and metal sheeting (Philps 1997) although few conservation assessments are
available.
Figure 1.11: Russian gulag (Brackman 2002: 38) showing typical infrastructure and environment
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Figure 1.12: Russian military base, Severnaya Zemlya (Chaplin & Barr 2004: 15)

I
I

Early Antarctic historic sites
As Antarctica was the last-discovered continent its historic sites are generally more recent than
the Arctic. Table 1.1 lists sites, parties undertaking management, dates of
construction/occupation, site type and significance. Figure 1.3 shows their locations.
While whaling and sealing were significant activities in the early exploration of Antarctica few
land-based sites were established, located mostly in the Antarctic Peninsula (Torres & Aguayo
1993), (Simpson & Lewis Smith 1987) and on the South Shetland Islands (Pearson 2007).
Sealing was undertaken in the Antarctic Peninsula from the early nineteenth century and the sites
are characterised by ruined stone-walled walls with roofs made of whale ribs or timber, and work
platforms for processing skins (for fur seals) or trypots for rendering blubber (elephant seals).
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When whaling commenced in the Southern Ocean in the late nineteenth century, whales were
hunted from ships and were processed on the ships. A Norwegian whaling station operated at
Hector Station from 1906 to 1931 on Deception Island in the South Shetlands (figure 1.13). A
whaler’s graveyard nearby was largely destroyed during a later volcanic eruption (Hacquebord
1992). The volcanic landscape and hot water beach have made this one of the most visited tourist
locations in the Antarctic (Enzenbacher 1992)3.
Figure 1.13: Hector Station (Hacquebord 1992)

Whaling, sealing and territorial claims (which could be done without landing) were ship-based so
there was little incentive to establish shore bases. It was also difficult for wooden sailing ships of
the mid-nineteenth century to break through the ice to shore without great risk. It is therefore not
surprising that the first building on the continent, rather than an offshore island, was
Borchgrevink’s hut at Cape Adare in 1895, built some 75 years after Bellinghausen’s first
sighting of land in 1820. The Norwegian-style hut at Cape Adare was used for the first
overwintering in Antarctica (1895) and was re-occupied during the Southern Cross expedition
(1898-1900). Scientific work was undertaken and two Saami accompanied the expedition (figure
1.14) bringing traditional skills and clothing such as ‘finnesko’ shoes (Harrowfield 1981: 62). In

3

Tourism data published by IAATO available at www.iaato.org indicate this has been very popular for many years.
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1912 the ‘Campbell Hut’ was erected close by for the Northern Party of the Scott’s Terra Nova
expedition.
Figure 1.14: Cape Adare ((Bernacchi 1901: 8)

In the Antarctic Peninsula, Bruce’s Scottish National Antarctic expedition (1902-1904) and
Nordenskjold’s Swedish Antarctic Expedition (1902-03) both established huts. Bruce’s building
on Laurie Island (700 km east in the South Orkneys) is no longer extant. The Nordenskjold
expedition built a hut at Snow Hill Island and a magnetic observatory in 1902. Their ship
Antarctic sank and their party was separated with one group overwintering in a stone-walled
shelter with a tarpaulin roof at Hope Bay and the other group built a stone shelter at Paulet Island.
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Figure 1.15: Nordenskjold hut
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Scott’s Discovery Hut was located as close as possible to the south of Ross Island but thick sea
ice persisted until late in summer making access difficult. Thus subsequent South Pole
expeditions such as Shackleton’s Nimrod expedition hut (1907-09) and Scott’s Terra Nova hut
(1911-13), figure 1.16) were built further north on Ross Island, at Cape Royds and Cape Evans
respectively.
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Figure 1.16: Cape Evans February 1912 (Harrowfield 1981: plate 29)

Amundsen’s ‘Framheim’ hut was one of few early huts built on ice rather than rock but it
vanished when the Bay of Whales ‘calved’ as icebergs several decades afterwards. Several other
Antarctic expeditions also occurred around this time, but left no extant buildings.
The Australasian Antarctic Expedition (AAE) conducted scientific research in an unexplored part
of the Antarctic coast directly south of Australia. One base was established at Cape Denison from
two prefabricated wooden huts, joined when erected (see figure 1.17). The western base hut built
on the Shackleton Ice shelf (Mawson 1915) disappeared when the ice shelf later broke up.
Figure 1.17: Cape Denison (Mawson 1915: opposite p 130)
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Early Antarctic building design
Pearson (1992) compared the design and performance of nine early Antarctic prefabricated
timber buildings. Three were of Scandinavian design (traditional interlocking notched log
construction), three were British designs with straight-sided walls and conventional roofs, and
three were Australian with pyramidal roof shapes and closed-in verandahs. Six huts remain
extant. Pearson integrated historical and archaeological information about the huts and assessed
their suitability of in terms of insulation, heating efficiency, wind resistance and comfort.
Figure 1.18: Comparison of hut floor spaces4 (Pearson 1992: 275)
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Increasing government involvement in Antarctic activities
Mawson’s orders for the British Australian and New Zealand Expedition (BANZARE) of
1928-30 included making territorial claims (figure 1.19). Several ‘Proclamation’ plaques are still
extant and others are held in museum collections in Australia. BANZARE re-visited the AAE hut
at Cape Denison in 1931.
Figure 1.19: BANZARE proclamation ceremony (Grenfell Price 1963: 225)

The competing territorial claims of France and Australia, arising from a mistake in publication of
the eastern longitudes of Dumont d’Urville’s claim, were resolved just before the outbreak of the
Second World War. France generously moved the border to allow Mawson’s Hut at Cape
Denison to be included in the Australian Antarctic Territory because the French believed that
Australians would wish to continue the research of the AAE and BANZARE using the original
base (Bush 1988).
The establishment in 1939 of the US Antarctic Service, the first major government scientific
program, set a trend for future programs by other nations. Two bases were established, West
20
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Base in the Bay of Whales, and East Base at Stonington Island in the Antarctic Peninsula. The
bases were hastily evacuated at the outbreak of the Second World War resulting in large
quantities of supplies and all the buildings being left behind (Broadbent 1992). The private
Ronne Expedition Antarctic Research Expedition (1946-47) later established a hut on Stonington
Island, well-known because of a popular book, ‘My Antarctic Honeymoon’ (Darlington 1957)
written by one of the first women to overwinter on the Antarctic continent.
World War II curtailed Antarctic activity but the secret UK Operation Tabarin begun in 1943 (Russell
& Taylor, Lamb 1945, anon no date) with 18 bases later used by the Falkland Islands Dependency
Survey (FIDS) which took control after the war (Shears & Hall 1992).
The 1949-52 Norwegian-British-Swedish Expedition based in Dronning Maud Land was the first truly
multi-national Antarctic expedition. It focussed exclusively on science rather than territorial
assertions, which were becoming increasingly prevalent.
Australian National Antarctic Research Expeditions (ANARE) commenced in 1946 and established
Australian government bases on Subantarctic Heard Island and on Macquarie Island in preparation for
establishing bases on the Antarctic continent. Logistical difficulties were largely overcome by
innovative use of war surplus materials, often originally designated for tropical use (Law 1983). These
expedition bases are characterised by special huts built for scientific purposes such as upper
atmospheric studies.
International Geophysical Year (IGY) of 1957-58
The IGY occurred during some of the most difficult years of the ‘Cold War’. Fogg (1992: 168-176)
describes the political circumstances that broke the previous pattern of politically motivated
expeditions and refocused the emphasis on science. A brief ‘thaw’ in the Cold War led to the inclusion
of Soviet scientists and the insistence that members represented their science, and not their countries,
helping avert some political problems.
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The program included exchange of data and personnel between the stations of various nations.
Eventually some 55 stations (figure 1.21) were established including an American station at the South
Pole (thereby with a foot in each territorial claim), a Soviet base at the ‘Pole of Inaccessibility’ and a
chain of stations on the polar plateau in the Australian-claimed sector (Dubrovnin & Petrov 1971).
Many of these sites, such as Vostok, still exist but are rarely visited. The sheer volume of supplies and
hazardous materials associated with scientific work at these and later sites has led to the present focus
on removal of ‘rubbish’, which brings potential for conflict between environmental managers and
cultural heritage specialists (Poland, Riddle & Zeeb 2003).
The 1957-58 Commonwealth Trans-Antarctic Expedition (TAE) crossed Antarctica and carried
out scientific measurements including gravity determinations and seismic soundings of ice depth
(Fogg 1992: 173). The TAE hut (figure 1.20) is now surrounded by New Zealand's Scott Base
and its historic significance is recognised and protected.
Figure 1.20: TAE hut (author’s photo 1993)
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Figure 1.20: Map showing location of IGY bases (Fogg 1992: 170)

I

INTERNATIONAL Gf0PHYSICAL
2beTRISTAN DA CUNHA
YEAR STATIONS "'LIi.EADY
- - "10°---ESTABLISI-IED(e) .. ND PROPOSED(+).
- - - - 15 eGCUOH ISLANO
~N THE ANTA~TIC
1000
NAUTICAL MILES

INTER.,ATIONAL &OUHO..RIES - - -

-

\l,.Ol-P.IIN G

sourn

• SOUTH

18.!.

, _, ~<;i

GEORGIA

~,.,.,~
.,

A.11

,_ <:)

t'/,",._LKLA,_,D

->

ISL1'NDS

,

....

.•.
.•

'ISLANDS

~~

~

'i) - - - 600

•. SANOWICH

29•soUTH ORK>JEY
ISLANDS

\

ILU CROZET•.

60

.,

'

"'·~ ' , 11ntl ',

;-;.::,-...:1.~

I

''•,,,

J',>. /

\ ,,/)f.Tll~f=

..a.-

/

'-1&

-?

1Les oe

'<
•

KEROUELEN '
ME,_RD 17

_..,

• y"

~

·"°
\

'

·-----

.44

ISLAAD

-t-

~

-~

y

t:.
-4

.

~
~------~4~9--4~--~E

.,
()

(')

I

o•

NEW

ZEALAND

Fig. 6.5 Stations occupied in the Antarctic during the International
Geophysical Year, 1957- 58. Key: Argentina: 1 Orcadas, 2 Teniente Camara, 3
Decepci6n or Primero de Mayo, 4 Esperanza, 5 Melchior, 6 Almirante Brown,
7 General San Martin, 8 General Belgrano; Australia: 9 Macquarie Island, IO
Mawson, 11 Davis; B elgium: 12 Re: Baudouin; Chile: 13 Arturo Prat, 14 Pedro
Aguirre Cerda, 15 General Bernardo O'Higgins, 16 Presidente Gabriel
Gonzalez Videla; France: 17 Port-aux-Fran,;:ais, 18 Dumont d'Urville,

23

1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC HISTORIC SITES

1.4 The political context of Antarctica
The most significant political events relevant to protection of historic sites are:


the signing of the 1959 Antarctic Treaty, which requires protection of historic sites; and



international ratification of the Madrid Protocol which extends that protection for designated
sites, but forces the removal of non-historic sites for environmental protection reasons.

1.4.1 Antarctic Treaty
The Antarctic Treaty came into effect in 1961 and commits signatories to use Antarctica for
peaceful purposes (Article I), suspends territorial claims (Article IV), seeks free exchange of
scientific information and personnel (Article III), permits Treaty compliance inspections (Articles
VII and VIII) and provides for periodic meetings (Article IX). The suspension of territorial
claims helped overcome the difficulties imposed on scientific co-operation by the sector claims
and tends to reduce the use of historic sites to bolster territorial claims.
The Antarctic Treaty meeting in Canberra in July 1961 led to the adoption of Recommendation IIX (Historic Sites) in which governments were required to “adopt all adequate measures to
protect such tombs, buildings or objects of historic interest from damage and destruction"
(Harrowfield 1990). Recommendation VII-9 (Jackson 1992: 17) makes it the collective
responsibility of the Treaty parties to ensure that a historic site is adequately protected. Historic
sites are required to have signs in the four Antarctic Treaty languages (English, French, Russian
and Spanish) denoting its protected status.
1.4.2 Madrid Protocol on Environmental Protection to the Antarctic Treaty Area Protection and
Management (1991)
By 1991 the original 12 Treaty signatories increased to 39 nations. Increased scientific activity
and logistical improvements resulted in general growth in the size and complexity of stations
with extensive communication and accommodation facilities. Buildings were now larger, mainly
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modular constructions of steel with complex insulation and vapour barrier systems such as the
AANBUS system designed by Australian Construction Services (Incoll 1991). The growth in the
number and size of stations and the increasing impact of human activities from waste and visual
effects on the ‘last wilderness’ focussed attention on the protection of the Antarctic environment
by both Non-Government Organisations (NGOs) such as Greenpeace as well as national
governments.
The most significant features of the Madrid Protocol for historic sites are


the system of Specially Protected Areas (SPAs) and Specially Managed Areas (SMAs) which
improve the protection of environmental values through a permit system; and



requirements for Management Plans for areas of special significance.

1.4.3 Definition and typology of Antarctic historic sites in the political context
Two key researchers (Barr and Warren) have developed typologies for Antarctic historic sites to
help guide preservation decisions. Warren (1989) considered significance criteria and the need
for a systematic evaluation process and she proposed criteria based on links to significant historic
and scientific achievements; whether the site is representative of a particular era or activity in
Antarctic history; architectural values; and ability to yield historic information.
Barr (2000: 46) compared Arctic and Antarctic historic sites identifying common traits that help
define their significance:


“They are the cultural remains of activity by individuals or groups who visited the polar area
for a limited period of time, for commercial, exploratory or scientific purposes;



The remains related historically both to the polar region itself and to the country of origin of
those who left them behind;



Their ‘dual nationality’ being located in one nation’s territory or administrative area while
having their origin in another, raises questions of management;



Their remoteness and difficulty of access have preserved remains that would have been
removed or destroyed in more populated and accessible areas;



They are better preserved by the polar climate than they would have been in warmer areas;
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The various monuments and sites have more in common with similar monuments and sites in
the circumpolar areas of both the Arctic and Antarctic, than with other cultural remains in less
extreme part of the present country of situation;



Their often modest form and use of natural materials can lead to them being overlooked as
monuments worthy of protection; and



Sites are often well documented in older written sources such as scientific or expedition
reports”.

Both typologies can be used together although further development of criteria for recognising
scientific values of historic sites is required, discussed in Chapter 11. While Barr and Warren
focussed on typologies to clarify historic significance, clear criteria for historic significance are
important in developing conservation plans.
Further common traits are found in the types of artefacts at Arctic and Antarctic historic sites:


Whaling and sealing equipment (trypots, flensing tools, boilers);



Scientific equipment (such as meteorological screens);



Supplies such as food, clothing (furs, caribou sleeping bags, Burberry windproof ‘ventiles’);



Polar equipment (skis, sledges and later mechanical transport such as ‘skidoos’); and



Storage containers including barrels, tanks and tin-plated cans.

In 2000 Barr formed the International Polar Heritage Committee (IPHC) of the International
Committee on Monument and Sites (ICOMOS) to help identify significant historic sites; discuss
technical problems of preservation in polar climates; and develop site management strategies. A
website at http://www.polarheritage.org provides information on its activities. It is important that
information on conservation of Antarctic historic sites is shared to facilitate evaluation of the
effectiveness of current treatment methods, to prevent repetition of errors and foster development
of appropriate methods. Management Plans for SPAs and SMAs have been progressively
developed and approved by the Committee for Environmental Protection (CEP) of the Antarctic
Treaty, such as those for SPA 27 (Cape Royds), SPA 28 (Hut Point) and SPA 29 (Cape Adare)
and SPA 25 (Cape Evans).
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1.4.4 Analysis of characteristics of polar historic sites
The current list of historic sites recognised under the Antarctic Treaty (available at
http://cep.ats.aq/cep/MediaItems/HSM_list_2007_e.pdf ) contains 82 sites. With two de-listings
of sites no longer extant and amalgamation of the previously separate listing of the Cape Denison
main hut (No. 13) and the Memorial Cross (No. 12) into a new separate listing (No. 77) this
reduces to 78 sites. These were analysed by location, date and type as no such analysis has been
undertaken since Warren’s thesis in 1989 and more sites have been added since that time,
although numerous potential candidates remain.
Distribution and location
Since Antarctica was initially explored from ships and early land bases were located as close as
possible to coastal re-supply, all but seven designated historic sites are located within 10 km of
the coast. This implies significant conservation risks from salt deposition and katabatic winds.
Sites on iceshelves and glaciers were either covered by ice accumulation (eg Vostok and Port
Martin) or were lost when iceshelves broke away (eg Amundsen’s Framheim).
Date categories represented
A comparison of the numbers of listed sites by date categories is given in Table 1.2, noting that
some sites (eg Whaler’s Bay No. 71) represent multiple date categories. This shows a high
representation of early sites except sealing sites with few IGY sites.
Table 1.2: Numbers of sites by date categories
Date category
Pre-1895
1895-1922 (‘Heroic
Era’)
1922- 1956
1957-58 (IGY)
Post IGY

Listed
sites
7
29
23
3
16
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Early sealing sites found on the South Shetland Islands by (Pearson 2007) have not yet been
added to the CEP list of protected sites. Of the original nine timber buildings built before 1922
(so-called ‘Heroic Era’) six are extant; one building has collapsed; and two huts built on ice
shelves have disappeared. Three of the extant ‘Heroic’ sites are located close together on Ross
Island as a consequence of the British expeditions attempting to reach the South Pole by the
shortest route. Borchgrevink’s hut and ruined Campbell’s hut are at Cape Adare, Mawson’s Huts
(the site contains four huts, two conjoined and two small scientific huts) at Cape Denison and
Nordenskjold’s hut in the Antarctic Peninsula.
The 23 sites dating between 1922 and 1955 are diverse in type (nationality, private, government,
scientific purpose, etc) and exhibit trends in building development from simple wooden huts (eg
East Base and some British Operation Tabarin huts) to more complex modern construction at
Port Martin and Îles des Petrels. Two sites from this era, Iles des Petrels (at Dumont d’Urville)
and Mawson Station are briefly discussed in this thesis.
Three of the five Treaty-designated IGY historic monuments (No. 4 Pole of Inaccessibility; Nos.
7 and 8 at Mirny) appear unrepresentative of the period, although Port Lockroy (No. 61) may be
a better choice. Other IGY sites such as Wilkes (Clark & Wishart 1991) are not listed and
suitable examples should be selected for conservation. The Dobrowolsky gravity pillar (No. 49)
and magnetic observatory (No. 10) are of scientific significance, and the author believes that
scientific significance should be incorporated into criteria used to evaluate historic sites (see
Chapter 11). The author examined three locations with mid 1950s buildings at McMurdo, Davis
and the New Zealand’s Scott Base.
The end of the IGY is commonly considered to be the last date at which an Antarctic site can be
considered historically significant although evaluation of the significance of some recent sites in
Svalbard (Barr, S 1991) could equally apply in Antarctica. The few Treaty-recognised sites later
than 1958 are mainly memorials and cemeteries (see Table 1.1 at the end of the chapter).
Of the 16 post-IGY sites and monuments on the designated list, many do not meet the ‘historic’
criteria and no scientific stations or buildings representative of the era are included, although the
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author considers that Platcha Hut near Davis Station may merit consideration (figure 1.22) since
it typifies the era, is in good condition with few later inclusions and is associated with important
scientific studies.
Figure 1.22: Platcha Huts, ‘old’ Platcha hut at right (photo by Rupert Summerson 1994)

Site types
Warren (1989) concluded there had been a lack of investigation to ensure that sites of each
historic category are adequately represented in the list of designated historic sites, noting that
sealing or whaling sites are either not listed at all, e.g. Borge Bay Whaling Station (ibid.: 220),
and sealing remains at Coppermine Cove on Robert Island (ibid.: 232). There are only six
designated sites (Nos. 57, 65, 70, 71, 72, 74 in Table 1.1) associated with whaling and sealing
and most of these are either ruinous (such as those at Deception Island destroyed by volcanic
activity) or are not adequately designated or recorded. Some ‘cleanups’ motivated by a desire to
protect the Antarctic environment (Monteath 1992) may also have unwittingly removed sealing
material.
There are numerous monuments such as graves, busts of political or expedition leaders (e.g. the
bust of Lenin at the Pole of Inaccessibility (No. 4, ibid), plaques commemorating events and
cairns that Warren categorises as ‘Cultural symbols’ or ‘Cultural properties’. She makes a
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convincing case for changing their status within the Antarctic Treaty system to provide more
consistent identification and protection.
Warren’s pioneering thesis was written before the 1991 Madrid Protocol and therefore predates
the system of SPAs and SMAs that are an integral part of the management of environmental
protection in Antarctica. A UK Working Paper submitted to the CEP in 2001 recommended a
review of the listing using the criteria listed above but no new significance criteria appear to have
been produced.
1.4.5 Significance criteria for Antarctic sites
The Burra Charter of ICOMOS Australia (http://www.icomos.org/burra_charter.html
downloaded on 14 January 2008) and the Aotearoa Charter of New Zealand provide guidelines
for assessing and documenting significance of national historic sites but do not provide specific
detail needed for comparing and recording the significance of Antarctic historic sites.
The history of Antarctica is largely the history of exploration and science (Fogg 1992), and many
archaeologists without specialist knowledge have difficulty in interpreting the significance of
scientific activity in geology, meteorology, upper atmosphere physics, biology and other sciences
that occurred at the sites. Most archaeological recording of sites has focussed on social history
(eg Clark and Wishart 1991), although ‘history of science’ evaluation is also required to ensure
comprehensive evaluation and documentation of the site. Warren developed general criteria for
preserving scientific resources of historic sites (Warren 1989: 56-63) acknowledging the extent of
ignorance about their significance. However, she concentrated on refuse studies, spatial
distribution, examination of technological change and behavioural studies revealed from site
analysis. An insightful study of scientific resources of historic sites is Lazer’s research on effects
of iron alloy nails in the geomagnetic observatories at Cape Denison (Hayman, Hughes & Lazer
1998) to examine whether this could be a source of error in the AAE research.
A systematic approach should be developed for evaluation of historic scientific activities to
ensure these are appropriately documented and that any relevant buildings and artefacts are
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protected. This is discussed further in Chapter 11 where the idea of developing management
guidelines based on site type and significance criteria is expanded.
Conservation issues of historic sites have strong links to current priorities of the Antarctic Treaty
System, particularly management of SMAs and SPAs which include cultural heritage elements,
and control of human impacts on the Antarctic environment, including tourism. Heritage
specialists can contribute expertise to help address these issues and should be involved in
Antarctic Treaty discussions on these matters. This interaction would also help scientists to
understand the potential benefits of scientific study and preservation of these sites.
1.5 CONCLUSIONS


Arctic and Antarctic historic sites have significant climatic differences and major differences
in materials and construction of buildings, largely dependent when they were built. Even
within Antarctica, conservation strategies that are suitable at one location may not be
appropriate at a site with different building types or climatic conditions.



There are major differences in the political context of Arctic and Antarctic historic sites:
Arctic historic sites are on sovereign territory and a range of reasons have led to artefacts
being relocated to museums with the exception of Svalbard, where an international approach
to conserving historic sites has been developed. The Antarctic Treaty, however, requires
conservation in situ and thus necessitates different conservation strategies.



Despite these differences, there are sufficient similarities in the historic context and typology
of Arctic and Antarctic sites so that bi-polar, multi-disciplinary cooperation via the
International Polar Heritage Committee of ICOMOS can help to improve understanding of
their historic values and conservation requirements, particularly improved significance
criteria and specialised documentation requirements.
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Table 1.1: List of Antarctic Historic sites
Date categories
#A= pre-1895 whaling, sealing and exploration
#B= 1895-1922, commonly called the ‘Heroic Era’
#C= 1923-1956
#D- IGY (1957-58)
#E= post IGY

Building types5
T= timber building (eg Nordenskjold hut)
Mt= metal or composite materials building
S= stone building
R= ruined building (eg Campbell hut)
B= buried building (eg Port Martin)
Sh= shelter or ruined shelter
D= deport or supply cache

Site categories
Non-building types6
X= memorials, graves and cemeteries, cross, religious
monument
P= plaque
C= cairn, including cairn with plaque
St= statue, or bust or stele
F= flag post, message post

b. List of Historic Sites and Monuments approved by Antarctic Treaty Consultative Meetings 7
Party undertaking
management
Argentina

Date

Type

Significance8

#E

F

Cultural

69.00'S,
39.35'E

Japan

#E

X

Cultural

Rock cairn and plaque on Proclamation Island, Enderby Land, erected in
January 1930 by Sir Douglas Mawson commemorating BANZARE landing.

65.51'S,
53.41'E

Australia

#C

C

Historic

4

Station building and attached bust of V.I. Lenin and plaque commemorating
the conquest of the Pole of Inaccessibility in 1958.

83.06'S,
54.58'E

Russia

#D

Cultural

5

Rock cairn and plaque at Cape Bruce, MacRobertson Land, erected in
February 1931 by Sir Douglas Mawson. Commemorate landing by
BANZARE.

67.25'S,
60.47'E

Australia

#C

X+
unknown
building
materials
C

ATCM
No.
1

Description

Location

Flag mast erected in December 1965 at the South Geographical Pole by the
First Argentine Overland Polar Expedition.

90°S

2

Rock cairn and plaques at Syowa Station commemorates deceased
expeditioner, erected January 1961, includes funerary ashes.

3

Historic

5

Devised by the author.
Devised by the author.
7
Sites shown in shading are discussed more extensively in this thesis.
8
The author adopted the end of the IGY as the primary criterion for considering automatic protection. These were further categorised by date and type to consider site
significance, thus items after 1958 may be historic (eg Dobrowolsky Pillar) if associated with a major scientific or historic event. Items stated in Antarctic Treaty descriptions
to have ‘symbolic significance’ are recorded as ‘cultural’ rather than ‘historic’ (in the last column). Graves earlier than 1958 are generally considered historic, while those
later than 1958 are culturally significant. In effect, both ‘historic’ and culturally significant graves both require similar protection and management (eg protection from
encroachment and damage, access for remembrance ceremonies, etc). Different management requirements for ‘historic’ and ‘cultural’ sites are discussed in Chapter 11.
6
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Party undertaking
management
Australia

Date

Type

Significance8

#C

C

Historic

66.33'S,
93.01'E

Russia

#D

X

Cultural

Metal monument-sledge at Mirny Observatory, Mabus Point, with plaque in
memory of an expeditioner.

66.33'S,
93.01'E

Russia

#D

X

Cultural

9

Cemetery on Buromskiy Island, near Mirny Observatory, 1960.

Russia

#E

X

Cultural

10

Building (magnetic observatory) at Dobrowolsky Station, Bunger Hills,
plaque commemorating opening of Oasis Station in 1956.

66°32'S,
93°01'E
66°16'S,
100°45'E

Russia

#C

Historic
(Scientific)

11

Heavy tractor at Vostok Station with plaque in memory of the opening of the
Station in 1957.
Cross and plaque at Cape Denison, George V Land. (Removed from the
Antarctic Treaty list of Historic Sites and Monuments subsumed with HSM 13
into HSM 77)
Hut at Cape Denison, George V Land, (Removed from the Antarctic Treaty
list of Historicoric Sites and Monuments subsumed with HSM 12 into HSM
77)
Site of ice cave at Inexpressible Island, Terra Nova Bay, 1912. Campbell's
Northern Party, British Antarctic Expedition, 1910-13. A wooden sign, plaque
and seal bones remain at the site.
Hut at Cape Royds, Ross Island, built in February 1908 by Sir Ernest
Shackleton’s British Antarctic Expedition. Restored in January 1961 by NZ
Department of Scientific and Industrial Research. Site incorporated within
ASPA 157
Hut at Cape Evans, Ross Island, built in January 1911 by Capt Scott’s British
Antarctic Expedition (1910-1913). Restored in January 1961 by NZ
Department of Scientific and Industrial Research. Site incorporated within
ASPA 155
Cross on Wind Vane Hill, Cape Evans, Ross Island, erected by Sir Ernest
Shackleton’s Imperial Trans-Antarctic Expedition of 1914-1916,
commemorates three members of the party. Site incorporated within ASPA
155
Hut at Hut Point, Ross Island, built in February 1902 by Scott’s British
Antarctic Expedition of 1901-04, Site incorporated within ASPA 158

78°28'S,
106°48'E
67°00'"S,
142°39'"E

Russia

#D

Australia

#B

Building
materials
unknown
Artefact
and P
X

67°00'"S,
142°39'"E

Australia

#B

T

Historic

74°54'S,
163°43'E

New
Zealand/Italy/UK

#B

Sh

Historic

77°33'S,
166°10'E

New Zealand/UK

#B

T

Historic

77°38'S,
166°24'E

New Zealand/UK

#B

T

Historic

77°38'S,
166°24'E

New Zealand/UK

#B

X

Historic

77°50’S,
166°37'E

New Zealand/UK

#B

T

Historic

ATCM
No.
6

Description

Location

Rock cairn at Walkabout Rocks, Vestfold Hills, Princess Elizabeth Land,
erected in 1939 by Sir Hubert Wilkins.

68.22'S,
78.33'E

7

Stone with inscribed plaque, erected at Mirny Observatory, Mabus Point, in
memory of an expeditioner who died in 1956.

8

12
13
14
15

16

17

18

Cultural
Historic
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ATCM
No.
19
20
21

22

23
24
25
26
27
28
29
30
31
32

Party undertaking
management
New Zealand/UK

Date

Type

Significance8

#B

X

Historic

77°51'S,
166°41'E

New Zealand/UK

#B

X

Historic

77°31'S,
169°22'E

New Zealand/UK

#B

S and R

Historic

71°18'S,
170°12'E

New Zealand/UK

#B

T and R

Historic

71°17'S,
170°13'E

New Zealand/
Norway

#B

X

Historic

85°11'S,
163°45'W

Norway

#B

C

Historic

68°08'S,
67°08'W

Argentina

#C

65°10'S,
64°09'W
65°03'S,
64°01'W

France /UK

#B

X+
unknown
materials
C

Argentina/
France

#B

C

64°18'S,
62°59'W
64°49'S,
62°51'W

Argentina

#C

S

Historic

Chile

#C

Sh

Cultural

62°28'S,
59°40'W

Chile

#C

S and R
and X

Description

Location

Cross at Hut Point, Ross Island, erected in February 1904 by the British
Antarctic Expedition of 1901-04, commemorates Vince, a member of the
expedition, who died nearby.
Cross on Observation Hill, Ross Island, erected in 1913 by British Antarctic
Expedition of 1910-13, in memory of Captain Robert F. Scott's party which
perished returning from the South Pole.
Remains of stone hut at Cape Crozier, Ross Island, built July 1911 by Edward
Wilson's party of the British Antarctic Expedition (1910-13) during the winter
journey to collect Emperor penguin eggs.

77°50'S,
166°37'E

Three huts and associated historic relics at Cape Adare. Two built in February
1899 during the British Antarctic (Southern Cross) Expedition, 1898-1900, led
by Borchgrevink. The third was built in February 1911 by Scott's Northern
Party, led by Campbell. Site incorporated within ASPA 159.
Grave at Cape Adare of Norwegian biologist Nicolai Hanson, (British
Antarctic (Southern Cross) Expedition, 1898-1900. Cross and plaque attached
to boulder.
‘Amundsen’s cairn’, on Mount Betty, Queen Maud Range erected by Roald
Amundsen on 6 January 1912, on his way back to Framheim from the South
Pole.
De-listed
Abandoned installations of Argentine Station ‘General San Martin’ on Barry
Island, Debenham Islands, Marguerite Bay, with cross, flag mast, and
monolith built in 1951.
Cairn with a replica of a lead plaque erected on Megalestris Hill, Petermann
Island, in 1909 by Charcot expedition. Original plaque repatriated to France.
Rock cairn at Port Charcot, Booth Island, with wooden pillar and plaque
inscribed with names of Charcot’ 1904 Le Français expedition which
wintered aboard here.
Lighthouse ‘Primero de Mayo’ on Lambda Island, Melchior Islands, by
Argentina in 1942, the 1st Argentine lighthouse in the Antarctic.
Shelter at Paradise Harbour erected in 1950 near the Chilean Base ‘Gabriel
Gonzalez Videla’ to honour the first Head of State to visit Antarctica.
De-listed.
Concrete monolith, 1947, near Capitán Arturo Prat Base on Greenwich Island,
South Shetland Islands. Point of reference for Chilean Antarctic hydrographic
surveys.

Historic
Historic and
Scientific (?)
Historic and
Scientific (?)

Historic and
scientific,
datum for
hydrographic
surveys
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Party undertaking
management
Chile

Date

Type

Significance8

#E

Cultural

62°50'S,
59°41'W
62°29'S,
59°40'W
62°14'S,
58°39'W

Chile

#C

X+
unknown
materials
X

Chile

#C

X

Cultural

Argentina/
Germany

#A

P

Cultural

63°19'S,
57°54'W
64°22'S,
56°59'W
63°24'S,
56°59' W
63°24'S,
56°59'W

Chile

#C

St

Historic

Argentina/
Sweden
Argentina/
Sweden
Argentina

#B

T

Historic

#B

S

Historic

#C

St and X

63°34'S,
55°45'W

Argentina/
Sweden/
Norway
Argentina/UK

#B

St and R
and X

Historic (on
basis of preIGY date only)
Historic

#B

St and R
and X

Historic and
possibly
Scientific

77°52'S,
34°37'W

Argentina

#C

X

Cultural

70°45'S,
11°38'E
64°02'S,
62°34'W

India

#E

P

Cultural

Belgium

#B9

P

66°49'S,
141°24'E

France

#C

T and B

Cultural, as
plaque appears
to be a replica.
Historic

ATCM
No.
33

Description

Location

Shelter and cross with plaque near Capitán Arturo Prat Base (Chile),
Greenwich Island, South Shetland Islands.

62°29'S,
59°40'W

34

Bust at Capitán Arturo Prat Base (Chile), Greenwich Island, South Shetland
Islands, erected in 1947.
Wooden cross and statue of the Virgin of Carmen erected in 1947 near
Capitán Arturo Prat Base (Chile), Greenwich Island, South Shetland Islands.
Replica of a metal plaque erected by Eduard Dallmann at Potter Cove, King
George Island, commemorates visit of German expedition, 1874 on board
Grönland.
Statue erected in 1948 at General Bernardo O’Higgins Base (Chile), Trinity
Peninsula, of Bernardo O'Higgins.
Wooden hut on Snow Hill Island built in February 1902 by the main party of
the Swedish South Polar Expedition led by Otto Nordenskjöld.
Stone hut at Hope Bay, Trinity Peninsula, built in January 1903 by a party of
the Swedish South Polar Expedition.
Bust of General San Martin, grotto with a statue of the Virgin of Lujan, and a
flag mast at Base ‘Esperanza’, Hope Bay, erected by Argentina in 1955;
together with a graveyard and memorial stele.
Stone hut on Paulet Island built in February 1903 by survivors of the
Nordenskjold’s Swedish South Polar Expedition led by Otto Nordenskjöld,
together with a grave of a member of the expedition and the rock cairn.
Area of Scotia Bay, Laurie Island, South Orkney Island, includes stone hut
built by the Bruce Scottish Antarctic Expedition (1903); the Argentine
meteorological hut and Moneta House magnetic observatory, (1905); and a
graveyard.
Cross erected in 1955, 1,300 metres north-east of the Argentine General
Belgrano I Station (Argentina) subsequently moved to Belgrano II Station
(Argentina) in 1979.
Plaque erected at the temporary Indian station ‘Dakshin Gangotri’, Dronning
Maud Land, listing the names of 1st Indian Antarctic Expedition, 1982.
Plaque on Brabant Island, on Metchnikoff Point, built by the Joint Services
Expedition 1983-85 to commemorate the first landing on Brabant Island by
Gerlache’s Belgian Antarctic Expedition of 1897-99.
All the buildings and installations of Port-Martin base, Terre Adélie
constructed in 1950 by the 3rd French expedition in Terre Adélie and partly
destroyed by fire during the night of 23 to 24 January 1952.

35
36
37
38
39
40
41
42

43
44
45
46

60°46'S,
44°40'W

Cultural
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Party undertaking
management
France

Date

Type

Significance8

#C

T

Historic

66°40'S,
140°01'E

France

#E

X

Cultural

66°16'S,
100°45'E

Poland

#E

C

62°12'S,
59°01'W
62°13'S,
58°28'W
62°13'S,
58°58'W
61°03'S,
54°50'W

Poland

#E

P

Historic on
basis of
scientific
achievement
Cultural

Poland

#E

X

Cultural

China

#E

X

Cultural

Chile

#E

St

Cultural

77°51'S,
166°40'E
68°11'S,
67°00'W

USA

#E

St

Cultural

USA

#C

T

Historic

64°49'S,
62°51'W

Chile/UK

#B

T and R

Historic

62°32'S,
59°45'W

Chile/UK

#A

P

62°28'S,
60°46'W

Chile/Spain/
Peru

#A

C

Location has
historic value,
plaque does
not

ATCM
No.
47

Description

Location

Wooden building ‘Base Marret’ on the Ile des Pétrels, Terre Adélie, where
seven men overwintered in 1952 following the fire at Port Martin Base.

66°40'S,
140°01'E

48

Iron cross on Ile des Pétrels, Terre Adélie, commemorates meteorologist in the
3rd International Geophysical Year expedition who disappeared in January
1959.
The concrete pillar erected by the First Polish Antarctic Expedition at
Dobrowolsky Station on the Bunger Hill to measure acceleration due to
gravity g = 982,439.4 mgal ±0.4 mgal in relation to Warsaw, according to the
Potsdam system, in January 1959.
A brass plaque commemorating the landing of the first Polish Antarctic
marine research expedition in February 1976.
The grave of Wlodzimierz Puchalski, who died in 1979, surmounted by an
iron cross, near Arctowski station on King George Island.
Monolith commemorating the establishment in 1985 of the ‘Great Wall
Station’ on Fildes Peninsula, King George Island.
Bust, monolith and plaques on Point Wild, Elephant Island, South Shetland
Islands, celebrating the rescue of the survivors of the Endurance by the
Chilean Navy cutter Yelcho. Erected by Chilean Antarctic Scientific
Expedition in 1987-88.
Richard E. Byrd Historic Monument, McMurdo Station, Antarctica. Bronze
bust on black marble, on wood platform, erected in 1965.
Buildings and artefacts at East Base, Antarctica, Stonington Island., and
environs, erected and used during two U.S. wintering expeditions: the
Antarctic Service Expedition (1939-1941) and the Ronne Antarctic Research
Expedition (1947-1948).
The remains and immediate environs of the Waterboat Point hut Danco Coast,
Antarctic Peninsula, occupied by the UK two-man expedition of Bagshawe
and Lester in 1921-22. Only the base of the boat, foundations of doorposts and
an outline of the hut and extension still exist.
Commemorative plaque at ‘Yankee Bay’ MacFarlane Strait, Greenwich
Island, South Shetland Islands. Commemorates Capt MacFarlane, who
explored the Antarctic Peninsula in 1820.

49

50
51
52
53

54
55

56

57

58
59

De-listed.
Cairn on Half Moon Beach, Cape Shirreff, Livingston Island, South Shetland
Islands and plaque on ‘Cerro Gaviota’ commemorates those aboard Spanish
vessel San Telmo, which sank in September 1819; Site incorporated within
ASPA 149.

Location has
historic value,
plaque does
not
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Party undertaking
management
Argentina/
Sweden

Date

Type

Significance8

#B

C

64°49'S,
63°29'W

UK

#C and
#D

T

Historic, if the
wooden plaque
is original;
1990 cairn not
historic
Historic and
Scientific

65°15'S,
64°16'W
67°48'S,
67°18'W

UK/Ukraine

#C

T

Historic

UK

#C and
#E

T

Historic

68°11'S,
67°00'W

UK

#C and
#E

T

Historic

71°56'S,
171°05'W

New Zealand/
Norway

#A

F

Historic

77°11'S,
154°32'W
77°00'S,
162°32'E

New
Zealand/Norway
New Zealand/UK

#B

C

Historic

#B

S and R

Historic

74°52'S,
163°50'E

New Zealand/UK

#B

Depot

Historic

77°27'S,
169°16'E

New Zealand/UK

#B

F

Historic

73°19'S,
169°47'E
62°59'S,
60°34'W

New Zealand/UK

#B

F

Historic

Chile/Norway/UK

#B, #C,
#D and
#E

Mt and R
and X

Historic and
Scientific

ATCM
No.
60

Description

Location

Wooden plaque and cairn at Penguins Bay, southern coast of Seymour Island
placed on 10 November 1903 by the crew of a rescue mission of the
Argentinian Corvette Uruguay where they met the members of
Nordenskjöld’s Swedish expedition.

64°16'S,
56°39'W

61

‘Base A’ at Port Lockroy, Goudier Island, off Wiencke Island, Antarctic
Peninsula. Operation Tabarin base (1944); scientific research including the
first measurements of the ionosphere, and first recording of an atmospheric
whistler, from Antarctica.
‘Base F (Wordie House)’ on Winter Island, Argentine Islands, example of an
early (opened 1947) British scientific base.
‘Base Y’, Horseshoe Island, Marguerite Bay, western Graham Land. A
relatively unaltered and completely equipped British scientific base of the late
1950s, also ‘Blaiklock’ refuge hut nearby.
‘Base E’ Stonington Island, Marguerite Bay, Graham Land, represents early
exploration (1946-1950) and later 1960s & 1970s British Antarctic Survey
history.
Message post, Svend Foyn Island, Possession Islands. A pole with a box
attached placed on the island on 16 January 1895 during the whaling
expedition of Henryk Bull and Captain Leonard Kristensen.
Prestrud’s Cairn, Scott Nunataks, Edward VII Peninsula. The small rock cairn
was erected in 1911 during the Norwegian Antarctic Expedition of 1910-1912.
Rock shelter, ‘Granite House’, Granite Harbour. Shelter constructed in 1911
by Griffith Taylor during British Antarctic Expedition (1910-1913). Enclosed
on three sides with granite boulders with a sledge to support a seal-skin roof.
Shelter contains corroded tins, a seal skin and some cord. Incorporated within
ASPA 154.
Site of depot at Hells Gate Moraine, Inexpressible Island, Terra Nova Bay.
Consisted of a sledge loaded with supplies and equipment placed by the
British Antarctic Expedition, 1910-1913, removed in 1994.
Message post at Cape Crozier, Ross Island, erected in 1902 by Scott's
Discovery Expedition of 1901-04. Held a metal message cylinder, since
removed. Site incorporated within ASPA 124
Message post at Cape Wadworth, Coulman Island. A metal cylinder nailed to
a red pole placed by Scott in 1902.
Whalers Bay, Deception Island, South Shetland Islands, comprising all pre1970 remains including early whaling period (1906-12); Hektor Whaling
Station (1912) and all artefacts associated with its operation until 1931;
cemetery and memorial; remains from British scientific and mapping activity

62
63
64
65
66
67

68
69
70
71
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ATCM
No.
72
73
74

Description
(1944-1969).
Mikkelsen Cairn, Tryne Islands, Vestfold Hills. Rock cairn and mast erected
by landing party of Norwegian whalrt Thorshavn.
Memorial Cross for 1979 Mount Erebus crash victims, Lewis Bay, Ross
Island. A stainless steel cross erected in January 1987 three kilometers from
the crash site commemorating 257 people died in the air crash.
The un-named cove on SW coast of Elephant Island in which the wreckage of
a large wooden sailing vessel is located.

Location

Party undertaking
management

Date

Type

Significance8

68°22'S
78°24'E
77°25'S,
167°27'E

Australia/Norway

#C

C

Historic

New Zealand

#E

X

Cultural

61°14'S,
55°22'W

UK

#A

Shipwreck
site

Historic 10
Historic

75

The A Hut of Scott Base, sole existing Trans Antarctic Expedition 1956/1957
building in Antarctica, Ross Island.

77°51'S,
166°46'E

New Zealand

#C

76

The ruins of the Chilean Base Pedro Aguirre Cerda Station, at Pendulum
Cove, Deception Island, Antarctica, built 1955, destroyed by volcanic
eruptions in 1967 and 1969.

62.59'S,
60.40'W

Chile

#C

77

Cape Denison, Commonwealth Bay, George V Land, including Boat Harbour
and the historic artefacts contained within its waters. Site is contained within
ASMA No. 3, (Measure 1 (2004). Part of site is also contained within ASPA
No. 162, (Measure 2 2004).
Memorial plaque at India Point, Humboldt Mountains, Wohlthat Massif,
central Dronning Maud Land, 1990.
Lillie Marleen Hut, Mt. Dockery, Everett Range, Northern Victoria Land,
erected for the German Antarctic Northern Victoria Land Expedition,
1979/1980. Bivouac container made of prefabricated fibreglass units insulated
with polyurethane foam.
Amundsen's Tent, erected at 90° by Amundsen’s expedition on their arrival at
the South Pole in 1911. The tent is currently buried underneath the snow and
ice in the vicinity of the South Pole.
Rocher du Débarquement (Landing Rock), a small island where Dumont
d’Urville landed in 1840.

67°00'"S,
142°39'"E

Australia

#B

Mt
prefabrica
ted panels
R,
unknown
building
materials
T and X

71°45'08"S,
11°12'30"E
71°12'S,
164°31'E

India

#E

P

Cultural

Germany

#E

Mt

Not able to be
determined

90°S

Norway

#B

Buried
artefact

Historic

66° 36.30'S,
140° 03.85'E

France

#A

Landing
site

Monument to the Antarctic Treaty and Plaque near Frei, Bellingshausen and
Escudero Bases at Fildes Peninsula, King George Island.

62º 12' S;
58º 57' W

Chile

#E

P

Site is historic
although no
historic
materials
remain.
Cultural

78
79

80
81

82

10

Historic and
scientific
Historic

Site is historic although it is unknown whether any historic material remains, but accords protection for any remains found
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b. Sites considered to possess historic significance but not recognised under the Antarctic Treaty
83
84

85

86
87

Mawson Station buildings- early buildings dating from the 1950s and early
1960s include scientific infrastructure and some accommodation designed for
Antarctic conditions and illustrative of the period.
Old Paint Store, transferred from the first Australian ANARE base (Heard
Island) is a rare surviving example of the use of polygonal, pre-fabricated
buildings from this period. Old Dongas were part of the original station
including accommodation, administration, radio and toilets of innovative
design representing a comprehensive picture of life and work at an Antarctic
station of this period.
Davis station (68°34' S, 77°58' E), established in 1957. It was inscribed on the
(Australian) Register of the National Estate in 1999 and has been included on
the Commonwealth Heritage List as an indicative place. Thirty-seven station
buildings are included in the assessment including other sites and buildings in
the region, including Platcha Hut, Brookes and Watts Huts, the Mikkelsen
Cairn, Walkabout Rocks, and Law Cairn. A cultural heritage study has been
prepared for the station and its environs (Rando and Davies 1996).
Platcha Hut, 20km east of Davis Station, built in 1961, used for innovative
scientific studies of katabatic winds over four years and subsequently for
studies of the surrounding area.
Wilkes, former US IGY base transferred to Australia in 1958, consists of
wooden and Jamesway (textile over timber framework) buildings and
associated artefacts comprehensively representing IGY period.
Jamesway hut, McMurdo Base, used as part of US IGY activities and later
retained as a bar for base personnel. Jamesway buildings were widely used
during the IGY and in various US military expeditions in elsewhere, but few
have survived. Possibly no longer extant.

67.60°S
77.97°E

Australia

C

T and Mt

Historic

68.58 °S
77.97 °E

Australia

C

T and Mt

Historic

68° 30' S
78° 30' E

Australia

E

T and Mt

Historic

66° 15'S
110° 36'E

Australia

D

Historic

77° 55'S 166°
40'E

US

D

T and
other
materials
T and
other
materials

Historic

39

1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC HISTORIC SITES

References
anon 1983, 'Conservation of the historic huts in the Ross Dependency', NZ Antarctic Record, vol. 4(3):6-9.
---- no date, 'Base B, Deception Island- Operation tabarin', unpublished report.
Barr, S 1985, 'Report on historic sites on Svalbard and Jan Mayen (no title given)', Tromura, Felleserie (Tromso), vol.
6.
---- 1991, 'Soviet-Norwegian historical expedition to Zemlya Frantsa-Iosifa', Polar Record, vol. 27, no. 163, pp. 297302.
---- 2000, 'Arctic Monuments and Sites: An International Challenge', paper presented to Proceedingsof the International
Congress on the History of the Arctic and Sub-Arctic Region, June 1998, Reykjavik, 2000.
Barr, W & Blake, W 1990, 'The site of Fort Magnesia, Payer Harbour, Pim Island, NWT', Polar Record, vol. 26(156):
39-42.
Bernacchi, L 1901, To the South Polar Regions, Hurst and Blackett, London.
Bjerck, H & Johannessen, L 1999, Virgohamna- I lufta mot Nordpolen, Sysselmannen pa Svalbard, Longyearbyen,
Svalbard, Norway.
Brackman, Y 2002, Land, Statens Museum for Kunst, Copenhagen.
Broadbent, N 1992, 'Reclaiming US antarctic history:The Restoration of East Base, Stonington Island', Antarctic
Journal of the United States, vol. XXVII, no. 2, pp. 14-7.
Bush, W 1988, Antarctica and International Law. A collection of Interstate and National Documents. Vol I-III and
Index., Oceana Publications Inc., London.
Chaplin, P & Barr, S (eds) 2004, An overview of polar heritage sites, Cultural Heritage in the Arctic and Antarctic
Regions, ICOMOS International Polar Heritage Committee, Oslo.
Clark, L & Wishart, E 1991, 'History or Rubbish? A study of Wilkes Station.', Historic Environment, vol. 8 (1&2): 2527.
Cross, S 1982, The artifact conservation program for the Dealy Island Collection., Unpublished report on file at the
Prince of Wales Northern Heritage Centre, Yellowknife, NWT, Canada. , Unpublished report on file at the
Prince of Wales Northern Heritage Centre, Yellowknife, NWT, Canada. .
Darlington, J 1957, My Antarctic Honeymoon: a year at the bottom of the world, Frederick Muller, London.
Dubrovnin, L & Petrov, V 1971, , Published for the Polar Information Service of the National Science Foundation,
Washington, DC by the Indian National Scientific Documentation Centre, New Delhi.
Enzenbacher, D 1992, 'Tourists in antarctica: numbers and trends', Polar Record, vol. 28, no.?, pp. 17-22.
Fedorov, Y 1983, Polar Diaries, Progress Publishers, Moscow.
Fogg, G 1992, A History of Antarctic Science, Cambridge University Press, Cambridge
Grenfell Price, A 1963, The winning of Australian Antarctica, Angus and Robertson, Sydney.
Hacquebord, L 1992, 'Hector Station on Deception Island (South Shetland Is, Antarctica), an environmental assessment
study of a whaling station.', Circumpolar Journal, vol. 7, no. 1-2, pp. 72-97.
Hacquebord, L & Blankenstein, H 1993, 'God and the Arctic survivors', New Scientist, pp. 38-42.

40

1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC HISTORIC SITES
Harrowfield, D 1981, Sledging into history, Macmillan, Auckland.
Harrowfield, D 1990, 'Conserving Antarctica's Earliest Historic buildings', NZ Antarctic Record, vol. 10(3): 3-11.
Harrowfield, D 1996, Investigative and preservation methods, and emerging problems, at historic sites in the Arctic
including comparison with Antarctica, Winston Churchill Memorial Trust Board, Christchurch.
Hart-Hansen, J, Meldgaard, J & Nordqvist, J 1991, The Greenland Mummies, McGill University Press, Montreal and
Kingston, Canada.
Hayman, S, Hughes, J & Lazer, E 1998, Report to the Australian Heritage Commission on National Estate Grant:
Deterioration monitoring and tourism management at Cape Denison (Mawson's Huts), Australian Antarctic
Territory, Department of Architectural and Design Science, University of Sydney, Sydney.
Hett, CES & Weaver, ME 1980, 'The Conservation of Capt. Kellett’s Storehouse, Dealey Island, NWT', IIC Preprints
(eds NS Brommelle and G Thompson and P Smith)- Vienna Congress, 1980 'Conservation within Historic
Buildings' pp.74-77.
Incoll, P 1991, 'Architecture in extremity: determining influences on antarctic architecture', paper presented to
Conference on Architecture in Isolation, ?, ?
Jacka, F & Jacka, E 1988, Mawson's Antarctic Diaries, 1 edn, Allen and Unwin Australia, Adelaide, South Australia.
Jackson, A 1992, 'Heritage Issues in the Antarctic Treaty Context', paper presented to Porceedings of the Antarctic
Heritage Values Seminar, Kingston, Tasmania, 27-28 August 1992.
Jenness, S 1990, 'Diamond Jenness’s archaeological investigations on Barter Island, Alaska', Polar Record, vol.
26(157): 91-102.
Johnson, J 1990, 'The establishment of Alert, NWT, Canada', Arctic, vol. 43(1): 21-34.
Lamb, M 1945, Unpublished report on the stone wintering hut of the Swedish Expedition 1901-03 at Hope Bay.
Operation Tabarin, 22.3.1945.
Law, P 1983, Antarctic Odyssey, Heinemann, Melbourne.
Mawson, D 1915, The home of the blizzard, being the story of the Australasian antarctic expedition, 1911-1914, 2
vols., W. Heinemann, London
McGonigal, D & Woodworth, L 2002, Antarctica : the blue continent Random House New Zealand, Auckland, N.Z.
Mirsky, J 1970, To the Arctic, University of California Press, Chicago.
Monteath, C 1992, 'Voyage to the South Sandwich Islands', Antarctic, vol. 12, no. 10, pp. 359-63.
Opolovnikov, A & Opolovnikov, Y 1989, The Wooden Architecture of Russia: houses, fortifications and churches,
Thames and Hudson, London.
Pearson, M 1992, 'Expedition huts in Antarctica: 1899-1917', Polar Record, vol. 28, no. 167, pp. 261-76.
Pearson, M 2007, 'Conservation challenges in the South Shetland Islands, Antarctica', paper presented to Extreme
Heritage, Australia ICOMOS.
Philps, A 1997, 'Truth a casualty as the gulags rot away', Australian Financial Review, 21.11.97, p. 2.
Poland, J, Riddle, M & Zeeb, B 2003, 'Contaminants in the Arctic and the Antarctic: a comparison of sources, impacts,
and remediation options', Polar Record, vol. 39, no. 211, pp. 369-83.
Russell, V & Taylor, A 1945, Appendix L Report on Nordenskjold Depot at Depot Cape, Ross Island, Unpublished,
BAS.

41

1. THE CLIMATIC, HISTORICAL AND POLITICAL CONTEXT OF ANTARCTIC HISTORIC SITES

Scott, R 1913, 'Scott's last expedition : v. 1 being the journals of Captain R.F. Scott, R.N., C.V.O., v. 2 being the
reports of the journeys and the scientific work undertaken by Dr. E.A. Wilson and the surviving members of
the expedition ', in Huxley, L (ed.), Elder Smith, London.
Shears, J & Hall, J 1992, 'Abandoned Stations and Field Huts: The British Approach to Management', paper presented
to Proceedins of the Fifth Symposium on Antarctic Logistics and Operations, Buenos Aires, 8-10 June 1992.
Simonsen, P 1958, 'Minner om Barents i Gromso Museum.', Polarboken., pp. 133-7.
Simpson, HW & Lewis Smith, RI 1987, 'Early nineteenth century sealers' refuges on Livingston Island, South Shetland
Islands', British Antarctic Survey. Bulletin, no. No.74, pp. 49-72.
Smith, P 1910, Hawaiki, The Original Home of the Maori Whitcombe and Tombs, Christchurch, NZ.
Stehberg, R & Lucero, V 1995, 'Evidencias de coexistencia entre cazadores de lobos y aborígenes fueguinos en la isla
Desolación, Shetland del Sur, Antártica, a principios del siglo XIX', Serie Científica INACH ( Santiago,
Chile), vol. 45 pp. 67-88
Steig, E, Schneider, D, Rutherford, S, Mann, M, Comiso, J & Shindell, D 2009, 'Warming of the Antarctic ice sheet
surface since the 1957 International Geophysical Year', Nature, vol. 457 pp. 459-62.
Strub, H 1996, Bare Poles: Building Designs for High Latitudes, Carleton University Press, Ottawa.
Torres, D & Aguayo, A 1993, 'Anthropic impact at Cape Shirreff, Livingston Island, Antarctica', not known,
vol.?INACH, pp. 94-108.
Warren, P 1989, 'A Proposal for the Designation and Protection of Antarctic Historic resources submitted to the
antarctic Treaty Consultative Parties.', University of Washington, Seattle.
Washburn, A 1979, Geocryology- a survey of periglacial processes and environments, Edward Arnold Publishers Ltd,
London.

42

2. Literature review

CHAPTER 2 LITERATURE REVIEW AND GAPS IN KNOWLEDGE
Figure 2.1: Some examples of publications concerning polar historic sites
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2.1 Aim and introduction
2.1.1 Objectives and scope
The aims of this chapter are to:


review the scope of the literature (detailed content being discussed in chapter 4-10); and



identify gaps in knowledge.

Prior to the author’s first visit to Antarctica, advice given by Antarctic veterans about the
condition and causes of problems1 included many statements that, through frequent repetition,
had attained the status of self-evident truths (see Hughes 2000, Appendix F). Several were
subsequently found to be incorrect when buildings and artefacts were later examined on-site
(Hughes 1986). False diagnosis of the causes of deterioration can lead to inappropriate
treatments, with ineffective or even harmful results. The conflicts between the ‘advice’ and the
observations on the initial 1985 Antarctic visit prompted a literature review to compare
conservation problems from other polar sites and analyse the effectiveness of any treatments
undertaken.

1

The ten most common of these statements illustrate how pervasive the conventional wisdom was at the time
(Hughes 2000).











‘Artefacts in the Ross Dependency huts are in a near-perfect state of preservation’ (Trevelyan 1996).
‘Damage is being done to the timbers by freeze-thaw cycles’ (Robert Headland, personal communication).
‘Corrosion is not a problem in Antarctica because of the dry cold’ (communication from Australian Antarctic
Division to Professor Colin Pearson in 1970s).
‘Some planks are a fraction of their original thickness’ [at Cape Denison] (Chester, J 1986, Going to Extremes,
Doubleday, Sydney.Chester 1986: 186 and Smith 1991: 6).
‘It is terrible, Mawson’s Hut is full of ice’ (Smith 1991: 6).
‘If the ice is removed from Mawson’s hut, people will be able to see inside the hut just as it was during the
AAE, similar to what can be seen in the Ross Dependency huts’ (Rod Ledingham, personal communication).
Putting a dome over Mawson’s hut would protect the timbers from being worn away by ice particles carried by
the wind’ anon 1992, 'Mawson's Hut plans icebound', Australian Geographic, vol. 1992, no. October p. 12.
‘The only responsible and sensible thing to do is to bring it [Mawson’s main hut] back to Australia’ (Madigan, R
1986, 'Comments to parliamentary committee', paper presented to Antarctic Science Advisory Committee First
Forum, not stated, October 1986.).
‘Conservators are expensive- it is better value to employ a carpenter’ (personal communication to the author by
a member of the Mawson’s Huts Conservation Committee 1993).
‘The treatment of the Ross Dependency huts is a success and the approach there can be reproduced for
Mawson’s huts. The use of a vapour barrier in the walls will stop snow from getting inside and will enable the
huts to be kept ice-free’ (Bill Blunt, personal communication 1991).]
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The widespread expectation that historic materials in Antarctica are in a “near-perfect state of
preservation” (Trevelyan 1996) seems often to have been the basis for questioning whether
materials conservation research and treatments are even necessary in Antarctica. Conversely,
others have stated that Antarctic historic sites and artefacts, such as Mawson’s main hut at Cape
Denison, are in danger of immediate demise from the severe climate if urgent action is not taken
(Smith 1991). A third expectation about Antarctic historic sites is that conservation problems in
Antarctica will have already been successfully addressed at historic sites in the Arctic where
research is presumed to have been conducted over a longer period. Related to this expectation is
the assumption that research on a historic site in one part of Antarctica can be applied elsewhere
in Antarctica on the basis of similar climates.
2.2 Methodology
2.3.1 Research questions
The research questions guiding the literature search were:


What conservation issues were documented at Antarctic and (relevant) Arctic sites?



How many sites have been assessed?



Are the causes of deterioration accurately and comprehensively diagnosed?



What patterns exist in any deterioration problems identified? Are these as expected?



What conservation methods were used (if any) and were these successful?

Sources of information covered included:


Site visit reports and any additional information from historic sites with comparable climates;



Cold climate materials science publications;



Materials conservation research undertaken at comparable sites; and



Site management information including tourism publications.

2.2.2 Bibliographic search methods
The major internet resources included:
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The Arctic and Antarctic bibliography of the Scott Polar Research Institute, which aims for a
complete international coverage of polar scientific and cultural information covering all
languages (http://www.spri.ac.uk).



The Canadian Heritage Information Network (CHIN) provides access to the international
materials conservation literature (http://www.chin.gc.ca)



The Getty Conservation Institute provides extensive technical information on various types of
materials and archaeological issues (http://aata.getty.edu/nps)



The Cold Regions Bibliography provides information on cold regions science and technology
including research from the U.S. Army Cold Regions Research and Engineering Laboratory
(CRREL) ( http://lcweb.loc.gov/rr/scitech/coldregions/welcome.html)

Other information, including unpublished reports, was obtained through personal visits to the
Scott Polar Research Institute Library (Cambridge UK) and the Australian Antarctic Division
library (Kingston, Tasmania) and through numerous professional contacts listed in the
acknowledgements. It was often very difficult to identify the keyword that would yield useful
information. For example, references to damage to timber surfaces by wind borne particles are
found under different keywords including 'corrasion', 'aeolian erosion', 'ablation', and 'blowing
snow'. Some references were available only in the original French, German, Norwegian, Russian
and Spanish. The acknowledgements of this thesis record the author’s gratitude to many people
who generously provided translations and identified information of potential interest. While
recent specialist polar and cultural heritage literature is available through the internet, it remains
difficult to obtain full copies of some older journals and field reports which are sometimes not
systematically referenced according to date and location.
2.3 Analysis of the scope and extent of the literature
2.3.1 Materials science literature for polar conditions
Temperature and Relative humidity including freezing-thawing and condensation processes
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Table 2.1 shows there is relatively limited monitoring information. Measurements at Dealy Island
limited to one intermittently functioning thermohygrograph. In Antarctica, detailed monitoring
undertaken at Ross Island sites by Mason (1999) and Held et al (2005) and Cape Denison and
collaborative research by the author at Cape Denison is discussed in detail in Chapter 4.
Padfield (1998) studied complex problems of ice formation, thawing and condensation in
Scandinavian buildings as part of his thesis on the stabilisation of relative humidity fluctuations
in buildings. Although the annual temperature range studied was higher than in Antarctica, the
physical processes described by Padfield are applicable to Antarctic historic sites including
sublimation and condensation processes inside the wall spaces.
Everett (1961) published a classic study of freeze-thaw processes in stone and describes
experiments that show that freezing damage of stone is not caused by the expansion of water at
+4C, as is often supposed. Florian (1987) and Peacock (1999) studied freezing and thawing
processes affecting wood and textiles although both acknowledged additional research was
required. Florian’s work was largely undertaken on dry material to investigate potential adverse
effects on pest-infested museum collections treated by freezing, which differs from effects on
buildings and artefacts that are immersed in water which then freezes. The use of vapour barriers,
frequently proposed to prevent snow ingress in Antarctic historic buildings, is discussed by Strub
(1996) and in greater technical detail by Trechsel and Bomberg (1989), who showed that vapour
barriers can cause many problems2.
Salt deposition
On commencing this thesis, surprisingly few publications reported Antarctic measurements of
atmospheric deposition rates, excepting collaborative research led by Argentina Rosales &
Fernandez 2001 (2001) on King George Island and Mason (1999) at Cape Evans. Clark and
Wishart (1989: 5) attributed erosion by windborne particles to ‘wood fur’ (defibring, figure 2.2),
illustrating both the need for a definitive terminology to guide field practice in Antarctica.
Wilkins and Simpson (1988) produced a key paper on defibring in temperature climates from
2

Discussed in further detail in Chapter 4.
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which the author identified the problem in Antarctica. Blanchette et al (2003) studied severe
defibring at Cape Evans3.
Figure 2.2: Defibring ((Blanchette, RA, Held & Farrell 2002: 320)
This shows SEM images of defibred wood.
A Exterior wall, Cape Evans.
B Exterior wall, Cape Royds.
C Outside of Discovery Hut, transverse section showing sound wood at bottom, separation of wood cells at the middle lamella
(arrows) and continued fragmentation and erosion of fibres on exposed surface (arrowheads).
D Exterior of Cape Evans hut.
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Corrosion and other problems affecting metals
Divine and Perrigo (1986) comprehensively reviewed Arctic corrosion research, which is
regularly discussed in conference publications of the National Association of Corrosion
Engineers (NACE) on Cold Climate corrosion. Arctic corrosion research is more extensive than
for Antarctica because of greater population and industrial activity such as pipelines. At the
commencement of research some Antarctic personnel stated that corrosion cannot occur at
temperatures below 0C and was therefore not a problem in Antarctica (Hughes 2000: 121). King
et al (1988) measured corrosion at Cape Evans and Lake Vanda and subsequent contact led to
collaborative research that is presented in Chapter 6.
Damage by wind
Severe corrasion has been documented at Arctic sites, particularly the Fossil Forest site on Axel
Heiberg Island (Grattan, D et al. 1996) and Barents’ hut on Novaya Zemlya (Hacquebord, L
1991)4. The only rate measurements found were measurement of ablation by Grattan (ibid) in the
Arctic and Harrowfield's (1996, 2006) measurements of damage by windborne beach sand and
pebbles affecting timbers at Cape Adare and insightful observations at other sites (figure 2.3).
Figure 2.3: Wind-abraded glass window on SE of Terra Nova hut (Harrowfield 2006: 304)

4

See previous comments regarding different terminology.
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There are many publications in the meteorological literature on ‘blowing snow’, of which Berg
(1986), Budd (1966), Dietrich (1977) and Kodama et al (1985) are of the most practical benefit to
conservators. Bagnold (1941) remains the classic reference on the theory of saltation and
movement of particles in the boundary layer of winds, based on his study of sand dunes.
Fungi and other biodeterioration
Fungal problems are prevalent at most polar historic sites, discussed in detail in Chapter 9.
McLean (1919) studied the fungi found inside the AAE hut at Cape Denison during its
occupation. A joint US-NZ team continue to study fungi affecting wood at the Ross Dependency
huts (Farrell et al 2004. There are, however, relatively few publications concerning the treatment
of affected historic materials displayed in situ in buildings with rare exceptions.5
Visitor impacts
Clark and Wishart (1989), Spude and Spude (1993) and Harrowfield (1989) recorded problems
caused by visitors trampling, touching, vandalising and removing artefacts or even whole
buildings in Antarctica. There are extensive studies of more general tourism issues, as this is a
major issue for national Antarctic program managers. Hall and Johnson (1995) and a special
volume of Annals of Tourism Research (volume 21 (2) in 1994) cover aspects of tourism in polar
regions, including the lengthy history of tourism in the Arctic. It is remarkable, for example that
tourists were already visiting the ruined Wellman base at Virgohamn in 1906 (figure 2.4).
Although historic sites in the Antarctic Peninsula are some of the most frequently visited sites on
the whole continent (Enzenbacher 1992) little visitor analysis exists specifically for historic sites
excepting the Ross Island sites Harrowfield (1989 ).
Some strategies for visitor management were developed for the Ross Dependency sites
(Harrowfield, DL 1990) and protective measures have been used, listed in Table 2.1. However,
there is no detailed study of the causes of the errant behaviour at historic sites, indicating better
5

None of the methods are applicable in Antarctic historic buildings due to safety and logistics reasons.
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understanding of visitor interests and needs is necessary to develop better and more specific
protective measures. These can then be incorporated into management plans as part of the SMA
and SPA administration under the Antarctic Treaty, discussed in greater detail in Chapter 10.
Figure 2.4: Tourists at Virgohamn 1906 (A Wilse, in Bjerck and Johannessen 1999)
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2.3.1 Publications analysed by geographic location in both polar regions.
Types of conservation problems occurring and treatments applied are examined for each site in
Table 2.1. Photographic examples selected from the literature are reproduced to illustrate the
nature of some sites and their problems.
Arctic sites
Alaska
Most Alaskan literature concerns excavation and treatment of native sites such as the destructive
excavation of wooden log buildings on Barter Island off the coast of Alaska during Stefansson’s
Canadian Arctic Expedition 1913-18 (Jenness 1990). Jenness experimented with different
methods of thawing the frozen ground but abandoned the method of lighting a fire on top “when
he found the rapid change in temperature damaging the stone and bone implements”6. Some
Alaskan papers discuss excavation techniques for frozen material although few details of field
conservation methods are given (Newell 1984).
The Alaska State Historic Preservation Office maintains a database on historic and archaeological
sites including site surveys and treatment reports (Spude 1986). Discussions with staff in
Anchorage during February 2001 showed that most non-native sites are in climatic zones that are
not comparable to Antarctica (ie forest zones). Alaska has high standards of statutory protection.
Canada
Nearly 100 relevant references were found on archaeological excavation, deterioration and/or
conservation treatments of historic sites in High Arctic Canada including:


Kodlunarn Island (latitude 62° 49' N, longitude: 65° 27' W), SE Baffin Island, occupied by
Martin Frobisher in the sixteenth century;

Jenness cited difficulties caused by native excavators who dug artefacts for sale and unscientific
excavations by non-natives.
6
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Kerketen in southern Baffin Island, an Inuit and European whaling site that operated over
many centuries until 1921, also the site of the 1882-83 German International Polar Year base;



Kellett’s Storehouse (figure 1.10) on Dealy Island (Latitude 74° 58' N, Longitude 108° 49'
W) which contains a unique collection of British Navy supplies for a mid-nineteenth century
Franklin search expedition;



Beechey Island (74° 43' N, 91° 55' W, figure 2.5), which has graves from a Franklin
Expedition and the ruins of Northumberland House; and



Fort Conger (81° 43'N, 64° 43' W), a series of tar-paper covered timber buildings used
intermittently between 1881 and 1935 for various explorations and research, associated with
Peary and others7.

The author’s discussions with Canadian researchers and summary information in Table 2.1
revealed that human interference is their most urgent and difficult conservation problem. Most
sites have been excavated and artefacts are usually relocated to museums to prevent looting.
Some artefacts are considered to be too damaged or too fragile to survive in situ. Most of the
conservator’s work is in stabilising wet, excavated artefacts for relocation and treatment offsite
(Hett 1978, 1980). This limits the applicability to Antarctic sites since the Madrid Protocol
requires that historic material should not be removed except when there is no alternative to
protect or preserve the item. Furthermore, the air access widely available in Canada is generally
not available in Antarctica.
Other Canadian conservation problems in coastal areas include meltwater, high humidity and
salts, in common with many Antarctic sites. Objects in the active layer of permafrost are affected
by biodeterioration and structures are also frequently damaged by permafrost movements and ice
lens formation although this is rare in Antarctica.
Kellett’s Storehouse has been the most intensively investigated High Arctic Canadian site (Hett
and Weaver 1980) and is the only major site where artefacts have been kept in situ, largely due to
the volume of remains (Janes 1982). Reburial of artefacts in ice and protection with an insulated
7

This site is perhaps the most comparable to Antarctic sites in terms of its age, materials, design and some of its
conservation problems (Blanchette et al 2008) although its climate is warmer in summer and supports grasses which
are not present in Antarctica except the northerly Antarctic Peninsula.
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floor has been the main conservation strategy used. A thermohygrograph was placed under the
insulated floor to determine whether this is effective in keeping the store contents frozen to assist
their preservation. Installation of an insulated floor has reduced and stabilised sub-floor
temperatures and that the permafrost is causing no damage.
Figure 2.5: Beechey Island sites, Canada (Beattie & Geiger 1987)

BA F FIN

Visc ount
Mt / vi/le
Sound
BAY

- - -Known rouft of IBH
___ - Presumed route of 1846

100

13

2. Literature review

Other historic sites throughout Canada are less relevant to Antarctic historic sites either because
of different climatic conditions or because the preservation problems are not priorities for
Antarctic sites. Dawson City has significant problems with permafrost movement (Harrowfield
1996), whereas the Ross Dependency ‘permafrost’ problems are nowhere near as severe and are
ice lens formation rather than permafrost heave related to the soils. Again, most artefacts are
relocated to museums and the conservation problems are essentially those of waterlogged sites
with no particular relevance to Antarctic sites. Other minor sites are climatically relevant, such as
caches at Victory Harbour in Nunavut but no conservation information appears available.
Research on erosion and site management problems undertaken at the Fossil Forest on Axel
Heiberg Island is relevant to Antarctic sites, although this is a geological site rather than an
historic site. Canadian Conservation Institute researchers (Bigras et al 1995, Grattan 1982)
developed a coating method using ‘Parylene’ which consolidates the barely fossilised plant
material enabling it to be examined by botanists and be displayed. Site management issues due to
erosion and visitor interference are of great concern (Grattan et al 1996) and stabilisation of the
permafrost in which the plant material is buried is the key to solving the preservation and
management problems of the site. Geophysical investigations have been adapted for
archaeological surveys including use of Ground Penetrating Radar (Vaughan 1986).
Mould growth is a significant problem (Hett 1987, Grant 1993) and both publications promote
the use of sphagnum moss as a packing material for artefacts being transferred to laboratories for
treatment. It is used in the Arctic since it grows naturally at the sites and is suitable for retaining
moisture and minimising biological growth in waterlogged organic materials8.
Complex artefact treatments are undertaken at the Canadian Conservation Institute in Ottawa,
although some treatments such as cleaning and consolidation of metals and leather are also
8

This approach was proposed for Antarctica (Harrowfield 1996: 43) although sphagnum moss is not found in
Antarctica and may not be imported due to the potential to introduce alien micro-organisms. Australian Quarantine
Inspection Service regulations prohibit its use for re-importation of objects to Australia and similar prohibitions are
likely for other Antarctic Treaty nations. Other materials and methods are available should it be necessary to stabilise
wet materials. Moreover, large scale removal of artefacts from Antarctica is not appropriate under Annexe 8 of the
Madrid Protocol.
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undertaken at the Prince of Wales Northern Heritage Centre in Yellowknife (letter to the author
from Margaret Bertulli 1995).
A history and typology of food tins (Wade 1978) describes the manufacturing methods including
labelling and its application for dating tin cans. This is relevant to the numerous tin cans found at
Antarctic sites. Treatment of tinplate food cans for museum displays was undertaken on mid
nineteenth century lead-soldered cans taken from Dealy Island and other locations (eg Fox 1979,
Hawley 1981, Wright 1979 cited in Thorp 1986). Information from studies of the corroded food
cans informed ensuing debate on whether lead from soldered cans killed Franklin’s men.
Reports on medical studies of frozen bodies from Beechey Island (eg Beattie and Geiger, figure
2.6) and elsewhere discuss excavation methods.
Figure 2.6: Frozen body dating from 1846, Beechey Island (Beattie and Geiger 1987: 53)

Freeze drying using natural low temperatures to sublimate moisture was used to dry a canoe
without the expense of freeze-drying chambers (Grattan et al 1980) although this method appears
not to have been used again in Canada. Godfrey and Ambrose (1998) adapted this approach in
Antarctica, using a venturi system to increase the rate of sublimation.
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In summary, the significant conservation problems at Canadian High Arctic sites are human
interference and trampling; wind erosion; coastal action; wildlife damage (particularly bears
wherever food caches exist); corrosion; ice lens formation; permafrost movement, solifluction
and biodeterioration in the active layer. Grattan et al (1996: 776) stated that lack of data on rates
of deterioration processes is a significant limitation on further development of conservation
strategies.
Greenland
Extensive information is available on the study and treatments of the 500 year old ‘freeze-dried’
bodies from Qilakitsoq which were taken to Denmark and then repatriated to Greenland after
Home Rule (Hart-Hansen, Meldgaard & Nordqvist 1991). The bodies suffered fungal problems
when taken to Denmark and required irradiation treatment and special cold display cases. Inuit
and Viking sites have been excavated in southern Greenland but are not climatically comparable
to Antarctic sites and have soil and permafrost rather than ice or frozen gravel.
Images of late nineteenth to early twentieth century fur-hunters’ huts (Barr, Susan 1998) show
simple wooden buildings comparable in style to some early Antarctic buildings. Sod-roofed
wooden buildings still exist in Greenland but no detailed information was available on their
conservation. There are some nineteenth century historic sites from European exploration such as
Peary's base at Qanaaq, the remains of the German North Polar Expedition of 1869-70 and
Amdrup’s observatory and depot at Cape Dalton. However, information on these sites is scarce as
the focus of archaeological activity by the relevant bodies such as the Greenland National
Museum and Archive (Claus Andreasen, communication to the author by e-mail 7.5.02) and the
Danish Polar Centre (e-mail communication to the author by Kirsten Caning, April 2002) is
Norse and Inuit sites.
Norwegian trappers’ huts in North East Greenland National Park (NEGNP), dating from the early
to mid twentieth century, are cared for by ‘Nanok’ (http://www.xsirius.dk/en/node/10), a private
organisation. These huts were privately owned by the Danish and Norwegian trapping
companies and when NEGNP was founded there was no plan for their preservation which led to

16
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the current voluntary arrangement (personal communication to the author by e-mail from Peter
Schmidt Mikkelsen on 27 April 2002). The huts are not listed as historic monuments and there
are no formal requirements for documentation or reporting of work undertaken although Nanok
Expeditioners prepare reports and photographs which are now available on their website (see
figure 2.7). Mould (where wood is in contact with the ground) and polar bear damage are
significant problems and the buildings are generally ice-free in summer and where felt covering
is used the buildings remain ice-free in winter (ibid).
Figure 2.7: Antarctichavn hut, built 1930 (Barr 1993: 60) and under restoration in 2001 (Nanok
website downloaded in 2002)

The restoration ofAntarctichavn is well under way. The porch has been rebuilt.
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Norwegian territories - Svalbard, Jan Mayen and Bjornoya
Jan Mayen and Bjornoya are influenced by the Gulf Stream and are climatically more
comparable to Subantarctic islands than Antarctica. Sites include wooden huts built on gravel or
soil and experience biodeterioration of wood, meltwater and storm damage, corrosion (due to
high RH) and coastal erosion similar to Subantarctic islands (see Barr 1985, 1987: 51).
Historic sites in Svalbard include many whaling stations dating from the sixteenth to eighteenth
centuries with tryworks (figure 2.8) and graves built on permafrost, for example Smeerenburg
(Barr, S 1987). Most experience warmer temperatures than Antarctica, although sites in the north
and east of the archipelago experience temperatures more like Antarctica. RH is generally high.
Nineteenth century trappers huts, built of planks and covered with tar paper, still stand although
lower timbers suffer from meltwater and fungi and some replacement of planks and clearing of
soil build up has been undertaken (Harrowfield 1996: 11-13).
Figure 2.8: Svalbard tryworks (Barr 1987)

Site reports and excavations from permafrost at Smeerenburg, one of the most studied sites, are
given by Vons-Comis and Lutken in the Smeerenberg Seminar report (Barr 1987). Some
conservation problems are similar to Antarctic sites, although generally closer to those at
Canadian sites such as Beechey Island. Black polyethylene sheeting is widely used to aid melting
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of permafrost, and hot water is used in excavations. Ground Penetrating Radar9 does not seem to
have been used, possibly because salts are more extensive in sites close to the shoreline that
makes the differentiation by radar impossible. Cross-disciplinary communication between
historians, archaeologists and conservators and scientists (including geomorphologists interested
in dating shorelines is well-developed between all the nations working on Svalbard sites, through
international seminars as the Smeerenburg Seminar (Barr 1987).
Later North Pole expeditions by Wellman, Nobile and others resulted in sites that more closely
resemble those in Antarctica, containing prefabricated wooden buildings, extensive steel
structures, food supplies and other materials in common with locations such as Cape Denison and
Cape Adare. Sites from the Andree (figure 2.9) and Wellman (figure 2.10) expeditions were
extensively damaged by wind and artefacts are scattered and broken and corrosion is widely
evident and serious in many locations (Capelotti 1994).
Figure 2.9: Andree’s house ((Bjerck & Johannessen 1999: 15)

9

A geophysical method that uses radar to examine sub-surface layers.
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Figure 2.10: Virgohamn maps and images (Bjerck and Johanessen 1999)
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Aerial view of Virgohamn showing broken and scattered structures and artefacts

Table 2.110 shows human interference is arguably the major concern at Svalbard sites with
trampling, illegal interference with graves and vehicle tracks reported. Other conservation
problems include solifluction, permafrost heave, coastal erosion, wind erosion and polar bear
damage, including alleged opening of graves (Henrat 1984).
Field stabilisation problems discussed by Lutken (in Barr 1987) consider the conservation issues
working on these sites, but again most artefacts are not conserved at the site. Research by
Peacock (1999) on the effect of multiple freezing and thawing of both wet and dry textiles could
be relevant to clothing outdoors at Antarctic sites where it is sometimes found partly buried
outdoors under snowdrifts or inside buildings.
Despite extensive archaeological excavation and consequent conservation treatment, the literature
from the Norwegian territories shows that while there are useful points of comparison with
Antarctic sites no comprehensive suite of conservation treatments has been developed that can be
applied in Antarctica. Nevertheless, the nature and scale of the conservation problems at the sites
in the Norwegian territories have sufficient elements of comparability (as shown in Table 2.1) to

10

Placed at the end of the chapter due to its size.
21

2. Literature review

support the case argued by Barr (1990) and others for international cooperation between
conservators working on polar historic sites.
Russia
Barr (1995) provides brief descriptions of deterioration affecting Russian sites, particularly
observations of the Nansen shelter showing its progressive deterioration including the rotting of
the walrus hide roof and scattering of wooden elements. Other sites include Papanin's abandoned
base, Leigh Smith's Eira House and some Soviet-era weather stations (abandoned, but now
proposed for re-use). Correspondence with the Russian member of IPHC, Peter Boyarski (e-mail
to the author 23.5.02), revealed that visits to historic sites in Franz Josef Land and other northern
locations in Russia have been made over the past 15 years. Boyarski confirms the opinions of
Barr that Eira House and Lee Smith’s overwintering hut at Cape Flora are in good original
condition and no special conservation work has been required. Surface corrosion of nails are
other metal fittings and artefacts has occurred but “the inner parts seem to be quite strong up to
now” (ibid). Wire stays used on the buildings have however been destroyed by corrosion 11. These
sites are not often visited due to their remote location. Some huts at Tichaya Buchta are
“permanently full of pressed ice and snow” (ibid) and no conservation work has been undertaken.
Braat (1984) discusses the work of Kravchenko who found the remains of Barents’ ship on
Novaya Zemlya. A later site visit to Barents' hut (Hacquebord 1991: 38) reports its current poor
condition (shown in figures 2.11, 2.12) with extensive visitor damage at this site by comparison
with Antarctic sites.

11

The apparent contradiction in the good condition of nails and damage to stays may be due to low atmospheric
corrosion of the former and stress cracking in the latter.
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Figure 2.11: Barents' hut deterioration, Hacquebord in Chaplin & Barr (2004: 74)
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Antarctic sites
Sector Antartico Argentino
Argentina nominated Nordenskjold’s Snow Hill Island hut for protection under the Antarctic
Treaty because of the participation of an Argentine (Sobral) in that expedition. Argentina has
continuously managed the remains of the Scottish National Expedition on Laurie Island since
transfer in 1904 (Comerci 1983). Comerci discusses the excavation of the Snow Hill Island hut
detailing the condition of artefacts and extent of snow accumulation but discusses the
deterioration problems only briefly. Excavation techniques includes block lifting or covering of
areas containing artefacts encased in ice which were then wrapped in double layers of
polyethylene (black outside, clear inside) using solar radiation to melt the ice.
Capdevila et al 1994) describe artefacts removed from the Snow Hill Island hut, many of which
have been transferred to museums in Argentina (Comerci 1983). Capdevila et al (1994) discuss
the replacement of a canvas roof on Nordenskjold’s Hope Bay refuge and describes an
experiment with a polyester coating applied in situ to strengthen the repair material. There has
been apparent controversy regarding unauthorised excavation and other activity at Snow Hill
Island (IPHC website downloaded 8 December 2007).
No condition reports have been found in the literature that discuss the condition of Argentine
IGY bases although San Martin base was considered by Warren (1989: 187) to be an historic
resource.
Australian Antarctic Territory
The Australian Antarctic Division Library has a comprehensive collection of ANARE field
reports including reports on examinations of Cape Denison and other sites at various dates from
the 1950s onwards. Photographs and other image collections are held at the organisation’s
multimedia centre.
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As well as the early ANARE stations at Mawson Station, Davis Station, the Australian Antarctic
Territory includes a former US IGY base at Wilkes and some remains of the Russian/Polish
station at Oasis in the Bunger Hills (Table 1.1 No. 10). There are also some historic monuments
at Vostok (Table 1.1 No. 11), an inland Russian station in the Australian sector, but no reports are
available and it appears that no heritage or environmental assessments have been made (Viktor
Pomelov, Russian Antarctic Expedition, personal communication to the author 1996).
Reports on the ANARE stations, which are mostly not designated historic sites under the
Antarctic Treaty, show there are significant deterioration problems associated with snow drift
formation and meltwater/condensation. Some buildings, however, are in very good condition,
such as the Heard Island hut relocated to Davis Station (figure 2.13). A symposium held at the
Australian Antarctic Division collated information about the ANARE buildings in 1992 and more
recent reports are available in ‘State of the Environment’ reports by the Australian Government
available on-line at http://www.environment.gov.au/about/publications/annual-report/0607/outcome2-antarctica.html
Figure 2.13: Old Paint Store, author’s photo 1992
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Clark and Wishart (1989) studied Wilkes Station and the ‘Tunnel’ (figure 2.14) at old Casey
Station that was removed in the early 1990s due to structural failure caused by corrosion. While
the main focus of the documentation was a study of the social history, their report clearly shows
problems with corrosion. Problems with large quantities of hazardous chemicals, often covered
by ice, and smashing of windows by errant expeditioners (allowing ice formation to obscure the
previously clear view of interiors with meals still on the table) were also mentioned.
Figure 2.14: Casey Tunnel when new (Australian Antarctic Division, undated)

Ambrose and Godfrey (1998) used dataloggers to record temperature and relative humidity inside
a (non-historic) building at Wilkes during experiments to remove ice from the interior of the
building by sublimation using a venturi system. The building was covered with plywood and
sealed with silicone (figure 2.15). This research, based on some presumptions about damage due
to the presence of ice, was proposed to remove ice from the AAE main hut at Cape Denison,
discussed in detail in Chapter 4.
Figure 2.15: Wilkes venturi project (Ambrose and Godfrey 1998)
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The abandoned AAE base at Cape Denison, known as ‘Mawson’s Huts’ has particular
archaeological significance being one of the least disturbed sites of the early exploration of
Antarctica (Lazer 1986) and is the best known Australian Antarctic historic site. There are four
buildings at the site, a Memorial Cross and numerous artefacts from the occupation of the site in
1912-13. During the brief visit in 1931 by the British Australian New Zealand Antarctic Research
Expedition a formal sovereignty claim was made, (figure 1.19). The condition of the plaque in
1984 is shown in figure 2.16.
Ledingham (1979) described work undertaken in 1977 by a small party (without an archaeologist
or conservator) including the removal of ice from the Living Hut and cladding of the Workshop
roof with lead sheeting. The intended replacement of the weathered original cladding with new
Baltic Pine timbers of the same dimensions was prevented by logistics problems. The original
cladding was to be removed for a museum exhibition. The Memorial Plaque (attached to the
Memorial Cross) was enclosed in the bronze box (figure 2.16) and the Proclamation Plaque
(attached to the Puffometer Pole) was similarly enclosed in a bronze box with a plastic ‘window’.
Figure 2.16: AAE Proclamation plaque (Project Blizzard, 1984)
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In 1984 Project Blizzard proposed an extensive program of work including removal of ice and
lifting and replacement of weathered timbers, inserting vapour barriers to prevent further ice
ingress (Blunt 1991). Blunt’s thesis includes extensive documentation and drawings including a
large bibliography listing unpublished reports held by the Australian Antarctic Division. The
proposed ice removal and recladding/vapour barrier was not approved by the Australian Heritage
Commission and this work was not carried out, although excavations by archaeologists (Lazer
1986, McGowan 1988) were undertaken, and the initial condition survey was conducted by the
author, a materials conservator (Hughes 1986). The Proclamation and Memorial Plaques (figure
2.17) were by this time stained blue from the effects of corrosion on the bronze containers and
were also wet from melted snow and wood fibres were raised and detaching from the surface.
Figure 2.17: AAE Memorial plaque enclosed in bronze box (Project Blizzard 1984)

Controversy continued concerning ice removal but there were no further visits to carry out
conservation treatments at the site until 1997. Various professionals have prepared assessments
of the significance of the site, a Conservation Management Plan was written (Ashley 2000) and a
revised plan was published by the Australian Antarctic Division in 2007 (available at
http://www.aad.gov.au/default.asp?casid=33170 ).
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Conservation work has been undertaken by the Mawson’s Hut Foundation including removal of
ice (figure 2.18, figure 4.8) to carry out repairs to the Workshop, repair of windows and complete
covering of the existing roof of the Workshop by new boards coated with an acrylic polymer.
Monitoring of the hut has been conducted as part of the research for this thesis described in detail
in Chapter 4. Work is ongoing at the site.
Figure 2.18: Memorial Plaque stained blue (author’s photo, 1985)
Note: the top row of letters is approximately 40mm high.

Figure 2.19: Ice-filled verandah C Denison (Ashley 1998 in Chaplin and Barr 2004: 46)
Note: the doorway is approximately 80cm wide.

29

2. Literature review

Territorio Chileno Antartico
A series of archaeological studies led by Stehberg investigated alleged native stone tools found at
sites on Greenwich Island, Cape Shirreff (Livingston Island) and other islands in the South
Shetlands (Stehberg 1983). Some construed this as a bid for a territorial claim through prior
discovery and occupation by Fuegan natives (Headland 1993 personal communication).
However, subsequent research (Torres & Aguayo 1993) discuss evidence of cooperation between
Fuegans accompanying whalers and sealers in later periods. Photos and substantial descriptions
are included of the types of objects found at 18th-19th century sealing sites on the island (ibid: 7475). These are mainly bone, ceramics, glass bottles, some metals, leather fragments and some
tools with metal tips on wood and string shafts. Excellent site maps are provided with photos
showing a conventional excavation in gravel and sand, ie not frozen. Stehberg (personal
communication to the author 2002) considers the stone projectiles shown in figure 2.20 (Stehberg
1983) to be ‘scientific fraud’ but that the skull and other artefacts are evidence of the
participation of Fuegan natives on early British sealing Expeditions. Stehberg and Pearson, a
Chilean-Australian team, are conducting ongoing research at Antarctic Peninsula sealing sites.
Figure 2.20: Alleged prehistoric tools found in Antarctica (Stehberg 1983)
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Terre Adelie (France)
Port Martin was established in the late 1940s and abandoned after a fire in 1951 and is now
buried under substantial ice accumulation (Le Mouël personal communication). Base Marret
(figure 2.21) at Île des Petrels (now part of Dumont d’Urville base) was established as a
temporary base after the Port Martin fire. Brief observations of the Marret site were made by the
author in 1997 although no other reports have been found on recent archaeological excavations or
materials conservation work at these sites.
Figure 2.21: Base Marret, author’s photo 1993

New Zealand Ross Dependency
Harrowfield (1996) compared conservation problems of Arctic sites with those of the Ross
Dependency (but not other Antarctic sites) and contains a useful summary of literature on Arctic
sites which confirms that treatments of Arctic sites are in fact quite limited since there is a
significant focus on field stabilisation and removal of artefacts to museums rather than in situ
preservation.
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Arguably the most extensive body of literature on the conservation of Antarctic sites comprises
the reports by New Zealand researchers on the huts on Ross Island and at Cape Adare since the
early 1960s. Materials Conservation did not exist as a profession in New Zealand when
Quartermain 1963) first removed ice from Scott’s Terra Nova hut in 1960 (figure 2.22) and later
from the hut at Hut Point. Quartermain was an historian, not an archaeologist so "artifacts were
distributed throughout the hut where they seemed most appropriate”. Harrowfield (1981:52)
states that no record was made of their original locations. Unfortunately many artefacts were
considered to be rubbish and were disposed of in tide cracks and important early geomagnetic
buildings were demolished without their scientific or cultural values being assessed. There were
no real precedents for such work but it seems unfortunate in retrospect that so much work was
carried out without adequate time to assess whether any adverse effects were arising from the
work undertaken.
Figure 2.22: Cape Evans darkroom before removal of ice, 1960 (Quartermain 1963: fig 28)
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Harrowfield noted that artefacts that had been in perfect condition shown in photos when first
excavated were suffering from various deterioration problems by the early 1980s. Harrowfield
(1991) states:
"The artefacts encased in ice were well-preserved. The preservation qualities of constant
below zero temperatures on artefacts is exemplified by a zinc-plated canister from the
1899 Expedition containing an enamel plate, fry pan and teaspoon individually wrapped
in brown paper in almost new condition."
Considerable maintenance was required to keep the huts clear of ice and some ice removal
methods appear to have resulted in deep scoring of the wooden floors (anon 1983). Ice was
excavated from Borchgrevink’s hut at Cape Adare in 1961 (Harrowfield 1991).
Corrosion is particularly evident on artefacts both inside and outside the Ross Island huts and is a
significant concern with the numerous food tins because of the labour-intensive treatments that
are required to treat corrosion and damage to paper labels. Pioneering measurement of corrosion
rates at Cape Evans and Lake Vanda by King et al (1988), mentioned previously, found rates at
Cape Evans were comparable to those of suburban areas in temperate Melbourne.
At Cape Adare strong and frequent katabatic winds have demolished Campbell’s Hut
(Harrowfield 2006) and torn off the door of Borchgrevink’s hut. Damage to timber surfaces by
windborne particles (scoria at the Ross Island huts and beach sand at Cape Adare), ranged from
mild to severe, discussed in greater detail in Chapter 7.
Harrowfield (1991) also identified damage from ‘permafrost’, defibring, algae, meltwater, and
fungi at all the sites cared for by New Zealand and from the accumulation of penguin guano at
Cape Adare. Excavation methods included the use of black plastic to hasten melting of frozen
ground. Harrowfield also examined visitor management issues and explained supervision
arrangements by New Zealand government representatives. Monitoring of temperature and
relative humidity inside the Cape Evans hut has been undertaken with varying success since the
early 1990s. A thesis by Mason (1999) on environmental conditions in the Cape Evans hut is
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discussed in detail in Chapter 4 along with later research by Held et al (2005) at Ross Island sites.
The New Zealand Antarctic Heritage Trust has coordinated funding and treatment carried out at
these sites and publishes regular news bulletins on conservation activities at the sites. Ongoing
research on timber (Farrell et al 2004) has been mentioned previously.
Removal of ice from NZ huts has not been universally supported (see Chapter 4). Prevention of
continued ice ingress, even with the controversial use of vapour barriers, has not been entirely
successful, despite extensive annual maintenance, which is not possible at many other sites.
Conservation studies at the New Zealand sites, while extensive, are by no means comprehensive
nor complete and are not necessarily applicable at other Antarctic sites. While much of the
research has made significant progress in understanding the risks, there is no evidence, and
indeed considerable doubt, that these methods could be successfully applied at sites with warmer
and windier climates or more remote locations.
Norwegian Antarctic sites
Dutch archaeologist Hacquebord (1992) reported a multidisciplinary study of the environmental
impact of an abandoned Norwegian whaling station at Deception Island (operational 1906 to
1931). Photographs and references in the text clearly show that corrosion of metal tanks and
building elements are severe and wastes from whale blood and bone have stimulated plant
growth. The paper was not intended to examine the preservation concerns although it gives
insight into the challenges of developing a strategy for conservation of the site.
Norway established ‘Maudheim’ in Dronning Maud Land as the base for the Norwegian-BritishSwedish Antarctic Expedition of 1949-52 but this was covered by eight metres of drifting snow
within 10 years (Barr 2000) which limits opportunities for excavation (figure 2.23). Norway
Station, established during the IGY was also covered by snow (Susan Barr, e-mail to the author
17 April 2002).
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Figure 2.23: Maudheim covered with snow (Barr 2000)

.I

Doyle (1992) discussed the search for Amundsen’s tent left at the South Pole proposed by a
glaciologist, Christensen. Norway ICOMOS opposed the proposal citing a high risk of damage
due to unqualified personnel and the project did not proceed (Barr 2001 personal
communication). Ground penetrating radar was proposed to locate the tent to then be “dug up
with chainsaws” (Doyle 1992: paragraph 7) and “an archaeologist will then do the delicate work
of digging out the tent and preserving it” (ibid.: paragraph 28). The article highlights the concerns
expressed by Warren (1989: 14) about the lack of guidelines on use of appropriate excavation
methods and qualified personnel.
United Kingdom (British Antarctic Territory)
The British Antarctic Survey Annual Report (1991) stated abandoned bases established as part of
the secret 1940s ‘Operation Tabarin’ are now being 'cleaned up' although there are some concerns
these may cause much interesting historical material to be inadvertently lost. Shears and Hall
(1992) discuss the British approach to management of abandoned bases and field stations, which
is mainly concentrated on implementing the Madrid Protocol and states that:
“Their poor state can be attributed to the ingress of ice and water caused partly by lack of
maintenance, but also by vandalism” (ibid.: 3.1).
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Four British bases from the 1940s (sites 61-64, Table 1.2) were added to the list of Antarctic
Treaty designated historic sites in 1995 and buildings at Port Lockroy (figure 2.24) are managed
by the UK Antarctic Heritage Trust (UKAHT) (http://www.ukaht.org/index.htm).
Figure 2.24: Bransfield House at Port Lockroy (R Atkinson, undated UKAHT)

Figure 2.25: Map of UK sites (UKAHT website, downloaded 14 March 2008)
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US sites
Numerous US whaling ships visited Antarctica during the early to mid-nineteenth century
although few traces have been found. The US Amundsen-Scott Base at the South Pole (Table 1.1
site 1) has an unusual geodesic dome building is undoubtedly of some historic interest. However,
neither it, nor other historically interesting Jamesway huts from the US McMurdo Base have
been professionally assessed and since 1993 there have been proposals for their removal.
Detailed archaeological surveys were made of Byrd’s East Base, abandoned in 1941 and the
nearby Ronne Expedition base (1947-48). Parfit (1993), Broadbent (1992) and Spude and Spude
(1993) show clear evidence of damage caused by the wind (figure 2.26) and deterioration by
corrosion. Broadbent (1992: 15) mentions equipment including a spare aircraft engine, tractor;
large quantity of food and clothes, garbage dump that were "largely untouched by either
vandalism or deterioration… Organic materials were well preserved by the polar environment,
and, consequently, the remnants of the seals used as dog food by the British were everywhere...
Paper, cloth and wood were also in good condition, but metal had suffered considerably from the
maritime climate". Spude and Spude (1993) prepared a comprehensive and detailed management
plan for the site identifying major risks from hazardous materials. In 1991-92 a site restoration
team collected artefacts, removed hazardous materials and stabilised buildings, the areas around
the buildings, and prepared gravel and rock pathways. Interpretative information including a
visitor handout was prepared (Broadbent 1992).
Figure 2.26: Wind damage at East Base (Parfit 1993: 111)
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2.5 Discussion
2.5.1 Gaps in the literature
Site survey methodologies
There is no comprehensive guide to methods suitable for surveying the condition and
deterioration problems of polar historic sites12, for example to outline standard methods for salt
deposition or corrosivity measurement, or use of Ground Penetrating Radar.
Terminology of deterioration processes
The lack of standard terminology for some deterioration processes helps perpetuate imprecise
descriptors such as ‘freeze-thaw damage’ and makes it difficult to search the literature.
Development of a glossary would significantly improve communication13.
Accuracy of information
Some published information was found to be inaccurate, inconsistent or unsubstantiated, as
discussed in Appendix F and further examined in Chapters 4 to 10. It is important to document
empirical evidence to determine the real cause of deterioration and identify treatments that will
target cause rather than symptoms.
2.5.2 Deterioration information
Reports on 35 relevant polar historic sites collated in Table 2.1 demonstrate they are not ‘in a
state of near perfect preservation’ and many problems threaten their survival.
Damage by temperature and humidity changes

12

While such a guide is beyond the scope of this thesis, it would be beneficial in improving conservation practices.
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‘Permafrost movement’ is reported at many Arctic sites and at Davis Station,
Borchegrevink’s hut and Cape Evans but is more accurately described as ice lens formation.



Ice ingress into buildings was reported at Kellett’s Store House, Snow Hill Island, Maudheim,
Cape Denison, Port Martin, Wilkes, and at the Ross Dependency sites and is reported to cause
crushing and high RH.



Artefacts at polar sites have frequently been observed to deteriorate when excavated from ice.

Metals
Corrosion was reported at coastal historic sites but limited rate measurements were available.
Salts
Salt deposits are rarely reported in the conservation reports of polar historic buildings. Defibring
was not initially (1985) widely reported although a photo of Krisch’s grave (figure 2.27) in Franz
Josef Land suggests the problem was unrecognised. Blanchette, Held and Farrell (2002) have
now published considerable research on this problem.
Figure 2.27: Krisch's grave, Franz Josef Land (Barr 1995: 118)

13

An initial attempt has been made in the glossary in this thesis.
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Wind damage
Structural damage by wind was reported at many sites in both polar regions. Corrasion was
reported at Beechey Island, Kerketen, Axel Heiberg Island Fossil Forest, Wilkes, Cape Denison,
Byrd’s East Base and at all the Ross Dependency sites using varied terminology. This problem is
not reported for sites in Greenland, Franz Josef Land and UK huts in the Antarctic Peninsula
which may reflect incompleteness of records.
Biodeterioration
Food (eg ham) survives in Shackleton’s hut and bodies buried in permafrost are still in good
condition after several centuries in Svalbard. However, research in Canada, Svalbard, Franz Josef
Land and at all major sites in the Antarctic showed that fungi and bacteria are prevalent
problems. Farrell et al (2004) demonstrate that fungi and bacteria can still grow at low
temperatures at rates that will certainly damage materials in the long term14.
Human impacts
Severe damage by visitors is reported at most Arctic sites in Canada, Svalbard and at some
Antarctic sites, particularly IGY bases such as Wilkes whereas it is less significant than weather
damage at most other Antarctic sites. Tourism is increasing in both polar regions.
Deterioration rate measurements
While the literature provides some qualitative information on damage processes, measurement of
rates of deterioration and field research evaluating conservation treatments are rare. Only
Harrowfield (on corrasion), Grattan et al (wind erosion), King et al (on corrosion), Peacock (on
impact of freezing-thawing cycles on textiles) provide detailed methodologies and rate
measurements for their respective studies. These data are limited to one or a few sites although

14

This research is reviewed in detail in Chapter 9 including citations.
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there is potential benefit to apply these measurements more extensively to develop new rate
measurement methodologies for other deterioration processes in a more comprehensive manner.
Lack of accepted methodologies and rate data limits the ability to prioritise conservation work,
and inhibits comparison between different sites, which in turn diminishes opportunities for
collaborative research between nations interested in preservation of polar historic sites.
Comparability of conservation problems in different polar locations
In addition to the previously discussed climatic and political conditions, Arctic sites are sovereign
national territory so artefacts can be, and are, excavated and removed offsite, often because of
risks of human disturbance. In Antarctica greater logistics problems and the Antarctic Treaty
provisions for in situ preservation limit this approach.
Success of conservation treatments in polar regions
Jenness (1990) and Harrowfield (1996) reported that some previous excavation methods have
caused damage and many treatments have been unsuccessful or highly controversial, particularly
ice removal. Removal of ice from inside Antarctic historic buildings has occurred at
Nordenskjold’s hut, Borchgrevink’s hut, Mawson’s (Main) Hut, Scott’s Cape Evans Hut and Hut
Point yet detailed environmental monitoring that would help understand impacts of ice removal
has only been undertaken at Cape Evans and Cape Denison (as reported in this thesis).
2.6 Summary


Conservation problems are widespread and serious, yet the myth of ‘near-perfect
preservation’ (Trevelyan 1996) persists.



While it is often proposed that treatments for Antarctic historic sites should be sought from
prior experience at Arctic sites15, the analysis in Table 2.1 shows many Arctic treatments are
not appropriate (due to climatic or logistic differences) or are not permissible (under the
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Antarctic Treaty) and that in many aspects (eg monitoring of temperature and RH) are already
highly developed in Antarctica.


There is abundant evidence that many previous conservation treatments used in both the
Arctic and Antarctica have failed, yet there has been no comprehensive analysis of the
reasons to guide improvement of conservation survey methods and conservation treatments.
The difficulty of repeated access to sites to assess effectiveness of treatments makes it
important to learn from experience at all polar historic sites.



The most significant gaps in the literature are:
o Lack of quantitative methods for measuring rates of deterioration in Antarctic
conditions, and consequently a lack of deterioration rate data;
o Insufficient analysis of environmental conditions inside buildings; and
o Insufficient reporting on effectiveness of conservation treatments, especially with
respect to ‘re-treatability’.

15

Comments to the author from tourists at Antarctic historic sites and some participants at Mawson’s Huts
Foundation .
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Table 2.1: Summary analysis of literature on Arctic and Antarctic historic sites
Region

Excavation and site
survey

Materials present

Deterioration issues
identified or recorded

Barter Island, 18th
century native site with
later 19th century
European activity
Utqiavik, native site ca.
1500 near Barrow

Experimental techniques
using fire on top of
frozen ground (Jenness
1990)
Warm water poured on
artefacts, no conservation
treatments given (anon
1985)

Wood, bone, human
remains, native clothing

Damage mostly by human No details, general
intervention (Jenness 1990) references in Jenness
(1990).

Nil (Alaska
Historical Office)

Inupiat site with wood,
clothing and hunting
equipment (bone etc), no
metals.

Generally good condition
due to recent excavation
from permafrost (anon
1985)

Nil- site was reburied (Dekin 1987)

Arctic
Alaska

Conservation treatments Monitoring of T and
RH
reported

Sites

Canadian High Kellett’s Storehouse,
Arctic
1850s, Dealy Island,
Nunavut (fig 1.10)
(Franklin era site),
Fort Conger
(Blanchette, R, Held &
Jurgens 2008)..

Photogrammetric
recording, warm water
used to melt ice (Hett &
Weaver 1980)

Few details given- photos
show organic artefacts
(Dekin 1987, Newell
1984); bodies and clothing
intact
Dealy Island- Stone
Dealy Island- Vandalism Meltwater diversion,
building containing huge and illegal excavation and insulated plywood floor
quantity of Royal Navy
collection, bear damage,
installed to retain
supplies for over 60 men, meltwater, permafrost
permafrost, selected
including canned foods,
activity, corrosion, fungi, artefacts taken to
fresh apples, clothing,
waterlogged wood in active Yellowknife and Ottawa
>100 boots, coal, iron
layer, no defibring
(leather and textiles) for
stoves and ballast tanks,
recorded (Hett & Weaver treatment; remainder left
wooden posts and doors,
1980).
under floor in permafrost
tarred canvas roof, sledges,
was successful in reducing
glass bottles, whale boat, Ft Conger- fungi
deterioration (Janes 1982).
cairn, graves (Harington
(Blanchette et al 2008).
Treatment of tin cans from
1964, Weaver 1978, Janes
various sites (Fox 1979,
1982, Trafton 1989).
Hawley et al 1981, Thorp
Ft Conger- wood, etc.
1986, Wight 1979).
Ft Conger- funds for
treatment being sought.

Single thermo
hygrograph used in
early 1980s, single
datalogger used
until recently (Bilz
1989) indicates
under-floor
temperatures around
+2.2°C, RH 80%
against external
conditions +4.1°C,
63% RH (Bilz
2002).
No information
found16.

16

In this table ‘No information found’ indicates no information was found via the literature review processes discussed in Chapter 2, noting the difficulties mentioned, and
any follow up enquiries via professional contacts listed in the Acknowledgements.
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Northumberland House
and Franklin-era graves
(fig 2.6);; 1840s- 1850s
Beechey Island,
Nunavut

Warm water used to melt Stone, wood, human
ice, including during
bodies, food cans, glass
excavation of 3 bodies
bottles, barrels (CCI 1976).
(Kowal, Krahn & Beattie
1989).

10/03/2012
Main problem: human
interference.
Also wind erosion, bears,
Corrosion affects
Breadalbane wheel
(Sutherland 1985).
Fungi- see also reports by
Blanchette et al 2008.

Keketen Island (ca.
1500-1921) whaling
site, Nunavut

Greenland

No details given.

Whaleboat slipway (wood
+ metal fasteners), trypots,
iron tanks, barrels, anchor
and chain and other ship
remains, graves.
(http://www.historicplaces.
ca/en/rep-reg/placelieu.aspx?id=15682 ).
Frobisher site (16th
Fitzhugh and Olin 1983 Jackson 1993: stone
century), Kodlunarn
(test excavations in
buildings, mining and
Island, Nunavut
permafrost, no details of smelting equipment
melting method given); (metals and wood),
illegal digging, Ground remains of ship, possible
Penetrating Radar
graves.
Cape Dalton hut
Not stated (Amdrup
Timber building, objects
1902)
not described
Peary’s North Pole
Building relocated to
Timber building, objects
expedition hut, 1908-09 Qanaaq, current status
not described (Gilberg
not known
1987)
Historic document
No details given (Dawes Paper documents usually in
caches in various
1967).
metal container, occasional
locations, 19th century
leather components
(Dawes 1967).

Epoxy resin replica
No information
gravemarkers failed due to available.
wind erosion, new wooden
replicas installed late
1980s. Sutherland (1985)
underlined the need for
pre-excavation consultation
with conservators

Wildlife damage, wind
erosion damages wooden
grave markers, skidoo
collisions with snowcovered artefacts,
permafrost movement,
biodeterioration in active
layer.
Corrosion, human
interference, erosion,
biodeterioration in active
layer (Jackson 1993)

No detailed report
available although building
work and artefact
treatment, walkways and
interpretation have been
done

No buildings
suitable for
monitoring?
No information was
found.

No buildings
required
monitoring.

No information available

No details available.
The manual by Cross, Hett
& Bertulli (1991) provides
guidance on both
excavation & stabilisation
methods.
No information available

No information
available
Gilberg 1987 (insufficient No information
detail)
available

Not stated

Some corrosion and
Not given (Dawes 1967)
damage from moisture, but
no major problems with
driven snow (Dawes 1967).

Nil
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Antarctichamna and
See Nanok website
NE Greenland trapper’s discussed in Chapter 2huts (fig 2.7)
this provides pictures and
general discussion of
condition.

Fungi affects wood in
contact with the ground,
bear damage; some wind
and snow ingress
problems. Some human
interference.

17th to 18th century
whaling sites,
Smeerenburg,
Amsterdamoya (fig
2.9)

Biodeterioration of organic
artefacts in active layer.
Fungi. No details of metal
object treatment but known
to be corroded. Permafrost
heave, wildlife damage
(bears, foxes) cited in
many publications.

18th -19th century
trapping sites including
Pomors (Russian),
Scandinavians

Mainly timber buildings of
traditional Scandinavian
style with glass windows,
ferrous chimneys and
various felt covering plus
associated hunting
artefacts.
Black polythene laid over Leather, textiles, ceramics
permafrost to speed
(including smoking pipes),
melting (Hacquebord
iron tools and trypots.
1980). Earlier
Human remains (fig 1.9)
excavations by Reymert and clothing in burials
(1979).
(Reymert 1979, 1988),

Zavyalov (1989) and
Chernosvitov (1989) give
details but not available
in Australia, thought to
include use of black
polyethylene sheeting to
hasten melting of
permafrost. Some earlier
excavations (1950-60s)
cited in Harrowfield
1996: 11 recovered
hunting and skinning
equipment.

Timber buildings, usually
log construction, drfitwood
or planked with exterior
covering of battened tar
paper. Pomor sites usually
have characteristic high
wooden crosses. Some
buildings have slate floors
and turf roofs (Barr 1993).

Buildings are maintained Not undertaken.
by restoration with new
materials that are similar to
the originals.

Textiles rinsing in deionised water (Vons-Comis
in Barr 1987: 79). Lutken
(in Barr 1987:94-95) used
Rodalon to control fungi.
Degradation research on
freeze-thaw cycles by
Peacock (1999).
Organic materials rinsed in
fresh water, fungi treated
with phenol, kept wet in
polythene bags,
impregnated with
Dermoplast SG,
Archaeoderm (Hacquebord
1980) for field stabilisation
until later laboratory
treatment.
Visitor interference, coastal Damaged and at risk
erosion are most severe
crosses have been moved
problems (Barr 1985,
into museums (Harrowfield
1998). Decay of timber in 1996: 13). Damaged lower
contact with soil. Wind
planks of huts replaced,
damage.
removal of soil
accumulation, re-turfed
roof of oldest hut (1827)
See Harrowfield 1996: 1113. Carpenters have
carried out some building
repairs.

Periodic visits by
cultural heritage
personnel inspect
the site, some
rangers used to
supervise visitors.

Periodic visits by
cultural heritage
personnel inspect
the sites, annual
visit by Governor,
some rangers used
to supervise visitors
(Harrowfield 1996:
11).
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Late 19th century to
Surface surveys
early 20th century
(Capelotti 1994).
expedition buildings,
eg Andree Balloon site
(fig 2.9), Camp
Wellman, Virgohamn
(figs 2.4, 2.10)

4 huts, two wrecked
airships, airship hangar,
outbuildings, fuel depots,
chemical wastes, ceramic
and metal debris, 2 dead
expeditioners (Capelotti
1994).

Melchior (Argentina,
1940s)

Timber, plywood,
No information available
metal/insulation composite
sheet

Corrosion (Capelotti 1994), No information available No information
wind damage, corrosion,
on conservation treatments. available although
visitor damage
National Park
rangers appear to
visit periodically.
No monitoring of
T&RH inside
buildings.
Barents Hut, Novaya
Surface surveys
C17th hut of wood, metals, Extensive visitor
No information available. Site access is
Zemlya 1596 (figs 1.1, (Hacqueboard 1991)
ceramics, clothing, books, disturbance, building
difficult. No known
2.13)
Unauthorised digging
navigation instruments,
remains are fragmentary,
regular visits.
(ibid)
swords and weapons.
wood decayed, corrosion
Artefacts removed by
(Hacquebord 1991)
Carlsen in 1871, many
artefacts now in museums,
Various Russian,
Surface surveys (Barr
Varied- including basic
Extensive deterioration
No detailed information
No information
Norwegian, Austrian
1991, 1995) but difficult shelters used by Nansen
evident in Barr 1995
available- some material
found.
and other sites listed in to find information on
and others (driftwood,
including water damage,
has been repatriated to
Franx Josef Land and any excavations or
animal skins), memorials, corrosion, biodeterioration, museums.
Severnaya Zemlya Barr detailed reports.
plaques, etc to large
human impacts reported,
1995 (figs 1.12, 2.30)
complexes such as weather defibring (fig 2.30).
stations (Barr 1995: 138).
Some sites are protected,
others evidently
vulnerable.
Eira House
No information
Timber building, wire stays Nil (Barr 1995)
Stated to not be required
No information
(Barr 1995)
(ibid).
available

Antarctic
South
Orkneys,
South

Nil (anon 1974)

No information available

No information
found
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Snow Hill Island,
Swedish /Argentine site
of 1902-04
Nordenskjold
expedition, (fig 1.15)

Ice removal Comerci
1983)
Use of black plastic (fig
2.14).

San Telmo wreck,
1820s, Cape Shirref on
Livingston Is
Sealing sites on
Greenwich Is, South
Shetlands consisting
mainly of low stone
walls with some timber
floors and associated
equipment.
Norwegian Hector
Whaling Station,
Deception Island, early
20th century (fig 2.25)

Underwater survey
(Torres and Aguayo
1993).
Stehberg et al (2008)
provide methodology and
references, also Pearson
(2007).

Surface surveys
(Hacquebord 1992) as
part of study of
environmental impacts
by the station
US base- Byrd’s East No ice excavation from
Base, Stonington
building, some artefacts
Island, re-occupation excavated from ice
by Ronne expedition
(Broadbent 1992, Spude
with some later British and Spude 1993)
material (fig 2.29_.

10/03/2012
Timber building, scientific
equipment, clothing,
books, metals, sledges,
stoves, linoleum on floor
(Comerci 1983, Capdevila
and Ageitos 1993)
(see also Pearson 1992)
Early 19th century wooden
sailing ship and equipment

Ice accumulation,
corrosion, breakages
(Comerci 1983)

Repairs to building,
No information
artefacts relocated to
found.
Buenos Aires for treatment
and display in National
Museum (Comerci 1983)

Not known

Stone tools; bone,
ceramics, glass bottles,
some metals, leather
fragments and some tools
with metal tips on wood
and string shafts

Stehberg et al (2008) and
Pearson (2007) provide a
summary of conservation
issues, including human
interference and various
erosion processes.

Full reports could not be
obtained (Torres and
Aguayo 1993).
No detailed reports of
treatment.

Buildings (metal, wood),
metal oil tanks, graves
(Hacquebord 1992)

Corrosion, general decay,
extensively damaged by
volcanic eruption,
vandalism (Hacquebord
1992)
Corrosion, fungi (Arenz &
Blanchette 2009), wind
damage to cladding of
building, ice accumulation,
breakages, vandalism,
erosion of timber by
particles (Spude & Spude
1993).

Prefabricated timber hut,
rockwool insulation,
scientific equipment,
animal carcases, tinned and
other food, clothing,
transport equipment, dogs,
medical supplies, extensive
hazardous materials (Parfit
1993).

No information
found
Since these are not
conventional
enclosed buildings,
monitoring is not
undertaken.

Not undertaken, removal of No information
hazardous wastes
found
recommended
(Hacquebord 1992)
Environmental clean up,
No information
selective removal of
found.
artefacts, ‘stabilised
buildings’, pathways
constructed for visitors.
Recommended evaluation
by conservator (Spude and
Spude 1993)
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1940s UK sites from
Operation Tabarin
(figs 2.27, 2.28)

Ice removal from
building to facilitate
repairs (British Antarctic
Survey Annual Report
1991). Surface survey by
Cochran & Collinge
(1994).

Maudheim
(Norwegian-BritishSwedish Antarctic
Expedition, 1949-52,
fig 2.26)
Norway Station (IGY)

Not excavated, covered
by eight metres of
drifting snow within 10
years (Barr 1987: 76)

Mawson Station,
ANARE 1954.

Covered with snow, not
excavated

10/03/2012
Wooden buildings, metal
fasteners, glazing,
insulation, including
various other transport and
associated equipment
(anon nd, Cochran &
Collinge 1994, Fleck
1944).
Wooden and composite
materials (Susan Barr, email to the author 2002)

Wooden and composite
materials, few details
available (email from
Susan Barr 2002)
Excavation not required. Various wooden,
Rando & Davies (1996) composite materials
describe the buildings
comprising layers of
and major items and their plywood, metal and
significance.
various insulating
materials, in situ scientific
equipment in some
buildings, some fittings of
historic interest eg dog
sledging equipment (Incoll
1991, Australian Antarctic
Division 1992). Paper ‘pin
up’ pictures (ca 1960s).

Ice ingress, meltwater, lack
of maintenance, vandalism
(Shears & Hall 1992).
fungi Arenz & Blanchette
(2009).

Shears & Hall (1992)
discuss management
approach (‘clean ups’).
UK Antarctic Heritage
Trust has ongoing
involvement in
conservation of these sites.

Site inspections by
UK Antarctic
Heritage Trust, but
no reported
measurement of T,
RH in buildings.

No information found.

N/A

N/A

No information found.

N/A

N/A

Corrosion, snow drift
formation causes meltwater
& condensation problems,
wet insulation. Some
buildings proposed for
removal and replacement
by new buildings. A major
fire affected the Biscoe Hut
in 2004.

Some buildings still in use
and receive sympathetic
building maintenance.
Major restoration
undertaken after fire in
Biscoe Hut, reported in
DEWHA annual report.

Building surveys
periodically
undertaken by
ANARE, no
information found
on T and RH
monitoring.

48

Janet Hughes

Page 49
Davis Station, ANARE
established in 1950s,
included sole surviving
polygonal hut from
Heard Island (1940s)
used as Paint Store
(fig 2.15). Platcha Hut
is a field hut approx
20km east of Davis,
built in 1961.

Paint Store: wood,
plywood, interlocking
panels with no nails,
painted.
1950s, 60s buildings:
including Jamesway huts
of cloth, wood and
composite materials with
metal fittings, others are
metal/polymer sandwich
construction. Fittings
include characteristic
furniture, innovative
heating systems,
communications &
scientific equipment,
Wilkes, US IGY station Surface survey (Clark & Jamesway buildings
transferred to Australia, Wishart 1989, 1991),
comprising cloth,
abandoned since 1960s buildings are largely
composite plywood,
(fig 2.17).
filled with ice.
glazing, metal, large
quantities of hazardous
materials including
explosives, oil, chemicals,
asbestos, food, medical and
scientific equipment (Clark
and Wishart 1989, 1991).

Oasis, Bunger Hills,
Russian IGY base.

Excavation not required;
buildings surveyed by
ANARE (Australian
Antarctic Division 1992)
and Rando and Davies
1996, some buildings
still in use.

10/03/2012

Not known

Vostok, occupied IGY Not undertaken, older
base..
buildings are
progressively buried in
ice

Corrosion, corrasion (fig
6.24), snow drift issues,
‘permafrost’, wet
insulation, proposed for
removal and replacement
by new buildings.
Old Paint Store and Platcha
hut were both in good
condition in 1992, as
discussed in this thesis.

No detailed reports in
available sources eg Rando
and Davies 1996 although
various maintenance
operations have been
undertaken over some
years.

Building surveys
periodically
undertaken by
ANARE, no
information found
on T and RH
monitoring.

Ice accumulation inside
buildings and obscures
hazardous materials,
corrosion, corrasion
(possibly confused with
defibring), meltwater,
vandalism, threats from
hazardous materials (Clark
& Wishart 1989, 1991).
Monitoring of the
hazardous materials is
ongoing & reported on
AAD website.
No description available of No information found
buildings, concrete pillar is
designated monument
Steel and timber
No information found
construction with various
scientific equipment and
furnishing

Ambrose and Godfrey
(1998) have excavated one
building for experimental
ice removal via venturi
method. Ongoing clean up
of site, no major
conservation treatment of
buildings.

Ambrose and
Godfrey (1998)
have monitored one
building which was
sealed with
plywood & silastic;
others not
monitored.

No information available

No information
found., presumed
nil
No information
found., presumed
nil

No information available
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Port Martin, French
research base 1940s

Not undertaken,
buildings and artefacts
covered with ice

Wooden/composite
buildings, metal, food,
clothing, concrete, glass,
composites containing
polymer (Vallette 1958)
Ile des Petrels (Dumont Ice excavation not
Wooden/composite
d’Urville) French
required; buildings not
buildings, metal, food,
research base1951 (fig professionally surveyed. clothing, concrete, glass,
2.23)
composites containing
polymer (Vallette 1958)
Eastern Sector, Mawson’s Huts, Cape Excavation of ice
Wooden building, wood
Australian
Denison (1912)
(Ledingham 1979);
shaving & tar paper
Antarctic
archaeologists Lazer
insulation, metal fittings,
Territory
(1985); McGowan
copper alloy nails mostly
(1987), again by Lazer in in geomagnetic huts, tinned
1999/2000 and 2006
food, paper (books,
(DEWHA 2008).
posters, magazines),
clothes, rope, leather, glass,
animal carcasses (Blunt
1991, Hughes 1986,
Pearson 1992, Ashley
(2001), DEWHA 2008 and
others listed in Chapter 4)
Ross
Borchgrevink huts
Ice removed in 1961 and Borchgrevink hut:
Dependency 1899 (fig 1.14),
in stores hut in 1990,
interlocking logs, furniture
(NZ)
Campbell Hut (1912) at surface investigation of & fittings of wood, glass,
Cape Adare.
site (Harrowfield 1991) metal, ceramics, paper, etc.
Campbell hut:
(see also Pearson 1992).
Extensive artefacts
outdoors- food, coal,
barrels, etc (Harrowfield
1991).

10/03/2012
Buried in ice (Le Mouël,
personal communication)

Not undertaken

Not undertaken.

Station buildings still in
use (Le Mouël, personal
communication).

Some buildings still in use
(eg accommodation
buildings, geophysical
buildings); periodic
building maintenance.
Ice removal from
workshop, Pb sheeting on
workshop roof, plaques
enclosed in bronze/perspex
boxes (Ledingham 1977),
ice excavation 1985, wood
repairs, 30 tonnes ice
removed, monitoring since
1999 (Ashley 2000),
glazing and other repairs
2001/2 (DEWHA 2008,
Godfrey 2002). Artefact
treatments (Berry 2010).
Borchgrevink hut: ice
removal 1990, fungi
sprayed with thymol, roof
recovered with Butynol
1990, roof cable repairs,
corrasion rate measured,
(Harrowfield 1990, 1991)
Campbell hut: Harrowfield
1996- no major
intervention.

Periodic inspection
by station
personnel. T&RH
monitoring not
undertaken.
Single
thermohygrograph
(Hughes 1986);
datalogger system
(Hughes et al 2000,
Daniel and Ashley
(2002). See further
details in Chapter 4.

Ice accumulation,
corrosion, corrasion,
meltwater, structural
damage by wind
(Memorial Cross, broken
glazing), defibring
(enclosed plaques) (Blunt
1986, 1991, Hughes 1986,
Pearson 1992, Ashley
2000, DEWHA 2008 and
others listed in Chapter 4).
Borchgrevink hut: ice
ingress, extensive corrasion
(Harrowfield 1985, 1990,
1996) corrosion, fungal
growth, algae, ‘permafrost’
deformation, defibring,
freezing damage of timber,
visitor control, barrels
leaking grease
(Harrowfield 1990, 1991)
Campbell hut: demolished
by wind (Harrowfield
1991, 1996, 2006)

Irregular inspection
by NZ personnel;
no monitoring of
T&RH.
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Shackleton’s Nimrod
Hut 1908 at Cape
Royds

No major ice
accumulation, regular
inspection by NZ
Antarctic Heritage Trust.
See also Ritchie 1988.
Ongoing surveys and
investigations are
reported by the NZAHT
on their website.
Pollutants survey
(Blanchette et al 2004)

Wooden building, seaweed
insulation, iron stove,
scientific & photographic
equipment, furniture,
tinned food (indoors,
outdoors), leather, fur
sleeping bag, smoked ham,
papers, glass & ceramics,
clothing, sledges, pony
equipment and hay, motor
car equipment.
(see Mason 1999,
Blanchette et al 2004 and
others listed in Chapter 4)
Scott’s Terra Nova Hut Major ice removal in
Wooden building, seaweed
at Cape Evans, 1911
1960 (Quartermain
insulation, iron stove,
1961); regular
furniture, scientific &
inspections by NZ
photographic equipment,
Antarctic Trust.
tinned food (indoors,
See also Harrowfield
outdoors), leather, fur
1978, Ritchie 1990,
sleeping bag, papers, glass
Ritchie & Fyfe 1995.
& ceramics, clothing,
Ongoing surveys and
mirror, sledges, kennels,
investigations are
animal carcasses
reported by the NZAHT (Quartermain 1963).
on their website.
See also Pearson 1992.
Vickers car on seabed
(anon 1991), Mason 1999,
Blanchette et al 2004 and
others listed in Chapter 4)

10/03/2012
Corrosion (esp tinned
food), defibring
(Blanchette et al 2002), ice
ingress, sunlight via
windows, fungi (Farrell,
RL et al. 2004), some
visitor issues, (Harrowfield
1981)
See also Quartermain
1961, Neider 1974,
Bickersteth et al 2008.

Management plan on
NZAHT website.
Reconstructed stables &
garage (Harrowfield 1998).
Roof recovered with
Butynol sheeting,
conservation maintenance
of artefacts: vacuuming to
remove salts and dirt
(Bickersteth et al 2008,
Mason 1999). See also
Quartermain 1961.

Regular inspection
by NZAHT,
monitoring of
T&RH
(Harrowfield 1992,
Held et al 2005).

Ice ingress & drifts
(Harrowfield 1985),
meltwater, humidity,
‘permafrost’, corrosion esp
tinned food (Fry 1984,
King et al 1988,
Harrowfield 1981),
corrasion, defibring,
sunlight via windows,
fungi (Farrell et al 2004),
some visitor issues, scoring
of floor boards from ice
removal, coastal erosion
(Hawke 1983, Falloon
1988), Bickersteth et al
2008.

Management plan on
NZAHT website.
Vapour barriers inserted in
wall due to ice ingress,
roof recovered with
Butynol sheeting
(Harrowfield personal
communication).
Conservation maintenance
of artefacts: vacuuming to
remove salts and dirt
(Bickersteth et al 2008,
Mason 1999). See also
Quartermain 1961.

Regular inspection
by NZAHT,
monitoring of
T&RH (Campbell
1994, Mason 1999,
Held et al 2005).
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Scott’s Discovery hut
(1902) at Hut Point

Major ice removal in
1960 (Quartermain);
surface investigation of
site (Ritchie & Fyfe
1995). Ongoing surveys
and investigations are
reported by the NZAHT
on their website.

10/03/2012
Wooden building, seaweed
insulation, iron stove,
furniture, scientific &
photographic equipment,
tinned food (indoors,
outdoors), leather, fur
sleeping bag, papers, glass
& ceramics, clothing,
animal carcasses (see also
Pearson 1992)

Sagging eaves & wall
(anon NZ Ant Rec 1983),
ice ingress, meltwater,
humidity, corrosion
corrosion esp tinned food
(Fry 1984, King et al 1988,
Harrowfield 1981),
corrasion, defibring,
sunlight via windows,
fungi (Farrell, R et al.
1998), visitor issues,
scoring of floor boards
from ice removal,

Management plan anon
SPRI 1999. Roof
recovered with Butynol
sheeting (Harrowfield
personal communication).
Conservation maintenance
of artefacts: vacuuming to
remove salts and dirt
(Bickersteth et al 2008,
Mason 1999). Testing of
paper treatments
(Campbell 1984). See also
Quartermain 1961,
Harrowfield 1981.

Regular inspection
by NZAHT, initial
monitoring of
T&RH
(Harrowfield 1992),
Held et al 2005).
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CHAPTER 3 METHODOLOGICAL APPROACH FOR INVESTIGATING
DETERIORATION OF HISTORIC SITES IN ANTARCTICA
Figure 3.1: Examples of resources used to guide development of thesis methodologies
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3.1 OBJECTIVES AND SCOPE
This chapter provides an overview of the methodological approach used to identify causes of
deterioration, measure rates of deterioration and assess the effectiveness of conservation
strategies with details of methods given in Chapters 4 to 10. This chapter also establishes the
need for the use of rate measurements and treatment evaluation and considers the ethical issues
that must guide conservation strategies.
3.2 CONSTRAINTS
3.2.1 Selection of sites for field studies
The difficulties and costs of travel to Antarctica and the severe climate limited the sites that could
be visited. Access to the sites visited was by sea, requiring a minimum of one week’s sailing
from Hobart. One trip required eight weeks at sea in order to spend three periods ashore of
several days each. The Australian Antarctic Division’s ANARE1 operations are mainly focussed
on the modern research stations at Mawson, Davis and Casey and rarely visit Australia’s most
important historic site at Cape Denison.
The visit to the Ross Sea sites was made on a four week tourist voyage and visits ashore are
typically limited to a few hours. One voyage selected by the author (because it included a visit to
Cape Denison), was unable to land due to bad weather and no other ship was scheduled to visit
the site for another two years. Tourist voyages are expensive, ranging from about US$5,000 in
the Antarctic Peninsula to over US$15,000 in the Ross Sea area. Although air travel is available
to McMurdo Sound, the author was only able to obtain sea voyages to Antarctica. It was not
possible for the author to visit any sites in the warmer, more maritime Antarctic Peninsula region
(such as the early twentieth century buildings on Paulet Island and Snow Hill Island and mid
twentieth century scientific bases such as East Base) although some photographs and information
have kindly been provided by colleagues as noted in the acknowledgements.

1

Australian National Antarctic Research Expedition (ANARE).
2
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The 12 locations in Table 3.1 were visited. These cover a range of climates and wind regimes and
represent a significant proportion of the major historic sites in Antarctica, including:


five of the six extant buildings of the ‘Heroic Age’;



two huts representative of the period immediately before the IGY;



three sites of the IGY period and two post-IGY huts.

Table 3.1 Antarctic historic sites examined by the author
Site examined, date of
oldest buildings
Mawson Station, 1954
Rumdoodle Hut6, 1972
67°46’S 66°41’E
Davis Station, 1957
Platcha Hut, 1961
Dumont D’Urville, 1951
Cape Denison, 1912

Tmean
2

Jan,
°C
+2.5
n/a
+3.1
n/a
n/a
+0.88

Tmean
Jul, °C

Mean annual
average wind
speed3 (ms-1)

Wind
type4

Date of author’s
visit

Duration of
author’s visit

-13.6
n/a

10.255
11.17

K
K

14-17 Jan ‘92
16 Jan ‘92

2 days
2 hours

-14.3
n/a
n/a
-17.79

4.6
n/a
8.5
19.2

NK
K
K
K+

10-11 Jan ‘92
8-9 Feb ‘92
11 Jan ‘97
10-12 Dec ‘85

1 day
2 days
4 hours
3 days

3.3
(Harrowfield
2006)
n/a

OFK

10 Jan ‘97
8 Feb ‘93

12 hours
3 hours

NK

12 February 1993

2 hours

Cape Adare
(Borchgrevink 1895)
(Campbell 1912)
Cape Royds

n/a
n/a

n/a

Cape Evans
Scott Base
TAE hut

n/a
-1.2
(NIW
A)
0

n/a
-22.3
(NIWA)

n/a
5.010

NK
NK

11 February 1993
11 February 1993

3 hours
3 hours

-21

6.6

NK

11 February 1993

3 hours

0

-21

6.6

NK

11 February 1993

February 1993,
3 hours

Hut Point
McMurdo Base11
IGY buildings
2

Mean daily maximum temperature for the month specified
Wind speed data from King, JC 1989. Sites with katabatic wind regimes are highlighted in yellow.
4
K= katabatic; NK= not katabatic; OFK= periodic orographically-forced katabatic; K+= severe katabatic
5
Australian Bureau of Meteorology data from 3pm daily readings.
6
The building is not a historic site but the site is useful for comparison with coastal locations, being approximately
18 km inland.
7
Wind velocity mean 11.1 m/s measured 1964-1983, Streten, N 1990, 'A review of the climate of Mawson- a
representative stong wind site in East Antarctica', Antarctic Science, vol. 2, no. 1, pp. 79-89.
8
From Madigan, C 1929, Meteorology- Tabulated and Reduced Records of the Cape Denison Station, Adelie Land,
AAE 1911-14 Issued June 1929, New South Wales Government Printer, Sydney. Table VIII, mean maximum for Jan
1913
9
From Madigan 1929 Table VIII, average of mean maximum for Jan 1912 (+0.5°F) and Jan 1913 (-0.3°F)
10
Calculated from Hume, D & Bodger, P (2004) An Alternate Energy Proposal For Cape Bird Antarctic Research
Station. Kathmandu, Nepal: International Conference on Power Systems, 3-5 Nov 2004
11
All McMurdo data is from International Station Meteorological Climate Summary, Version 4, recorded over 26
years.
3
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3.2.2 Research approval and funding
All research undertaken at Australian Antarctic historic sites require project approval through the
Antarctic Science Advisory Committee (ASAC). Similar arrangements apply for each national
Antarctic program. Each ASAC application requires a large commitment of time and funding
received for this project is normally directed to the provision of berths on ANARE ships
travelling to Australian Antarctic stations rather than equipment and materials. Time constraints
prevented the author from being able to inspect inside ceilings and wall spaces, and indeed such
inspections are very rare and remain a problem for development of conservation methodologies
for Antarctic historic sites.
3.3 METHODOLOGICAL APPROACH
3.3.1 Establishing the causes of deterioration of Antarctic buildings and artefacts.
The classic scientific method (hypothesis, testing, data analysis and conclusions) was applied for
investigating each of the following major classes of deterioration:


Climatic processes including freezing and thawing cycles and the role of accumulated ice
inside buildings (Chapter 4);



Salt deposition, particularly effects on wood (Chapter 5);



Corrosion and other damage to metal elements, such as bolts and nails which are crucial to
the structural integrity of buildings (Chapter 6);



Wind processes causing snowdrifting and erosion of surfaces (Chapter 7);



Photodeterioration of surfaces (Chapter 8);



Biodeterioration, primarily fungi but including impacts of wildlife (Chapter 9); and



Human Impacts (Chapter 10).



Interaction of the deterioration processes were examined in Chapter 11 and conservation
management plans for the sites were reviewed to consider how these addressed deterioration
problems.

4
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3.3.2 Condition reporting and measurement of the rate of deterioration
A template (Table 3.2) was developed to assist recording the condition of the sites:


A map was used to create rough grids across the site taking account of topography, buildings
and major concentrations of artefacts;



Condition of buildings and artefacts was recorded using visual examination and photos when
walking across the site and samples were taken for analysis where permitted;



Relevant environmental factors in the vicinity were reported (eg meltwater, ice, wind
exposure, etc);



Buildings and artefacts were photographed using scaled reference colour cards wherever
possible;



Severity of the damage/deterioration was categorised using three ordinal categories (stable,
fair, poor), the approximate percentage over the visible surface was recorded (in most cases it
was not permitted to lift artefacts)12 as well as any characteristics of distribution (eg whether
problem occurs on underside, exposed areas, etc); and



The results of the observations were recorded on the site map.

Table 3.2 Template used for site observations
Date:

Location:

Pre-departure information requirements
Data
Permits and research approvals for collection of samples,
quarantine, installation of test materials.
Meteorological data, maps and satellite imagery and
previous reports
Historic records or scientific/other publications on the site.

Source

Details and comments

Source

Details and comments

Instrumentation and equipment
Item
Surveying equipment including photogrammetry and GPS
equipment
Cameras, including suitable lens and filters, colour cards

I

I

12

‘Stable’ indicates that the material or artefact requires no active intervention or treatment. ‘Fair’ indicates the need
for intervention to address active deterioration or damage that is progressing towards a critical point. ‘ Poor’
indicates the need for immediate attention with the material or artefact being at a critical stage such as nearing
structural failure or requiring major treatment.
5
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and reference scale
Temperature and RH monitoring equipment of robust
capability
Sample containers and chemical test kits (pH, chlorides,
sulphites, sulphates)
Prefabricated exposure rack for test specimens including
corrosion coupons, coating samples, repair materials, etc
Pre-landing tasks
Task
Briefing visitors as part of visitor management
requirements.

Notes
Report any significant questions/comments arising at the
briefing.

Site survey- exterior
Factor
Weather conditions - temperature, RH, wind strength and
direction, sunlight conditions, blowing snow, etc

Observations and data
(this can affect interpretation- eg, during rare rain
events, salt deposits may be washed away)

Are there microclimates due to topography, etc?
Evidence of accumulation or ablation zones?
Extent and location of snow cover, meltwater and
windscour around buildings.
Evidence of recent severe wind events may mean that
defibred or photo-deteriorated timber will be stripped bare.

(eg protected valley, exposed ridge, etc)
Eg persistent snowdrifts, or reddish snow algae.
Conditions of ice & snow around the building (eg
whether multi-year), etc.
Observations of wetting/drying stains on timber
including ‘tidemarks’ from meltwater.

Salts
Issue
Salt deposition

Factor
Salt spray
exposure and
inundation at high
tide?

Surface salts

Guano and other
sources (eg
chemical use)
Defibring of
wood

Interaction of
deterioration
factors

Location

Severity

Extent 13

Comments
Evidence of salts on ground?
Evidence of salts on buildings and
artefacts
Natural sources of salts and minerals
from the earth

Is defibring only found in sheltered
locations (ie is there evidence that loose
fibres are blown off by wind?)

Corrosion,
biodeterioration
wind damage, etc

Corrosion and damage to metals (including relevant salts observation above)
Issue
Corrosion
affecting
exterior building
elements

13

Factor
Exposure
Type of metal(s),
surface condition,
types of artefacts
etc

Location

Severity

Extent

Comments
Describe characteristics including:
Uniform, filiform, pitting, necking and
differential aeration, bronze disease,
galvanic corrosion, stress cracking,
delamination.

Extent is percentage of surface affected by the problem
6
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Measurements
of corrosion
factors
Interaction of
deterioration
factors

Staining of timber around nails,
necking
Sulphate reducing bacteria
[Record exact location of
measurements, dates of exposure, etc]

Time of Wetness
SOx and NOx
Salt candle
Coupon
measurements
Moisture
Wind
salts

Eg wind exposure, salts, etc; sheltering
effects. Is periodic immersion
occurring?

Wind damage
Issue
Structural
damage
Wind damage

Factor

Interaction of
deterioration
factors

(eg defibring,
corrosion, etc)

Location

Severity

Extent

Comments
Evidence of vibration, lifting of timbers,
bending, collapse etc
Does colour of wood indicate recent
corrasion? Evidence of dents and
impacts from windborne articles? Does
this correspond with air flow around
building or structure
Wind can obliterate evidence of
corrosion, defibring and other surface
effects.

Photodeterioration
Issue
Materials types
exposed to
sunlight

Factor
Extent of damage
according to sun
orientation

Types of
damage

Darkening/bleaching
Embrittlement
Surface warming
Surface cracking
Global
Reflected
Ability to install
covers, move
vulnerable artefacts,
etc
Eg corrasion,
wetting/drying of
timber,
biodeterioration

Measurement
of light levels
Potential for
controlling
exposure
Interaction of
deterioration
factors

Location

Severity

Extent

Comments
Eg evidence of bleaching/blanching of
paints, violet-coloured glass, patination
of timber, etc

Wetting of timber can wash away
brown oxidation, corrasion may
remove evidence of salt deposition,
sunlight may kill algae and fungi in
some areas but allow it to flourish
elsewhere.

Biodeterioration
Issue
Wildlife
locations and

Factor
Species
Numbers

Location

Severity

Extent

Comments
Are visitors getting to close to wildlife
while observing historic sites? Injuries
7

3. Methodological approach
numbers
Type of
biodeterioration
Samples
collected
Interaction of
deterioration
factors

Behaviour (eg
moulting, nesting)
Fungi
Bacteria
Algae

to wildlife from historic materials, etc?

Substrate
Growing
conditions
Air circulation
Photodeterioration
Moisture
Wind

Note exact location, time/date collected,
substrate type, notes on microclimate
conditions, etc.

Describe characteristics such as smell,
colour, growth patterns, substrate.

Meltwater availability, fertilising effect
from wildlife, light, UV, drying effects
of wind, etc]

Human impacts
Issue
Site management

Damage to
buildings/artefacts
from visitors

Factor
Management of
visitor access14
Amenities
provided for
visitors
Numbers of
visitors, crew,
official
observers,
scientists ashore
and locations
during visit15
Patina worn,
vulnerable items
affected

Location

Activity

Impacts

Eg what
features of
the site
attract
interest &
photographs

Comments
Issues arising from site management,
Comments by visitors and others
Do site managers supervise visitors
outside buildings as well as inside?
Include evidence of touching or
damage to artefacts, inappropriate
behaviour (eg smoking); walking in
‘out of bounds’ areas, safety issues
(eg risks from historic materials), etc
Information from visitor logs
Eg evidence of disturbance or
damage to artefacts

Interior observations
Date and time:
Issue
Temperature &
RH

Meltwater
formation

Building or structure:………………………………………………………………
Factor
Temperature
stratification?
T & RH variation
(diurnal and
annual).
Comparison of
internal and
external
conditions.
Air-tightness of
the building.
Source?
Damage caused

Location

Severity

Extent

Comments
Record locations, observations of any ice
formation, evidence of meltwater, salts,
meltwater trails, sublimation, hoarfrost,
etc.
Does meltwater form preferentially on
particular surfaces, eg nails (evidence of
thermal bridging)?
Other evidence of thermal bridging?

Is freezing of meltwater potentially
beneficial in anchoring the structure?

14

This includes consideration of how to balance the desire by visitors for access vs preservation concerns, which
should be an integral part of any conservation approach.
15
The visitor questionnaire should be undertaken in conjunction with the observations entered above.
8
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Ice
accumulation

Insulation
properties
Interaction of
deterioration
factors

Onset and duration of meltwater
Hoarfrost formation and melting
Sources of drift snow into the building;
evidence of durations of the problem (eg
historic attempts to plug the ingress);
Feasibility of preventing ingress.
What effect of ice accumulation on T &
RH? Structural effects? Visitor issues?

Age of ice
accumulated
Reasons for
accumulation
Is the mass of ice
supported?
Structural issues?
Current condition
of insulation,
moisture, etc

Historical information on insulation
design and materials.
Inspection inside wall spaces.
Effect of any thermal bridges.
Is the presence of biodeterioration &
corrosion consistent withT & RH
conditions?

Biodeterioration
Corrosion

Salts
Issue
Are salts
getting into
building? Do
these cause
damage?
Salt deposition
Type of salts
Interaction with
other
deterioration

Factor
Air ingress rate?
Ingress via
visitors or transfer
of artefacts?
Dissolution of
salts and transport
within building?
Quantitative
measurement
Marine salts?
Wind, human
impacts?

Location

Severity

Extent

Comments
Observation of locations of salt deposits
(noting potential detection problems if
salts have deliquesced, otherwise via
chemical tests).
Note ‘salt trails’ on walls, efflorescence,
defibring, etc.
Salt candle measurements or other
methods, SOx and NOx
Various chemical analyses.
Corrosion may also be evident in
proximity to salts.

Corrosion
Issue
Type and
severity of
corrosion
occurring

Factor
Metals affected
Other factors
involved in
corrosion, eg
salts, crevice
effects, etc.

Conditions
where corrosion
occurs

Association with
measured T &
RH, TOW

Interaction with
other
deterioration
factors

Salts
T & RH

Location

Severity

Extent

Comments
Describe characteristics including:
Uniform, filiform, pitting, necking and
differential aeration, bronze disease,
galvanic corrosion, stress cracking,
delamination.
Staining of timber around nails, necking
Sulphate reducing bacteria
Evidence of high moisture or periodic
melting?
Tin pest?
Elevated temperature from thermal
bridging?
Condition of any items excavated from
ice?
Organic acids from wood, etc.

9
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Photodeterioration
Issue
Materials
exposed to
sunlight via
windows
Types of
damage
Potential for
controlling
exposure
Interaction of
deterioration
factors

Factor
Solar intensity:
-Global
-Reflected
Solar orientation
Extent of damage
Darkening/bleaching
Embrittlement
Surface cracking

Location

Severity

Extent

Comments
Note the location, size of any windows
and sunlight entry pattern, glazing
materials
Types of artefacts exposed to sunlight
Note any surface warming; note any
differential effects where material is
partly protected from light.
Curtains, external timber covers,
polymer filter films, etc

Eg corrosion may
remove evidence of
defibring or
photodeterioration

Biodeterioration
Issue
Type of
biodeterioration

Factor
Fungi
Bacteria
Algae
Substrate
Growing
conditions
Air circulation
Photodeterioration
(near windows)
Moisture, wind

Location

Severity

Issue
Site management

Factor
Management
and suitability of
numbers of
visitors inside
buildings visit16
Amenities
provided for
visitors

Location

Severity
Eg what
features of
the site
attract
interest &
photographs

Damage to
buildings/artefacts
from visitors
Effect of visitors
on T&RH inside
buildings

Patina worn,
vulnerable items
affected
Change in
T&RH, time of
visitor, duration
of effects.

Samples
collected
Interaction of
deterioration
factors

Extent

Comments
Note any visible signs and smells in any
food remaining, clothing, animal
carcases, etc

Human impacts

16

Extent

Comments
Include evidence of touching or
damage to artefacts, inappropriate
behaviour (eg smoking); safety issues
(eg risks from historic materials), etc
Information from visitor logs
Quality/accuracy of information from
guides. Are instructions/briefing
from voyage personnel/site managers
effective?
Interpretation requirements
Eg evidence of disturbance or
damage to artefacts

The visitor questionnaire should be undertaken in conjunction with the observations entered above.
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Benefits of rate measurements
As well as accurately understanding the causes of deterioration processes it is important to
measure the rate at which deterioration is occurring so treatment priorities can be specified in
Conservation Management Plans. If damage is occurring at a slow rate it may not be a serious
concern but if environmental conditions change, the risks may change. Quantitative deterioration
rate measurements also enable comparisons between sites.
Measurements of rates of deterioration rates help to assess the factors causing the deterioration.
For example, where a process is known to be dependent on a factor such as humidity, then the
extent of deterioration should be able to be quantified against variations in that factor.
3.2.3 Cape Denison as a paradigm of Antarctic historic sites
The author considers one site, Cape Denison, to be a paradigm of the conservation problems of
Antarctic historic sites because of the severity and complexity of its problems:
a. Temperatures are low enough for ice to accumulate inside the main hut, and information on
ice accumulations and removal was better documented than at the other sites where these
problems have occurred.
b. Temperatures are high enough for extensive meltwater and mould occur to occur in summer.
c. It is one of the oldest sites, so deterioration problems have had time to become evident.
d. The wind regime is the most severe (Wendler 1990) of any place in the world.
e. It is remote and uninhabited, which combined with the severe climate makes logistics for
conservation operations very complex, necessitating practical solutions (see figure 3.2).
f. Climate data is available from the AAE occupation of the site (Madigan 1929) and from a
modern Automatic Weather Station at exactly the same location (Wendler 1990), providing
the longest time span of climate data for any Antarctic historic site, and
g. at the time of the author’s visits, the remoteness of the site had minimised disturbance and
protected archaeological values.
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Thus, Cape Denison has the widest range of deterioration problems, high international historical
significance and the greatest logistics constraints, presenting the most complex challenge of all
the sites.
Figure 3.2: Bracket for corrosion coupon at Cape Denison, broken by the severe winds, photo by
Rupert Summerson 1995.

- - Broken bracket

3.2.4 Approach to deterioration rate measurement
Standard methods for measuring deterioration rates developed by test authorities such as the
International Standards Organisation (ISO) and the American Society for Testing and Materials
(ASTM) were used wherever possible (eg ISO standards for atmospheric corrosion rate). This
enabled measurements in Antarctica to be compared with measurements using the same standard
at other locations. In some case no standard methods were available, or tests required
modification to suit Antarctic conditions, especially where temperature specifications cannot be
met in Antarctic conditions. These changes were identified where required in the detailed
methodology in each chapter.
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3.3 DETERMINING PRIORITIES FOR TREATMENT DEVELOPMENT
3.3.1 The need to identify priorities
Many polar enthusiasts have expressed frustration with the conservation requirements of the
Burra Charter, arguing that the causes of damage are self-evident and should be treated without
further delay. This has been particularly so in the case of Mawson’s Huts which has long been
considered at immediate risk of destruction. For example, (Meredith 1990) argued that:
"I believe it's time to invoke Article 10 of the Burra Charter and bring the hut back [to
Australia]. This would save the hut and a lot of money too, for sooner or later the
continuing cost of looking after the hut in its remote setting (assuming a commitment is
ever made to do this) would exceed the cost of repatriating it."
Headland, a polar historian, considered the condition of the site warranted intrusive ‘rescue
archaeology’ (personal communication to the author, 1993), which is normally undertaken only
when complete destruction is certain and imminent (eg sites about to be washed into the sea).
Madigan (1986: 42) was more forceful in his statement to an Australian government forum:
“I have heard of the proposals for the Hut's disposition, the pros and cons, and the absurd
statements attributed to politicians, heritage buffs and the rest, and remain convinced that
the only responsible and sensible thing to do is to bring it back to Australia. There is no
question about the feasibility of such a proposal, or the relatively small cost of the
operations. After all, it was unloaded and erected in three weeks by a team of amateur
builders in 1912 - surely it can be disassembled and reloaded by experts in a few weeks in
the 1980s. As an item of interest and a permanent monument in Australia to our Antarctic
Heritage it would be unsurpassed, and rival such exhibits as the “Fram" in Oslo which
attracts international recognition."
Repatriation could also be argued to improve access to the historic buildings, but a significant
problem with this approach promoted is that the Madrid Protocol (ratified in 1992, subsequent to
the comments by Madigan and Meredith) requires that designated historic sites should remain in
13
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situ. Under the Madrid Protocol, repatriation of major elements such as buildings would require
detailed assessment of risks in the repatriation process, and evidence that other treatments, such
as in situ conservation, are not feasible or practical.17
Government agencies responsible for managing sites find it difficult to act if there is
disagreement between ‘experts’. This occurred in New Zealand’s Ross Dependency when a
majority favoured removing ice from the Ross Island huts while a significant minority urged
limiting ice removal until its effects could be assessed over a few years (Harrowfield (1990: 60),
citing the views of the late Sir Holmes Miller). Subsequent conservation problems arose
demonstrating the need to consider the risks of any treatment undertaken as well as the effects of
not proceeding. This reinforces the need for an ethical approach to be applied and for
conservation priorities to be based upon firm evidence.
3.3.2 Ethical considerations
Codes of Ethics and charters developed by major relevant professional organisations (such as
ICOMOS) were referenced when considering treatment issues in this thesis. Where no relevant or
applicable ethical guidance was available for uniquely Antarctic treatment problems, the issues
were identified and discussed in the relevant section of the thesis.
3.3.3 Treatment priorities and risk management
Deterioration rate data for Antarctic historic sites are important because:


Continuous high rates of deterioration indicate that intervention must be considered;



Rate data can help predict when deterioration will reach a critical level; and



Deterioration rate data can help predict the behaviour of repair materials (which often need to
be similar to the original) and the frequency of maintenance required after treatment.

17

Repatriation proponents have not addressed whether all buildings and other elements such as scattered artefacts
would also be removed. Modern museum practice also encompasses ‘access’ to historic resources through
information technology. In the case of the AAE site, access to images and information on collections of AAE
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Various risk management standards have been developed by conservators in different countries,
eg Waller (1995)18) in Canada, mostly for management of museum collections and historic
houses. These standards typically assign ordinal ranks to frequency (eg low, moderate, high),
severity of effects (eg insignificant, major, catastrophic) and predictability of ‘events’ to assist
management decisions. The methodology used in this thesis to identify treatment priorities used
the major classes of deterioration as the main sources of risk, and inserted these into the standard
templates used in Australian and New Zealand Standard AS/NZS 4360 2004 Risk Management
(Table 3.3). The highest risks identified are the highest priority for treatment.
AS/NZS 436019 was selected because it is one of the easiest to use with a simple template
provided and it is familiar to Australian and New Zealand governments who manage a large
proportion of the major Antarctic Historic sites. Given the various constraints on this thesis,
comprehensive risk assessments were only completed for Cape Denison but were discussed in
general terms for the major sites in the examination of each deterioration process in Chapters 4
to 10.
Table 3.3: Template for risk management
Qualitative measures of consequence
Level
5

Descriptor
Catastrophic

4

Major

3

Moderate

2

Minor

1

Insignificant

Example
Destruction of major elements of a site, eg destruction of major
buildings or internationally significant monuments
Extensive damage to artefacts and building elements; rapid rate of
deterioration sustaining major and urgent conservation treatment
Moderate loss of artefacts; high rate of deterioration of materials
requiring high cost of treatment
Minor loss of artefacts; significant rate of deterioration of materials but
can be managed by on site treatment at medium cost;
No loss of artefacts or building materials; slow rate of deterioration

Qualitative measures of likelihood
Level
5

Descriptor
Almost certain

Description
Is expected to occur in most circumstances

historical information and artefacts that were returned to Australia by the AAE is available at several websites
including http://australia.gov.au/about-australia/australian-story/antarctica-and-sir-douglas-mawson
18
Available at http://www.museum-sos.org/docs/WallerSPNHC1995.pdf
19
The Australian/New Zealand Risk Management Standard (AS/NZS 4360:2004) and the companion handbook Risk
Management Guidelines (HB 436:2004) are used by Australian and NZ government agencies to assist in the process
of assessing and managing project risks.
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4
3
2
1

Likely
Possible
Unlikely
Rare

Will probably occur in most circumstances
Might occur at some time
Could occur at some time
May occur only in exceptional circumstances

Risk analysis matrix
Note: the highest risks are shaded red with lowest risks in yellow.
Likelihood
Consequences
Insignificant
Minor
Moderate
1
2
3
5 (almost
5
7
8
certain)
4 (likely)
5
6
7
3 (moderate)
4
5
6
2 (unlikely)
3
4
5
1 (rare)
2
3
4

9

Major
4

8
7
6
5

Catastrophic
5
10
9
8
7
6

Level of Risk
>7

Extreme

6,7

High

5

Moderate

<5

Low

Extreme risk, urgent attention
required
Senior management attention
needed
Moderate risk, management
responsibility must be specified
Low risk, manage by routine
procedures

3.3.4 Monitoring treatment effectiveness
Chapter 2 demonstrated the general lack of evaluation of past in situ building treatments at polar
historic sites with a few notable exceptions. Given the severe and unfamiliar conditions occurring
at polar sites, and the difficulty of regular access for maintenance at remote locations, it is
important that systematic evaluation methods of treatments are developed.
Evaluations require:


Analyses of risks of site components using AS/NZS 4360 or similar standards;



Standardised photographic records including repeated surveys from the same location using
colour reference cards in detailed photographs;20



Repeated, standardised condition surveys to account for any changes over time;



Monitoring of temperature and RH inside buildings to assess changes due to interventions
such as ice removal;


20

Advice on critical structural components from a structural engineer; and
This accounts for the changes in light quality that are particularly problematic in polar regions.
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Field testing of treatment materials and methods to not only ensure durability but to avert any
adverse effects from the treatment, eg condensation problems

Completion of all these investigations was beyond the scope of this thesis although details are
provided where available in the following chapters.
3.4 CRITERIA FOR SELECTING TREATMENTS
In accordance with national legislation and professional requirements, a ‘Statement of
Significance’ must be prepared for each Antarctic historic site before any treatment decisions are
made. This ensures that important elements of the site (ie what is to be conserved) are
comprehensively identified and documented in a management plan.
3.4.1 Principles: ‘cause no harm’ and ‘re-treatability’
The most important criteria for selection of treatments are to cause no harm and to minimise
unforeseen side effects. This is a common principle in other disciplines such as medicine. Horie
(1983) described the evolution of the concepts of ‘reversibility’ of conservation treatments,
particularly problems arising when polymer treatments fail. Conservators sometimes make
decisions to consolidate friable artefacts where it is clear that an object will completely
disintegrate if no treatment occurs. In Antarctica, treatments such as over-cladding, or insertion
of vapour barriers may themselves be reversible by removal, but the consequences of the failed
treatment may not, particularly if damage such as condensation occurs quickly and access to the
site too infrequent to detect and rectify the damage in time.
3.4.2 Cost and effectiveness
Cost-benefit analysis of conservation treatment is not as highly developed as in other areas of
government administration (eg public health) since conservation treatments are not easily
standardised, and the rarity and significance of an artefact or building often outweighs cost
considerations. Cost considerations are, however, important for Antarctic historic sites since the
expenses for transporting people, equipment and materials are particularly high.
17
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Air transport is available to some sites in the Antarctic Peninsula and to McMurdo Base near the
Ross Island sites although bulky materials and equipment are often sent ahead by sea. Sites such
as Cape Denison, Ile des Petrels, Port Martin and Cape Adare are only accessible by sea, one
week from the nearest port, Hobart. Belts of pack ice can persist until late in summer so in some
years only large icebreakers can gain access. Charter costs for such large ships may be up to
US$75,000 per day.
The severe katabatic winds at Cape Denison and Port Martin can limit operations of ships and
helicopters and disrupt conservation work, adding to costs. Some sites are especially difficult,
such as Port Martin, which is atop ice cliffs, requiring helicopters in addition to shipping costs
(Le Mouël, personal communication to the author, Bourges 1999).
Another cost-benefit consideration is the frequency of maintenance required. If treatment is
successful the effective cost of treatment may be lower than a less successful treatment requiring
re-treatment, or a treatment that requires frequent maintenance to remain effective. Removing
annual ice ingress at a relatively accessible site such as Hut Point may be significantly lower,
whereas at Cape Denison it was frequently impossible to land work parties for several years in
succession. Due to the number of variables involved in cost estimation, only qualitative cost
benefit analysis is provided.
Assessment of treatment effectiveness is potentially vulnerable to subjectivity so the author
developed the following criteria for treatment effectiveness (discussed further in Chapter 11):


Conservation materials must have proven durability in Antarctic conditions (preferably
through field testing over at least three years) and use should be avoided where the failure of
the material may cause other risks;



Treatments must consider the ethical requirements of ICOMOS and other relevant codes of
practice concerning changes in appearance and effects on historic integrity;



Treatments must be repeatable and must be effective for the period between which
maintenance visits can be carried out.
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Repatriation of artefacts for treatment and return to Antarctica must be considered in the
context of the Antarctic Treaty and Madrid Protocol. Where treated artefacts are retained in
historic building with high RH the treatment must be effective in those conditions.

3.6 SUMMARY


Accurate diagnosis of causes of deterioration is paramount in Antarctica due to the severe and
unfamiliar environmental conditions and constraints on observation and analysis at the sites.



Ethical decisions on selection of conservation materials must consider not only durability of
the material but its impact on other deterioration processes affecting the building or artefact
and be guided by comprehensive risk management.



Measurement of deterioration rate should use standardised methods to determine priorities for
treatment.
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4. TEMPERATURE, RELATIVE HUMIDITY, ICE AND PHASE CHANGE EFFECTS
Figure 4.1: Meltwater pool at Mawson’s hut (Project Blizzard 1985)
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4.1 AIMS AND INTRODUCTION
The aims of this chapter are to:


Document the extent and severity of conservation problems due to temperature and RH
variations and ice accumulation problems at Antarctic historic sites using a qualitative survey



Analyse temperature and RH variations in the AAE main hut following ice removal



Consider how climate change may affect conservation strategies for the AAE main hut.

4.2 LITERATURE AND GAPS IN KNOWLEDGE
“Although abandoned in 1913, the hut and its contents are remarkably well preserved
today due to the constant freezing conditions”.
(“Scott’s hut”, downloaded on 21.12.2007 from http://en.wikipedia.org/wiki/Scott's_Hut)
Frequent repetition of this and similar statements reinforce beliefs that conditions inside Antarctic
historic buildings are universally cold and dry.
Microclimates in Antarctic historic buildings
Heat and moisture are fundamentally involved in deterioration of wood so understanding effects
of variations of these factors within Antarctic historic buildings is important in developing
effective conservation strategies.
From empirical data provided in the well-known psychrometric charts it is known that the precise
amount of moisture that can occupy a fixed volume of air depends on its temperature, so a closed
volume of air at a low temperature produces less water vapour than the same volume at a higher
temperature, since there are fewer water molecules with sufficient kinetic energy to escape the
water surface. The relative humidity of a mixture of water vapour and air is dependent only on
the partial pressure of the water; it is independent of the partial pressure of the air itself, ie it does
not depend on how many water molecules are present. At 0°C, 4.86586 grams of water can
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vaporise in one cubic metre air compared to 17.340 grams at 20°C, so absolute humidity1 (AH) is
low (4.86586 g/m3), yet relative humidity2 (RH) is high (100%).
Ice also produces vapour. The quantity of vapour produced by ice in a closed volume is also
published (see http://www.vaisala.com/humiditycalculator) and the quantity depends on its
temperature, not the amount of ice present. In addition to freezing and thawing, other phase
changes (sublimation, hoarfrost formation) must be considered in polar climates.
Heating an enclosed volume of air causes its relative humidity to fall, which in inhabited
buildings is usually countered by artificially humidifying the air for human comfort. This added
moisture can condense on cold surfaces and refreeze, often causing long term damage in
buildings (Padfield 1998). Most Antarctic historic buildings are unheated, except for some IGY
buildings still in use at Mawson Station, Davis Station, Dumont d’Urville, and a few other
locations. It is frequently stated that buildings start to fail when they are no longer heated since
ice progressively fills the building. Heating systems cannot easily be operated nor maintained in
remote locations such as Cape Denison and is therefore not considered as a viable conservation
strategy in this thesis.
Measurements of temperature and RH at appropriate locations within a building are routinely
used to study microclimate behaviour and analyse deterioration risks for building materials and
artefacts and to model the impacts of various conservation strategies (such as removal of ice) on
temperature and relative humidity inside buildings.
While much conservation work has been undertaken in Antarctica since 1960, published
temperature and RH data was only available from four sites (Cape Denison, Cape Evans, Cape
Royds and Hut Point) of which the first two have more detailed data3. As discussed in Chapter 3,
ethical guidelines from various national heritage bodies imply such information should be
obtained before major intervention is undertaken.
1

AH, the weight of water vapour per weight of air
RH, the percentage of water vapour relative to that at saturation
3
The key publications are Held (2005) and Ganther et al 2002, cited in the list of references.
2
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4.2.1 Impacts of Antarctic climates on deterioration processes
Low temperatures are generally beneficial in reducing deterioration of materials with the
exception of embrittlement of some materials4 and debated effects associated with freezing of
water. The rates of most chemical deterioration reactions are temperature dependent, as described
in the Arrhenius equation. Higher risk of damage to historic timber is associated with severe or
rapid changes in temperature and relative humidity. Conservators have internationally accepted
standards for temperatures of 20±2°C with relative humidity 50±5% for optimal preservation of
museum collections (Thomson 1986) because of the potential for mould growth above 60% RH
and because many organic materials suffer cracking and embrittlement in drier conditions.
Greater emphasis is now placed on the period over which any variations of temperature and RH
occur. Erhardt & Mecklenberg (1994) stated that “changes caused by environmental fluctuations
can be shown to be generally reversible (non-damaging) within a relatively wide (±10 - 15%)
range in the moderate RH region”. Padfield (1998) cited significant concerns in applying
standard conditions to locations experiencing severe climates. He cited examples in Sweden
where freezing on the surfaces of historic materials caused minimal damage whereas maintaining
constant temperatures and RH throughout the year caused significant problems including
cracking of organic materials.
‘Freeze-thaw damage’ has frequently been reported at historic sites in both polar regions
(discussed in Chapter 2.4.1), although the term is not always clearly defined and is used to
describe phenomena of differing origins, including permafrost heaving, ice wedging, damage by
growth of ice crystals, expansion of water at +4°C and cyclic desiccation when frozen followed
by wetting upon thawing. Greater clarity would be achieved by using accepted terminologies

4

Low temperature embrittlement particularly affects metals and some polymers Teeson, D 1971, 'Corrosion
Protection for Steel Surfaces exposed to Moving Sea Ice', paper presented to Port and Ocean Engineering under
Arctic Conditions Conference, Trondheim, 23-30 August 1971.
Below the Glass Transition Temperature (T g) polymers become hard and brittle, while above T g they are flexible and
rubber-like. Many common polymers such as poly vinyl chloride (T g 50C) are therefore unsuitable in Antarctica.
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defined by Washburn (1979) or the on-line glossary of the [US] National Snow and Ice Data
Center5.
A distinction again needs to be drawn between large scale effects of freezing and thawing cycles
(such as permafrost heave of gravel and soils that can cause buildings to subside), and damage to
materials at the sub-millimetre scale, such as in the cells of timber or the pores of rocks. Everett
(1961) discussed the types of freezing damage to porous materials rejecting common notions that
expansion of water at 4°C or that freezing itself causes damage citing and assessing other
conflicting opinions. Most of his research was on rigid porous materials such as stone, rather than
stiff porous materials with flexible cell walls such as wood.
Most conservation literature on freezing damage concerns the effects of museum pest treatments
involving freezing of dry materials at -20°C for several weeks. An exception is research on wet
and frozen textiles from graves in Svalbard that simulated environmental conditions occurring
during excavations (Peacock 1999). She found no significant damage occurred to fibres subjected
to multiple wet freeze-thaw cycles excepting some reduction in tensile strength and fibre
elongation of aged (three centuries) wool fibres.
Comben (1962) showed that wood has greater strength at low temperature and a higher EMC.
Buck (1952) studied twelve samples of various wood species, ranging in age from one to 3,700
years, to test the common belief that wood gradually loses its capacity to absorb and desorb
moisture. These were taken through a humidity cycle with ample time for response. His
experiment demonstrated that dimensional stability is not an attribute of old wood any more than
recent wood. Thus high RH and high EMC of timber at low temperatures are not necessarily
deleterious.
All of the research above implies that the process of freezing does not damage wood, so this issue
was not pursued in detail in the thesis6.
5

Available at http://nsidc.org/cgi-bin/words/glossary.pl as downloaded on 22 September 2010.
The author’s attention was drawn to further evidence from spin echo nuclear magnetic resonance studies which
show that adsorbed water does not freeze on the cell wall because the impact of hydrogen bonding is nullified (Hsi,
E, Hossfled, R & Bryant, R 1977, 'Nuclear magnetic resonance relaxation study of water absorbed on milled
6
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4.2.2 Ice accumulation and removal from Antarctic historic buildings
The literature review in Chapter 2 demonstrated that removal of ice from Antarctic historic
buildings has often been controversial, particularly since it was often undertaken without
temperature and RH monitoring. This is routine practice in most historic buildings and is
particularly important in extreme and unfamiliar conditions.
Accumulated ice has been removed from the following Antarctic historic buildings:


Scott’s Terra Nova hut at Cape Evans in 1960-61 and in regular ongoing maintenance;



Scott’s Discovery hut at Hut Point in 1960-61 and in regular ongoing maintenance;



Borchegrevink’s hut at Cape Adare in 1961 and 1990;



Nordenskjold’s hut at Snow Hill Island in the 1980s and in recent years;



Mawson’s AAE main hut at Cape Denison in 1977 (Living Hut), 1998 (Workshop) and in
several locations in 2000-2003, and ongoing maintenance; and



Byrd’s East Base in 1991-92 (partial removal).

At the Ross Dependency huts, high RH (70-90%) persists throughout the year (Mason (1999),
Held et al 2005) despite extensive removal of ice in the 1960s, subsequent annual ice clearance, a
relatively low rate of ice particle ingress and installation in the 1980s of roofing materials to
prevent ice ingress.
At Cape Denison, several authors, for example Blunt (1991), considered that ice accumulation
caused structural damage and also that ice removal was necessary to control high RH. Blunt
(1985, 1991) proposed to remove all ice inside Mawson’s main hut and install to polymer
membranes in the roof and walls to prevent further ingress, similar to the approach taken with the
Ross Dependency huts.

northern white cedar', Journal of Colloid and Interface Science, vol. 62, no. 3, pp. 389-95. Thus, if wood is below
fibre saturation point, freezing will not cause expansion in the cell wall.
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At Wilkes, Ambrose and Godfrey (1998) proposed to reduce RH by increasing ventilation via a
venturi system (figure 2.18) to extract moisture using sublimation to remove ice from the sealed
building. They described their research as “an attempt to deal with the problem of the annual
freeze-thaw cycle and the damage it causes, by intervening to lower the total annual water load
whether as ice, meltwater or humidity". They enclosed a small IGY building with a plywood
prefabricated skin over the original structure, sealed with silicone sealant. The outer skin was
separated from the original surface by battens to promote air circulation in between the outer and
original layers. Issues raised by this research are examined in the discussion section 4.5.2.
Temperature and RH measurements undertaken in the AAE main hut between January 1999 and
January 2000 (Daniel & Ashley 2002) were considered “stable because of the buffering ability of
the hut”. Daniel and Ashley (ibid) published further assessment of temperature and RH
monitoring in the AAE main hut during 1999-2002 after overcladding of the Workshop roof,
discussed further in this chapter. Overcladding of the Living hut roof in 2006 was said to have
significantly reduced ice ingress7 and melting although photographs and limited data summaries
in 2010 (presented at workshops of the Mawson’s Huts Foundation) indicated some ingress still
occurs and hoarfrost was significant.
Godfrey (2002: 35) identified damage to timbers due to expansion of water in timbers under
constraint and considered that the fundamental conservation problem affecting the AAE main hut
is the melting of snow ingress which re-freezes onto artefacts:
“…there can be no dispute about the problems that are caused when artefacts are encased
in solid ice. Excavation is more difficult and artefacts are subsequently at greater risk of
damage. This can be prevented by stopping the ingress of snow and by removing that
which is already present”…
The Mawson’s Huts Historic Site Management Plan 2007-2012 (Department of the Environment,
Water, Heritage and the Arts, DEWHA (2008: 88) states:

7

Data was not yet published.
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“The careful removal of accumulated ice and snow from the Workshop of the Main Hut
and, particularly, the living section but not the verandahs, has been a principle of site
management since conservation expeditions began”.
These concerns have been addressed by retaining ice in the verandahs to try to stabilise interior
temperatures combined with overcladding of the roof of the AAE main hut to protect against
wind and minimise ice particle ingress.
Thus the following research questions were identified for further investigation:
1. Do ice and meltwater inside buildings cause damage, and if so, how?
2. What are the characteristics of temperature and RH variation in the Terra Nova hut and AAE
main hut and how do these variations produce deterioration? Ice is removed regularly as part
of the maintenance procedures at sites in the Ross Dependency and major changes had been
made in the building periodically since 1960. Data and observations in the Terra Nova hut by
other researchers particularly by Mason (1999) and Held et al (2005) provided suitable
information to enable a comparison of hygrothermal behaviour with the AAE main hut.
3. How did removal of ice affect temperature and RH conditions inside the AAE main hut? In
particular, what are the criteria required to prevent the cycles of melting and re-freezing
identified by Godfrey and is this control achievable?
4. How will climate change affect the sites and what are the implications for current
conservation strategies?
Scope
Detailed analyses of structural problems related to ice accumulation are outside the scope of this
thesis, although the interactions between climatic and structural issues are discussed where
relevant. Requirements for modelling of impacts of ice from Mawson’s main hut using
temperature and humidity data were identified although the modelling was not carried out due to
resource constraints.

10
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4.3 METHODOLOGY
Several different methods were used to address the research questions.
4.3.1 Field Observations, 1985-1997 at 12 Antarctic sites (Research questions 1 and 2)
Field observations were undertaken at 12 sites of varying ages and types (as listed in Table 3.1)
to qualitatively assess the extent and severity of problems arising from temperature and relative
humidity variations (for questions 1 and 2) using the methodology set out in Table 3.2. It was not
possible to examine the most critical locations inside buildings, which are inside wall spaces and
under the floors, due both to time constraints and the requirement for permits for such
investigations. Building materials and construction characteristics were identified from
observation and from the literature. While the observations are qualitative and sometimes
occurred too early in summer for optimal observation of meltwater, the aim was to provide an
‘epidemiological’ view of problems arising from temperature, moisture and ice issues at the sites
and to identify the causes. More detailed examination of the deterioration problems (fungi,
corrosion, etc) are given in subsequent chapters.
4.3.2 Assessment of damage by ice inside buildings (research question 1)
Qualitative observations of the effects of ice were collated and compared with attributed causes
(structural, freezing damage, permafrost heave, etc). A review of information in the literature was
used to assess the causes of damage attributed to ice, including expansion of water at 4°C, ice
crystal formation during phase change and various cyclic freezing and thawing problems.
4.3.3 The nature of hygrothermal behaviour and deterioration impacts (Research questions
2 and 3)
Data from monitoring temperature and RH inside the AAE main hut and the Terra Nova hut were
compared with data from the AAE main hut. The AAE main hut at Cape Denison was considered
particularly appropriate for this study because:
11
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1. information on the construction methods and materials used for the building were available
from detailed previous studies (Blunt 1991, Pearson 1992 and ongoing studies by the
Mawson’s Huts Foundation);
2. reports and photographs are available on the previous condition of the building from periodic
visits to the site since its construction in 1912 (Blunt 1985; Hayman, Lazer & Hughes 1998);
3. the AAE main hut is the only major Antarctic historic building where the conservation
strategy includes retention of ice in part of the building.
4. the site is a paradigm for other Antarctic historic sites (discussed in Chapter 3.2.3); and
5. when systematic monitoring was initiated in 1999 the degree of human intervention with the
building fabric was limited to two seasons when ice was removed from the Living hut (in
1977 and 1998) and had been documented photographically.
A summary of the monitoring history for the AAE main hut is now given to provide context for
the results.
Initial monitoring in 1985
During the author’s first site visit (10-12 December 1985) only a single thermohygrograph with a
clockwork recording drum and hair hygrograph was available. It was placed on Hodgemann’s
bunk, approximately 500mm above floor level, since this relatively open area was representative
of conditions in the ice free part of the hut8.
ACR dataloggers, January 1998
By the time the author was next able to reach the site in January 1997 small, robust and easily
calibrated electronic sensors were available due to improvements in technology. Two ACR
XT102 dataloggers supplied by the University of Canberra were installed by the Australian
Associated Press Mawson’s Hut Foundation. ACR A was placed close to the apex of the Living
Hut ceiling, which is most affected by solar radiation and ACR B was placed close to the floor
near the centre of the Living Hut, which is representative of conditions in the ice-filled core of
8

Due to time constraints it was impossible to undertake regular measurements using wet/dry bulb thermometers.
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the building. The method of operation of these sensors is widely known and is not described here
for space reasons.
Integrated datalogger monitoring at Cape Denison January 1999- December 2000
The feasibility of a larger scale datalogger monitoring system was demonstrated by the success in
obtaining data from the two ACR loggers. A detailed case was then developed to substantiate the
potential benefit of enhanced data collection to relevant funding bodies (Hayman, Hughes and
Lazer 1998; Hughes et al 1999).
Deterioration processes depend on the interaction of the surface of the material with its
surrounding microclimate. Deterioration is thus controlled by local parameters such as surface
wetness and surface temperature (for metals), and moisture content and surface/bulk temperature
(for timbers). Further details of the methodology and logistical constraints are published in
Ganther et al 2002, attached as Appendix K and are briefly summarised below. Low temperatures
reduce the operating life of the battery required to power the data-logging system so it was
therefore necessary to balance the need for data with the need for robust operation of the system.
Monitoring could only be carried out in the main hut due to cost constraints but this is justified
since this is the largest and most significant building at the site and this can provide a basis for
application of modelling for other buildings.
The capacity of the data card restricted the frequency of sensor measurements to one
measurement per hour. This is frequent enough to be sensitive to environmental changes although
not frequent enough to detect the rapid Föhn9 effect temperature changes noted by Madigan
(1929: 44) illustrated in figure 4.2. The battery capacity and costs of sensors also limited the
number of locations that could be monitored, so additional care was needed to include sufficient
representative locations throughout the building (see Table 4.1).
Locations for the sensors were chosen on the basis of:
9

Föhn winds occur in the lee of mountains where air is warmed and dried as it descends from higher altitudes . The
term katabatic now generally is used to describe cold air flows from higher altitudes.
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being representative of key processes occurring in the building;



avoidance of direct sunlight, condensation, hoarfrost or melting cycles that could give false
data; and



ability to install or remove the instrument without damaging it or historic fabric of the
building.

Figure 4.2: Föhn effect temperature changes measured by the AAE (Madigan 1929)

Fig. 18.- Thermograph Chart f or week commenci ng September 2 , 19t2, showing
F0hn effect durli,g hig h gusty winds,
6th and 7th.

011

tho

The Campbell CR10X monitoring system used eight combined Vaisala temperature-RH sensors
(see figure 4.3) and 11 surface temperature thermocouple sensors (see figure 4.4). Figure 4.7
shows the location of the sensors. The rationale for sensor locations is given in detail in Ganther
et al 2002: the arrangement enabled a range of locations from floor to apex and from outer walls
to the core of the building to be monitored. The exterior sensor TRH1 provided data for
comparison with interior conditions to assess the buffering effect of the building. This sensor was
exposed to extreme conditions so there were well-founded concerns that this vital data could be
lost due to wind damage since the AWS at Cape Denison has suffered frequent damage. A
Vaisala combined temperature and RH sensor (TRH 6) was placed adjacent to a thermocouple
(TC11) on a bunk in the living section to check for any anomalies in trends. Data from the
individual sensors was collected by the central logging system and was transferred into graphical
formats (Microsoft Excel) for ease of analysis.
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Approximately 40 m3 of ice was removed from the building (Ashley 2001: 82) shortly before the
monitoring equipment was installed in 1999. It would have been more straightforward to interpret
the effects of ice removal if data had been obtained before the ice was removed. The monitoring
project was critically dependent on volunteers to install and maintain the monitoring equipment.
Steve Martin (State Library of NSW) installed the dataloggers as close as possible to the
locations selected by the author, but also needed to make some ad hoc installation decisions as
some locations were difficult to access because of ice or the intrusion of ongoing work. Data was
downloaded each month from the datalogger system by overwintering volunteers Jim and
Yvonne Claypole although severe weather conditions and some other technical problems resulted
in some discontinuities in the data10.
Data from the AAE main hut for 2001 to 2006 recently became available which enables a
longitudinal analysis of the effects on internal climate of overcladding and ice removal11. The
data was first graphed to detect potentially anomalous data, and identify key trends throughout
the year, particularly in summer. Data from Vaisala instruments was checked against
thermocouples for consistency.
Analysis of temperature and RH data
While all data collected was considered in the analysis, the most relevant data are temperature
and RH during January, the warmest month when both external and internal temperatures
sometimes rise above 0°C and melting occurred, and there is less missing data. Various statistical
analyses were tabulated for both the Terra Nova hut and AAE main hut to key trends in mean,
maxima, minima, ranges of variations and duration of temperatures above 0°C.

10

See Table 4.3b
Sourced from the Australian Antarctic Data Centre (IDN Node AMD/AU) of the Australian Antarctic Division in
metadata record "Dataloggers at Mawson's Hut, Cape Denison - microclimate measurements" Daniel, V. and
Easther, R. (2003, updated 2010).
11
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Figure 4.3: Vaisala combined temperature and humidity sensor (Steve Martin 1999)

Figure 4.4: Thermocouple (Steve Martin 1999)
Note: the actual thermocouple is less than 1cm and can be inserted in small gaps in wood.

16
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4.3.4 Analysis of the effects of ice removal from the AAE main hut on internal temperature
and RH (research question 3)
The data were graphed to identify trends such as lag time and characteristics of temperature
differences between exterior and interior temperatures. Histograms of the frequency of
temperatures were studied for skewness and kurtosis. Correlations of scatterplots of exterior
(independent variable) and interior temperatures (dependent variables) in the AAE main hut were
prepared to analyse buffering by the building. Analysis of absolute humidity (AH) behaviour was
used to evaluate condensation of vapour in response to temperature changes to determine any
mass transfer (net movement of moisture in, out and within the hut).
Differences between external and internal temperatures were compared for the dates in each
January for the years 2000-2006 where consistent dates were measured (6 to 18 January) to
measure any change in thermal buffering. Since temperature variations are affected by the lag in
peak temperatures between the exterior and interior as well as daily and seasonal fluctuations,
various statistical data on temperature variations were compiled. The absolute temperature
differences between the exterior and interior of the hut before extensive ice removal in 2000 were
compared with the variations in the years 2000 to 2006 where data was available.
Interior temperature variations were also compared with ice volume in the hut, although this was
limited since there were only three years with detailed estimates of ice quantities inside the
Living hut, Workshop and verandahs. From the correlations an assessment was made of the
conditions required to prevent cyclic melting and re-freezing within the hut and the feasibility of
achieving these conditions was considered in a risk analysis which used the AS 4360 template
described in Chapter 3.
4.3.5 Estimation of effects of climate change for the AAE main hut and implications for
conservation management (research question 4)
Discussions with several researchers over many years (Simon Hayman, Dan Mackenzie, Wayne
Ganther, Ivan Cole) led the author to consider the data requirements for improved modelling of
thermal behaviour of the AAE main hut to consider risks associated with temperature variability
17

4. Temperature, RH, ice and phase changes

and climate change. Due to time constraints, the requirements and benefits of the model are
discussed although the actual modelling could not be effected.
Literature sources were consulted to determine likely climate changes for Cape Denison. The
effects of temperature change were estimated from applying potential higher temperatures to the
correlations derived in 4.3.4 and applying this to the conservation risks identified using AS 4360
as described in Chapter 3.
4.4 RESULTS
4.4.1 Field observations at 12 diverse Antarctic sites
Table 4.1a: Summary of author’s field observations of thermal, moisture and phase change
issues
Problem
Meltwater outside
buildings during
summer
Affected: 5
Not affected: 7
Not determined: 0

Affected sites
Mawson Station Biscoe hut- meltwater flows
from upslope and penetrated along bottom of
walls, stains indicate frequent past melting;
meltwater pools also occurred outside the
aircraft hangar and several other buildings.
Meltwater staining also in Russian caravan, Met
Tech hut and relocated field hut (Alice’s
Restaurant).
Dumont d’Urville (Base Marret)- vertical
supports of the building were standing in pools
of meltwater with evident capillary action (fig
8.15), no fungal staining or tidemarks evident.
Water stains also visible on bare wood of
foundations.
Cape Denison - all four huts bear water stains
on exterior surfaces (figs 4.23, 4.24).
AAE main hut
1985- meltwater formation on western side (fig
4.1). Meltwater also runs inside the apex of the
living hut.
1997- meltwater formed western side but below
the timbers, water running into roof. Tidemarks
evident on western wall.
Other reports indicate regular periodic pooling
along both east and west walls (eg figs 4.23,
4.24, 4.26).
Cape Evans- small pools of meltwater along
southern wall, numerous reports of meltwater
around the building by other visitors on water at
this site. No snowdrifts visible in Feb 93, but

Unaffected sites
Rumdoodle -this site is at a higher
altitude with a cooler climate than
Mawson Station, no melting observed
and no evidence of previous melting.
Paint may obscure evidence of any
past meltwater flows.
Davis- there was some meltwater in
some locations but not close to the
buildings.

Platcha- the design of the building
allows good drainage.

Hut Point- roof has been overclad,
area around the hut is free of
snowdrifts and is well-maintained,
verandahs keep snow away from
18
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numerous observers report snowdrifts from
winter til December (eg Mason 1999: 19).
Vertical stains below nails indicate past
meltwater flows down the walls.
Cape Adare (Borchgrevink)- pools of
meltwater adjacent to piles of guano along most
walls (fig 5.11). Some water stains visible on
upper walls where there is no corrasion.

Meltwater inside
buildings
Affected: 6
Not affected: 4
Not examined: 2
Dumont d’Urville- not
able to be inspected due
to use as a dormitory
for shiftworkers.
McMurdo- light
conditions were too
poor to assess the dark
interior.

Mawson Station
Biscoe- meltwater flow from upslope has
penetrated along bottom of walls; similarly at
Weddell, Electrician’s Workshop- some leakage
through roof. Some small areas of roof leakage
are evident in Met Tech workshop - raised off
ground, as was Russian Caravan and the Mess,
so problems are minimal.
Electrician’s workshop- wet insulation due to
badly corroded panels and via flat roof.

Cape Denison Main hut- Dec 1985- drips of
water evident in ceiling, small amounts of
meltwater on floor.
1997- interior not accessed, but water was seen
running inside through gaps in roof cladding of
both Living hut and Workshop.
Numerous other evidence of meltwater inside
the hut 1912, 1930, 1977, 1985, and later years.
Cape Royds- evidence of previous meltwater
running inside from roof (salt trails, fig 5.5),
appears to come from ridgeline. Flow emerges
between the lining boards.
Cape Evans- evidence of hoarfrost and staining
on southern wall.

footings. Vertical corrosion stains
from nails and plaque (fig 6.22).
TAE hut- flat roof is clear of snow,
surrounding area is free of snowdrifts
and is well-maintained, which may
also remove evidence of past melting.
McMurdo- Mess building appears
built on a raised base which would
exclude water ingress at floor level
although rips on exterior fabric may
allow ingress via roof, although not
evident during the visit (fig 7.2).
Water stains evident on exterior.
Cape Royds- overcladding of roof
may prevent problems or obscure
evidence, no meltwater ingress evident
at floor level. Exterior rust stains and
stains from a Cu alloy plaque indicate
periodic dripping of water.
Rumdoodle- no evidence of water
stains or other signs of ingress via
either roof or floor.

TAE hut- metal-cladding appears
well-maintained and fairly tightly
sealed. Absence of snowdrifts
probably assists in preventing
meltwater ingress.

Platcha- roof interior is buckled
which could suggest some water or ice
ingress although no staining was seen.
Regular inspection would be a wise
precaution.
Davis- wall panels are perforated by
corrasion/corrosion so that ice was
seem inside wall panels but no
evidence of ingress to interior of
building. The Donga building is
occupied, heated and regularly
maintained. Old Paint Store has no
19
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Evidence of high
humidity inside
buildings
Affected: 6
Not affected: 5
Not examined: 1
Dumont d’Urville (not
able to be inspected).

Hut Point- interior is very dark but some salt
trails were visible inside the roof and minor
drips on the floor near the stove.
Cape Adare- small amounts of frozen
meltwater on floor and one wall.
Rumdoodle- No evidence of corrosion or
mould, possibly due to good maintenance.

Mawson Station- extensive corrosion inside
Aircraft hangar, smell of mould inside Biscoe
Hut, Mess and Weddell hut.

Cape Denison- monitoring documented high
RH over several years (section 4.4), corrosion
and mould also present.

Sublimation
Affected: 1
Not affected: 3
Not examined: 8
Dumont d’Urville- not
inspected inside.
Unable to tell at
Rumdoodle, Old Paint
Store, Platcha, Cape
Adare, Cape Royds,
Hut Point, TAE Hut.
Cracking of external
timber15

evidence of leaks.

Davis- Donga is heated, hence tends to
remain dry. Old Paint Store is
unheated but there was no evidence of
rusting (building is built without nails)
and no rusting underneath paint tins.
Platcha- lack of snow drifts against
walls and minimal snow ingress
probably keeps interior dry. Weather
during observation was cold and
windy so periodic high humidity
cannot be excluded although there was
no evidence of rust or mould.
McMurdo- heated building reduces
humidity.

Cape Adare- fungal growth (blue stain, fig 9.8)
on some timbers, some artefacts and fittings are
corroded (but these may have been relocated
from outside).
Cape Evans- monitoring (Held et al 2005)
documented high RH12 over several years,
corrosion and mould also present.
Cape Royds- mouldy smells, some artefacts
have visible mould or corrosion (though may
have been re-located), regular maintenance
occurs, high RH documented 13.
Hut Point- high RH14, minor corrosion of tins
(artefacts possibly relocated from outside, or
treated).

TAE hut- well-maintained building,
no apparent leaks or melt staining.

Cape Denison- hoarfrost inside apex of main
hut.
Cape Evans- not seen by author (but hoarfrost
was reported on southern wall by Mason (1999:
20) earlier in summer.
In about 2002 a hole was drilled into the north
side of the hut to determine whether there was
ice inside the wall. The wall was ice-filled at
least one metre above floor level and filled the
seaweed insulation of Gibson’s quilting
(Harrowfield, personal communication on the
draft thesis 2009).
Cape Denison- evident on exterior of all four
huts, particularly on darkened timbers of main

Hoarfrost is an ephemeral condition
and is particularly likely to occur in
high wind locations. Unlikely in
continuously heated buildings at
Mawson Station, Davis (Dongas),
McMurdo.

Rumdoodle, Mawson Station, Davis,
Platcha- exterior timbers are painted,

12

Held et al 2005
Held et al 2005
14
Held et al 2005
13
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Affected: 516
Not affected: 7
Not examined: 0

Thermal cracking of
other materials
Affected: 3
Not affected: 9
Not examined: 0

Ice accumulation inside
buildings
Affected: 4
Not affected: 8 (of
which 7 are regularly
maintained and 3 are
heated).
Not examined: 0

Damage due to
freezing processes
such as permafrost

hut roof (figure 4.24) rather than freshly eroded
timber- discussed in detail in Chapter 8.
Cape Adare- some cracks evident on external
timber (fig 8.20) and on door handle (figure
7.14, possibly due to stress from corrosion of
fasteners), but not as evident as Cape Denison.
The roof was overclad with Butylclad (butyl
rubber sheeting) over the original timbers with
wooden batten covering the joins.
Cape Evans- evident on defibred timber on wall
(fig 5.14).
Alice’s Restaurant, Mawson Stationunpainted 1960s field hut relocated from Taylor
Glacier- some longitudinal cracks, also defibred.
Cape Royds- some longitudinal cracking
evident on walls, especially where corrasion
timber is darkened (ie not recently eroded).
Hut Point- some longitudinal cracking evident
on darkened timber.
Dumont d’Urville- red paint of Base Marret is
faded (fig 7.22), some bubbling of paints on
various buildings (but may be due to poor
preparation, or poor drying). Fibreglass Arbec
buildings are discoloured and opaque, but may
be due to/exacerbated by UV.
Mawson Station- plastic domes have fine stress
cracks, but may be due to/exacerbated by UV.
Cape Evans- distorted backing of mirror,
discussed in detail in Ch 6, believed due to
differential expansion of metallic backing and
glass.
Cape Denison- ice was entering the building
during occupation (1912-13), was evident in
1930, increased in extent by the 1960s, filled the
hut in 1977, removed from Living Hut 1977/78,
filled the hut again by 1982, partially removed
in 1985 and 1997 (both Living Hut), 1998
(Workshop ) and several locations in 2000-2003
but ingress has continued despite over-cladding
and various repairs.
Cape Evans (cleared 1960-61);
Hut Point (cleared 1960-61);
Borchegrevink’s hut at Cape Adare cleared
1961, 1990.
Periodic snow ingress is regularly cleared at
Ross Island huts.
Permafrost- there is no evidence of permafrost
heaving of the Old Paint Store at Davis, there is
no significant buckling of the Ross Island

so difficult to examine.
Dumont d’Urville- no cracking of
bare timber footings is evident, other
timber is painted.

TAE hut- metal cladding.
McMurdo- buildings are not timber

No evidence found at Rumdoodle,
Platcha, Davis, Cape Denison, Cape
Adare, Cape Royds, Hut Point,
McMurdo, TAE hut.

Rumdoodle*;
Mawson Station* #;
Davis* # 17;
Platcha*;
Dumont d’Urville *;
Cape Royds,
McMurdo * #,
TAE hut *.
Note that buildings with a single
asterisk are regularly maintained so ice
may not have a chance to accumulate,
those marked # are continuously
heated, which may help prevent ice
accumulation.
Sites such as Mawson, Davis, Dumont
d’Urville, Cape Denison, Cape Adare
are not visibily affected by permafrost

15

Longitudinal cracks from swelling/shrinkage of timber from moisture changes, not due to structural breakage.
‘Alice’s Restaurant’ is affected, but cracks may have arisen at previous location. Other buildings at Mawson are
painted so cracking cannot be determined.
17
Davis- intrusion of ice inside Donga panels but not inside building. Old Paint Store- ice accumulation under
building
16

21

4. Temperature, RH, ice and phase changes
heaving, cracking from
expansion at 4°C or ice
crystal formation
within a material.
Affected: probably nil,
certainly no significant
evidence of damage.
Not-affected: 12

buildings. Investigations of the subfloor of
Terra Nova hut in 2008 found significant
hoarfrost and frozen meltwater but this does not
appear to be a permafrost effect (that is, damage
from a freezing front causing hydraulic jacking).
Ice crystal formation in materials- While
hoarfrost formation is common in many of the
buildings no visible surface damage was found
that could be attributed to ice crystal formation.

heaving and any permafrost heaving at
Ross Island sites does not appear
significant.
No evidence of damage by ice crystal
formation was reported at any site.

Table 4.1b Summary of thermal, moisture and phase change effects at sites not visited by the author.
Issue
Meltwater outside
buildings18
Affected: 3
Not determined: 2
Meltwater inside
buildings
Affected: 2
Not determined: 3
High humidity
Affected: 3
Not determined: 2
Corrosion
Affected: 3
Not determined: 2
Periodic wetting/drying
Affected: 3
Not determined: 2
Sublimation
Affected: 1
Not determined: 4

Affected sites
East Base (Spude & Spude 1993)
Wilkes (R Summerson, personal communication)
Snow Hill Island (Comerci 1983)

Unable to be determined
Pt Lockroy
Pt Martin

East Base (Spude & Spude1993)
Wilkes (R Summerson, personal communication)

Pt Martin
Snow Hill Island
Pt Lockroy

East Base (Broadbent 1992)
Wilkes (Clark and Wishart 1991)
Snow Hill Is (Comerci 1983)
East Base (Spude & Spude 1993)
Snow Hill Is (Comerci 1983)
Wilkes (Clark and Wishart 1991)
East Base (Spude & Spude 1993)
Wilkes (Clark and Wishart 1991)
Snow Hill Island (Comerci 1983)
Wilkes (measurement, Ambrose and Godfrey)

Pt Martin
Pt Lockroy

Cracking of timber19
Affected: 0
Not determined: 5
Thermal cracking of other
materials
Affected: 0
Not determined: 5

East Base (visible in photos (Spude & Spude 1993)
Wilkes (visible in photos Clark and Wishart 1991)

Ice accumulation inside
buildings
Affected: 4
Not determined: 1

Pt Martin (Le Mouël, personal communication)
Wilkes (see figure 4.19)
Snow Hill Island (ice removed in 1980s and reported
again in 2007 (IPHC website)
East Base (Broadbent 1992)- snow removed in
1991-92 (partial removal).
Some UK Tabarin bases were cleared of ice.

18
19

-

Pt Martin
Pt Lockroy
Pt Martin
Pt Lockroy
Snow Hill Island
East Base
Pt Martin- likely due to
katabatic winds.
Pt Lockroy
Pt Lockroy
Snow Hill Is
Pt Martin
Pt Lockroy (external timbers
appear painted)
Pt Martin
Snow Hill Island
East Base
Wilkes
Pt Lockroy

During summer.
Longitudinal cracks from swelling/shrinkage of timber from moisture changes, not due to structural breakage.
22
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The information in these tables is summarised and discussed in 4.5.1.
4.4.2 Temperature and relative humidity data reported at Cape Denison
Project Blizzard monitoring 1984-85
For both sets of observations Hodgeman’s bunk:
 Air temperatures were in the range -5°C ± 2°C, with no distinct daily trend.
 RH varied between 95 to 98%.
 During this period there were, on average, about three people working intermittently inside
the hut documenting the building using lighting that produced some heat.
ACR loggers 1-28 January 1998
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Figure 4.6: Relative humidity variations measured by ACR A and ACR B

Integrated datalogger system,26 January 1999- 30 December 2000
Due to the large volume of data that was collected the information is summarised in Table 4.320.
Surface equilibrium moisture content (SEMC) was calculated from the temperature and RH data
using the method of Bramhall (1979) (cited in Appendix K) of a standard piece of timber if it
were in the position of the sensor. Surface temperature data from the thermocouples are provided
because of potential temperature differences between the air and surface temperatures.
Table 4.3: Summary of temperature and RH data AAE main hut, 26 January 1999- 30
December 2000 prior to major ice removal (from Ganther et al 2002)
Table 4.3a: Air temperatures and RH measurements

RH max
(%)
RH
average
(%)
20

1.
Exterior

2.
Living
section

3. Shelf
in dark
room

4.
Mawson’s
bookshelf

5.
Workshop

6. Bunk
in living
section

7. Shelf in
living
section

103

100

96

99

101

96

100

8. near
roof apex
living
section
101

85

89

85

89

91

88

90

87

This is based on Table 1 Ganther et al 2002, bound as Appendix K in this thesis.
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RH min
(%)
Temp
max (°C)
Temp
average
(°C)
Temp
min (°C)
AH max
(g/m3)
AH
average
(g/m3)
AH min
(g/m3)

23

56

76

80

84

81

60

56

+8.1

-0.3

-0.4

-0.4

-0.3

-0.5

-0.4

+3.3

-14.0

-14.4

-14.9

-14.8

-13.7

-14.9

-14.4

-13.5

-32.2

-23.1

-24.3

-22.8

-21.3

-22.2

-22.8

-24.4

5.2

4.4

4.0

4.5

4.6

4.2

4.6

5.7

1.7

1.7

1.5

1.6

1.8

1.6

1.7

1.8

0.3

0.7

0.6

0.7

0.8

0.7

0.7

0.6

Figure 4.7: Location of Vaisala sensors at AAE main hut 1999-2000 (Ganther et al 2002: 3)

48 feet (approx)
Ground plan of the Hut
10

5

0

5

10

Scale in Feet

Packed snow

~"~[[~lJJi~o
Longitudinal elevation of the Hut
kl approximate representation of M™1son's Hut
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Temp (°C)

Table 4.3b: Surface temperature measurements

Max.
Ave.
Min.

Acetylene
equipment
store
(TC1)

Wall in
Mawson
’s room
(TC2)

Woode
n shelf
(TC3)

1m
from
TC3
(TC4
)

Dark
room
(TC5
)

Apex
living
sectio
n
(TC6)

Near
bookshel
f sensor
(TC7)

In roof
cavity at
main
entranc
e (TC8)

-0.4
-14.6
-22.9

-0.5
-14.8
-21.4

-0.4
-14.7
-22.8

-0.4
-14.9
-22.9

-0.4
-14.9
-23.4

+3.2
-13.8
-23.6

-0.2
-14.8
-22.9

-0.1
-14.4
-24.6

In
roof
near
TC8
(TC9
)
+0.3
-13.9
-23.4

2/3m
from
floor
(TC10
)
-0.4
-14.6
-23.9

Table 4.3c: Data discontinuities due to operational problems:
Start of discontinuity
1900 hr 24 February
1600 hr 2 June
0900 hr 9 November
2300 30 December 1999
1400 hr 3 January

End of discontinuity
1600 hr3 May 1999
1600 hr 15 July 1999
2200 hr 4 December 1999
0000 hr 1 January 2000
1200 hr 6 January 2000

Duration of discontinuity
66 days
41 days
24 days
1 day
2.5 days

Table 4.3d: Number of freeze-thaw cycles
Taking account of the data discontinuities above, the number of instances where temperature exceeded 0°C was
examined, presumed to indicate thawing although this is also dependent on the duration of the higher temperatures.
Location

dates

Living hut apex
Other locations
(Vaisala sensors)
TC7 (Mawson’s
room)
Living hut apex
Other locations
(Vaisala sensors)
TC7 (Mawson’s
room)
Living hut apex

26 January to 24 February 1999 (26 days)
“

Number cycles
over 0°C
4
0

Duration of
temperature>0°C
< 4 hours
-

“

0

0

4 December 1999 to 29 February 2000
(87 days)
“

28

<4 hours

0

-

“

8

15 November to 30 December 2000 (45
days)

20

Shortest: <3 hours
Longest >52 hours
<4 hours

Integrated datalogger system, 2000-2006
Data for 2000-2006 was released in 2010 from the Australian Antarctic Data Centre (IDN Node
AMD/AU), a part of the Australian Antarctic Division (Commonwealth of Australia)21. Extracted
21

These data are described in the metadata record "Dataloggers at Mawson's Hut, Cape Denison - microclimate
measurements" Daniel, V. and Easther, R. (2003, updated 2010)
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data was compiled in Table 4.4 to compare the temperature and RH variations in relation to major
activities such as overcladding and ice removal in the AAE main hut. The difficulties of
maintaining the equipment again resulted in some discontinuities in the data which then makes
comprehensive statistical analysis very difficult, in addition to the fact that the first available data
in 1999 was recorded when the extensive ice removal had already occurred. The key data
extracted into the table are those recorded at the exterior, the apex of the living hut and the
‘centroid’22. The data from 2006 onwards is affected by several anomalies with sudden large
scale fluctuations in RH (for example in Berry 2010, said to be due to ‘hoarfrost build up’,
possibly due to the melting of the hoarfrost). Data for January is more comprehensive that other
periods and is important for examining conservation risks as this is generally the warmest month
so January data were analysed in greater detail.
Table 4.4: comparisons of temperature and RH data, ice quantities and building
interventions, Cape Denison and Cape Evans, since construction.
Detailed volume calculations are provided in Appendix N. All data exclude unknown quantities of ice between
external and internal cladding in walls and roofs and exclude subfloor ice.
AAE main hut, Cape Denison
Table 4.4a: Internal capacity of key areas within the AAE main hut
Location

verandahs,
V

Living
Hut, LH

Workshop,
WS

Under
floor

V+LH+WS

Internal
capacity,
m3

121.3

152.2

73.7

Not
estimated

347.2

Table 4.4b: Ice volumes changes over time since construction, AAE main hut
Ice volumes in AAE main hut,m3
date

Living
hut

Workshop

1912

0

0

1931

38

1978

120

verandahs

Total

36

120

194

0

120

240

22

Sensors were moved for various reasons but the recording point chosen was as close as possible to the geometric
centre of the building.
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-

1982

152.2

73.7

121

347

1986

50.5

70.7

100

221.2

1997

50.5

73.7

121

326

1998

135

70

121

326

2000

135

70

121

326

2002

50

17

46

112.8

2006

37

17

90

144

2010
16
24
90
Note: yellow shading indicates full to capacity.

130

Figure 4.8: ice volumes changes over time, AAE main hut

Ice volumes in AAE main hut, 1911-2010, m3
400
350
300
250

--......

200

.......

150

Total
Living Hut
Workshop

X verandahs

100

0

date
1903
1907
1911
1915
1919
1923
1927
1931
1935
1939
1943
1947
1951
1955
1959
1963
1967
1971
1975
1979
1983
1987
1991
1995
1999
2003
2007

50

Table 4.4c: AAE main hut building interventions and impact on ice quantities, 1912-2010
Date
1912

Building interventions
Building constructed in 1912, not inhabited after 1913.

1931

Nil- some snow and ice removed by BANZARE to inspect
the building, see figures 4.12, 4.19.
The building cladding was substantially intact but ice
ingress still occurred.
ANARE removed ice from workshop, partial excavation of
living section.

1977-78

Estimated ice quantities in hut23
Presumed nil or minimal, possibly
some snow within wall cavities.
Verandahs mostly full)
Living hut one quarter full (38 m3)
Workshop half full (36 m3)
Before: full 347 m3
After excavation: 240 m3 (based on
(Ledingham 1979)

23

Note: 1 m3 of fresh wind driven Antarctic snow typically weighs 300 kg, old snow weighs 500 kg and firn weighs
600kg (derived from data on the NOAA website at http://www.srh.noaa.gov/jetstream/append/glossary_d.htm . An average
density for snow in the huts, mostly of consistency between old snow and firn with some melted and refrozen ice, is
therefore somewhere between, or approximately 550 kg/m3. AAE measured ‘specific gravity of drift-blown snow is
0.511' (Jacka and Jacka 1988: 62).
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Date

1982
December
1985
December
1997

Jan 1998

1999 to
early
2000
December
2002

2006

2009-10

Building interventions
Apex of workshop clad with lead sheeting secured with
timber battens (fig 7.11, 8.26).
Densotape strips used in various locations to prevent ice
particle ingress (fig 7.13) but both failed by 1985.
Repairs to skylight covers.
Minor roof repairs and excavation of tunnel by Oceanic
Research Foundation.
Excavation of ice for archaeological research and to install
props for platform which was sagging from ice on top.
(See figure 4.25, Blunt 1986: 93).
Major removal of ice commenced.
Re-cladding over the existing workshop roof with new
boards; ‘restoration’ of skylights, skylight covers, ridge
capping, valley gutters; structural repairs; and
reconstruction/restoration of the central platform structure
in the living section of the Main Hut.

Estimated ice quantities in hut23

Overcladding of Workshop roof with wood coated with
Intergrain (fig 7.20).
Repairs to broken skylights.
Ingress: 190 kg removed from plastic sheeting in the living
hut in 1998 (DEWHA 2008: 65)
Nil.

Godden Mackay Logan (2001)
estimated 326 m3 ice remains:
Workshop mostly full except crypt
and entry access

Large volumes of ice removed (DEWHA 2008: 89) and
extensive melting.
Godfrey 2002: Plastic sheeting installed in Mawson’s
cubicle and on shelving to document ice ingress.
600 mm of ‘archaeological’ floor ice (49 m3)
Significant depletion of ice due to high temperatures,
especially western wall of Workshop and other areas in the
interior of the hut.
Concluded (ibid: 8) that overcladding of Workshop and
other repairs was successful since no new ice was found on
plastic sheeting, although new ice accumulation occurred
elsewhere.
Subsequently, 725 kg of ice was removed from Mawson’s
room (ibid: 25).
Overcladding of Living Hut roof with uncoated boards (figs
7.21, 7.25), large volumes of ice removed in living hut and
workshop(DEWHA 2008: 89)
Removed 2 m3 ice which had accumulated on plastic
sheeting in Mawson’s cubicle since 2002 and 3 m3 from SE
corners of living section (DEWHA 2008: 65).
Continued removal of ice ingress into ‘centroid’ (Berry
2010).
Extensive hoarfrost (figs 4.27, 4.31, 4.34) formed on most
wall surfaces (ibid: numerous un-numbered figures)
although ice ingress had been reduced by installation of
plastic barriers in 2007-08.

Appeared full
Verandahs mostly full except at SW
Before: full, 347 m3 Subfloor also
full
After: 41 m3 of ice removed:
Underfloor 25 m3
(Ashley 2001: 82 stated total
volume of 326 m3)

The amount of ice remaining is
presumed to be the same as 1998,
326 m3
Ice ingress rate not documented.
Verandahs depleted (~75 m3 lost),
46 m3 remain.
From images in Godfrey 2002 it
appears ice remaining is ~50%
(2.5 m3) of darkroom, 10%
Mawson’s cubicle (1.4 m3), 25%
rest of Living hut (13.9% m3).
Ice on floor: Living area+
workshop=49 m3
Substantial quantities of ice remain
under the floor despite extensive
melting (ibid : 26).
Total= ~112.8 m3
At least 49 m3 of ice remains on
floor plus ice ingress of around 5
m3.
Total = 54 m3
Ice volume inside hut
= 39.8 m3
Based on approx 1/3 of Workshop,
1/10 of Living hut (including
archaeological deposit on floor).

Terra Nova hut
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Table 4.5: Terra Nova hut, Cape Evans, summary of building intervention, ice volumes and
temperature and RH data
Total internal volume of Terra Nova hut is 378 m3 (see dimension data in Appendix N).
Date
(data
source)
1911-13
1915-17

Building interventions

Estimated ice
accumulation

Ice,
tonnes

T & RH data24

Hut built in January
1911, ceased occupation
in January 1913
Occupied by Ross Sea
Party

No ice.

0

Hut was artificially heated during the
expedition.

Ice progressively
infiltrated subfloor and
walls after their
departure.
Hut found to be partfilled with compacted
ice (Quartermain 1963:
63), but quantity not
given (author’s estimate
95% full with specific
gravity 800 kg/m3 =287
tonnes).
Compacted snow in
kitchen completely
cleared, attempted to
clear main room (ibid:
68).
Estimate 80% full, with
specific gravity 800
kg/m3 = 241 tonnes).
Two thirds full of ice
(ibid: 71), solid ice over
floor, six feet of hard ice
with compacted snow up
to roof level.
Estimate 67% full with
204 m3 of ice with
specific gravity 950
kg/m3 and 173 m3 at
550 kg/m3 = 193.8 +
95.15 tonnes
Total estimated =
288.95 tonnes
Underfloor estimate 4m3

n/a

Not measured.

287

Not measured.

241

Not measured.

289

Not measured.

Estimate 40% of total
ice volume remains,
plus subfloor, ~ 150 m3
Ice is continuously

150

Not measured.

4

Not reported.

1947

USS Burton Island
visited but did not enter
the hut

1956-57

Endeavour staff re-felted
and repaired roof,

1960-61

Ice removed from
internal area of hut
(Quartermain 1963: 70)
and some from stables;
re-covered the roof with
railway tarpaulins that
were painted over,
‘extracted relics’, shored
up shelving.

(see 2009 comments).

1970s
1980s

1976-77 and 1977-78: ice
removed from east end of
building.
1988-89 and 1989-90:

24

The nearest location where temperature data is available (Scott Base) has an average maximum temperature for
January of -1.6°C and an average minimum temperature in August of -41.4°C from records during 1957 to 2007
(available at http://www.antarctica.ac.uk/met/gjma ).
30

4. Temperature, RH, ice and phase changes
Date
(data
source)

Building interventions

Estimated ice
accumulation

Ice,
tonnes

T & RH data24

major effort to remove
ice from interior.
Snow and ice excavated
on an annual basis.
(various NZAHT reports)
1989/90 Butylclad (butyl
rubber) installed on roof.

1991-92

Ice continuously removed
from interior, significant
hoarfrost formation on
lower walls.

removed from interior
but assume some ice
remains in subfloor,
assume this is
approximately the same
as the volume removed
in 2008 (4 tonnes, see
below).
As for 1980s above.

4

1999

Butyl rubber ‘skirt’
installed along base of SE
wall in January 1991. Ice
was continuously
removed from interior,
but significant quantities
existed in the floor, walls
and roof. Ice lens stated
to be forming under the
floor.
Ice continuously removed
from interior, but
significant quantities
exist in the floor, walls
and roof. Ice was
previously removed from
stables.
Concerns expressed
about external meltwater
entering the hut.
Removed ice from
subfloor, installed ‘vortex
generators’ outside hut to
reduce formation of snow
drifts.

Conservator Lyn Campbell provided
unpublished data from one data logger
(RH typically 70-85%) and some
hygrometer data (RH 51% to 70%)
during January 1991 and similar data
for 1992.
Three loggers, one in the apex.
Exterior T: -40 to +0°C
Interior T: -40 to +5°C
Exterior RH: 60-80% occasionally
50-90%
Interior RH: 50-90%, but less frequent
variation except during storms,
increases in May (Mason 1999).

20002002
(Held et
al 2005)

2008-09

Water was observed to
flow under the hut
(Mason 1999: 17).
At least 4 tonnes in
subfloor25 and smaller
quantities in walls and
roof (a further 4
tonnes26, 8 tonnes total
in hut). Hoarfrost on
some walls.
Estimated ice quantity is
similar to 1999, ie 8
tonnes.

8

Estimated ice removed
from subfloor: approx 4
tonnes (4000 kg) [as
stated by Nigel Watson
at 2009 Mawson’s Huts
Foundation].

4

8

At ~1.7 m above floor, galley:
For Aug 1999 - Aug 2002
T: -35.1° to +9.4°C
(ΔTannual = 44.5°C)
RH: 59% to 87.3%
(ΔRHannual= 28.3%)
For 23 Dec 2001- 20 Jan 2002
Tav +3.7°C, RHav 82.7%
Tmax +7.8°C, RHmax 93.1%
(Held et al 2005).
Not available.

25

Based on Watson’s estimate given below for 2008-09.
Based on approximately 10% of space between outer and inner walls lower walls and 5% of upper walls and roof
being filled with infiltrated snow or ice. This is known to be present (evident from meltwater stains) but cannot be
easily inspected and varies according to temperature and air flow.
26
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Table 4.6: Temperature trends AAE hut (during the period 6-18 January), years 2000-2006

6-18
January
Mean
Mean
of year
exterior
Max.
Min.
Mean apex
Max.
Min.
centroid
Max.
Min.
2000
-2.71608
7.28
-10.83
-3.31911
5.056
-9.55
-6.60254
-5.338
-8.2
2001
-0.6651
8.17
-9.24
-2.68617
0.888
-7.57
2002
2.45722
12.43
-4.575
0.75122
2.597
-2.041
0.258832
1.322
-0.737
2003
-0.5242
14.21
-7.49
-1.67015
5.237
-5.871
-2.11683
0.927
-5.703
2004
0.819402
10.92
-9.55
-0.66788
5.228
-7.32
-1.47297
0.423
-6.981
2005
-1.36526
14.44
-10.17
-2.34477
5.598
-7.85
-3.07968
-0.215
-7.72
2006
-0.7984
8.82
-9.53
-2.06853
2.271
-8.69
-2.5286
1.297
-8.22
Note: No apex data collected in 2001, apex sensor was relocated in 2006, NE workshop is nearest comparable sensor.

Figure 4.9: AAE main hut - comparison of average exterior temperatures, 6-18 January
Mean exterior temperatures, 6-18 January for each year 2000-2006

mean temperature, 6-18 January

3.00

Mean exterior
temperature, 6-18 January

2.46

2.00
1.00

0.82

0.00
-1.00

-0.67

-0.94

-0.52
-1.37

-2.00

-0.80

-2.72
-3.00
1913 2000 2001 2002 2003 2004 2005 2006
year

Figure 4.10: Trends of mean external, apex and centroid temperatures 6-18 January, 2000-2006

mean temperature, 6-18 January

Mean temperatures, 6-18 January, 2000-2006
3
2
1
0
-1
-2
-3
-4
-5
-6
-7
-8
2000

Mean exterior
Mean apex
Mean centroid
Mean TC exterior
Mean TC apex
Mean TC centroid

2001

2002

2003

2004

2005

2006

year

Note: the mean exterior trend line is the same as shown in Figure 4.8a above.
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Figure 4.11: Total duration of temperatures above 0°C during January, 2000-2006
Hours of temperatures above 0 C
700
Exterior hours>0

II

hours

600
500
400
300

Apex hours>0

0
2000

I

200
100
2001

2002

2003

2004

2005

Centroid hours>0

2006

year

Table 4.7: Risk management assessment (following page)
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Risk
No.
1

2

The RiskWhat can happen
and how it can
happen
High external
temperatures (from
climate change or
natural variation)
deplete the quantity
of ice in the
verandahs and thus
reduce the thermal
buffering that
maintains low
temperatures in the
centroid.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Interior temperatures rise
leading to more meltwater
and increased risks of
corrosion and
biodeterioration.
Meltwater re-freezes
around artefacts reducing
their visibility to visitors
and requiring extensive
(and expensive) removal
treatments that may also
risk damage (see details in
risk 4).
Hoarfrost can form on
cold surfaces (eg walls,
roof) when RH is high
and internal temperatures
are higher than surface
temperatures.

Overcladding was stated
to have improved
insulation of centroid.
High exterior mean
temperatures in January
2002 reduced ice volume
in the verandahs to about
40% of capacity. Detailed
data on summer
temperature variability
inside the hut is only
available for the past ten
years and is not available
for the period prior to
major ice removal.

5
Climate
scientists
generally
agree that
external
temperatures
will rise
significantly
within the
next 20
years.

Increased ablation of
ice in verandahs from
non-thermal causes
(such as increased
sublimation from
winds).

Less thermal protection
for the building materials
and centroid contents,
increased temperatures
result.
Increased physical
damage to verandah
timbers.

No existing control
addresses this risk as it is
appears to be uncontrollable, being
dependent on the climate
although overcladding
partially reduces
sublimation.

3
If winds
increase as
expected,
sublimation
will increase
resulting in
loss of ice
from
verandahs.

Conseque
nce
Rating
(b)
4
(melting
of
verandah
ice
occurred
in 2002
when
temperatu
res were
said to be
the
highest
recorded
since 1951
in Terre
Adelie).
Ice melted
in centroid
in 2002.

Overall
Risk
Level
(a+b)
9

3

6

Risk
Priority

Treatment
controls

1

Install
additional
insulation in
roof and
walls?

2

A range of
possible
alternative
strategies
could be
considered to
promote
retention of ice
in verandahs
by better
insulation or
passive
refrigeration.
Nil- requires
evaluation of
treatment
options.
This could
include
alternative
strategy in 1
above

Risk rating
after
treatment/
controls
Requires
further
investigation.
Quantifying
the retention of
ice in
verandahs by
hygro-thermal
modelling
would be
useful.
Not assessedrequires
thermal
modelling to
estimate
effectiveness,
particularly
whether
sublimation
(risk 2 can be
controlled).
Not
determined.

34

4. Temperature, RH, ice and phase changes

Risk
No.
3

4

The RiskWhat can happen
and how it can
happen
Temperature data
from monitoring
sensors may not
accurately reflect
conditions occurring
inside the AAE main
hut.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Innaccurate data from
sensors leads to an mis
interpretation of
conditions in the hut.

Hoarfrost is known to
form on sensors. Melting
is known to occur even
when sensor data reports
T<0°C.

5

Meltwater forms at
walls or roof and
drips onto artefacts
and re-freezes
(Godfrey 2002).

a) problems related to
wetting (eg corrosion,
biodeterioration, etc)
b) ice accumulates on
shelves, dislodges
artefacts or damages
shelves
c) damage from attempts
to remove the ice from the
artefacts

Plastic sheeting used to
minimise snow on
artefacts and shelves.
Shelves reinforced using
stainless steel brackets
(Berry 2010).
Some artefacts packed in
boxes.
Treatments are labourintensive.

4

Conseque
nce
Rating
(b)
Unknown.
Risks
from
higher
temperatu
res has not
been
quantified.

Overall
Risk
Level
(a+b)
Unknown

Risk
Priority

Treatment
controls

3

2-3

6-7

5

Supplement
existing
monitoring
with leak
detectors to
directly
measure
melting at
surfaces, then
re-assess risks.
Improve
insulation to
reduce risks of
melting.

Risk rating
after
treatment/
controls
Not
determined.

While
hoarfrost was
said to have
been reduced
by
overcladding,
it appears to
continue to be
a problem.

Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain.
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic.
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6 & 7 high risk – needs senior management
attention, >7 extreme risk – detailed action plan required.
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4.5 DISCUSSION
4.5.1 Does ice and meltwater inside buildings cause damage, and if so, how? (research
question 1).
The observations summarised in Table 4.1 show:


Meltwater occurred inside buildings at six sites, including even the ‘coldest’ sites on Ross
Island;



Extensive meltwater staining at eight sites indicated significant localised wetting/drying
cycles on a regular basis;



Corrosion is evident outside buildings at all sites within 1 km of the sea and on some artefacts
inside buildings;



There is little evidence of permafrost heaving of buildings or ‘ice-jacking’; and



Biodeterioration was observed at seven sites and corrosion at ten sites including the colder
southern sites.

While ‘freeze-thaw’ damage has been frequently reported (see sections 2.4.1 and 4.2.1) no
damage was found by the author at any site that could be attributed to freezing of water rather
than melting. Defibred wood, which some have attributed to freezing of water, was found in
sheltered positions in among the debris around the AAE main hut27.
At many sites, particularly on Ross Island, removal of ice, patching of timbers and installation of
barriers to exclude snow ingress had been undertaken with the specific intent to reduce high
humidity inside buildings. Ice ingress, however, had continued to occur to some extent at all of
the early sites although the primary mode of ingress varied from particle ingress (Cape Denison)
to meltwater flow to hoarfrost formation linked to subfloor ice (eg at Cape Evans).
At five major sites that the author was unable to visit (three being in the Antarctic Peninsula), the
literature showed:
27

Defibred wood observed at the huts at Ross Island, Cape Adare and Cape Denison was subsequently found to be
due to salt damage, not freezing, discussed in Chapter 5.
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Meltwater occurred inside buildings during summer at two sites, but information was
unavailable at three sites;



Corrosion is reported at three sites and no information was available at two sites;



Ice ingress and accumulation has occurred at four sites and possibly at a fifth;



High humidity and periodic wetting and drying are known to occur at three of the sites and
could not be determined at the others; and



Defibred timber is reported at Ross Island sites (Blanchette et al 2002) and at Wilkes.

Arenz and Blanchette (2009) documented biodeterioration problems related to meltwater or high
RH at eight Antarctic Peninsula sites and Spude and Spude (1993) reported on East Base showed
significant damage from meltwater and high RH although no monitoring data was available.
All of these observations indicate that Antarctic historic sites are not in ‘near-perfect’ condition
and significant deterioration occurs that is associated with moisture but no substantiated evidence
of damage due to freezing processes. Periodic wetting and moisture transfer is a significant
problem at all the historic huts: conditions inside buildings are not always dry, nor are they
always below freezing.
To further analyse the first research question, the following aspects were considered:


What is the evidence that thermal expansion and contraction of building materials causes
damage in Antarctic conditions?



Does phase-change, particularly freezing, cause damage?



How does ice enter building?



How does accumulation of ice cause damage?



How does ice affect temperature and RH inside buildings?



How can interior temperatures and RH be controlled to avert damage?

Expansion and contraction damage
Visual observations at 12 sites recorded in Table 4.1 showed that damage due to thermal
expansion and contraction is neither prevalent nor severe despite seasonal variations exceeding
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40°C and diurnal variations exceeding 10°C. Analysis of literature relevant to these observations
enables further inferences below.
When dissimilar materials are joined, dimensional change due to temperature and/or relative
humidity changes may cause failure of the joint unless any stress produced by the change is
absorbed by elastic (reversible) or inelastic deformation. The most vulnerable items are adhesive
joints in timber, such as in plywood (used for Venesta boxes for sledging equipment). While
Venesta boxes at the Ross Island sites appeared substantially intact during the author’s visit in
1993, Blanchette, Held and Farrell (2002: 317) presented evidence of substantial damage,
however they ascribed this to defibring not freezing/thawing.
Timber has a small thermal coefficient of expansion but a significant response, albeit relatively
slow, to humidity change (Olstad et al 2001). This may be sufficient to prevent expansion
damage to nailed metal/timber joints. The rapid temperature fluctuations up to 8°F (4°C) with up
to three peaks per hour during Föhn gusts at Cape Denison reported by Madigan (figure 4.2) are
far shorter than the response time of timber so they are unlikely to have an adverse effect.
Differences in thermal expansion of conjoined materials can be significant when large diurnal or
annual temperature ranges occur. Structural steel frameworks were installed inside seventeenth
century Russian wooden churches at Kizhi Pagost after the 1950s (Piskunov in Kelley et al
2000). During winter, the steel shrank so much by comparison with the timber that it failed its
purpose of supporting the weakened original timbers (Yuri Piskunov, personal communication
Kizhi, Russia 1997).
For unheated Antarctic buildings, higher risk of damage would be expected where the
temperature differences are accentuated by differences in surface reflectivity, heat capacity or
thermal coefficients of expansion. These are most likely to occur under metal fittings (such as
ridge-capping or the lead sheet repairs by the 1977 ANARE on the Workshop roof at Cape
Denison and bronze boxes housing the Memorial and Proclamation plaques), and at thermal
bridges (such as bolts in timber). Inspection in 1997 of timber under the lead repairs to the
Workshop roof that had been torn away by the wind revealed wood with fresh colour stained by
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melted snow/ice but no cracks that appear related to temperature changes. The Memorial and
Proclamation plaques were stained by corrosion products and had suffered severe defibring28 but
damage attributable to thermal expansion-contraction damage was not evident.
Failure of silicone adhesive used by ANARE in 1977 is unlikely to be due to temperature
changes, since the silicone itself was still flexible and strong when examined in 1985 and 1997.
Most silicones are rated for use below -20°C. The silicone was believed to be an acetic acidcuring type (Rod Ledingham personal communication to the author 1985) which forms lead
acetate on the metal surface, which could cause it to detach from the metal surface, especially
with bending of the lead by wind. Detachment of paint films observed at Dumont d’Urville
(figure 2.21) and at Davis (figure 2.13) could not be attributed to thermal stresses, although the
relatively deep colour of the paint would absorb heat and could exacerbate other deterioration
processes. Paint films of various types are known to become brittle at low temperatures but where
the paint is securely attached to the substrate the risks of damage may not be significant, as
discussed by Michalski (1996) in the context of freezing in laboratory conditions for museum
pest control. Paint on timber exposed to the severe climate at Moor Pyramid (70°18'S 65°08'E)
for approximately 12 years did not deteriorate even though about 1.5 mm of surface has been
removed by wind action (figure 4.12) and water stains indicate exposure to thawing conditions.
Figure 4.12: Timber exposed at Moor Pyramid (author’s photo 1993)

28

Discussed further in Chapter 6 and shown in figures 5.5 and 5.4.
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Phase change effects
Phase changes that occur in Antarctic historic buildings are:


Freezing of water;



Melting of ice;



Evaporation (liquid water to vapour);



Sublimation29 (ice forms vapour directly without the liquid phase, confusingly sometimes
called ‘ablation’);



Hoarfrost30 (vapour directly forms ice without transitioning through the liquid phase); and



Condensation (vapour to liquid water).

Are freezing processes damaging wood?
As reported in Table 4.1, the author found no evidence of damage due to cyclic freezing and
thawing of unconstrained wood even among artefacts in the meltwater pool on the western side of
the main hut where freezing and thawing occur often daily during summer. Outdoor artefacts and
exterior timbers are typically exposed to about 20-40 freeze-thaw cycles per year (see details in
Table 4.3d), typically less than 12 hours duration31. The exceptional conditions during 1-18
January 2002 produced freeze-thaw cycles almost every day throughout the hut interior.
Defibring damage of several pieces of timber was observed, but as discussed in Chapter 5, this is
due to salt processes not freezing and thawing (see also Appendix F).
Godfrey (2002: 35) cited damage from expansion of freezing water in constrained spaces and
reported damage of the Workshop roof as evidence.
“A … problem is the impact of accumulated water that refreezes after being trapped
inside building voids... as the snow and ice melts accumulates in the lower regions of
29

Archaeologist Anne McConnell observed a space between the walls and the ice inside the hut immediately
adjacent to gaps in the walls with no evidence of melting. This observation could be explained by sublimation.
30
See figure 4.14. Hoarfrost generally appears as fine ice crystals deposited on surfaces.
31
These dates include some brief discontinuities in monitoring and avoid longer periods when equipment was not
operational. While temperatures may exceed 0°C the amount of actual melting could not be determined. The general
pattern was that there was one freeze-melt-freeze cycle per day outside the hut and at the living hut apex and there
appear to be fewer elsewhere in the hut.
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these spaces and then expands as it refreezes, physical damage to the building fabric is
likely. This is a likely cause of the severe damage that has occurred to the structural
timbers in the workshop roof and to the tongue and groove boards in the same area.
Circumstantial evidence for this process is provided by the extreme damage done to the
structural timbers and ceiling boards at plate height on the southern workshop walls.
Large masses of solid ice can be seen protruding from these shattered timbers”.
Godfrey did not compare the conditions at the roof with those at the archaeological deposit which
extends across the floor and is up to 600 mm deep and where melting cycles also occur yet no
comparable damage is evident. Similar melting and refreezing in equally constrained spaces may
occur at the building footings although these have not been inspected. For the expansion in
volume due to phase change from water to ice (around 10%) to cause shattering of wood would
require the stress from volume change to exceed the ability of the wood to deform to
accommodate the expansion. While the damage cited is of concern, further examination would be
beneficial as there may be several explanations for the damage cited. Preventing melt formation,
however, would avert the problem.
Several researchers including Daniels & Kibrya (1998) and Carrlee (2009) have studied risks of
freezing damage of composite materials in simulated museum pest treatments of dry materials
with no damage or loss of strength due to elastic behaviour of materials. Bodig (1982: 64 66)
cites extensive research showing that timber strength increases at lower temperatures and that the
permanent effect of ten freezing-thawing cycles on crushing strength of pine is minimal and that
small reduction in crushing strength is greater at low MC. The greatest loss in timber strength
occurs when free water is present. This suggests damage to wood by freezing is unlikely whereas
thawing damage is possible. The extensive review by Carrlee (2009) examined diverse processes
implicated in freezing damage, including the role of free and bound water in cell walls. No
damage to wet wood was found due to the 0.01% expansion of water at 4°C32, nor due to the 9%
decrease in density when freezing occurs at 0°C.

32

This is the temperature at which water reaches its highest density.
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‘Freeze-thaw damage’ is regularly raised as a risk for Antarctic historic buildings, so the expense
of conclusive testing may be worthwhile. Conclusive evidence regarding whether freezing itself
damages wood could be produced by microscopic examination of freezing events in thin sections
of wood soaked in water, constrained by bolts or clamps then subjected to freezing at a range of
thermal gradients, which controls ice crystal size. A microscope equipped to observe freezing of
materials is available at the National Research Institute for Cultural Properties, Tokyo (Takeshi
Ishizaki, personal communication, 2000).
Ice ingress
Three modes of moisture ingress33 cause ice accumulation in all pre-IGY buildings (Table 4.1).
Ice ingress, and the damage it allegedly causes, is perhaps the most complex management issue
for the AAE hut so this is examined in detail. Removal and exclusion of ice from the three Ross
Island huts has evidently been more successful than from the AAE huts. At Ross Island sites, ice
removal can be undertaken as part of annual maintenance due to better logistics, and ice ingress
appears to be less problematic due to much lower wind speeds and their more air-tight structures.
The 2007-12 Cape Denison site management plan (DEWHA 2008: 61) states that overcladding
of the living hut in December 2006 [was] “considered the only option to secure the interior …
from future snow/ice ingress and preserve the significant fabric”…. “This work was done to
reduce snow and melt water ingress, protect and retain the remaining cover battens and maintain
the structural integrity of the roof plane.”
Ice accumulation vs ablation
In Antarctica natural microclimates of net moisture accumulation (‘accumulation zones’) arise
due to snow drifting and high humidity. Microclimates of net moisture loss (‘ablation zones’)
arise due to high wind speeds and low humidity. Well-known examples of broadscale ablation
zones are the Vestfold Hills near Davis (400 km2) and the Dry Valleys (4,800 km2) in the Ross
Dependency. Accumulation and ablation zones also exist at the smaller scale (<10 km2): most
33

These are wind-driven ice particles, meltwater flows and vapour permeation.
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buildings at Wilkes have been progressively buried under snowdrifts, evidence of an
accumulation zone.
It is important to consider whether a site is usually an accumulation or ablation zone since if a
historic building is in a natural accumulation zone then removal of ice, and keeping it out, may be
very difficult. Ratios of accumulation and ablation can vary at one location from year to year.
Snow drifts form in the lee of barriers such as hills and buildings. In locations with strong winds
where most precipitation is in the form of blowing snow, any hollow in the ground will fill with
snow and ice. The persistence of the snowdrift will depend on relative rates of deposition and
ablation. Many historic sites, such as Cape Denison, Port Martin and Wilkes appear to have been
unwittingly built in accumulation zones where expeditions had sought protection from the winds,
not anticipating snow drift problems. Theoretical understanding of ice accumulation and ablation
processes improved after the IGY, and modern polar building practice now identifies appropriate
locations and designs (Strub 1996, Incoll 1991).
The history of ice ingress issues
Contemporaneous expedition records show that ice and moisture ingress occurred at many
historic huts soon after construction, including Nordenskjold’s Snow Hill Island hut, Byrd’s East
Base, some British Operation Tabarin huts and Wilkes (see Table 4.1). Scott allegedly blamed
Shackleton for leaving the window of the Hut Point building open, allowing snow ingress (anon
1983). Cherry Garrard (at Cape Evans) commented on the ceiling joists sagging under the weight
of ice and that water dripped through when the hut warmed up (ibid). Caretakers at the Ross
Island huts in the 1960s mention the almost annual task of removal of the snow build up although
every conceivable crack has been filled or sealed (ibid).
Windborne ice ingress has been a particular problem for the AAE main hut due to the exceptional
winds34, its location in a hollow, the volume of blowing snow, and gaps in the structure.
However, the Magnetograph House has generally been free of these problems due to the 30
34

Cape Denison is the windiest place on earth at sea level with an annual average wind speed of 80kmh and gusts
over 300kmh (Wendler 1990: 266).
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tonnes of rock the AAE placed around the structure that have minimised damage to the structure,
its more open location that minimises drift accumulation and the greater care taken during
construction (described in AAE Scientific Reports Mawson 1929 Series B Vol 1 Terrestrial
Magnetism) including three layers of tar paper and two layers of lining boards. Even tightly
constructed modern buildings at Cape Denison experience ice ingress, such as the ‘Apple Hut’
used for accommodation in the 1980s which filled with snow in one year (author’s observation,
1985).
Mawson found that ice particles are especially small (0.1- 0.4 mm diameter) in Antarctica, as fine
as dust (Jacka and Jacka 1988: 61). The hut timbers travelled as deck cargo on an overloaded
sailing ship that was frequently wet by waves during the voyage. The timbers dried after the hut
was hastily erected, possibly the initial reason for gaps in the tongue and groove cladding. Snow
was reported between the boards of the cladding by most researchers visiting the site since 1985
(eg Blunt 1985, (Hughes, JD 1986)). The tongue of the tongue and groove cladding has been
damaged by vibration and wind flow, further increasing the risk of snow penetration (figure
4.22).
Figure 4.13: AAE workshop during BANZARE, snow ingress (Chester 1986: 61)
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Figure 4.14: Ice particles between the boards of the main hut at Cape Denison (author’s photo
1997)

Mawson’s diaries (Jacka and Jacka 1988) state that:
"Bickerton and Hodgeman sealed up the windward window yesterday. Today they put in
extra struts on windward side of the roof. The verandah filled with drift coming in at sides
of trap door… Hut leaking and I spend much time in securing materials against damage
by wet." (ibid: 83)
6.6.12 "It snowed and blizzarded heavily last night… the store is full- the snow is most
insidious."
8.6.12 "The [store] roof should have been double, the only way to make a tight roof
unless metal-sheathed." (ibid: 89)
The Living Hut, cleared of ice in 1977 (Ledingham 1979), had re-filled by 1981 (Williams &
Keys 1982). Ledingham and his team instituted Mawson’s proposed solution to ice ingress by
covering the Workshop roof (which had the largest gaps and thinner cladding) with lead sheeting
sealed with silicone caulking. This had also failed by 1984 since the lead had been perforated by
vibration against raised nail heads and the caulking detached from the metal. The lead sheeting
was badly ‘torn’ by 1997 (figure 8.26).
Snow drift around the Cape Denison buildings accumulates mainly during winter when strong
katabatic winds blow from the polar plateau. During the AAE occupation (1912 and 1913) snow
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drift covered the apex of the Living Hut (figure 4.15). The huts were not visited again in winter
until the 1990s when Gadget Hut was occupied. Comprehensive video records by Jim and
Yvonne Claypole during 1998 show that, in winter, snow drifts rarely covered the top of the
southern wall of the hut. Photographs presented at the 2008 Mawson’s Hut Foundation workshop
(similar to figure 4.16) indicated that snow drift present in early December 2007 covered the tops
of the southern wall, implying that snow drifts may be quite variable from year to year.
Figure 4.15: Cape Denison, early winter (Mawson 1915 vol 1: 130)
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Figure 4.16: Maximum extent of snow drifts in summer, AAD image circa 2008 (implying
winter snow drifts were higher)

The available AWS wind records from Cape Denison and other nearby sites indicate no
significant reduction in winds since 1912-13 (Wendler 1990: 266). The katabatic winds carrying
the drift snow to Cape Denison are funnelled by the topography of the polar plateau and the wind
‘catchment area’ covers 10% of the Antarctic continent (Parish & Wendler 1991). Assuming that
wind speeds on the polar plateau have not changed then the apparent reduction in drift at Cape
Denison in some years may be due to reduced precipitation or increased sublimation on the polar
plateau with less snow available for transport to the coast.
If a firmly packed snow bank forms in winter and extends above the walls and persists until
summer it may reduce ice particle ingress by filling gaps in the roof and walls during the time of
greatest risk during winter blizzards. If no substantial snowbank forms snow can find its way
through any gap in the building. In summer however, an extensive snowbank may increase the
volume of meltwater that can enter the hut in warm years. Thus there are advantages and
disadvantages in the presence of the external snow bank, depending on external temperatures. If
melting of the snowbank could be prevented then it’s presence would be wholly beneficial by
increasing thermal buffering of interior temperatures and minimising ice loss from the verandahs.
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Figure 4.17: AAE main hut interior, excavation in progress, 1985 (Project Blizzard)

Repairs to the skylights in 1998, (Ashley 1997) and overcladding of the roof (on the workshop in
1998 and the Living hut in 2006) attempted to prevent ice particle ingress however by summer
2007-08 windborne particles again penetrated and accumulated on shelves and other nearhorizontal surfaces, said to risk their collapse35. The author estimated from photographs there was
approximately 20 kg on the living hut shelves alone. Some reduction appeared to coincide with
diminished snowdrift rates reported during the mid-1990s to 2007, suggesting it may be too early
to determine whether the recent repairs are sufficient to solve the ice ingress problems. If ice
ingress prevention strategies (such as overcladding) are to be effective they must work even when
snowdrift rates are high.
35

This is not surprising as small ice particles have been observed to penetrate even the stitching holes in tents during
strong winds (Rupert Summerson, personal communication 1997). Concern was expressed by some participants at
the 2008 Mawson’s Hut Foundation workshop that ice ingress will also raise RH but as previously discussed as little
as 1.3 kg of ice could produce 100% RH at 0°C. It is unlikely that sufficient particle exclusion could be achieved to
keep RH low even if all ice and could be removed.
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Figure 4.18: AAE hut ice ingress 1999-2000 season (Steve Martin)
Note: the storage box in the centre of the photo has accumulated approximately 10cm of snow

As at 2010 no overcladding has been carried out on some vertical parts of the southern verandah
wall, nor the northern walls. MHF architect Adrian Welke (Welke 2009) stated that the
overcladding would only stop ingress if continued right down to the ground. However, this would
not prevent water ingress, nor would it address the cycling melting and hoarfrost problem within
the hut. At the SW corner Welke noted the importance of maintaining ice in the verandah to
reduce windborne ice ingress, his favoured approach being patching or overcladding of the outer
walls of the Living Hut and Workshop within the verandah space. He noted that gaps can be seen
through the Workshop wall, and at the corners of wall to floor junction, concluding more radical
intervention is needed.
How does ice accumulation cause damage?
Blunt (1991) considered the weight of accumulated ice to be the cause of structural damage to the
AAE main hut and to other Antarctic historic buildings. Various visitors have raised concerns of
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‘ice-jacking’36, plastic flow and freeze-thaw damage to timber. Plastic flow occurs in glaciers
only where ice depth is greater than 11 metres (Prof Bill Budd, personal communication, Hobart
1992), whereas ice is less than five metres deep inside the hut.
Ice accumulation at Wilkes is also reported to produce ‘ice jacking’ and ‘freeze-thaw’ damage.
Although the author has not visited Wilkes, photographs appear to show repeated melting and
refreezing (eg figure 4.19) and the huts are half-filled with ‘névé’37 ice. No visible structural
failures, nor major wall or roof distortions are evident. Further investigation and accurate
measurements of the building over several years would be required to definitively resolve these
concerns. However, the lack of structural distortions suggests any ice-jacking is not significant
although the structures have equal depths of ice both outside and inside the structures that may
constrain any nett movement.

36

Ice-jacking is stated to occur when upward forces occur at the end of a freeze-thaw cycle and ice contracts 9% by
volume forming a space that can be infiltrated by liquid water underneath an area of ice. This water causes a
hydraulic jacking effect when it freezes. Water is essential for the process to occur, permanently frozen ice cannot
cause ice-jacking.
37
Névé is snow that is bonding and compacting through partial melting and the weight of snow

accumulating on top, usual density exceeds 550 kg/m3. See also glossary.
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Figure 4.19: Wilkes (Rupert Summerson 1994)

Ice has accumulated under the Old Paint Store (figures 2.13, 4.20) at Davis, which was built on
frozen gravel and was reported by several expeditioners to be suffering from permafrost
movement. The ice lens under the building did not appear to completely melt from year to year
and was still frozen during the author’s visit in February 1992 when melting could normally be
expected. There is no apparent tilting or deformation of the structure and the diagnosis of
permafrost damage is therefore doubtful.
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Figure 4.20: Underneath the Old Paint Store, Davis Station, author’s photo February 1992

Mason (1999:20-21) reviewed ice heave issues at Cape Evans citing engineering studies that
describe the mechanism of damage, noting that the presence of water is essential for such damage
to occur. The Cape Evans hut is built on loose scoria that is frozen “several inches” below the
surface. Mason described how continued growth of the ice lens under the hut could occur but
concluded there was no distortion of the hut (ibid: 21) although recommending assessment by
specialists.
Ice accumulation within buildings has certainly caused some problems. Blunt (1991) identified
damage to the collar ties of the AAE main hut (figure 4.21) in 1984 and concluded this was due
to the weight of ice that had accumulated on the platform in the living hut. Project Blizzard
excavated ice to install steel building props to support the platform and removed ice from the
platform to reduce the load (see figure 4.17). At that time there was approximately two cubic
metres of névé on the platform (approximate density 550 kg/m3 (National Snow and Ice Data
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Centre, http://nsidc.org/glaciers/glossary/). The platform was not designed to carry such loads but
if there had been ice underneath the platform it could otherwise support the load. Similarly, the
weight of re-frozen meltwater accumulating on shelves has bowed the shelves and brackets.
Figure 4.21: AAE hut, broken collar tie (author’s photo 1985)

Measurements of the AAE main hut by architect (Marshall 1987) found no distortion of the
overall building structure by the ice. Ashley (1997), also an architect, found no measurable
distortion of the shape of the building and reported limited damage to only two structural
members inside the building. Removal of further ice from the building during 2002-03 and
subsequent years has revealed no further damage, so structural damage from ice ingress thus far
is limited.
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4.5.2 What is the nature of the hygrothermal behaviour in Terra Nova hut and AAE main
hut and what deterioration is produced by these variations? (research question 2)
Characteristics of the two huts are provided and the temperature and RH variations are
summarised and compared to assist the analysis of deterioration risks which follows.
Table 4.8: Summary of major building characteristics, temperature and RH data, and
deterioration risks, AAE main hut and Terra Nova hut
Characteristic
Latitude, °S
Climate (exterior)
Total hut volume,
m3
Insulation, U value
(Pearson 1992)
Current
management
strategy for ice
ingress

Ice quantity in hut

Critical ice volume
Temperatures
during January,
centre of hut

RH range during
summer,

AAE main hut
67
Extreme wind
Warmer annual temperature range
(-30 to 0°C)
347 including verandahs

Terra Nova hut
77
Moderate wind
Colder annual temperature range (typically -40
to 0°C, Mason 1999: 39)
378

433.63

497.43 (least efficient)

From 1997, ice has been retained in the
verandahs to provide thermal inertia but
ice from the centre of the hut was removed
to allow visitor entry. Overcladding of the
roof and part of walls protects it from
wind, excludes ice particles and improves
insulation. Water proof, vapour-permeable
membrane was installed under the
overcladding.
Approx 121 m3 in verandahs (~60 tonnes)
with ~49 m3 in the archaeological deposit
and unknown subfloor quantity.
Some continuing ice particle ingress and
variable condensation/sublimation.
0.491 kg
Tmax Taverage (°C)
2000: -5.3
-6.6
2001: +0.9
-2.7
2002: +1.3
+0.3
2003: +0.9
-2.1
2004: +0.4
-1.5
2005: -0.2
-3.1
2006: +1.3
-2.5
January 1998: apex 60-100%
centroid 95-98%
1999-2000: apex 56-100%
Centroid 80-99
January 2002: centroid average 96%
January 2006: centroid consistently > 90%
2009-2010: apex 92-100%
shelf 93-100%

From 1960s, ice has been removed from the
interior of the hut, overcladding with butyl
rubber membrane provides historically
sympathetic appearance, annual maintenance
removes any ice ingress or hoarfrost.
The artefacts are a key attraction for visitors.
Ice removed from under floor in 2008-09.

Higher RH, but less variable

Lower RH, but large variations

Ice regularly removed from interior since 1960s,
4 tonnes removed from under floor in 2008-09,
minor condensation and sublimation problems.
2.365 kg
2000-2002, 1.7m above floor in galley
-35 to +9.4 °C
Late December 2001 to 20 January 2002,
average temperature +3.7 °C, T max +7.8 °C
(Held et al 2005)

1991-92: interior 51-85%
1999:
exterior mostly 60-80%
interior 50-90% damped except in storms
2000-2002: interior, 59-87%
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Characteristic
Growth hours
(T>0°C, RH>80%)

AAE main hut
Exterior: 21
Apex: 96
Centroid: 0

Terra Nova hut
Interior data only
257 hours in 2000 and
120 hours in 2001 in darkroom ceiling (Held et
al 2005)
Mason 1999
For a typical summer day max at apex ~+5°C,
max at exterior 0°C,
Thus apex often ~ 5° warmer than exterior.

Temperature gain
by hut in summer

Centroid rarely over 0°C.
In January 2002: mean centroid
temperature was warmer than mean
exterior

Summary

Despite difficulties in comparability of the measurements (in terms of location within the
building, lack of external temperatures for Cape Evans, etc) internal temperatures in the Terra
Nova hut are surprising high given the more southerly location and generally colder climate.
Terra Nova hut absorbs heat and has less efficient insulation. RH levels are lower but more
variable in the Terra Nova hut and growth hours are much longer.

Analysis of AAE Main hut monitoring data
Project Blizzard monitoring 1985
RH measurements were consistently high (>95%) inside the hut during summer38. There was
extensive ice inside the Living hut and the Workshop appeared to the almost completely filled.
Mawson’s room in the Living hut contained a large accumulation of remarkable planar ice
crystals up to 5cm across hanging from the roof (Chester 1986: 185). Their large size implied the
air was still during crystal growth (Prof Bill Budd, glaciologist, personal communication, Hobart
1992) and that there was limited air ingress into the living hut void as large crystals will not form
in moving air with low RH.
ACR loggers January 1998
Although there is limited data from this period it is useful for comparisons with later years
because the hut contained ~340 m3 of ice (author’s estimate, see figure 4.8) at the beginning of
the period. Approximately 40 m3 were removed during December 199739. Distinct daily
temperature and RH variations occurred over the four-week period in January 1998 at the apex
38

Blunt (1986: 105) undertook monitoring in early 1985 (late summer), sensors located on a shelf in Mawson’s
cubicle; Hughes undertook monitoring in December 1985 (early summer), sensor located on Hodgeman’s bunk.
39
The remaining volume estimated by Ashley (2001: 82) was “301 m3 remain in in the Main Hut: 176 m3 in the
verandahs (58% of total ice in the Main Hut,); 50.5 m3 in the living section (17% of total ice and 28% in living
section space); and 74.5 m3 in the workshop (28% of total ice and 66% in workshop space)”.
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(ACR A) with diurnal variation in the centroid being much smaller and rarely above -5°C. Apex
temperatures varied from -10°C to +14C ±1°C and were generally colder than the centroid (-6C
to -8C ±1°C). At the apex nine freeze-thaw cycles occurred during the month with nil in the
centroid. At the apex there was a 24C annual range compared to a 14C annual range for the
centroid. RH at the apex is more variable (60 to 100% ±3% RH) than the centroid (95 to 98% RH
±3%) which is consistently high. Meltwater flows were evident on the walls and ceiling inside
the hut, particularly at the western wall near Hodgeman’s bunk.
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Figure 4.22: Ice removed during the AAP expedition 1997-98 (Ashley 2001: 83)
Mawson's cubicle
now generally free of ice (except some shelves)
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Ice Removal
(Total ice removed 41 cubic metres)
Ice remaining in verandahs, workshop and generally at upper levels in living section.
Ice removed to gain access.
Ice removed from platform to repair platform structures collar ties.
at
Generally ice free (including tunnel in workshop that had timber baffles installed
each end at complf::tion of expedition).
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Integrated datalogger system, January 1999- December 2000
Analysis of results from January 1999 to January 2000 are discussed in detail in Ganther et al
(2002), bound as Appendix K. Key data from this paper is summarised below.
Temperatures and RH were stable during winter, as expected since there was no sun. During
October 1999, exterior temperatures increased markedly and internal RH increased: September
1999 ranged from -25.44°C to -12.56°C; in October 1999 the temperature range was -22.22°C to
-4.59°C. While there is some variation, in both 1999 and 2000 temperatures rose steadily during
October. During October the external RH is also very high (85-95%). Similar external patterns
are evident for later years, such as 2003 which has fairly complete data.
During January and February for both 1999 and 2000 pronounced daily variations are seen for
both internal and external sensors and RH. Internal temperature maxima occur at 19.00 to 20.00,
three to four hours behind the outdoor maximum (16.00), due to the time taken to warm up the air
inside the building through heat transfer from the structure. The external minima occurred around
06.00, whilst the internal minima occurred around 08.00-09.00.
Between January 1999 and January 2000, the greatest internal extremes of temperatures and RH
were measured at the Living Hut apex40. Temperature variations inside the hut near the apex
(-24.4 - +3.3°C, average -13.5°C, ΔT= 27.7°C) are smaller than the external variations (-32.2 to
+8.1°C, average -14.0°C, ΔT= 40.3°C), so even without significant ice in the core of the building
offered some natural insulation. Variations in the Workshop, the most stable location, were an
annual temperature range of 21.6°C (from -21.3 to -0.3°C), average -13.7°C, and RH range of
17% (from 101 to 84%), average 91%. The extreme daily temperature range during 26-31
January 1999 at the exterior was +2.8 to -10.4°C (range 13°C) and interior (T2) was -2.78 to
-7.46 (range 10.2°C).

40

The Living Hut roof was overclad in 2006.
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The annual variation outside the main hut (during 26 January 1999 to 6 January 2000,
T= 40.3°C) is not as extreme as some locations in northern Russia. For example Kizhi, site of
World Heritage listed wooden churches, experienced annual temperature variations from the -40s
to above +30C although RH fluctuations were similar, approximately 30 to 100% (Margarita
Kisternaya, Kizhi 1997, personal communication). Despite these variations, wooden buildings
and artefacts have survived there in reasonable condition for over three centuries. Many fungal
and structural problems at Kizhi are of recent onset related to interventions in the building fabric
(Kelley et al 2000) discussed further in Chapter 8.
Temperature variations recorded by the logger at the apex (TRH8) showed that some heat is
transferred to the building interior via that part of the roof, whereas the ice-filled core of the
building remains stable (TRH5). At the apex, temperatures and RH show an inverse relationship,
ie RH of the air increases as temperature decreases and vice versa, suggesting relatively little air
interchange with outside air, although the role of any moisture emitted from warming of moist
timber needs to be considered.
Other key information derived from datalogging at Cape Denison during 1999-2000 included:


Interior RH is lowest when exterior temperature is lowest (and exterior RH is highest) an
hour after the exterior temperature maximum and three hours before the inside temperature
has peaked;



If RH variations occurred only as a result of temperature changes (ie if the air volume is
closed) then RH would be highest when temperature is lowest and vice versa;



Absolute humidity trends inside the hut showed the mass of moisture in the air is higher
during the day and less at night, implying evaporation is occurring during the day and
condensation occurs at night; and



Condensation could also occur on the surface of any ice remaining in the hut when it is colder
than the air.

The data from 1985, 1998 and 1999-2000 at Cape Denison all show high relative humidity
(rarely below 70%, mostly over 90%, always high away from the apex) inside the hut during
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January. This occurs well before the formation of the meltpool outside the building, usually in
early February (figure 4.1).
Integrated datalogger system, 2000- 2006 comparison of January temperatures
The overcladding of the Living Hut roof in December 2006 was said41 to have made a substantial
reduction in internal temperature variation and to have reduced RH, although photos and
comments from observers in 2009 still show significant quantities of meltwater occur on the
ceiling and walls and that some ice ingress is still occurring. Removal of ice in 1998 produced no
measurable reduction in interior RH. This is not unexpected since the quantities of ice remaining
are more than sufficient to saturate the air at prevailing temperatures if air interchange with the
exterior is low (see Table 4.9). Monitoring reported in 2010 (Berry 2010: not paginated) provides
graphs showing RH inside all locations in the AAE main hut was still high, typically 95-100% at
the Living hut apex and RH was reported to have increased from a minimum of 87% in 2007 to
88% in 2008 to 94% in 2009. This most recent report recognises that hoarfrost formation appears
to adversely affect the operation of the loggers but does not analyse the implications for accuracy
of the monitoring and the significance of the results in assessing the efficacy of the whole
conservation strategy for the building.
Temperatures in each winter during 2000-2006 follow similar trends with no differences in
exterior and interior conditions, due to the absence of the sun. Temperatures during summer are
of greater interest since this is the time when melting may occur, which could increase risks of
corrosion and biodeterioration, and when loss of ice in the verandahs could reduce thermal inertia
and resulting in loss of ice in verandahs with possible risks for anchoring of the building against
the wind.
Temperature and RH variations measured at Ross Island sites
Monitoring data from three Ross Island huts over three years (Held et al 2005) summarised in
Table 4.5 shows RH remained high (70-100 %) throughout this period, despite regular ice
41

Vinod Daniel, presentation at Mawson’s Hut Foundation workshop, Sydney, 22 April 2008 and DEWHA 2008:89.
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removal. While RH is generally higher in the AAE main hut annual ice removal at Cape Evans
has not reduced RH to the levels that are recommended to reduce deterioration. RH is high inside
all three Ross Island huts with similar variations and trends. No data are available for the apex of
the roof of the Terra Nova hut that would enable similar locations to be compared with the AAE
hut42.
During the monitoring period, temperatures in the centre of the Cape Evans hut (2 metres above
the floor) ranged from -35.1° to +9.4°C (ΔT= 44.5°C) and RH varied from 59% to 87.3% RH
(ΔRH= 28.3%). A comparable location in the centre of the AAE main hut (Workshop, T5) varied
from -21.3C° to -0.3°C and 84-101% RH during the monitoring period from 1999-2000 (see
Table 4.3). The large temperature variation in the centre of the Cape Evans hut implies an even
larger variation occurs near the walls and roof.
Table 4.5 shows that despite the colder climate at Cape Evans, summer daily temperature
maxima inside the Terra Nova hut are higher than in the AAE main hut. Held et al (2005)
showed Terra Nova temperature maxima exceed that of the other Ross Island huts. Biological
‘growth times’ are also generally longer at Terra Nova (eg 257 and 120 hours in 2000 and 2001
respectively in the darkroom ceiling, although in January 2002 there were exceptional growth
hours in the AAE main hut). ‘Growth hours’43 measured at Terra Nova hut were much higher
than at the Nimrod, and Discovery huts, attributed by Held et al (2005) to entry of meltwater and
the presence of ice under the floor, causing high RH. The high RH is not unexpected due to the
low air exchange rate of 0.3 air changes/hour (Mason 1999) and the relatively low temperatures.

42

Exterior temperatures were provided in Figure 11 of Held et al (2005:51), but no summary exterior data are given.
The exterior sensor only functioned intermittently (ibid: 46). The nearest location where temperature data is available
(Scott Base, less than 50km away) has an average maximum temperature for January of -1.6°C and an average
minimum temperature in August of -41.4°C from records during 1957 to 2007 (available at
http://www.antarctica.ac.uk/met/gjma ). This gives an annual average temperature range of 43.0°C.
43
Time when temperature exceeds 0°C and simultaneously RH exceeds 80%.
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Microclimate formation and behaviour
‘Microclimates’44 form in unheated buildings due to the effects of heat transmission, vapour
transmission, air flow, materials and the building design. As discussed in the first chapter,
unusual microclimates arise in Antarctic buildings because of the low solar angle (which produce
rapid shade changes), lengthy summer daylight, variations in surface reflectivity and the cooling
effect of the wind. The surface temperature of a dark material is warmer than a light-coloured
surface of the same type since it absorbs more solar radiation. The low sun angle and the long
hours of summer daylight warm walls more strongly than the roof, depending on the time of year
(Strub 1996). Cooling by wind is expected to be significant at Cape Denison. Ice and water
properties may be significant since ice is a poor thermal insulator but has high thermal inertia
(due to its specific heat and latent heat) and liquid water can reduce thermal insulation of building
materials.
The quantity of ice required to produce 100% RH inside the Ross Dependency huts at 0°C and
the average summer are shown in the two right hand columns in Table 4.9 below. The quantity is
calculated from the internal volume of the hut multiplied by the mass of ice that will produce
100% RH at 0°C (from the psychometric table, available online at
http://www.vaisala.com/humiditycalculator/?SectionUri=%2finstruments%2frhcalc The critical
ice mass is the absolute humidity at 100% RH at the temperature indicated, multiplied by the
internal volume of the hut.

44

Microclimates are localised variations in temperature and humidity within a larger area.
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Table 4.9: Ice mass inside several Antarctic historic huts and critical ice volumes

Max
building
height,
m

Internal
volume,
m3

Tmax,
Tav,
Hut,
summer,
summer,
location
°C
°C
+2.5
Nimrod,
(Held et al
Cape Royds 4.57
147
2005)
-0.1
+7.8
Terra Nova,
(Held et al
Cape Evans
4.22
378
2005)
+3.7
+8.2
Discovery,
(Held et al
Hut Point
4.27
180
2005)
+2.0
+3.3 (apex
LH)
(1999LH 4.2
152.2
2000)
-5.8
AAE, Cape
Denison46
-0.3
(workshop)
(1999WS 3.6
73.7
2000)
-5.2
Notes: ‘Nil’ indicates there is no visible ice inside the building

Ice mass to
produce
100% RH
at 0°C
with no
ventilation,
kg

Critical
ice mass
at Tav
(summer), kg

0.715281

0.710

Estimated
actual ice
mass (in
tonnes)

‘nil’
‘nil
45

1.839295

2.365

0.875855

1.004

0.740584

0.491

0.358614

0.248

‘nil’

326 m3 = at
least 200
tonnes in
summer
1999-2000

Ice ingress quantities each year for the AAE main hut was about an order of magnitude greater
than the amount that will produce 100% RH with no ventilation. The mass of ice already inside
the hut due to the archaeological deposit is at least four orders of magnitude greater than the
critical ice mass, thus further ice removal by itself will not remedy the high RH temperatures also
rise, which may increase deterioration.
Buffering effects in the AAE main hut
While the exterior air maxima and minima at Cape Denison differ by over 40°C per year, the
annual range of temperature in the centre of the hut was less than 23°C per year in 1999-2000
(Ganther et al 2002: 5), so the building produced significant temperature buffering. Buffering can
45

Ice inside the hut was minimal such as hoarfrost on lower walls and in the subfloor (NZAHT website downloaded
2 March 2010). Subfloor ice was removed from the hut in 2008 (see figure 4.19).
46
Total volume of Living Hut + Workshop = 225.9 m3. The temperatures shown were measured in 1999-2000
(Ganther et al 2002).
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inhibit deterioration by reducing the extent or frequency of temperature and RH variations that
leads to cracking of materials and by reducing the number of thawing cycles that produce wetting
and biodeterioration. Thermal buffering can be provided by insulation in the building structure
(including overcladding) and thermal inertia is contributed the ice inside the hut, in the verandahs
and external snowbanks. Buildings promote RH buffering through moderating temperature
changes, reducing evaporation losses and by moisture absorbed in the building’s timbers.
Thermal buffering can be offset by thermal bridging47; and moisture buffering can be affected by
mass transfer from direct air/water/ice interchange with the exterior via gaps in the building
fabric or through diffusion through porous materials.
Insulation and thermal bridges
Both exterior and interior temperatures exhibit similar cycles, lagged by approximately three to
four hours in 1999-2000 due to the time taken to heat up the structure. Thermal lag time for each
January during 2000-2006 was variable but appeared to generally decrease (see Table 4.6) and a
comparison of exterior to centroid temperature differences correlated against external
temperature also indicated a general decrease in thermal insulation during 2000-2006, discussed
further in 4.5.3.
Due to the low sun angle at high latitudes, heat transmitted from the sun is greater at the walls
rather than the roof. However, heat loss is greater from the roof due to its thermal emissivity and
heat loss from wind. Thus internal maxima in the hut are most affected by thermal conductance
through wooden walls and thermal inertia of ice in the verandahs whereas internal minima are
most affected by heat loss through layers of timber and the air layer in the ceiling. Heat
absorption at the walls would be reduced in years when snow banks are high as they reflect more
sunlight.
Construction materials used in all the early huts have been identified (Pearson 1992). Data on
hygrothermal behaviour of those materials are available from engineering publications. At Cape
Denison the original wall insulation comprises “two courses of tarred paper” (Mawson 1915: 86)
47

Thermal bridging is direct contact between the exterior and interior that permits thermal conduction, eg via bolts.
64

4. Temperature, RH, ice and phase changes

and Blunt (1991: 79) states “straw type insulation was found adjacent to the door to the living
room” although the author’s 1985 observation was that this may be wood shavings. Summer
melting of ice in the building cavities causes the air pockets in the wood shavings to become wet,
reducing its insulating properties. Pearson (1992) qualitatively discusses insulation of all the
early Antarctic huts and notes the use of two layers Gibson’s quilting (seaweed between two
layers of jute) in the Terra Nova hut, which combined with apparently more air tight construction
provides more effective insulation (eight hour lag) than at Cape Denison (three hours). Thermal
insulation in the walls and roof of the AAE main hut would be significantly less effective since it
is often wet during summer.
From construction diagrams of the AAE hut (Blunt 1991) and from observations of preferential
melting around bolt heads (figure 4.28), thermal bridging appears to occur via several bolts
connecting timbers in the apex of the Living Hut. There are a many bolts in a small area at the hut
apex, which is also the location where temperature and humidity variations are greatest. In
addition to its adverse effect on insulation, thermal bridges can produce significant deterioration
from localised melting and may exacerbate condensation and hoarfrost cycles which increase
conservation risks. Infra red imaging could locate and measure such effects which could aid
investigation48 and rectification of heat transfer problems in the building.
While overcladding of the hut and repairing gaps around windows and doors should reduce air
and particle ingress and improve insulation, and was stated to have reduced temperature and RH
variations (Vinod Daniel, the Mawson’s Hut Foundation workshop, Sydney, 22 April 2008),
condensation and hoarfrost cycles could reduce these benefits.
Moisture retained by the building fabric
The total quantity of moisture contained in the building timbers can be estimated from the
quantity of timber and the percentage of moisture it contains. There are at least 8.7 tonnes of
‘dry’ timber in the hut (see Appendix N). Moisture content of timbers varies throughout the hut
and fluctuates throughout the year. Exterior timbers at ground level are completely saturated by
48

For example, development of a heat transfer model for the building.
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the meltpool in summer while the roof is more exposed to drying by the wind and sun. At a given
point in time, interior timbers may have significantly different EMC than the exterior timbers.
Moisture content (combined with temperature) significantly influences biodeterioration risks,
discussed in Chapter 9. Mason (1999) found EMC greater than 20% in many locations in the
Terra Nova hut, presenting increased biodeterioration risk if temperatures rise above fungal
growth points. Blunt (1986) measured EMC ranging from around 10% on the AAE hut roof to
over 30% in Mawson’s cubicle.
To determine the total moisture flux in the timbers of the hut and its role in mass transfer
processes in the building an approximation can be made of the scale and relative importance of
different modes of water ingress can be made based on the measurements made by Blunt (1986:
108) at Cape Denison and by Mason (1999: 55-58) at Cape Evans. Before overcladding, most of
the timber was above the fibre saturation point (FSP) in summer since the wood is almost totally
saturated by meltwater throughout the building. The FSP is around 30% in most timbers, which
means that the AAE hut timbers under these conditions holds ~2,610 kg of moisture. In winter,
the EMC of timber in dry climates typically varies between 12-15% (equivalent to 1044-1305
kg). Thus the change of moisture over one year in the timber was of the order of 1566 kg. The
moisture balance for the building is summarised in Table 4.10.
Although moisture will ‘evaporate’ from the exterior due to drying winds, the quantity of
moisture in the wood is two orders of magnitude greater than the 1.3 kg critical ice mass that will
produce 100% RH inside the hut at 0°C with low air change rates, ie moisture in the timber could
be more influential on RH changes than RH in the air inside the hut. This moisture can take part
in internal moisture phase change cycles such as condensation and hoarfrost formation.
The use of a venturi49 to increase ablation of ice inside the hut would release moisture from the
timber into the air inside the hut and the EMC of the timber would fall. Depending on the speed
of drying, it may increase risks of cracking of the timber.

49

Proposed by Ambrose and Godfrey (1998) as a means to remove ice and dry out the hut.
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Thermal inertia of accumulated ice around and inside the AAE main hut
Ice is a poor thermal insulator but has high heat capacity. The verandahs of the main hut contain
approximately 121.3 m3 of ice when full50 whereas the core of the hut contains 225.9 m3 when
full (Appendix N), so the thermal sink51 provided by a completely ice-filled hut plus verandahs
(347.2 m3) is nearly three times that in the verandahs alone (347.2/121.3 = 2.86). The verandahs
are only seven feet high (maximum) and some heat is absorbed through the sloping roof,
demonstrated by substantial temperature variations in the roof apex.
Key issues arising therefore are:


Is the ice in the verandahs sufficient to control temperatures in the core of the hut?



Can the verandahs be kept full of snow to prevent attrition of the thermal buffer by wind,
melting and evaporation?



Will overcladding provide sufficient insulation to prevent melting, or will this be offset by
other risks eg condensation problems?

The benefits of the external snowbanks in stabilising thermal variations in the hut by preventing
heat absorption at the walls are difficult to calculate without recourse to sophisticated thermal
modelling (since the thermal insulation of the ice depends on its location relative to the heat
source) although it is possible to identify the following advantages on a qualitative basis:


Snowbanks reflect over 90% of heat whereas timber and rock absorb it;



Direct snow contact with the walls and roof increases the thermal sink; and



Snowbanks protect the snow in the verandahs from sublimation and erosion thus minimising
ice ingress into the hut, however, they can contribute meltwater risks in summer.

Pearson (1992: 274) calculated heat transmittance or U-value of nine early Antarctic historic huts
from data on the construction materials and design. The Norwegian-designed huts were the most
thermally efficient (eg for Borchegrevink’s hut this was 117.40 watts/hour for each °C difference
between the inside and outside). The least efficient hut was Terra Nova (497.43), then the AAE
hut (433.63). The Nimrod hut was significantly more efficient (362.99). Other factors such as
50
51

Ashley’s calculation for the verandahs is 176 m3, (Godden Logan Mackay 2000: 82).
Ice requires a large amount of heat (‘latent heat of fusion’ 333.55 joules/gram) to convert into water.
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solar orientation (see Chapter 8) and size (Pearson 1992: 275) are also important in determining
the absorption of solar heat by the building. Terra Nova hut is vulnerable to solar heating because
of large areas of walls oriented favourably for heat absorption (figure 7.3) and relatively poor
insulation which may explain the relatively high internal temperatures previously discussed.
The theoretical decrease in U value from overcladding the AAE main hut with 23 mm thick
Baltic pine and an approximate 20 mm air gap is small compared with the estimated original
433.63. This suggests that the theoretical increase in insulation from overcladding is modest but
this will also depend on whether this factor is greater than the heat loss from wind (although there
is less wind in summer) and any effects from wet insulation.
Air infiltration
Mason measured air infiltration into the Terra Nova hut using the carbon dioxide tracer decay
method (Mason 1999: 65-66) and the ‘Blower Door Depressurisation test (ibid: 70-72). The
natural infiltration rate at Cape Evans (0.3 air changes/hour) was interpreted as “fairly air tight”
against ASHRAE52 standards. Mason measured external humidity variations generally between
60-80% RH with occasional changes to 50% or 90% occurring over several weeks53. Mason
concluded temperature and RH variations inside the hut were damped and conditions were
stabilised by the building “in all but stormy conditions”. Winds that caused an infiltration of
snow responsible for an RH surge were only 30 km/hr (ibid: 41) whereas the annual average
wind speed at Cape Denison is over 80 km/hr!
Air infiltration rates for the AAE main hut have not been measured although the measurements
are safe and relatively inexpensive to perform. Until recent overcladding, the AAE hut would be
expected to be less air-tight than the Cape Evans hut since the tar paper lining and insulation had
been damaged by strong winds and there are numerous gaps in timbers that allow drift
penetration into the building. However, the large planar ice crystals in Mawson’s cubicle
removed in 1997-99 indicated low air infiltration (possibly due to ice accumulations within the
52
53

ASHRAE American Society of Heating, Refrigeration and Airconditioning Engineers
External RH at Cape Denison ranged from 23- 103% during 1999 (Table 4.3).
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walls and roof) since large ice crystals can only form in still air. Air infiltration measurements
could be useful to quantify mass transfer processes and determine whether this has a significant
impact on ability to control RH in the hut.
Differences between surface and air temperatures
The author observed that the timber cladding of the AAE hut was warm to the touch during the
December 1985 visit when daylight was almost 24 hours, even though air temperatures were
below 0C. Metal surfaces were also warm, especially dark surfaces such as corroded remnant
ridge-capping. Exterior wood surfaces were also warm to touch during the January 1997 visit
despite a moderate breeze.
Deterioration of materials increases at higher rates at higher temperatures54, so surface
temperatures may be more reliable indicators of potential conservation risks in Antarctica than air
temperatures. Unfortunately remote measurement of external surface temperatures on the AAE
main hut was not feasible because direct sunlight on the thermocouple could give a false reading
and the small sensor would have been too vulnerable to weather damage. At Terra Nova Bay55,
which has a climate at least as cold as Ross Island, surface temperatures56 of metal coupons
reached up to 20C and the average difference between surface and air temperatures was 1.4C
(King et al 2001). While the trends for temperature data obtained from the monitoring system
since 1999 are similar (in terms of temporal variations) for both thermocouple and the Vaisala
sensors, the actual temperatures recorded differed significantly, particularly affecting the duration
of temperatures above 0C (see Table 4.3d and figure 4.11). The effect of local effects such as
hoarfrost on the accuracy of the sensors is discussed below in conjunction with phase change
issues. Godfrey (2002: 14) provides a photo showing a wet wall while ice remains on shelf only
centimetres away. This indicates air temperature measured at the apex or near a wall does not
necessarily indicate whether meltwater risks are present at the walls.

54

As described by the Arrhenius equation.
See details in Appendix I and discussion in Chapter 6.
56
Surface temperature was measured on the reverse side of the coupon.
55
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Effects of moisture variations in the AAE main hut
Melting of ice can accelerate biodeterioration and corrosion, since liquid water is available for
biological processes in the former, and for ion transport in the latter. Meltwater flowed outside
and inside the hut especially outside along the eastern and western walls (as observed by many
summer visitors including Ledingham 1978, 1979, Blunt 1985, 1986, Hayman, Lazer and Hughes
1998, Ashley 199757, and by Mawson’s Huts Foundation personnel in 2002, 2007 and 2008).
Evidence of wetting and drying cycles inside buildings includes staining and leaching of timber
on the roof (figure 4.24) and ‘tide marks’ up to 30cm above ground level on the lower western
wall (figure 4.23) and numerous other locations.58.
Figure 4.23: Tidemark stains indicating past levels of meltwater depth along western wall of
AAE main hut (author’s photo, 1997).

57

Ashley (1997: 20) estimated meltwater levels in 1997 at RL 6.065 metres while floor level is RL 5.940 metres,
inferring 0.125 metres depth of water over parts of the Living Hut floor.
58
There is thus an EMC gradient along each of the vertically mounted timbers with timber at the upper end of the
wall being subjected to drying winds while simultaneously the lower end is soaking in water.
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Both biodeterioration and corrosion are evident inside the AAE main hut despite low
temperatures measured. During 1999, only the apex experienced air temperatures above 0C
combined with RH above 80% (theoretical conditions that allow deterioration to occur), and then
for only 1.6% of the year (see Appendix K). However, during the exceptionally warm January
2002, apex and centroid TOW exceeded 300 hours each during 1-18 January and apex TOW
varied from 38 in 2000 to 241 hours in 2004 and centroid TOW varied from 0 to 21 hours.
The presence of corrosion and biodeterioration implies that either these processes are occurring at
sub-zero temperatures and lower humidities (discussed further in Chapter 6 and 9), or that
wetting incidents are not being captured in recording. The errors in temperature measurement for
the Vaisala temperature/RH sensors are ±0.5C and ±3% (discussed in Ganther et al 2002) at any
instant in time. Re-calibration was undertaken annually and there was no evidence of significant
cumulative error (‘drift’) in measurement. Corrosion rate measured made on coupons outside the
hut were higher than expected from the temperature and RH measured (Ganther et al 2002: 5).
Conditions suitable for biodeterioration and corrosion may have occurred after the AAE and
before BANZARE when the hut was only partially filled with ice, with no thermal sink to
stabilise temperatures. Meltwater is known to have been present then, discussed below. Later
visitor records imply greater filling with ice from the early 1960s, so there are several decades
where conditions may have been more conducive to corrosion and biodeterioration, although
visitor records (listed in Blunt 1991) do not mention any observations of corrosion or
biodeterioration.
A further factor to consider is that the temperature and humidity sensors measure air conditions,
not surface conditions and many sensors were frequently covered with hoarfrost which would
tend to underestimate melting events.
Ice covering an artefact does not cause damage to an artefact of itself and may be protective, as
Harrowfield (1991) found that "artefacts [at Cape Adare] encased in ice were well-preserved. The
preservation qualities of constant below zero temperatures on artefacts is exemplified by a zincplated canister from the 1899 expedition containing an enamel plate, fry pan and teaspoon
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individually wrapped in brown paper in almost new condition." After display for several years in
the hut these artefacts are now corroded. Observations at Cape Evans (Harrowfield 1990) also
suggest that other artefacts that exhibited no corrosion when excavated had corroded in a few
short years on display inside the cleared hut. The huts had not been visited between abandonment
in 1913 and 1957, so temperature and RH conditions during that period are unknown. Comments
by Scott in 1912 blaming Shackleton’s expedition for snow ingress in the Discovery hut (anon
1983) suggest that hut may have rapidly filled with snow which would more effectively inhibit
deterioration.
Cracking of wood due to moisture change
Because of the fibrous nature of wood, increases in EMC cause expansion/contraction at different
rates in different directions, a phenomenon called anisotropy59. Shrinkage in the tangential
direction (around the tree trunk) is approximately 1.65 times greater than radial shrinkage from
the centre to the outside (Kollman & Coté 1968). Shrinkage along the length of the tree is
relatively small. Loss of moisture is highest at the end grain of timber.
Loss of moisture can cause cracking of wood and this is more likely at low EMC (Thuvander et
al 2002) particularly when EMC falls below the FSP and the cell walls begin to shrink. Wood
dimensions change in proportion to its water content rather than the RH surrounding it (Padfield
1998) but wood absorbs or desorbs moisture where RH changes occur steadily over a period of
days rather than hours (Kollman & Coté 1968). Thus, the rapid temperature and RH changes
reported as Föhn winds during the AAE (figure 4.2) are too rapid to produce sustained change in
EMC of timbers.
Extensive longitudinal cracking affected the exterior timbers of all buildings at Cape Denison.
Cracking was particularly evident where timber was darkened by sunlight, rather than freshly
eroded (figure 4.24). Similar longitudinal cracks, 1-3mm deep, were also observed at Cape Adare
and the Ross Island sites associated with chemical weathering, discussed further in Chapter 7 and
8). The cracks in timber are non-elastic expansion or contraction in the tangential direction which
59

Properties that vary depending on the direction or grain of a material.
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has exceeded the internal cohesion of the timber60. No such cracks could be observed inside the
AAE main hut (such observations being impossible in the Magnetograph House which is lined
with tar paper). This implies that such cracking is related to the action of sunlight and freezing
cycles are unlikely to be the cause since freezing cycles also occur inside the apex which was not
cracked. The more probable causes of the cracking are diurnal changes in MC which cause
superficial dimensional stress and weathering action by UV light and chemical action that
removes lignin which reduces cohesion between wood fibres.
Figure 4.24: AAE main hut - staining and cracking on the roof (author’s photo 1997)

60

They are most unlikely to be due to flexing or twisting of the timber as this would lead to fracturing and
splintering.
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Thawing behaviour
Ice may not immediately melt when air temperature rises above 0°C, depending on heat transfer
via radiation, conduction and convection to overcome latent heat. Ice has higher thermal
conductivity than air (ice 2.0 W/m.°K, air 0.025 W/m.°K) but ice in the verandahs provides a
significant heat sink although the ice only reaches part way to the roof apex (see figure 4.7).
Sunshine on the walls and roof melts snow trapped within the wall cavity (figure 4.14). The
author observed significant meltwater flows from the wall cavities into the hut during both Cape
Denison visits (1985, 1997). Godfrey (2002: 34-35) noted the presence of ice inside the wall
cavities even in exceptional warm conditions in January 2002.
Identification of the date of onset, duration and volume of meltwater pooling helps understand
thawing behaviour in the building. Onset date of exterior meltwater formation during the AAE is
not known as no relevant observations are recorded in the meteorological reports61. Frozen
meltwater is visible on the floor of the Living Hut in a photo taken during the BANZARE visit on
5-6 January 1931 (Figure 4.12). This shows relatively little snow inside the Living Hut excepting
a pile (approximately one cubic metre) on the floor under the platform in the living hut and a
similar volume, which appears to be under a skylight. Fletcher’s account (1984: 264-267) of the
BANZARE visit provides a photograph of the Workshop (Figure 4.13). Hurley’s diary entry for 5
January 1931 states that there was extensive hoarfrost, icicles hanging from shelves and a large
“snow ball” on the stove with an “unbroken sheet of ice about 18 inches thick” on the floor. The
formation of hoarfrost under the platform suggests the platform was colder than the surrounding
air, probably due to heat loss from the roof from wind.
Mawson’s brief diary notes for 6 January 1931 states (Jacka and Jacka 1988: 366-367):
“A big thaw took place on second day of our visit to Hut there being 2 still sunny days.
Rush of water from direction of upper wireless mast to Hut in pool.”

61

Blunt 1991 volume 1: 91 cites Mawson 1915 vol 1:212 noting a marked thaw inside the hut on 21 October, “the
frost all along the crack dissolved into water and ran down walls”
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The flat glassy surface of the frozen meltwater (figure 4.12) suggests it has flowed across the
floor via the walls from the external snow banks (suggested from Mawson’s observation above).
The word “pool” suggests meltwater surrounded the hut, as it does now, indicating similar
meltwater problems have occurred periodically, if not frequently, since at least 1931.
Figure 4.25: Frozen meltwater on the floor of the AAE main hut during BANZARE, January
1931 (Jacka and Jacka 1988: 338)

There are insufficient records and dateable photographs to evaluate meltwater behaviour during
later expeditions (eg Ledingham 1978, Williams and Keys 1982). Lazer (personal
communication) noted that meltwater formation began pooling in early January 1985 during the
first Project Blizzard Expedition (figure 4.26). Overwinterers during 1998 reported the meltwater
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pool refreezes intermittently in late February and remains completely frozen from early March
(Jim Claypole personal communication, Sydney 1999).
Meltwater on and under the floor may affect the condition of the footings. The hut’s timber
footings were reputedly set into holes blasted in the rock using explosives, then frozen in place
(Chester 1986: 120). Irrespective of the structural arrangement, it is important that these timbers
do not rot. This is unlikely if they remain frozen. Complete immersion of the timbers by
meltwater will exclude oxygen and thus reduce biodeterioration. Conversely, periodic exposure
to air through draining of the meltwater could increase the risk of biodeterioration, depending on
temperatures (Gary Johnson, CSIRO Wood Science and Technology, personal communication
1991). This implies the meltwater pool should not be drained, however timber saturated by
meltwater at ground level can distribute moisture along the grain via capillary action (figure
4.26). Moisture in the timbers can evaporate or sublime from the wood surface and contribute to
high RH inside the building and hoarfrost formation implicated in the internal moisture cyclic of
condensation /hoarfrost/ meltwater.
The author identified the importance of investigating the condition of timber foundations of the
building (Hughes 1986) and Welke expressed a similar view at the 2008 MHF workshop.
However, while the site management plan (DEWHA 2008: 63) recognises the need for caution
regarding removing ice from under the floor and the importance of maintaining preventing
melting of this ice it is silent on how meltwater under the floor should be managed (eg drainage).
Figure 4.26: AAE main hut, capillary action from meltwater (Chester 1986: 295)
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Internal cycles of evaporation, sublimation, condensation and hoarfrost
Figure 4.25, taken during the BANZARE, shows abundant hoarfrost and distinctly prismatic ice
crystals approximately 2-5cm long on the underside of the beams and boarding of the platform,
implying still air with high RH. These and icicles and frozen meltwater on the floor indicate
cyclic phase changes have occurred inside the hut for many decades. The author observed
hoarfrost on the ceiling inside the Living Hut (figure 4.27) in December 1985 which melted each
day during the early afternoon. Metal fasteners were wet before the surrounding hoarfrost melted
(figure 4.28), indicating the metal acts as a thermal bridge. The ceiling acted as a suitable site for
condensation at night when the air temperature in the hut lagged behind the exterior temperature
and the timber is colder due to its connection to the exterior. When the building warms up during
the day the hoarfrost melts and/or evaporates, increasing the moisture in the air.
Figure 4.27: AAE main hut, hoarfrost inside the ceiling (author’s photograph 1985)
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Figure 4.28: AAE main hut, meltwater around a bolt in the ceiling (author’s photo 1985)

The meltwater ran down the ceiling, leaving distinct stripes (Figure 4.29) along the length of the
timber. The roof was bare of ice suggesting this water must have come from melting of snow
trapped inside the wall cavity. This effect was most pronounced on the interior of the apex, which
was clear of accumulated ice and thus readily visible. Hoarfrost is now a significant problem,
despite extensive ice removal, since when the hoarfrost melts it drips onto artefacts and re-freezes
and when frozen it obscures the historic appearance of the hut interior (figure 4.31), discussed
further in 4.5.2.
Figure 4.29: AAE main hut ceiling, meltwater running down interior timbers (author’s photo
1985)
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Hoarfrost was observed at Cape Evans and Cape Royds (eg Mason 1999: 57, Held et al 2005),
but was rarely reported at other sites although this requires both the right conditions and observer
knowledge. Figure 2.22 shows icicles inside the Terra Nova darkroom before ice removal in
1960, indicating periodic thawing occurred inside the building.
These Antarctic observations support Padfield’s (1998) conclusion that ice accumulation inside
buildings is rarely a problem when frozen, but is a problem when it melts. The conservation
strategy should then focus on whether it is possible to prevent hoarfrost formation or how it could
be removed without harm. Trechsel and Bomberg (1989) documented numerous problems caused
by unexpected condensation and freezing in wall and roof spaces due to installation of vapour
barriers. This suggests careful consideration should be given to any proposals advocating
membrane installation in Antarctic historic buildings where condensation and hoarfrost formation
could occur. However, materials that act as vapour barriers (eg Butynol used on the exterior of
Ross Dependency huts62) or that reduce vapour transmission have been installed in some huts in
some cases without considering this risk. Butynol, being dark, also absorbs heat which may
promote condensation cycles and other deterioration. Even vapour-permeable membranes are
potentially problematic if they form a favoured location for condensation or hoarfrost formation.
The ‘vapour-permeable’ membrane used under the overcladding of the AAE living hut, Proctor
Roof Shield63 has a permeability of 2409 g/m2/day. It can allow significant vapour transmission
between the original cladding and the inner surface of the overcladding.
Mason (1999: 20) stated “it seems unlikely that moisture could pervade the exterior shell in
significant quantity” but did not specify what quantity would constitute a problem, nor consider
whether moisture risks occur within wall and roof cavities. Condensation risks inside wall
cavities are highest in summer when the warm side is the outer wall. Condensation occurs where
62

Butynol, a butyl rubber sheeting selected for its durability in polar conditions, was installed externally over the
original timber of the Ross Dependency huts in the 1980s. Blunt (1991, vol 2: 265) quotes a “water permeability” of
139 mg/m/hr at 25 mm Hg pressure, compared to 156 for polyethylene. Condensation appears to form on the
underside of the timber then meltwater flows inside the hut leaving a trail of salt crystals (figure 5.5).
63
This product is described on the company website as “a triple layer spun bonded polypropylene breather
membrane designed for use as an underlay on pitched roofs and for buildings with high internal temperatures and
humidities”.
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warm air meets a cold surface so membranes are to be used they should be located on the ‘warm
side’ of walls and must allow water to drain outside the walls, but this is difficult to achieve.
The scale of moisture exchange and temperature patterns inside the hut are now examined to
determine requirements for preventing meltwater, which re-freezes on structures and artefacts,
after considering the risks in interpreting the monitoring data.
Hoarfrost and risks in interpretation of monitoring results
Presentations at the 2008 Mawson’s Hut Foundation showed that most sensors were completely
covered with hoarfrost and a plastic hood was placed on one sensor “to prevent freezing of drips
on the sensor”. This could give unrepresentative data indicating conditions are colder and more
stable than is actually the case. Figure 4.31 shows a similar situation, although the hoarfrost was
less extensive at that time.
Some differences were evident between temperatures measured by thermocouples and the
combined temperature/RH sensors. The trends were identical in each case with most, although
not all, Vaisala sensors recording lower temperatures. Some differences appear to be calibration
problems or disturbance of the sensors (eg TC5 and TC7 both had sudden increases at 1300 on 7
January 2000). Figure 4.30 shows although trends were similar, temperature differed between an
adjacent Vaisala sensor and thermocouple, and the differences were greater in summer than in
winter.
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Figure 4.30: Temperature differences recorded by adjacent Vaisala sensors and thermocouples,
T4 and TC7
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Mason (1999: 28) observed differential cooling of some large metal structures (such as tins and a
stove) that he believed acted as a cooling fin inside the Terra Nova hut which led to localised
cooling and condensation. It is probable that the sensors act in a similar manner. Hoarfrost can
form when RH is high and when the sensors are colder than surrounding air. Hoarfrost was
particularly abundant on the larger Vaisala sensors. Smaller ‘Tiny Tag’ sensors also formed
hoarfrost but in lesser quantities, but measure RH less precisely. Thermocouples were smaller, in
greater contact with surfaces (figure 4.4) and were less prone to hoarfrost formation but were said
to have sometimes been covered by frozen meltwater. This does not imply criticism of the
sensors but illustrates the measurement challenges in extreme conditions that are quite different
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to the normal measurement application. A potential solution is to deploy the sensors only in
summer and include small leak detectors in the monitoring system. Using a range of sensor types,
including thermocouples and meltwater indicators, helps crosscheck the monitoring data64 to
assist understanding of mass transfer processes. Given the extensive data obtained in winter in
previous years it is the summer conditions that are of most benefit in understanding the
conservation risks in the hut. Measurement of surface temperatures during a shorter timespan
when personnel are present may make it easier to interpret the data (without the complication
caused by hoarfrost) and quantify the mass transfer processes occurring.
Figure 4.31: Hoarfrost covering a sensor (courtesy of David Harrowfield 200865)

Mass transfer processes, AAE main hut
Ice particles are blown through gaps in the hut’s cladding by the notorious winds (figure 4.14),
and meltwater flows into the hut in summer, so the hut is not a closed system and ‘mass
transfer’66 of moisture is occurring into and out of the hut. To understand temperature and RH
behaviour in the building the impacts of both internal condensation /melting /evaporation cycles
64

Mason (1999: 35) found significant cooling of sensors placed in windy locations (chimney) in the hut but did not
report any problems with hoarfrost formation. Small Hobo H8 Pro dataloggers were used for monitoring in the Ross
Island huts (Held et al (2005:46).
65
This image was provided to Dr Harrowfield by a fellow passenger.
66
‘Mass transfer’ is the movement of water in vapour, liquid or solid from interior to exterior and vice versa.
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and the external factors (ingress of ice particles, meltwater seepage, and vapour transmission
through gaps in the building structure and absorption via wood) must be considered to help
determine whether ice-ingress can be prevented. Mass transfer studies are often used to resolve
fungal problems and ‘sick building’ syndrome in air conditioned buildings in warmer climates.
Once the quantity of moisture transfer is known this can be used to model the effects of ice
removal, climate change and major interventions in the building fabric, such as overcladding.
The scope of Mason’s (1999) mass transfer study of the Terra Nova hut examined hygrometric
changes. He found that high RH inside the hut correlated with periods of humid weather, with
little contribution of moisture from visitors, and recommended removal of ice from under the hut
that contributes moisture inside the hut via capillary action from groundwater in summer. Held et
al (2005: 52) recommended removing frost accumulations inside the hut, or removal of snow
drifts on the exterior to prevent the frost forming on the cold southern wall. Another option
suggested was to increase air circulation. Recently, the floorboards were lifted to remove tonnes
of accumulated ice that were causing distortion under the floor67. The flaky appearance of the ice
suggested it was hoarfrost forming from cold, moist air under the floor rather than frozen
meltwater, although distortion of the floor by hoarfrost alone seems unlikely. Removal of the ice
may reduce moisture in the short term, but unless the cause of the problem is addressed the
problem may return. Removing meltwater may not solve the problem if the cause is condensation
and there may be a range of possible solutions. All options proposed focussed on controlling
moisture. Any action that may potentially result in higher temperatures in the Terra Nova hut
(such as removal of the snow bank) could increase conservation risks if the RH control is
unsuccessful. Mass balance studies with temperature modelling may elucidate these risks and
suggest solutions.

67

Presented at Mawson’s Hut Foundation workshop, Sydney, April 2009.
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Figure 4.32: Ice under the floor of Terra Nova hut, NZAHT website downloaded 2 March 2010.

A summary of the key mass transfer processes in the AAE main hut is given in Table 4.10 to
facilitate the discussion following. The table provides estimates of total volume of moisture
transfer (for solid, liquid and vapour phases) involved in ingress, egress and internal transfer
within the hut.
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Table 4.10: Mass transfer processes in AAE hut circa 2007 (ie with ~49 m3 of archaeological deposit, ice retained in the verandahs)
Phase

Solid

Liquid

Vapour

Total

H2O ingress into hut
Kg of H2O
ingress in
the past year
Windblown ice
~20
particles enters via
Less since
gaps in timber
2002
Type

 Rain (rare)
 Meltwater seepage
through roof
 Meltwater through
walls

Air enters the hut
through gaps in
walls & roof and by
diffusion.

~50-100.
Note ingress
is highly
variable
from year to
year

0.2

70-120

Controls &
constraints

Type

Overcladding
of roofs reduces
ingress, but
may enter via
walls where
sealing is
incomplete

Archaeological
deposit (average
300 mm thick)
Frozen meltwater
not in archaeo
deposit, eg on
shelves, etc.

Roof membrane
reduces water
ingress from
roof, but not
from walls.
Membrane may
provide a site
for
condensation.
A permeable
membrane may
slightly reduce
air interchange
rate between
exterior and
interior.

H2O in hut
Quantity,
kg, (total
accumulated)
243
~50

Particles trapped
in wall spaces

~50

Hoarfrost

~5-10 kg

Moisture flux in
timber.

200

Meltwater flows
inside the hut, eg
drips from icicles

820

Sublimation &
evaporation
processes occur
within the hut
including
dynamic moisture
exchange between
the air and timber.

<1kg from
air
From timber
*

>1368

Controls &
constraints
Extensive melting
and re-freezing of
ice has occurred.
Archaeological
deposit is currently
being retained for
further research.
Frozen meltwater
and hoarfrost on
artefacts is removed
by work parties.

H2O egress from hut
Kg of H2O
Controls &
egress in
constraints
past year
Removal
Various,
Ability to access
during
see Table
the site may
conservation
4.4, eg 40
limit work party
of the
tonnes
access to
building.
removed in remove ice.
2000.
Type

Ablation of
ice and
moisture
from timber

Unknown

Depends on
natural ablation
rate, largely
determined by
wind.

Change in moisture
content over several
days risks cracking
of wood.

Meltwater
outflow

Unknown

High RH risks
corrosion of nails
and fungi.

Loss of
moisture
from timber

Unknown,
dependent
on wind.

If the building is
well sealed the
evaporation rate is
mainly determined
by interior air
temperature.
High air flow from
exterior will
increase variability
of sublimationevaporation balance.

Evaporation
&
sublimation
of ice.

Unknown,
but
probably
small.

Retaining
meltwater at
foundations is
preferable to
exclude oxygen
(to minimise
fungi); frozen
meltwater may
help anchor hut
in winter.
Pumping is not
practical.
Evaporation
assumed mainly
from the
exterior surface.

Evaporation
&
sublimation
of moisture
from timber.

Unknown,
but
probably
small.

Sublimation is
increased by
high air flow.

unknown
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Air and vapour infiltration
Absolute humidity data from 1999 (figure 7 in Appendix K) showed there was a daily cycle of
change in the mass of water in the air at all the locations monitored. A change in the mass of
water in the air implies there must be a source and sink for this moisture. Exterior peak AH (5.2
g/m3) occurred around 1600 hrs each day and at most interior locations the peak AH (4.5 g/m3)
occurred around 1900 hrs. Thus there is more moisture present during the day and less at night,
implying that moisture was being evaporated during the day and condensed at night.
For condensation to occur there must be a structure or surface that is colder than the air. Such
structures could include the timber roof and walls and the ice inside the hut, which is a thermal
sink connected to the ground. The ice deposit on the floor remains cold throughout the year and it
can therefore act as a site for condensation. Before January 1998 moisture could also condense on
the accumulated ice inside the hut. Since 1998, moisture can still condense on cold surfaces
throughout the hut, including the floor and the roof and artefacts which have been excavated but
were previously covered by ice.
Before the major ice clearances in 1999 air infiltration via the southern part of the hut appeared to
be low as ice blocked gaps in the wood cladding. Removal of ice inside the hut and melting of ice
in the wall spaces may have increased gaps through which air, and ice particles, can enter the
building. Whenever the external snow bank forms along the southern wall, with ice also sealing
the wall cavities and the interior ceiling it provides a barrier to ice particle ingress since the snow
particles ‘sinter’ together but this depends on climatic variations. In his diary Mawson mentions
the sound of the winds decreased when the snow bank formed over the roof exterior, suggesting
this provided a substantial barrier (Jacka and Jacka 1988).
The quantity of moisture precipitated from air infiltration will be greater if there is a large
temperature differential between the exterior and interior and if the temperatures are higher, since
moisture can form more vapour. In 1999-2000 average AH for most locations inside the hut
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during summer68 was 1.7 g/m3 and the average AH in winter is 0.7 g/m3, so there was a net
annual mass change inside the building of approximately 1.0 g/m3 x 222.9 m3 (the hut internal
volume): 0.223 kg on an annual basis. This quantity, while small, still contributes to high RH
inside the building.
Water ingress
The volume of meltwater that drips from the ceiling and walls and re-freezes onto shelves and
artefacts has not been quantified on a regular basis but varies from year to year and appears to be
at least several kilos. The weight of ice on shelves in some locations caused bowing and collapse.
While external air temperatures at Cape Denison are usually only above 0°C for short periods, a
significant pool of meltwater appears for about six weeks along the western wall of the main hut
and in some years along the eastern wall also. Melting of the snow drifts around the hut
influences the depth of meltwater, evident in ‘tidemark’ stains on these walls (figure 4.23). The
volume of meltwater varies throughout summer as well as from year to year.
During January 2002 time above 0°C reached over 80% of time (see figures 4.10, 4.11) and
Godfrey (2002) noted exceptional melting. Installation of two meltwater detectors (eg
conductivity cells) at floor level inside the hut (see Hughes et al 1999) could confirm whether
moisture in key locations is in the liquid or solid state, since this is difficult to determine from
temperature measurements alone. This would also help determine whether the ‘archaeological
deposit’69 of approximately ice 600 mm on the floor remains continuously frozen and could be
useful to monitor ice conditions in the verandahs.
Ashley (1997, figures 2 and 3, see figure 4.33) stated that the sealskins along the outer eastern
wall are the cause of ingress of meltwater into the hut since they dam water above floor level.
However, meltwater from the snow bank at the southern wall and the verandah also flow inside
68

See Ganther et al 2002: 4 (Appendix K)
The ice on the floor is believed to contain undisturbed evidence of the original AAE occupation that was not
disturbed in the 1977 ice removal and it therefore should not be removed until resources are available for appropriate
archaeological investigation.
69
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the hut and will pool where any obstruction to flow occurs. The total volume of meltwater inside
the hut is difficult to calculate but a conservative estimate is at least 820 kg of water (based on
one cm over the floor with a hut floor area of ~82 m2). This includes melting occurring inside the
hut plus meltwater ingress via the walls and roof.
Figure 4.33: Diagram of water ingress into AAE main hut (Ashley 1997:20)
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Mason (1999) and Held et al (2005) identified significant meltwater ingress problems in the
Terra Nova hut from snowdrifts outside. These caused moisture ingress by capillary action from
meltwater pools along the SE wall. Mason (ibid: 135) did not quantify meltwater ingress but
considered capillary transport of moisture from the subfloor ice deposit as a minor source of
moisture in the hut but did not discuss absorption and desorption of moisture from the walls.
Because small amounts of water can produce 100% RH at low temperatures, draining of
meltwater is unlikely to substantially reduce RH inside the AAE main hut even if the difficulties
of operating a pump in a hollow70 and blockages from freezing could be overcome.
Have interventions in the building fabric been successful in excluding ice ingress?

70

The hut is located in a depression in impervious rock.
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The combination of overcladding timber and membrane installed between the overcladding and
the original timber cladding of the Workshop has reduced but does not appear to have completely
prevented ice particle ingress, although ice particles can also enter via gaps in walls, which have
not yet been completed covered. Closed cell foam was used underneath the ridgecapping to
prevent ingress where wind penetration is more likely. Without being able to detect points of
ingress it will remain difficult to prevent ice particle ingress.
Table 4.10 shows that even if ice particle ingress can be reduced by overcladding, meltwater
ingress will result in ice accumulation inside the hut. Ice is difficult to remove, although not
necessarily damaging, but its presence is contrary to the stated aim of keeping the centroid clear
of ice to allow visitor access. This ice produces vapour which then takes part in the internal
moisture cycle of hoarfrost formation and melting, especially when the centroid temperature
exceeds the apex temperature and when the temperatures are high enough to increase AH.
Recent MHF photographs (summer 2008-09, figure 4.34) show extensive hoarfrost formation on
the interior of the roof, much more than in 1985. When the roof warms the hoarfrost melts and
flows into the wall space. Previously meltwater from hoarfrost dripped onto the existing
accumulation in the hut, with no evident damage whereas now it drips onto exposed artefacts and
refreezes, leading to the problems noted by Godfrey (2002).
Figure 4.34: Hoarfrost in AAE hut (Michelle Berry, December 2009)
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Venturi method of ice removal
Most large scale ice removal (Ross Island huts, Cape Denison and Snow Hill Island) used
methods such as digging or cutting, depending on the hardness of the ice. The venturi method
tested by Ambrose and Godfrey at Wilkes (1998, figure 2.15) was proposed for use on the AAE
main hut to ‘dry it out’ by ablation, but raises significant questions. Rupert Summerson (personal
communication to the author) observed that the Wilkes location may be a natural ablation zone
since it is in an open, windy and elevated location that is blown free of snow. The method was
also proposed for the Wilkes IGY buildings but most of the Wilkes site is in a depression, an
accumulation zone. Thus the location chosen for the ice removal research is atypical of the
locations where the technique was to be applied, which could lead to erroneous conclusions about
its feasibility.
Application of the venturi method for the AAE hut raises additional concerns:


The method relies on completely sealing the hut and would require an impermeable
membrane on the outer walls to prevent water ingress although moisture could still enter by
capillary action;



Windborne ice particles, or ‘drift’ occurs tens of metres above the ground (Madigan 1929
figure 11), even a large, high venturi may clog with particles (as occurred with the AAE snow
gauge) reducing its efficiency;



Reduced pressure produced by the venturi may cause problems and testing would be required
before implementation, taking resources from other priorities;



Venturi equipment must be securely anchored or it could dislodge and pose risks to the
building in extreme winds;



Aesthetic and historic values could be significantly affected.

Vortex generators
‘Vortex generators’ were installed by the NZAHT at Cape Evans in 2008 to prevent
accumulation of snow against the walls of the Terra Nova hut and thereby reduce moisture
problems including biodeterioration. Snow fences and ‘vortex generators’ were then proposed at
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the Mawson’s Huts Foundation workshop (2009) to minimise snow drift formation and minimise
corrasion at Cape Denison. These can be designed to either promote or prevent accumulation of
snow drifts by modifying airflow around a structure. Extensive information is available about
height, orientation and construction requirements as these are extensively used in northern
hemisphere cold climates (Strub 1996). Vortex generators (figure 4.35) were used to prevent
snow drift formation at Pegasus airfield near McMurdo Base (Lang, George & Blaisdell 1998)
and were effective in preventing accumulation of loose drifts but were ineffective once drifts
consolidated via sintering71. No information, however, could be found regarding their usage for
historic buildings72.
Figure 4.35: Vortex generators (http://www.nhm.ac.uk/natureonline/earth/antarctica/blog/images/generators-close-up-350.jpg downloaded 26 June 2010)

71

Consolidation by partial melting and refreezing.
Julian Bickersteth, conservator involved with the NZAHT, stated at the 2010 MHF Workshop that the vortex
generators had not proved effective at Cape Evans.
72
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Visitor contributions to temperature and RH variation
Humans add heat and humidity inside buildings so visitor numbers inside Antarctic buildings are
often limited for this reason, as well as for appropriate supervision and safety. About 1500 people
now visit one or more of the Ross Island sites each year73 because of their fame and relatively
easy accessibility from McMurdo and Scott Base.
Mason (1999) modelled the impact of visitors at Cape Evans using a moisture contribution per
person of 0.02 kg (CIBSE 1986) per hour with a permitted occupancy of 12 persons. He also
matched past records of temperature and RH in the hut to recorded visits and found 12 visitors
produced a gain of 7°C over eight hours with a total gain of 0.5 kg of water by the hut air. Mason
found the “moisture gain in the hut [from the visitors] was largely offset by the rise in
temperature” they produced (ibid: 48). The moisture gain includes both respiration moisture and
snow carried on boots and clothes and he concluded that leaving the door open during visits to
increase ventilation will reduce the effects of the temperature and humidity spike measured
during visits (ibid: 137-139). By contrast, Held et al (2005: 50-51) provided further
measurements which showed no significant RH impacts by visitors. The rise in temperature is
short term and unlikely to be significant in increasing melting ice or causing EMC changes in
wood.
At Cape Denison visitor numbers at the site are much smaller and more intermittent, with 110
visitors in 2006-07 and 450 visitors in 2007-08 but no visitors in some years (Table 10.5 and
DEWHA 2008: 38). The 2007-2012 site management plan (page 164) specifies numbers inside
the main hut (four, including the guide) and Magnetograph House (three including the guide).
Most tourists appear to spend between five and ten minutes each inside the main hut74. Lazer
undertook recording when visitors entered the hut in 2002 (all for short periods), but these have
not been able to be analysed against the monitoring data. Given that the current air infiltration
73

The Management Plan for Antarctic Specially Protected Area No 155 (Cape Evans,available at

http://www.ats.aq/documents/recatt/Att396_e.pdf) states the average visitor numbers were 1489 per year

between 1998 and 2004 and sets a limit of 2,000 visitors.
74
Anne McConnell, personal communication to the author, Canberra 2008 and in discussion at the 2008 Mawson’s
Hut Foundation workshop.
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rate at Cape Denison is likely to be higher than at Cape Evans the hygrothermal impact of visitors
at Cape Denison is also likely to be small.
4.5.3 How did removal of ice affect temperature and RH conditions inside the AAE main
hut? In particular, what are the critical criteria required to prevent cycles of melting and
re-freezing identified by Godfrey and is this control achievable? (research question 3)
While acknowledging the lack of “hard evidence”, Godfrey (2002) stated:
“allowing the existing snow and ice to remain in the building, on the balance of
probabilities, is far more likely to cause further damage than is likely to be caused by its
removal”.
This appears to have been accepted as the rationale given for overcladding and ice removal from
insider the hut, excluding the verandah (DEWHA 2008: 88):
“The overcladding of the Main Hut roof should largely prevent snow and meltwater from
penetrating the hut …. to prevent further damage to interior structural members and
fittings …. caused by the melt-freeze cycles which had been producing ice that
encapsulated objects and stressed load bearing features”.
The Cape Denison site management plan (DEWHA 2008: 89) states:
“Monitoring has shown that the internal environment is not substantially altered by the
removal of some of the ice. Temperature and RH sensors in place since 1999 have found
no significant variation since the removal of large volumes of ice in 2002….. Moreover,
the recently over-clad roof seals the Main Hut more effectively, and this may increase the
rate of ablation”.
However:


Even if overcladding had been completely successful in preventing ice particle ingress,
meltwater ingress still occurs at floor level.
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Melting of hoarfrost at the ceiling appears to result in internal cycles of melting and refreezing that require significant ongoing labour to present the interior for a small number of
visitors.



Excavated artefacts inside the hut are exposed to high RH and potential contact with liquid
water which presents higher conservation risks.



During 2002 internal temperatures were above 0°C and the building had longer duration of
temperatures above 0°C than the exterior (ie it absorbed and retained heat).



Data for 1999 to 2010 (Table 4.5) and 2007-2009 (in Berry 2010) show that overcladding has
not reduced RH to levels that prevent deterioration.



No increase in ablation of ice inside the hut is evident from dated photos on the MHF
website, which is not unexpected since overcladding reduces ventilation and there is little
opportunity for natural sublimation or evaporation.

Similarly, in the Ross Island huts RH remained high despite overcladding and extensive efforts to
remove ice since the 1960s75 and soft rot fungal growths have occurred (Blanchette et al 2004).
Daniel and Ashley (2002) proposed RH should be controlled to a variation of ±15% within the
centroid but did not specify acceptable temperature or RH levels. While RH in the centroid is
generally within this variation it is very high which increases the risks of biodeterioration of
wood and corrosion of metal fasteners and fittings which are now exposed to periodic
meltwater76. Few corrosion and biodeterioration treatments are effective at high RH, and any
treatments must meet stringent Antarctic environmental and safety requirements and conservation
requirements. Given the difficulties previously explained in controlling RH, what other
conservation strategy is feasible?
Has thermal stability changed since ice removal?

75

See previous comments regarding capillary action contribution to high RH inside the hut (Mason 1999). The
quantity of water involved is relatively small, but RH is high because air temperatures are low.
76
The Cape Denison site management plan (DEWHA 2008) does not discuss long term post excavation impacts of
high RH on metal fasteners and fittings in hut and artefacts. Shelving brackets in the AAE main hut have been
replaced due to corrosion risks (Berry 2010).
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Correlation of external temperatures and centroid temperatures during each January are shown in
figure 4.8. Compiled from available data for 1999-2006, Table 4.6 shows greater variability of
the monthly mean centroid temperatures for each January after 2000 excepting January 2002
which had low variability but unusually high temperatures. Analysis of lag times is more
complicated but the average lag time (which was 3 hour in 2000) now appears to be reduced.
3. Monitoring over 8 years may be insufficient to provide adequate confidence that removal of
centroid ice will provide sufficient remaining ice to stabilise the internal environment of the hut.
The temperatures in January 2002 were said to be the hottest in 50 years, but the risk of such
events occurring is likely to increase over the next few decades.
4. Daniel and Ashley (2002) considered that conditions in the centroid are the key criteria and
that the variability at the apex was not so important. However, melting at the apex is the cause of
meltwater that runs onto artefacts and re-freezes. Conditions at the apex therefore should be kept
below freezing to prevent this problem. Direct measurement of liquid formation(and duration)
using appropriately robust sensors77 would help determine whether the ice in the verandahs is
protecting the environment in the centroid and whether any supplementary insulation or other
intervention is required.
While the scope of these questions is too broad to be answered by this thesis, the modelling
proposed in 4.5.5 may help provide relevant data.
Control of mass transfer is complex. Trying to prevent ice ingress at Cape Denison is equivalent
to trying to keep dust out of the building in cyclone conditions78? Can water ingress be prevented
(from melting of snow in the verandahs which flows from upslope)? Photos taken in 2009 after
overcladding of both Living Hut and Workshop and some walls indicate snow and meltwater
ingress is continuing (Berry 2010), suggesting current strategies (principally overcladding and ice
removal from the centre of the hut) may not be not sufficient.
77

Sensors such as impedance dew point sensors used in air conditioning measure adsorption of water vapour into a
porous non-conducting "sandwich" between two conductive layers built on top of a base ceramic substrate.
78
The AAE hut suffered snow ingress even when it was new (Mawson 1915).
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While the exterior air maxima and minima at Cape Denison differ by over 40°C per year, the core
interior air maximum to minimum variations were less than 23°C per year in 1999-2000 (Ganther
et al 2002: 5). Both exterior and interior temperatures exhibit similar cycles, lagged by
approximately three to four hours in 1999-2000 due to the time taken to heat up the structure.
Analysis of thermal lag time for each January during 2000-2006 showed variability but lag time
appeared to generally decrease (see Table 4.5) and a comparison of exterior to centroid
temperature differences correlated against external temperature also indicated a general decrease
in thermal insulation during 2000-2006.
4.5.4 How will climate change affect the sites and what are the implications for current
conservation strategies? (research question 4)
Wendler (1990: 266) calculated an increase of 2°C in Terre Adelie per century based on
comparisons of the AAE data with measurements made by the modern Automatic Weather
Station (AWS) placed at the exact site of the AAE Anemometer. This implies temperature
increases in the long term. Monaghan et al (2006) state that higher temperatures will occur
throughout Antarctica and this will increase snow fall. However, Goodwin (personal
communication, MHF Workshop Sydney 2008) stated that while surface level warming is
evident in the Antarctic Peninsula, cooling is occurring overall in East Antarctica due to
intensification of westerly winds. Other competing trends include increased variability in
snowfall in different parts of Antarctica. Certainly, by 2050 there is broad agreement the
Southern Ocean will be much warmer and that present conditions are not indicative of the future
conditions79. Thus, conservation planning must consider the effects of probable temperature
79

Two key studies (Monaghan 2006 and Davis 2005) illustrate competing interpretations of climate trends both
based on studies in multiple locations. Monaghan et al concluded:
“Future scenarios from global climate models suggest that Antarctic snowfall should increase in a warming climate,
mainly due to the greater moisture-holding capacity of warmer air. Perplexing temperature trends have been reported
over Antarctica since continuous monitoring began with the International Geophysical Year (IGY) in 1957-1958.
“…our 50-year perspective suggests that Antarctic snowfall has slightly decreased over the past decade, while global
mean temperatures have been warmer than at any time during the modern instrumental record….. Seasonally
averaged precipitation data suggest that there has been no commensurate increase in winter snowfall since at least
1985. These findings suggest that atmospheric circulation variability, rather than thermodynamic moisture increases,
may dominate recent Antarctic snowfall variability”.
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increases over about 30 years with significant variability in temperatures and precipitation in the
next two decades and increased winds.
While Godfrey attributed the exceptional melting at Cape Denison in summer 2001-2002 to
climate change (Godfrey 2002) climate change occurs over a period of decades rather than
sudden change over a few seasons. The key long term risks that can be anticipated from climate
change are:


Longer duration of higher temperatures will increase meltwater formation in and around the
main hut, raising conservation risks, particularly corrosion, biodeterioration and
wetting/drying problems of timber;



Small increases in duration of temperatures above 0°C could increase melting of ice in the
verandahs since summer temperatures are already close to 0°C (see Table 4.6)



If snowfall increases and temperatures rise, more meltwater would form, increasing water
ingress into the hut which then freezes, adding to ice removal problems;



Variations in snow fall may affect the thermal buffering ability of snow deposits in the
verandah, so it may be imprudent to rely on this protection from one year to another;



Rain could occur instead of snow, leading to direct ingress of water or increased capillary
infiltration, forming ice inside the building in winter, negating the insulating effect of
overcladding; and



Any decrease in snow deposits in the verandahs could increase risks of wind damage to
adjacent timbers increase ice particle infiltration via the southern wall.

Evidence of natural variability of snow depth around the hut80 implies the site conservation plan
must consider how this will affect the thermal stability of the building.

These findings are “somewhat inconsistent” with Davis et al, which inferred from satellite altimetry data an increase
in snowfall accumulation only for 1992-2003, but both research teams concurred there is significant inter-annual
variability in snowfall.
80
See section 4.5.1 and figures 4.23, 4.24, 4.14
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4.5.5 Further research requirements
a. Mass balance studies undertaken every few years would be useful to quantify moisture ingress
by mode (meltwater, windborne ice particles, air) and determine the role of sublimation and
hoarfrost in internal moisture cycles. Most conservation effort has focussed on preventing ice
particle ingress but if large quantities of moisture (eg meltwater) enter the hut by other means the
current ice exclusion via overcladding may be ineffective.
b. Water leak detectors81 should be installed in wall cavities and at floor level to measure the
current frequency and duration of melting events, locate sources and quantities of meltwater
ingress and monitor the condition of the archaeological deposit.
c. Investigation of the structural design and condition of the subfloor and footing should be
undertaken in summer using Ground Penetrating Radar82 to evaluate melting, without disturbing
archaeological deposits.
e. Modelling of the potential risks from climate change is needed to check the validity of
assumptions relied on by the site management plan, particularly the ability of ice in the verandahs
to stabilise current and future interior temperature and RH variations. This must model current
temperature and humidity variations in the building to enable quantification of the impact of solar
radiation, snow deposition and wind on the quantity and condition of ice in the verandahs.
Development of models for hygrothermal behaviour of Antarctic historic huts
Thermal analysis software is used by mechanical engineers to model thermal control in buildings
(eg WinTherm, SINDA/FLUINT, TAS). Computational fluid dynamics (CFD) software enables
analysis of wind flow and similar engineering problems and could be used to study air and
particle ingress into the building. CFD can also take account of surrounding topography. Some
81

Detailed in Hayman et al 1998.
Proposed to ASAC by the author in 1994 using the expertise of Dr Tony Siggins of CSIRO. GPR was used at the
site to search for the air tractor.
82
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companies offer a fee for service arrangement to run the software with a client’s data (for
example, Thermoanalytics Inc at http://www.thermoanalytics.com/ ).
To model thermal behaviour of Antarctic historic buildings requires the following steps:


Preparing a geometric model of the building(s) from measured drawings to prepare a ‘surface
mesh’.



Inserting data on building materials, thicknesses, and environmental factors (including
temperature data recorded in the building).



Creating boundary conditions for convection inputs, and or imposed heat rates.



Running the analysis using a set of defined criteria to measure the coherence of the model to
actual thermal behaviour of the building (from temperature monitoring data).



Modifying the model to simulate environmental factors (eg climate change) or design
changes (eg interventions in the building such as ice removal, overcladding, etc).

Key data required for the modelling the AAE main hut and Cape Evans hut are available:


Temperature data83;



Solar radiation data and cloud data representative of the site (measured at a different but
similar site in Antarctica);



Borehole measurements over a yearly cycle of temperatures at 5m below the surface (to
represent loss of heat from the building to the ground)84;



Plan and section drawings of the building and/or photogrammetric records;



Terrain data for the surroundings of the building (Crispo survey for Project Blizzard, 1985);



Dimensions and density data for the timber used (Blunt 1991);



Data on the extent of ice inside the building in both plan and section;



Density data for the ice inside the AAE hut85; and



Wind speed and direction from as many points as possible at the site.86

83

Over nine years of data is available, although the effects of hoarfrost on accuracy must be considered.
Data from places with comparable climates elsewhere in Antarctica can be used.
85
This could also be determined from the ice cores collected by Lazer.
86
Some data for Cape Denison is available from measurements by Project Blizzard, AAE, US Automatic Weather
Station which could provide a good indication of variability at the site.
84
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Data that is not available for the AAE main hut includes the amount of meltwater inside and
under the building, and the temperature of this water. Three estimated values could be used to
model best and worst scenarios. In addition, it would be very useful to have air infiltration
measurements for the building. The model could then be run to predict temperatures with and
without the ice in the verandahs, and with a 2.0°C temperature increase during summer
(representing estimated climate change). The outputs from the thermal model could then be used
to model hygrometric behaviour of the building to produce a comprehensive model of both
temperature and RH behaviour in a range of scenarios.
4.6 SUMMARY
For all Antarctic historic buildings:
1. Literature reviews and site observations found no evidence that the process of freezing
(including volume expansion at 4°C and crystallisation at 0°C) causes damage to wood although
melting of ice caused a range of problems and is associated with increased corrosion and
biodeterioration.
2. Comprehensive literature studies indicates small buildings filled with ice at temperatures
continuously below freezing will not suffer ice-jacking, plastic flow or permafrost heave.
3. Ice inside Antarctic historic buildings has only caused significant damage where the weight of
ice is unsupported.
4. At the temperatures typically occurring in summer, even small quantities of ice or water inside
Antarctic historic huts will produce high RH so removing ice by itself will not reduce RH. Thus
strategies to maintain sub-zero temperature should be considered to reduce deterioration risks.
For the AAE main hut:
5. Cyclic melting of hoarfrost and refreezing of meltwater onto artefacts and shelves in the AAE
main hut causes problems when removal of the ice from surfaces is attempted. However,
strategies to prevent ice ingress (the source of most meltwater) were not entirely successful and
hoarfrost continues to cause cyclic melt-freeze problems.
6. Since excavated, artefacts on display are exposed to high RH and meltwater.
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7. While meltwater pools around the footings cause problems in summer, it excludes oxygen and
thus reduces biodeterioration risks and may help to physically anchor the hut’s footings when
frozen in winter;
8. The unusually warm conditions of January 2002 showed that high external temperatures
combined with depletion of around half of the ice in the verandahs can lead to temperatures in the
core of the AAE main hut remaining above 0°C for substantial periods.
9. Temperatures in the centroid are dependent on exterior temperatures with temperatures during
each January during 2000-2006 indicating a stronger relationship and less lag and greater effect
from temperature loss at the roof. Hoarfrost forms when centroid temperature exceeds apex
temperature, thus apex temperature should be used as a criterion of performance.
10. Field testing of all conservation materials is required to assess not only its durability in
Antarctic conditions, but any increased risk that coatings or membranes may change moisture
transfer in the building or increase condensation problems.
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5. DAMAGE BY SALTS
Figure 5.1: Saline lakes near Davis Station (author’s photo 1992)
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5. Salts

5.1 AIM AND INTRODUCTION
5.1.1 Objectives, terminology and scope
The aim of this chapter is to:


describe, and where possible quantify, the effects of salts on timber and other organic
materials in Antarctic conditions;



examine the effectiveness of conservation treatments of salt damage; and



determine requirements for successful treatments.

The focus is on the interpretation and application of existing salt research by other Antarctic
researchers, because of logistics constraints on gathering representative samples from all sites.
5.1.2 THE SIGNIFICANCE OF SALT IN DETERIORATION PROCESSES IN
ANTARCTICA
Of the 82 historic sites currently recognised by the Antarctic Treaty only six pre-IGY sites are
more than one kilometre from the sea, so potential risks of damage by salts are high. The
following widely known properties of salts are relevant to conservation of historic materials in
Antarctica:
1. All ionic salts accelerate corrosion by increasing the conductivity of the electrolyte that
carries electrons involved in corrosion processes. Corrosion is considered separately in
Chapter 6;
2. Many salts are hygroscopic and may deliquesce in humid conditions producing a
concentrated solution that may be more damaging than when it is dry;
3. Salts can preserve some biological materials by dehydration (as used in preserving meat
products);
4. Other salts (particularly nitrates and phosphates) may promote biodeterioration by ‘fertilising’
growth of bacteria and fungi;
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5. Salts can be transported by capillary action (eg in rising damp) and if the water is evaporated,
transported salts can accumulate and cause damage;
6. Salts dissolved in water will lower the water vapour pressure because the water molecules are
effectively diluted by the presence of the salts (Raoult’s law of ideal solutions), which makes
condensation possible in certain circumstances (Camuffo 1998: 180);
7. Environmental cycles of temperature or humidity, or periodic heating due to direct solar
radiation may induce salt migration, precipitation, growth, hydration and expansion and may
trigger disruptive cycles within pores of materials, causing fatigue or breaking the internal
material structure (Camuffo 1998:181);
8. Salts lower the freezing point of water, allowing some deterioration processes (eg corrosion
and biodeterioration) to occur at lower temperatures. This property was used in excavation of
some frozen archaeological sites (Harrowfield, DL 1984);
9. Salts precipitate in chemical reactions in sequence according to their solubilities; and
10. Isotonic, eutectic and osmotic behaviour of salts may also be relevant.
5.2 LITERATURE AND GAPS IN KNOWLEDGE
As shown in Chapter 2 there is no comprehensive study of salt damage covering all Antarctic
historic sites although ongoing research by a NZ-US team (Blanchette, Held & Farrell 2002) on
salt damage affecting the Ross Dependency huts that has made significant progress and is
referred to extensively in this chapter.
5.2.1 Salt deposition processes
Most research on salts in Antarctica focuses on environmental processes of salt transport. (such
as Campbell and Claridge (1987), Gore et al (1996) and Marion (1995)) examine whether marine
or terrestrial salts predominate at specific locations and provide some data on salt composition,
deposition rates and chemical processes in Antarctica (see discussion section of this chapter).
(Mason 1999) measured atmospheric salt deposition by the ISO Salt Candle method (9225) in
Scott’s Hut at Cape Evans. A few salt deposition rate measurements are available from the
Antarctic Peninsula (Morcillo et al 2004) but throughout Antarctica there are few measurements
4
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where affected historic sites are located. Data is available on salt aerosols collected at selected
Australian Antarctic stations (http://www.bom.gov.au/climate/how/antarctic_catalogue.shtml)
5.2.2 Antarctic precipitation data
It is widely known that precipitation rates in Antarctica are low and that rain is comparatively
rare, except in northerly parts of the Antarctic Peninsula. Thus salts are not easily flushed from
surfaces once deposited. In addition, hypersaline lakes (figure 5.1) and localised salt deposits
(figure 5.2) exist at or near some Antarctic bases and historic sites. Data on common ions in snow
collected are reported by several national Antarctic organisations and can be accessed through the
Scott Polar Research Institute website.
Figure 5.2: Salt deposits at Mawson Station aircraft hangar, author’s photo 1992

Detail of back wall furthest from sea.
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5.2.3 Materials damage by salts
Most of the international materials conservation literature on salt damage has focussed on stone
monuments in Mediterranean climates, such as the Sphinx in Egypt and frescoes in Italy where
salts mostly cause damage by crystallisation after being carried by capillary action from ground
waters (Camuffo 1998). Camuffo discussed the significance of dry deposition of airborne
particulates, including salt particles. Salt particles can participate in multiple processes including
wind erosion, electrophoresis, and chemical reactions that occur at high relative humidities, when
selective leaching may occur.
When the author commenced research in Antarctica there were no detailed observations from
Antarctic historic sites with respect to salts and the condition of wood. By chance, the author met
researchers who had identified ‘defibring’ of wood in industrial cooling towers, in roofs in
coastal Australia and in wooden boats used in seawater (Wilkins & Simpson 1988). Photographs
confirmed the Antarctic timbers exhibited exactly the same appearance as those identified in their
research. This appears to be the first time defibring was identified in Antarctica and attributed to
salt action.
At that time, Wilkins and Simpson had concluded that heat (along with high humidity and sea
salts) were essential characteristics of the phenomenon but on considering the evidence from
Antarctica heat was considered not essential for defibring to occur but may accelerate
deterioration. Subsequent contact (personal communication Anthony Wilkins, 1995) revealed
that funding problems had prevented further research on processes and factors involved in
defibring.
Various reports attributed timber damage with a similar appearance to ‘freeze-thaw’ action (eg
(Blunt 1991: volume 2: 70) and others discussed in Appendix F). This indicated the necessity to
clarify the cause of defibring and to assess the extent and seriousness of the damage caused by
this phenomenon to Antarctic historic sites. At Cape Denison, the author was only permitted to
take very small samples of timber for examination which limited opportunities for research.
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Blanchette, Held and Farrell (2002) studied ‘defibration’1 affecting historic buildings on Ross
Island and analysed salts on affected timber and discussed the mechanism of damage. Their
research findings are considered in detail in the discussion section of this chapter for comparison
in combination with the author’s research to identify potential conservation strategies to address
salt deterioration.
5.3 METHODOLOGY
5.3.1 Research questions
Observations of significant deposition of salts during the author’s initial visit to Cape Denison led
to development of the following questions to guide further research:
1. What salt-related deterioration problems occur in Antarctica, and what is their severity?
2. What is the composition and origin (eg marine or non-marine) of the salts?
3. What is the rate of salt deposition inside and outside Antarctic historic buildings and what
factors influence salt penetration into buildings?
4. How does the lack of rain affect rates of salt damage in Antarctica?
5. Is defibring of wood due to freezing-thawing processes of water or due to salts?
6. Can deterioration risks be predicted from salt deposition measurements?
7. What conservation treatments have been undertaken to address salt-related deterioration
problems and how effective were they?
8. What are the implications of all of the above for site management?
5.3.2 Field observations (research question 1)
Observations at the 12 different historic sites are summarised in Table 3.1. While it was not
possible to conduct a systematic survey of artefacts on a grid basis at each site, use of
photographs facilitated observations and the observation template (Table 3.2) helped ensure
consistent collection of data for inter-site comparisons. The observations included notes on:

1

There are several terminology variations used by different researchers. ‘Defibring’ and ‘defibration’ are equivalent.
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Environmental characteristics where salts were observed (proximity to the sea and exposure
to sea winds);



Meteorological factors (especially humidity) that may affect the visibility of salt deposits;



Potential sources of salts other than sea salt aerosols (eg inundation at high tides, guano,
chemical usage, etc); and



Other evidence of salt damage including corrosion, damage to timber, etc.

5.3.3 Salt composition (research question 2)
Various analytical techniques were used, including Inductively Coupled Plasma, X Ray analysis
and Raman microscopy, to determine salt composition and whether these were of marine origin
or not, to examine the processes involved in salt deposition.
Salts collected from snow samples Cape Denison, 1985
Snow samples were collected on the ground at 16 locations shown on figure 5.6. Samples were
collected using a small plastic spatula and were placed in small snap top polyethylene film
containers previously rinsed with small quantities of 10 molar nitric acid then soaked in three
changes of distilled water to remove any contaminants before being air-dried, closed and taken to
the site inside a ‘zip-lok’ sealed plastic bag.
Time constraints and the highly variable distribution of snow on the site prevented sampling of
snow on a grid basis across the headland. However, the sampling locations are representative of
the different zones at the site:


Snow drifts around each significant historic building;



Locations where artefacts are found close to Boat Harbour; and



Higher elevation locations such as Memorial Cross.

Areas visibly affected by recent melting were avoided to ensure, as much as possible, that the
sample composition was typical of freshly deposited snow on a typical early summer day.
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The salt solutions collected were analysed by Dante Crisante of Sydney Technical College using
Inductively Coupled Plasma2. Due to funding constraints, no comprehensive analysis of ions was
possible, and it was assumed that the majority of the salt present would be sodium chloride due to
proximity to the sea. The author subsequently found this was a significant error. No further
analyses of salt composition in snow are known to have been done at the site.
Solid salts inside Ross Island historic buildings, 1996
Salt deposits and defibring of timbers (both outdoors and indoors) were particularly evident at the
Ross Island historic huts but had not, at that time, been reported at other Antarctic historic sites.
Deposits were photographed during the author’s visit in February 1993 but permission for
sampling could not be obtained until January 1996.
Sheridan Easdale of the New Zealand Antarctic Heritage Trust collected samples from the three
historic huts on Ross Island and provided details of the sampling locations given in Table 5.1. Ms
Easdale collected the samples by scraping visible salts from the wood surface using a clean dry
surgical steel scalpel. The loose salts were then transferred to labelled glass sample jars with
polyethylene lids before being sent to the author for analysis using X ray diffraction, X ray
fluorescence and Raman microscopy3.
The samples were examined using the Siemens D501 Diffractometer at the Australian National
University during June 1996. The equipment used a Cu X-ray tube with a graphite
monochromator and SIE122D Automation. The interpretation of peaks and intensities was
2

Inductively Coupled Plasma (ICP) analysis is used to detect trace metal ions in environmental samples by
generating plasma gas in which atoms are present in an ionized state and emit characteristic wavelength specific light
which can then be measured.
Advantages of using an ICP include its low detection and ability to use very small sample volumes (0.5 ml of sample
solution). Additional information is available from the following weblink to Virginia Tech:
http://www.cee.vt.edu/ewr/environmental/teach/smprimer/icp/icp.html
3

Descriptions of these methods are widely available. XRD and XRF use bombardment by X-radiation to induce
elements to emit characteristic wavelengths that can be measured by a detector. Samples are prepared as finely
ground powders. Raman microscopy uses a laser connected to a visual microscope to illuminate a sample (which
does not need to be powdered) to produce Raman scattering in a range of characteristic wavelengths which can
identify the components.
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undertaken using a ‘Traces’ program by Diffraction Technology and search matches used
µPDSM. The samples were ground in acetone using standard materials and techniques. Because
of the small amount of sample available they were mounted in a quartz crystal low background
holder for samples CE3, HP2, CE2 and CR1. Side packed samples were: HP3, CE1, HP1, CR3.
The µPDSM program identifies different crystal forms present with the best matches identified at
the top of an output list. The search parameters were set identify all components to one percent.
The tests were run twice and the crystal forms identified are listed in order of prevalence. Further
information on identification and characteristics of minerals is available at:
http://www.handbookofmineralogy.org
Salts in corrosion products from Mawson Station, Davis Station and Rothera
During research on corrosion, through discussion with co-researchers from CSIRO and the
University of Canberra it was recognised that analysis of corrosion products could improve
understanding of effects of salts on Antarctic sites. Corrosion products were collected from
standard low-alloy copper-bearing steel corrosion coupons exposed at three Antarctic sites
(Mawson Station, Davis Station and Rothera)4. These coupons act as receptors for airborne
pollutants such as sulphates and chlorides, and can thus provide information on the local
geographical distribution of these anions at the test site over the period of exposure. Selection of
analytical methods had to be carefully considered as only small amounts of corrosion product
sample were available.
Summarising the choice of analytical methods:


X-ray Fluorescence (XRF) was chosen because of its ability to analyse very small quantities
of crystalline material and because the form of the salts could also be identified;



Inductively-coupled Plasma mass spectrometry (ICP-MS) for its ability to determine anions;
and



Raman microspectroscopy because of its ability to differentiate different crystals within a
mixture.
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Data on aerosols captured at Mawson and Davis Stations were available from other studies
conducted by CSIRO. It is important to ensure all ionic components in a salt sample are
accounted for in the analysis. Anions and cations should be in ionic balance5.
5.3.4 Measurement of salt deposition rate (Research question 3)
Salt candle method ISO 9225
Atmospheric chemists study the size, quantity and composition of aerosols and the concentration
of pollutant gases, but rarely measure atmospheric salt deposition rates. However, this is the most
important information for conservators since salt deposits on the ground may not be
representative of atmospheric conditions and can be affected by extraneous factors. Whilst it
would be ideal to directly measure salt and even atmospheric gas deposition (eg by measuring
salts deposited directly onto a surface), the cost and logistics problems made these methods
impossible.
The ISO 9225 Salt Candle method is a widely used measurement method for atmospheric salt
deposition, enabling comparison at different sites. The salt candle apparatus (figure 5.3, see also
figure 6.12) consists of a bottle containing a solution of glycerol and water into which an
upturned test tube is inserted, wrapped with gauze bandaging that captures salts from the
atmosphere. Salt is deposited onto the gauze surface which remains wet by a wicking action from
the solution in the jar. Salt is drawn down into the solution which is changed at monthly or other
suitable intervals and chemically analysed.
At the end of the exposure period, the salts are washed into the bottle, and the salt content of the
glycerol solution is analysed to determine the quantity of salt collected over the exposure period
4

This research is discussed also in Chapter 6. The method of preparation and processing of the coupons, and the
analysis of the samples, are described in Otieno-Alego et al 2002, bound as Appendix H in this thesis.
5
This proved to be particularly important in Antarctica since cost constraints had initially prevented analysis of all
the ions, so it was assumed most salts present would be chlorides because of the close proximity of the sites to the
sea, as is common elsewhere. As previously mentioned, in Antarctica this assumption was not valid (see discussion
section of this chapter) and once this was identified additional care was taken to examine all ionic components.
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(King, Ganther & Cole 1999). Minor modifications were made for Antarctic use by increasing
the concentration of glycerol from the usual 20% to 40% to prevent freezing that would prevent
capillary transport of the glycerol and reduce entrapment of salts. Minor re-design of the brackets
holding the bottle improved security in high winds.
Salt candle measurements were limited to Cape Denison due to the cost constraints. The
apparatus was exposed during summer when there was no sea ice. Ideally, ISO 9225 salt candle
measurements (ISO 1992) would be undertaken at the same time as corrosivity measurements to
enable a direct comparison of results. However, salt candle measurements are very time
consuming since the ‘candle’ must be changed each month and the wash water must be titrated
which requires a skilled operator. In windy locations there is a high risk of the apparatus being
damaged.
Figure 5.3: Diagram of salt candle apparatus for ISO 9225
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Rosales and Fernandez (2001) found salt candle measurements too difficult to arrange logistically
and instead used snow collected in a pluviometer to measure salt deposition at Antarctic
Peninsula sites6.
Salt deposition inside a building can also be measured using ISO 9225, but could not be
conducted inside the AAE main hut as the Antarctic Science Advisory Committee considered
that use of a naked flame would endanger the building7. This was unfortunate since there has still
been no measurement of salt penetration into the building which could quantify the salt-related
risks to building fasteners and artefacts and enable comparison with Mason’s (1999)
measurements at Cape Evans that also used the salt candle method.
New methods are available from CSIRO for measurement of ‘SOx and NOx’ (sulphur oxide and
nitrogen oxide gases) which are common pollutants of interest in various environmental and
engineering research. These methods were either too expensive or could not be obtained at short
notice when opportunities were available for testing in Antarctica, but are highly recommended
(especially for sulphates) for future studies.
5.3.5 Scanning electron microscope (SEM) examination of defibred wood from Cape
Denison (research question 5)
Two samples of defibred timber were collected from Cape Denison in 19858. One piece was
approximately 70mm long, 15mm thick and 25mm wide, tapering to 5mm at one end. The other
was approximately 30mm x 10mm x 8mm. Both appeared to be of Baltic Pine or similar light
coloured softwood, and the shape suggested they were parts of a dislodged batten formerly nailed
to the roof, the outer surface of which had also been eroded by wind. These were collected from
the ground among other debris approximately 1.5 metres from midpoint of the western wall of
workshop of the AAE main hut.

6

This is not feasible at Cape Denison due to wind damage risks and because the pluviometer would fill with snow
drift, which is not representative of salt deposition.
7
Explanation had been provided that clearly showed the method did not involve such risks as the ‘candle’ referred to
the appearance of the equipment rather than use of an actual candle.
8
With permission of the Australian Heritage Commission and the Australian Antarctic Division
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A fragment from the narrow end of the larger sample which exhibited extensive defibring was cut
with a scalpel, although many loose fibres detached under vacuum. Other small fragments of the
two samples exhibiting typical defibring were examined at a range of magnifications by SEM9 at
the Australian Antarctic Division.
5.3.6 Relationship of deterioration problems and salt deposition/concentration (research
question 6)
Salt deposition, wind and composition data are collated in Table 5.4. These are compared with
the deterioration problems occurring at the different sites to consider whether evidence for the
purported mechanisms of damage causation are clear and how this can identify what treatments
will be effective.
5.3.7 Effectiveness of conservation treatments (research question 7)
The Ross Island sites are the only locations where any significant treatments of salt problems
have occurred. Literature sources and the author’s observations in 1993 were used to consider the
effectiveness of treatments, collated in Table 5.5.
Effectiveness criteria devised by the author are:


compliance with ethical and aesthetic requirements,



frequency of any re-treatment required,



relative costs; and



ability to prevent further damage.

9

The preparation of samples, operation of equipment and application to materials conservation research are
described in many widely available publications (eg Goldstein et al 2003) and are not described here for space
reasons. In brief SEM produces images of a surface by scanning it with a high-energy beam of electrons in a raster
scan pattern and can produce very highly magnified images (up to 250,000 times). The electrons interact with the
atoms at the surface producing signals that characterises the sample's surface topography, composition and other
properties such as electrical conductivity.
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5.3.8 Assessment of implications for site management (research question 8)
The key conclusions from all the methods (observations, analyses of salts, etc) were considered
together to identify the need for developing new treatments and to assess the consequences of
failure of existing treatments.
5.4 RESULTS
5.4 1 Field observations
Table 5.1: Summary of observations of salt problems
Notes: Darker shaded rows indicate sites with predominantly katabatic winds from the polar plateau. Cape Adare
experiences periodic orographically forced katabatic winds but also receives significant marine winds. Regarding
weather conditions, ‘conducive’ indicates conditions were favourable visually identifying salts (ie RH was below
deliquescence for NaCl). ‘Extensive’ means coverage exceeds more than 75% of the area, ‘common’ means
coverage between 25 to 74% of the surface.
Site and
proximity
to nearest
point of the
sea
(summer)
Mawson
Station,
100-170 m

10

Potential salt
sources apart
from the sea.

Salts visible
on ground

Salts visible
inside
buildings

Weather
conditions during
observation

Defibringpresent,
observations

Corrosion
observations

Localised past
chemical usage
near met
buildings
(NaOH).

Yesextensive
(fig 5.2). No
evidence of
water stains
on wood
suggests
minimal
surface
flushing.

Yes, moderate
in Aircraft
Hangar, not
evident in
other older
buildings
which are
further from
shore and
more tightly
closed.

Conducive.
Temperature
ranged from about
-5° to +1°C; RH
variable including
snow/sleet. Gusty
winds.

Yes, common
but localised,
moderate
severity.
Affected
fragments of
old timber at
refuse dump,
Alice’s
Restaurant10.
paint-free
timbers on
early buildings.
Evident in
locations
sheltered from
precipitation
and blowing
snow.

Extensive,
severe
especially at
Aircraft
Hangar (fig
5.2)

Field hut relocated from Taylor Glacier to near Horseshoe Harbour.
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Site and
proximity
to nearest
point of the
sea
(summer)
Rumdoodle
Hut,
18 km
Davis
Station,
~ 50-120 m

Potential salt
sources apart
from the sea.

Salts visible
on ground

Salts visible
inside
buildings

Weather
conditions during
observation

Defibringpresent,
observations

Corrosion
observations

Unlikely

No

No

Conducive,-10°C,
windy, dry

Not observed

Minimal.

Hypersaline
lakes nearby.
Chemical usage
possible in
some locations.

Yes,
extensive,
severe. Salt
crystals
(halite)
visible on
sheltered
exterior of
windows.

Not conducive.
T= ~-5 to
+2°C.
RH high including
some snow/sleet.

Yes, common
localised,
moderate
severity, in
areas protected
from winds
only.

Extensive,
severe,
associated
with corrasion
on old
dongas.

Platcha
Hut, ~40 m
from fjord
edge, 18
km from
the sea (fig
1.22).
Dumont
d’Urville,
Base
Marret
~100 m
from sea
(fig 2.23).

Near
hypersaline
lakes.

Yes,
extensive,
moderate

Some water
leakage but
salts are not
easily seen as
most surfaces
are painted.
Little evidence
of water stains
or surface
flushing by
rain or
meltwater.
No- surfaces
are painted,
some stains
evident but no
salts visible.

Conducive.~-5°C,
RH moderate,
calm.

Extensive but
moderate
severity

Some guano
and past
chemical use.

Yes,
extensive,
moderate

Not inspected.

Conducive.~-5°C,
high RH, cloudy,
moderate winds.

Cape
Denison,
Main hut
~45 m,
other
buildings
~50m from
the sea.

No significant
guano. No
recent chemical
use. Water
stains on roof
and walls
indicate some
salt flushing
occurs from
meltwater and
rain (rare).

Yes,
extensive,
moderate.
Stepped
rectangular
crystals
(typical of
halides)
seen on
windows of
the Apple
Hut in 1985
near AAE
main hut.

Not evident.
Meltwater was
running down
the walls
(1985, fig
4.15, 4.16).

1985 Not
conducive.
Extensive snow
cover was and high
RH so salt crystals
unlikely to be
visible.
1997 Conducive.
sunny, moderate
RH.

Yes, extensive
on bare timber,
moderate in
areas protected
from wind
which retain
moisture.
Yes, extensive
on bare timber,
moderate to
locally severe.
Affects
footings of
Base Marret,
timber crates
near air strip.
Yes, localised
in protected
areas among
‘artefact
plume’ north of
Main Hut; in
boxes
containing
Memorial
Plaque and
Proclamation
Plaque (1977 –
1985). Variable
severity
(moderate to
locally severe)
fig 5.3. Strong
winds can
remove fibres.

Extensive,
severe

Extensive,
locally severe.
‘Bronze
disease’ on
boxes of
Memorial and
Proclamation
plaques.
Nailsirridescent.
Tin cans,
gutters, ridgecapping and
fuel tins
severely
corroded (fig
2.19).
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Site and
proximity
to nearest
point of the
sea
(summer)
Cape
Adare,
building are
~100 m
from the
sea (figs
1.14, 5.11).

Potential salt
sources apart
from the sea.

Salts visible
on ground

Salts visible
inside
buildings

Weather
conditions during
observation

Defibringpresent,
observations

Corrosion
observations

Guano (Adelie
rookery
surrounds
buildings).
Scattered
(food) salt from
damaged
barrel. Chlorine
bleach used
during
construction
(1895) to
reduce guano
odour.
Insulated with
seaweed in
Gibson's
quilting,
(Harrowfield,
D 1996).

Yes,
extensive,
severe,
particularly
where it is
high enough
above the
ground to
avoid
corrasion by
sand
particles.

Visible on
some objects
inside the
Southern
Cross hut, but
these may
have been
relocated.
Defibring
noted by
(Harrowfield,
D 1990: 64)
during visit in
1989.

Not conducive.
T= -5C
RH high.
Occasional sleet
reduced the
likelihood of
observing salts on
the ground.
Harrowfield (1991)
noted that RH is
always 70-100% in
summer.

Extensive,
severe.
Barrel bands
have rusted
right through
but some
vestigal
metals have
irridescent
appearance
characteristic
of chlorides.

Cape
Royds,
Nimrod hut
~120 m
from the
sea.

Guano from
adjacent Adelie
penguin
rookery
(November to
February).
Sulphur
compounds
from Mt
Erebus [subsequently
refuted].

Yes.
Salt deposits
were highly
visible on
the ground,
especially
near the met
screen
(figure 5.7)
and towards
the penguin
rookery.
Stables
affected.

Conducive.
T= ~ -10°C
RH was low
(<35%) as static
electricity was
evident on author’s
clothing.

Cape Evans
Terra Nova
hut is
~100 m
from the
sea

Some historical
chemicals
stored inside
hut. Corroded
batteries are
shedding
powdery
material.

Yes,
extensive,
severe, salt
streaks/
films on
windows,
Timber is
bleached,
northfacing
sides as well
as west
facing side

Yes,
extensive,
severe.
Salt trails (fig
5.5) notably at
the junction of
the roof and
the walls.
Defibring on
sledges
hanging from
ceiling,
possibly
relocated from
outside (fig
5.18).
Yes. Salt runs
inside building
from the roof.

Yes- moderate.
Extensive on
exterior
timbers,
particularly
where high
enough above
ground to avoid
corrasion (fig
5.17). Defibred
Baltic pine logs
are bleached.
Some items
inside hut are
affected,
possibly relocated (fig
5.18). Fibres
are easily
removed by
corrasion.
Yes. Extensive,
severe outside,
some artefacts
(relocated)
inside hut.
Ropes and
cane/rattan
bleached and
defibred.
Significant
damage at
ground level
inside entry
area of hut (?
capillary
action).
Yes. Extensive,
severe,
particularly
stables (fig
5.14).
Defibring on
most exterior
timbers ~1m
above ground,
worst on
seaward
western side.
Objects on the

Conducive.As at
Cape Royds

Extensive,
severe
corrosion of
tins outside
hut (corroded
through), fig
6.20.

Extensive,
severe
Blistering,
bronze
disease,
irridescence
on steel (fig
5.16, fig
6.20).
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Site and
proximity
to nearest
point of the
sea
(summer)

Potential salt
sources apart
from the sea.

Salts visible
on ground

Salts visible
inside
buildings

Weather
conditions during
observation

Hut Point,
~100 m

Possible
pollutants from
McMurdo
shipping
operations (see
fig 10.9).

Yes,
extensive,
moderate

Not seen,
possibly due to
poor light.
Salts visible
on coal (fig
5.19)

Conducive.As at
Cape Royds

Scott Base,
TAE hut
~50 m from
sea

Possible past
chemical
usage,
including road
clearing salts.

Not evident
except on base
of wooden
sign post.

Conducive.As at
Cape Royds

McMurdo
Base,
<250 m

Possible past
chemical usage
including road
clearing salts.

Salt deposits
on some
windows
including
laboratory,
mess, not
visible on
ground.
Salt deposits
on some
windows
including
NSF HQ,
but not
visible on
ground.

Too difficult
to see.

Conducive.As at
Cape Royds.

Defibringpresent,
observations

ground affected
via capillary
action.
Yes, extensive,
variable
(moderate to
locally severe)
Defibring on
most exterior
timber 1m
above ground.
Worst on
sheltered areas.
Not many
unpainted
timbers, so
difficult to
determine.

Evident on
exposed timber
at base of
signs.

Corrosion
observations

Extensive,
moderate,
iridescent
patches on
some exposed
metals.

Significant,
streaks of rust
on new
painted
buildings.

Extensive.
Significant
iridescent
patches on
exposed
metals.

Thus, all except Rumdoodle (18 km inland), ie 11 of 12 sites, had visible salt deposits on the
ground or on building surfaces. Defibring was evident at 11 of 12 sites, severe at Cape Evans.
Significant corrosion was evident at all sites except Rumdoodle.
Examination of the Memorial plaque and Proclamation Plaque
These historic plaques were enclosed in bronze boxes in 1977 to protect them from damage by
wind borne ice particles. By 1985 both showed evidence of salt deposition and corrosion.
Enclosure in the metal box appears to have increased the severity of daily temperature and RH
fluctuations through solar warming. In summer the temperature, while not measured, could be
expected to be significantly above 0°C for long periods. The interiors of both boxes were wet
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when opened by Project Blizzard in December 1984. Ice particles containing salts penetrated the
seal causing the bronze to corrode (figure 2.19), which stained the wood blue (figure 2.20) and
resulted in severe defibring (figures 2.18, 5.3). The placques were returned to Australia in 198511.
Figure 5.4: Detail of defibring of Proclamation plaque, Project Blizzard 1984

Salt trails inside Cape Evans and Cape Royds huts
Salts are visible as trails of whitish crystals running down the walls and ceiling from the roof
(figure 5.5). The trails all had a thicker layer at the edges, evidence of formation by evaporation
of liquid (meltwater), although some salt deposits were also visible on the lower walls of Scott’s
hut at Cape Evans suggesting capillary action.
The salt trails were easily visible at Cape Evans and at Cape Royds but not so easily visible at
Hut Point due to poor weather conditions and insufficient light inside the hut during the visit. At
Cape Royds the surfaces area where salts were visible covered approximately five square metres
of the ceiling and upper walls on there were at least several grams on each windowsill. At Cape
Evans, the salt deposits appeared to be more diffuse but were evident over at least ten square
metres of the walls. In each of these huts it would be possible to gather several hundred grams of
salt. Such quantities of salts are rarely seen in habitable buildings in temperate climates even next
to the sea.
11

It should be noted there were few sources of professional conservation advice at that time.
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Figure 5.5: Salt deposits inside Cape Royds hut (author’s photo 1993)

5.4.2 Salt composition and origin
Salts in snow samples Cape Denison 1985
Figure 5.6a: Salt sample locations at Cape Denison, 1985, outdoors
Commonwealth Bay
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Figure 5.6b: Salt sample locations at Cape Denison, 1985, indoors
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Table 5.2: Analyses of salts from snow at various locations at Cape Denison, 1985
Table 5.2a: salt analyses, Cape Denison and Cape Evans (concentrations in ppm)
Note: Samples 1, 3, 4, 9, 12, 20 and 21 were not tested for salts.
Shaded rows indicate samples from Cape Evans
Sample
2

5
6
7

12

Location
Underneath
acetylene gas
generator, Living
hut.
Hut entrance.

Sn
72

Zn
35

Fe
40

Cr
37

Cl12
315

Comments
Ice sample contained small reddish
particles. When dried, the solid residue
appeared to be rust.

24

1.5

30

2.0

35

Treacle from
opened tin in
Living hut.
Snow from ground
midway between
Magnetograph
House and Penguin

2600

<0.2

3350

<0.1

750

2.0

1.0

94

0.3

3980

Freshly deposited ‘blown’ (ie not fallen)
snow.
The high Sn and Fe may result from
corrosion of the tin can due to the acidic
nature of the treacle.
High chloride is not unexpected so close
to the sea.

Chloride results have been calculated from the sodium content of the samples, assuming equal ratios of both.
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8
11

13
13(a)
14

15

Knob.
Hard ice under E
skylight, Living
Hut
Water from melt
pool northern side
Magnetograph
House
Snow surrounding
treacle container on
book case.
Snow immediately
to the east of cross
member, Memorial
Cross
Stained (brown)
snow near
acetylene plant.

<2.0

0.2

0.6

<0.1

36

2.0

<0.2

1.0

<0.1

246

220

0.3

530

0.7

120

The ice had melted and refrozen but was
not stained. Appeared to be frozen
meltwater from the roof.
Comparatively higher chloride, possibly
due to dissolution of salts washed from
nearby rocks and concentrated by drying,
possibly also from greater exposure to
seaspray.
Water phase extracted in 10% HNO3

260
<2.0

1.0
<0.2

670
<0.2

1.6
<0.1

54
57

Organic phase in 10% HNO3
Fresh deposited ‘blown’ snow.

<2.0

220

1.3

<0.1

820

16

Snow with yellow
stain near roof of
Living Hut.

<2.0

26

160

<0.1

1900

18

Rust flake from
entrance to Main
Hut
E side of cliff, 100
m from sea near
John O’Groats
Cape Evans, latrine
Cape Evans, latrine
Cape Evans, latrine
Cape Evans, latrine
Main hut, Trench 1,
layer 3a
Main hut, Trench 2,
layer 2
Main hut, Trench 4,
layer 3
Main hut, Trench 4,
layer 4
Main hut, Trench 4,
layer 5
Orange ice, Main
Hut
Stained snow from
inside Absolute Hut
Snow, open area of
ground on Gt
Mackellar Islet

4

0.6

4.5

0.1

70

Organic layer is motor oil (identified by
odour). Appears to be partly emulsified,
which may account for relatively high
concentration.
Large black algae grew inside the
container. The concentration is unusually
high. It is difficult to draw conclusions
from this sample since it is not clear how
the algae arose.
Dissolved in 10% HNO3

<2.0

<0.2

1.0

<0.1

15

Fresh deposited ‘blown’ snow.

<2.0
<2.0
<2.0
<2.0
<2.0

<0.2
<0.2
<0.2
<0.2
21

<0.2
1.3
1.4
1.1
76

<0.1
0.1
<0.1
0.1
0.2

210
255
230
330
420

Snow sample collected from the ground
Snow sample collected from the ground
Snow sample collected from the ground
Snow sample collected from the ground
Snow sample

<2.0

0.7

3.5

<0.1

26

Snow sample

<2.0

2.8

54

<0.1

890

Snow sample

<2.0

6.0

2.3

<0.1

85

Snow sample

<2.0

1.5

1.5

<0.1

63

Snow sample

6.3

8.9

34

<0.1

2200

Precise location not stated.

3.0

1.0

4.1

<0.1

380

Snow sample

<2.0

<0.2

0.3

<0.1

3870

Solid is CaCO3 (identified by micro test
with acid, generated effervescence).

19
22
23
24
25
26
27
28
29
30
31
32
33
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Element

Detection limits (ppm)

Sn
2.0
Zn
0.2
Fe
0.2
Cr
0.1
“Cl”
5
The nominal error for the above results is ±10% or better.

Cape Denison outdoor samples
Measurements of fresh snow outside and inside the hut recorded sodium concentration of 1530 ppm, from which chloride concentration was inferred to be equivalent, 15-30 ppm, presuming
the predominant salt is NaCl. High concentrations occur close to the sea (eg sample 7, 3980
ppm). Relatively high concentrations occurred in meltwater pools (eg sample 11, 246 ppm) but
samples close to the Memorial Cross were only moderately high, (eg sample 14 = 57 ppm).
Falling snow is rare at Cape Denison, whereas blowing snow is high. Accordingly, evenly freshly
deposited snow is likely to be blown snow carried by the katabatic winds from the polar plateau.
This infers it will have a lower chloride:sulphate ratio than sea salt due to preferential leaching of
chloride, as described by Campbell and Claridge. Based on the lowest “chloride” measurement of
the outdoor samples, then the background level of blown snow at Cape Denison is approximately
15 ppm and higher concentrations are due to either direct sea salt deposition, or from minerals in
the ground, or from concentration of salts of either marine or terrestrial origin.
Heavy metal concentrations outdoors are generally low even when “chloride” is high
(eg samples 11, 14, 19, 33) but some samples close to huts have relatively high levels of Sn and
Fe (samples 7, 32).
AAE main hut indoor samples
Freshly deposited blown snow (sample 5, 35 ppm) and hard ice composed of meltwater
(sample 8, 36ppm) and sample 27 (26ppm) are similar to the lowest outdoor “Cl-“
concentrations.
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Samples 2 (315 ppm) and corrosion products (sample 15= 820 ppm; sample 16 =1900 ppm;
sample 31 =2200 ppm) have significantly higher Na/Cl concentrations suggesting either inflow of
meltwater containing higher salt concentrations (eg from rocks) or concentration processes. High
concentrations of “Cl” do not necessarily have high concentrations of heavy metals. While the
data is limited, it suggests there may be periodic processes which result in relatively concentrated
salts entering and remaining in the building.
Cape Evans samples 22-25.
Due to bad weather samples could only be collected from one location near the latrine and the
age of the snow at collection was not determined. Concentrations measured (210-330 ppm) were
higher than the 34 ppm measured by Blanchette, Held and Farrell (2002, Table 3) in new snow
from the roof, as to be expected.
AAE main hut trench samples 26-20
There were not enough samples from the trenches to draw statistically valid relationships, but all
Sn and Cr concentrations are below detection, and higher sodium concentration is associated with
higher Fe and Zn concentration although the relationship is not constant. Possible reasons
include:


Low concentrations may indicate a layer of fresh snow, comparatively unmelted.



Frozen meltwater from the roof and walls may contain higher salt concentrations from
deposited aerosols.



Meltwater flowing over the floor may have entered the hut from surrounding rocks, again a
source of salts.

Chloride concentrations measured using ion selective electrode are a direct measurement of
chloride and were significantly lower than sodium measurements in Table 1, suggesting that
Table 5.2a results also include other sodium salts. The chloride ion measurements in Table 5.2b
(all taken inside the hut) suggest a background level of approximately 7 mg/litre Cl-. The varying
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levels of chlorides found in the different layers suggest intermittent ingress of more concentrated
salts in meltwater that have re-frozen.
Table 5.2b: Samples taken in December 1984 to January 1985 from inside and adjacent to
the AAE Main Hut, analysed using a chloride ion-selective electrode.
Sample

Location

#1
#2
#3
#4
#5

Inside main hut near stove
Ice, E side of hut
SW wall of hut, layer 2
Snow inside hut near shelves
S wall profile, layer 4

#6

Snow sample inside hut, location
not known
Snow sample on chair,
Mawson’s room
Ice, NE corner of living hut
Snow, E of McLean’s bunk
Snow, E of McLean’s bunk
Snow, living hut, E of FL’s
bunk, N of Webb’s
Snow, living hut, layer 14/15
Snow, living hut, layer 10
Snow, living hut, layer 14a
Snow, living hut, layer 2
Snow, living hut, layer 4

#7
#8
#9
#10
#11
#12
#13
#14
#15
#16

Chloride,
mg/litre
120
9
28
18
169
18

Comments

Higher [Cl-] may be due to evident
seepage from adjacent rocky area

13
Not analysed
16
67
7
46
355
78
15
7

Solid salts inside Ross Island historic buildings 1996
Figure 5.7: Salt samples from C Royds, C Evans, Hut Pt (author’s photo 1996)
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Table 5.3: Analyses of salts collected inside historic buildings on Ross Island
Site

Sample
name &
(ANU
identifier)
HP1
(A10347)

Date
collected

Location in the hut

Compounds identified
(strongest match in bold type)

23.1.96

Lean-to.

Thenardite (Na2SO4, 37-1465)
Potassium sodium aluminium silicate (sanidine (a
feldspar), anorthite, albite) possibly from dust.
Halite (NaCl)
Sodium calcium aluminium silicate hydrate (a
zeolite, from volcanic tuff).

Hut Point

HP2
(10675)

23.1.96

Upper wall and lower
part of ceiling near
window, SE corner [of
building]

Thenardite
Ammonium Magnesium sulphate hydrate (NH4)2Mg
(SO4)2.6H2O
Boussingaultite (NH4)2Mg(SO4)2·6(H2O)
Eugsterite (Na4Ca (SO4)3.2H2O)

Hut Point

HP3
(10676)

23.1.96

Lowered ceiling, NE
corner of hut

Thenardite
Eugsterite
Arcanite (K2SO4) (11 hits but one miss)
Hydrotalcite Mg6Al2CO3(OH)16.4H2O possible.

Cape Evans

CE1
(10674)

17.1.96

Thenardite
Also, mirabilite Na2SO4.10H2O

Cape Evans

CE2
(10679)

17.1.96

Underside of shelf,
immediately left of
window in south wall
of hut.
Damp base of wall in
SW corner of hut, under
table.

Cape Evans

CE3
(10675)

17.1.96

Lower part of wall in
first bunk area on N
side of hut.

Thenardite
Copiapite (Iron oxide sulphate hydrate, but some
peaks missing, Fe++Fe+++4(SO4)6(OH)2.20(H2O)
Eugsterite

Cape
Royds

CR1
(19680)

12.1.96

Thenardite
Gypsum (CaSO4.2H2O)

Cape
Royds

CR2

12.1.96

Cape
Royds

CR3
(10677)

12.1.96

Underside of long shelf
on N wall at E end of
hut above cot.
Wall immediately
above (right) window
on N side.
Ceiling of Shackleton’s
room.

Hut Point

Thenardite
Eugsterite
(Mn,Ca)SiO3 Bustamite

Not examined due to difficulty with sample.
Thenardite
Eugsterite
Burbankite (Na,Ca)3(Sr,Ba,Ce)3(CO3)5
Sodium calcium strontium sulphate (possible)

Notes:
 Thenardite is the strongest match in all samples examined by XRD. Testing with barium chloride confirmed the
presence of sulphate as a dense precipitate of barium sulphate was formed.
 All the above results were subsequently confirmed using Raman microscopy.
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Salts in corrosion products from various Antarctic sites
The composition of aerosols collected at Mawson and Davis Stations are given in Table 5.4 for
three species (SO42-, Na+ and Cl-) in two size fractions (fine ≤1 µm; coarse ≤8 µm), collected on
filter papers. The sulphate can be of either sea salt (SS) or non-sea salt (NSS) origin,
distinguished by assuming that the SO42-: Cl- mole ratio in sea water was 0.0517, see Appendix H
Otieno-Alego et al (2000: 6).
The weight percentage of chloride and sulphur in corrosion products is given in the right hand
columns of Table 5.4, specifying the analytical method used and other relevant environmental
factors.
5.4.3 Measurement of the rate of salt deposition
Salt deposition measurements at various Antarctic sites are collated in Table 5.4 with the results
of other researchers included for comparison.
5.4.4 Data on precipitation (rain and snow) from various sources
Rain and snow precipitation data at various sites are presented in Table 5.4. For some sites the
only precipitation data available are days of blowing snow.
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Table 5.4: Antarctic precipitation, salt deposition and corrosion product data
Note: deeply shaded rows indicate sites with predominantly katabatic winds from the polar plateau. Cape Adare experiences periodic orographically forced
katabatic winds but also receives significant marine winds. NSS= non sea salt. SS= sea salt
Site
(distance
from the
sea)

Wind- speed
(km/hr),
direction, type

Precipitation

Mawson
(100-170
metres)

Annual mean 3pm
wind speed 10.25
m/s (36.9 kph)
(source:
www.bom.gov.au )
Katabatic, SE

Precipitation is not measured
due to difficulty of
distinguishing blowing snow
from falling snow. Mostly
blowing snow. Rain is rare
4 days of snowfall per month,
higher in winter, 10 days of
drift snow in winter, one day
in summer (per month).
(Streten 1990)

Davis
(~120
metres)

Mean annual
windspeed is
19 km/h. Windiest
month is November,
lightest winds in
May. Direction is
between N and E
(>80 % in some
months).

Mean annual average days of
precipitation = 19.2
Annual average precipition
over 30 yrs = 70.9 mm
(www.bom.gov.au )
Strong winds rarely cause
blowing snow.

Salt deposition
Collection method

Aerosols collected
on filters, fine ≤1
µm; coarse ≤8 µm

Aerosols collected
on filters, fine ≤1
µm; coarse ≤8 µm

Salt deposition measurement

NSS SO42- fine
99.7 (µg m-3)
2NSS SO4 coarse
11.0
Total NSS SO42110.7
SS SO42- fine
SS SO42- coarse
Total ss SO42-

7.8
9.6
17.4

Total SO42-

128.1

Na+ fine
Na+ coarse
Total Na+

37.7
33.8
71.6

Cl- fine
46.5
Cl- coarse
50.7
Total Cl97.2
(reference: Appendix H Table 1)
NSS SO42- fine
84.7 (µg m-3)
2NSS SO4 coarse
70.1
Total nss SO42145.4
SS SO42- fine
SS SO42- coarse
Total SS SO42-

Salts retained in corrosion products
Chloride (wt %)

Sulphur (wt %)

XRF

XRF

0.94

ICPMS
1.105

0.19

ICPMS
0.220

1.30

1.385

0.18

0.202

139.7
105.4
245.1

Total SO42-

364.3

Na+ fine
Na+ coarse
Total Na+

455.5
477.4
932.9
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Site
(distance
from the
sea)

Wind- speed
(km/hr),
direction, type

Dumont
d’Urville
(<500
metres)

SE dominant,
Mean annual average
=29.6 km/hr
(Wendler et al 1997)

Cape
Denison
(AAE hut is
45 metres
from edge of
Boat
Harbour)

AAE: (Madigan
1929: 19-24)
Mean hourly wind
velocity= 44.2 mph
(71.13 kmh) over 22
months. Wind
direction is SSE for
85% of the time, at
51.3 mph.

Cape Adare
(100-120
metres)

Harrowfield (2006:
298):
5 to 26 m/s (18- 94

Precipitation

Wagenbach et al (1998) found
higher atmospheric sea salt
deposition in summer rather
than winter.
Annual mean sea-salt
concentrations measured was
1400 ng m−3 but results at
different seasons showed high
variability dependent on
topography.
Snowfalls heaviest in Apr and
May
AAE data:
14.3.1912 to 14.4.1913 =
51.82 ins (1316.23 mm)
15.12.1912 to 15.12.1913=
60.98 ins (1548.89 mm)

Salt deposition
Collection method

Not specified in
abstract, appears to
be atmospheric
capture on filter.

ISO 9225 salt
candle, 14 days
exposure.

Drift:
During 14.3.1912 to 14.3.1913
= 6246 feet (1.904 km)

Rainfall is sporadic, highest
during summer.
36.5 mm during 11 months

n/a

Salt deposition measurement

Cl- fine
1378.5
Cl- coarse
827.3
Total Cl2205.8
Wagenbach et al state that
mirabilite is precipitated from the
atmosphere.

Salts retained in corrosion products
Chloride (wt %)

Sulphur (wt %)

XRF

ICPMS

XRF

ICPMS

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

Salt candle results summer
n/a
exposed 27/12/2000 to 8/01/2001
(Ganther et al 2002)
Compound
Deposition mg/m².day
Na
6.7
Cl5.5
Ca
2.8
SO4
2.4
K
1.4
Mg
1.3
NO3
0.4
PO4
0.2
NH4
0.2
NO20.0
Br
0.0
Li
0.0
n/a
n/a
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Site
(distance
from the
sea)

Cape Royds
(~120
metres)
Cape Evans
(~100
metres)

Hut Point/
McMurdo
(~100
metres)

Scott Base
TAE hut

Wind- speed
(km/hr),
direction, type

Precipitation

Salt deposition
Collection method

km/hr) in moderate
storms. Mainly
orographicallyforced katabatic.
Bernacchi 1901:
winds 41.1% S and
SE, 41% calm,
17.9% other
directions. Strongest
winds SE. Gales
20% of the time.
Not available.

from Feb 1899 to Jan 1900,
Southern Cross Expedition,
(Bernacchi 1901). No recent
precipitation data is available.

n/a

n/a

Not available.

n/a

ISO 9225 salt
candle

At Williams Field
(15 km S of
McMurdo Base),
Mason 1999:
20% calm;
Rarely W, 21% E,
27% NE, 11% SE,
14% S. Most
common winds are
13% NE at 2-5
m/sec, 5% S at 8-10
m/s.
Max gusts to 185
km/hr, less windy

202.5 mm mean annual
average, not differentiated as
blowing or falling snow,
rain/sleet is rare.

n/a

Scott Base annual
precipitation 200 mm water

n/a

Salt deposition measurement

Salts retained in corrosion products
Chloride (wt %)

Sulphur (wt %)

XRF

ICPMS

XRF

ICPMS

Some salt measurements available
of timber (Blanchette, Held and
Farrell 2002). No deposition data
Seaward side outside hut=
45.4 mg/m2.day (16.6 g/m2.yr)
Landward outside hut=
34.3 mg/m2.day (12.5 g/m2.yr)
Inside hut 15.1, 12.1 mg/m2.day
(5.5, 4.4 g/m2.yr)
(Mason 1999: 78)
Some salt measurements available
of timber (Blanchette, Held and
Farrell 2002), but no deposition
data.

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a

n/a
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Site
(distance
from the
sea)

Wind- speed
(km/hr),
direction, type

Precipitation

(~50 metres)

than McMurdo.

Rothera
(~100
metres)

Mean wind speed
58.0 knots (107.4
kph)
mainly northerly
(British Antarctic
Survey)
Max wind gust =
142.6 km/hr
Max mean wind
speed = 107.4 km/hr
Mean wind speed
=22.2 km/hr
Mean wind speed
during Nov 1991 to
Feb 1993 was 8.55
m/s (30.78 kmh),
gusts exceed 90kmh,
strongest winds in
winter and spring.
E-W wind varying
with time of day and
season, aligned to
axis of Potter Cove.
n/a

equivalent, 30 year mean
(New Zealand Meteorological
Service 1983)
Snow/sleet/rain, occasional
rain. Days with snow/sleet 225
per year
Days rain= 30
50+ gales/year
http://www.antarctica.ac.uk/m
et/jds/weather/images/fig12.ht
m
Turner et al 1995 Antarctic
Science 7(3): 327-337

Jubany
(100 m)

Artigas
(<200m)

Salt deposition
Collection method

Salt deposition measurement

Salts retained in corrosion products
Chloride (wt %)

Sulphur (wt %)

XRF

ICPMS

XRF

ICPMS

n/a

n/a

0.75

0.762

0.25

0.258

1830 mm in 4 years (av 456
mm/yr)
Rain, sleet and snow all occur.
Significant se mist in summer.

Titration of contents
of pluviometer

SO2 negligible, Cl- 6-30 mg m-2
day-1
(Rosales & Fernandez 2001)

Cl(mg/m2) in
adherent
rust = 1139
(after 1 yr
exposure)

n/a

SO4 2-259
(mg/m2)
in
adherent
rust after
1 yr

n/a

Minimum mensual rain = 12.7
mm
Max mensual rain= 85.2 mm
Av annual rain = 512.8 mm

Not stated, but
infers titration of
contents of
pluviometer

Negligible SO2, Cl- deposition
180.1 mg m-2 day-1. (Rivero et al
(1996))

n/a

n/a

n/a

n/a
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5.4.5 Scanning electron microscopy of defibred wood samples from Cape Denison
Figure 5.8 shows SEM images of typical samples of defibred timber, discussed in section 5.5.5.
See also SEM images by Blanchette et al (2002) shown in figure 2.2.
Figure 5.8: SEM images of typical samples of defibred timber.
Typical appearance of defibred wood sample from Cape Denison.

Detail of lower left of image 0001 above.
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Typical appearance of defibred wood sample from Cape Denison.

Side view of sample show in 0001 above.

Weathered wood from Cape Denison, not defibred.
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5.4.6 Conservation treatment for salt-related problems
Table 5.5 lists types of salt treatments carried out at Antarctic historic sites, assessed from
available literature and from the author’s observations, where possible.
Table 5.5: Treatments of salt problems.
Location
Ross Island
sites

Treatment
Brushing, vacuuming (Maxwell &
Viduka 2004)

Result
Local reduction
in salts near
artefacts. Salts
from ceiling and
walls may
dissolve and be
re-distributed.

Ross Island,
Cape Adare,
Cape
Denison,
Snow Hill
Island
Ross Island
sites

Re-location of artefacts offsite
Bickersteth, Clayton and Tennant
(2008)

Potential loss of
visitor amenity
but may be
satisfactory
where multiple
examples exist.
Generally
effective in
removing salts
when undertaken
in laboratory (not
field) conditions.

Ross Island
sites

Preventive
treatments
proposed by
Blanchette,
Held and
Farrell 2002
for Ross
Island sites
but
applicable
elsewhere

Washing of textiles and other organic
artefacts to remove salts, using
conventional laboratory treatments (UK
Natural History Museum Conservation
blog, July 2008 available at
http://www.nhm.ac.uk/natureonline/earth/antarctica/blog/?m=200807
Replacement of damaged timber
cladding with new timber (Blanchette,
Held and Farrell 2002)

a. reduce snow accumulation on and
near the huts; and
b. improve drainage to reduce moisture
migration up the walls;
c. divert water flows from the roof and
walls
d. reduce sources of moisture including
getting visitors to take off outdoor
shoes to wear slippers inside;
e. remove accumulated salts.

Recurrence of
problem after 8
years; loss of
original building
fabric.

Would reduce
moisture ingress
and prevent salt
migration by
capillary action
but benefits in
reducing blown
snow are less
apparent.

Cost
Labour
intensive
(~100
hours per
hut per
season)
and thus
expensive.
Packing,
transport
and
storage are
labour
intensive.
Generally
labour
intensive
and high
cost due to
logistics
expenses.
Modest.
Several
hours to
replace
(each)
small area
of timber.

Effectiveness
Not highly effective in
removing salts from
corrosion profile of
metals.
Does not prevent
ongoing damage.
Requires annual retreatment.
Can be effective for
managing risks where
exposure is extreme and
no practical alternative
exists.
Effective, but must
manage exposure risk if
returned to original
location. High reexposure risk increases
need for re-treatment.
Loss of original
material is undesirable,
replacement can be
acceptable where
appropriate materials
and techniques are used.
Re-treatment was
required in < 10 years..
Probably quite effective
with a significant
advantage that
effectiveness can be
measured through RH
monitoring that is
ongoing.

Moderate:
most
actions
would
require
some
hours each
year (a, c,
d) or
possibly
days (b,
e).
Note: no specific salt treatments appear to have been undertaken at Cape Denison (based on Berry 2010).
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Table 5.6 Risk analysis
The RiskRisk
What can happen
No.
and how it can
happen
1
Salts deposited
and/or absorbed on
timber cause
defibring.

2

3

4

Salts increase
corrosion of metals
including fasteners.

Salts deposit in
locations that are
difficult to monitor
such as inside roof
and wall cavities,
under floors, etc.
Salts deliquesce and
migrate to other
locations eg via
capillary action, etc.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Conseque
nce
Rating
(b)
3
(exterior)
2 (interior
and
overclad
timber)

Overall
Risk
Level
(a+b)
8

Risk
Priority

Loss of surface timber
and possible acceleration
of loss where corrasion
also occurs

No existing controls other
than overcladding of
original surfaces with
timber (Cape Denison) or
polymer (Ross Island).

5 (exposed
exterior)
2 (interior
and overclad
timber)

a. Corrosion products
increase damage to wood
and cause staining.
b. Difficult to replace
where the corrosion binds
to timber surfaces.
c. Surface treatment of
exposed portions with
coatings.

a. Replacement of
corroded fittings- results
in loss of original building
fabric.
b. Risks of physical
damage during removal.
Defibring damage to
wood is currently
impossible to treat
effectively.

5

Salts continue to
accumulate unseen and
potential damage is not
assessed.

Nil- no assessment reports
available.

4-5

1-4

5-9

Low to
highneeds
assessment.

Salts appear as meltwater,
risks are not identified,
salts move and cause
problems in other
locations.

Salts brushed/vacuumed
off after deposition.
Few strategies to prevent
deposition and absorption.

4-5

2-4

6-9

High

Treatment
controls

Risk rating
after
treatment/
controls
As for interior
- see Risk 4.

High

Overcladding

4

Low

Protective
coatings
prevent
crystallisation
damage at
surface.

Not assessedrequires field
and lab trials
to determine
effectiveness,
but likely to be
beneficial.

4-3

9-8

High

Nil- requires
research to
develop
treatment
options.
Re-placement
option

Not
determined.

Inspection and
testing is
feasible and
inexpensive.
Use sensors
for monitoring.
Monitoring to
determine
risks treatment
strategies.

Not
determined.

Not
determinedthis should be
an option of
last resort.

Not
determined.

Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain.
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic.
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6 & 7 high risk – needs senior management attention, >7 extreme
risk – detailed action plan required.

35

5. Salts

5.5 DISCUSSION
5.5.1 Characteristics and severity of salt-related deterioration problems (Research question 1)
The visual observations summarised in Table 5.2 revealed:


Salt deposits were visible on the ground outdoors at all of the 12 sites, which are generally
less than 200m from the sea edge except Rumdoodle (18 km inland);



Salt deposits were visible inside buildings at all of three the early Ross Island sites and at
Cape Adare;



Evidence of significant corrosion and defibring was found at all sites except Rumdoodle,
although at Cape Denison and Cape Adare defibing was localised to areas protected from
wind areas implying defibring may have been more extensive but removed by corrasion;



As expected, the most extreme deterioration risks apply to artefacts where periodic
inundation occurs: eg parts of Cape Adare; low lying areas northeast of Boat Harbour at Cape
Denison; and the Aurora anchor at Cape Evans was partly inundated by seawater during
storms (Harrowfield personal communication to the author 1997); and



Conservation treatments related to salts were undertaken at the four Ross Island sites.

At Cape Royds salts cover the ground to such an extent that the ground appears white in places
and could be mistaken for snow except that it is solid, crystalline and tastes salty (figure 5.9).
Observations could underestimate the extent of salt deposits on the ground since the salt crystals
are only visible when humidity is below the critical RH.13 Above that RH the salts deliquesce to
form a liquid.

13

Critical relative humidity is defined as the relative humidity of the surrounding atmosphere (at a certain
temperature) at which the material begins to absorb moisture from the atmosphere and below which it will not absorb
atmospheric moisture. For pure sodium chloride this is 80%. The critical relative humidity of most salts decreases
with increasing temperature. Mixtures of salts usually have lower critical humidities than either of the constituents.
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Figure 5.9: Salts covering the ground at Cape Royds (author’s photo 1993)

Prior to the author’s visit in 1993 no references were found concerning the existence of salt
deposits inside the Ross Dependency huts. It is possible that the salts may not have been noticed
since their appearance is ephemeral. High relative humidity inside the huts during summer causes
deliquesence, making them difficult to distinguish from meltwater.
The most significant limitations of the site observations for detecting salt problems were the
inability to examine the spaces inside ceilings and walls. These are needed to understand the
processes and impacts of air and water leakage and condensation and to determine if treatments
such as overcladding are effective.
Salt observations at sites not visited by the author
Site surveys by Broadbent (1992), Comerci (1983) (1994), Cochran and Collinge (1994) and
others at Antarctic Peninsula sites do not specifically comment on the prevalence or severity of
defibring and the reports on corrosion are sporadic and only qualitative. However, other
evidence, discussed below, suggests significant potential salt risks at these sites.
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5.5.2 Composition and origin of the salts (Research question 2)
Salt deposition processes
Salts can be:


Precipitated in falling snow, which contains sea salts in coastal areas; or



Carried in drifting snow, which may include non sea salts carried from the troposphere
eventually deposited on the polar plateau; or



Deposited on the ground or inside buildings, and be concentrated by evaporation.

Hingston and Gailitis (1976: 319) stated that the main factors affecting the amount and nature of
salts in precipitation are climate, elevation of the land surface and occurrence of saline drainage
systems and soils. Chloride precipitation depends partly on wind direction and strength
(correlated with latitude), rainfall (partly determined by topography) and distance from the coast
(ibid: 328). In coastal locations in mid-latitudes, salts found in rainwater are consistent with the
ratio found in seawater. The characteristic ratio of interest to environmental scientists is that of
chloride : sulphate. Some locations widely distributed around the world have sulphate in excess
of the expected ratio, particularly in desert regions, derived from volcanic, industrial and
environmental sources (Hingston and Galaitis (1976: 319). Of these, the most important in
Antarctica are sulphur compounds from disintegrating algae and plankton (the Southern Ocean
being a particularly rich source) and terrestrial aerosols from soils.
Claridge and Campbell (1996) consider that “the origin of the nitrogen, sulphur and iodine salts
in Antarctic snow is ultimately biological”, citing and refuting contrary views of other authors.
These salts “are transported to the polar regions by the atmosphere that circulates to maintain the
permanent anticyclone over the Antarctic continent. During transport, these compounds are
oxidised to nitrates, sulphates and iodates (figure 5.10). Most of these compounds are removed
by atmospheric precipitation but … chlorides are removed preferentially” (ibid: 267-268). This
appears consistent with the author’s finding of elevated levels of sulphate in samples from the
Ross Island sites.
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Figure 5.10: Global salt transport processes (Campbell & Claridge 1996: 269)
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Blanchard and Woodcock (1980) described the predominant role of breaking waves and
whitecaps in producing the SS aerosols globally. Both the production of whitecaps and the
subsequent transport of sea spray depend on the wind speed. SS concentration increases
exponentially with wind speed. For winds <5ms-1, a variable threshold of sea spray is found,
either due to higher variability of the wind field over the sea or production of spray in the
previous days. For wind speed <10 ms-1 the SS concentration increases with the first power of the
wind speed; above this speed the concentration increases again and reaches the third power at
20 ms-1 and more than the fourth power as the winds reach hurricane speed. At Cape Denison, the
annual average wind speed measured by the AAE was 69 kilometres per hour, or 19.2 ms-1
(Madigan 1929) , inferring salt concentration should correspond to the third power of the wind
speed14. However, the direction of the wind is also significant and at Mawson, Rumdoodle,
Platcha, Dumont d’Urville, Cape Denison and to some extent Cape Adare, the dominant katabatic
wind is from the polar plateau. These dominant katabatic winds promote deposition of NSS

14

Interestingly, corrasion rates also correspond to the third power of wind speed, so it is possible that deposition
rates and corrasion rates could be close (within one order of magnitude).
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whereas the weaker sea breezes 15 promote deposition of sea salts. Thus there is an expectation
that at the ‘katabatic’ sites (shaded in table 5.4) NSS should predominate over SS deposition and
indeed there is a common assumption (Ashley 2001: 115) that all salt deposition is low at Cape
Denison.
An additional factor of importance in Antarctica is the presence or absence of sea ice. Sea ice
persists for a longer period at the Ross Island sites (over five months per year) and winds are not
so strong as to cause breakup and scattering (see Chapter 7).
Effect of salts on freezing point
The components of seawater are very similar throughout the earth’s oceans (Department of
Environment Handbook 1994).16 Depression of freezing point of salt solutions is a widely known
phenomenon with obvious implications in coastal Antarctica since summer air temperatures are
generally within a few degrees of freezing point.
Brass (1999) discussed depression of freezing point and its effect on Arctic corrosion rates
providing phase diagrams that give rare quantitative data on the effects of salts and their
interactions at different temperatures. He showed that concentration of salts can lead to corrosion
reactions occurring at temperatures below -50°C. Any increase in salt deposition rates could
therefore synergise other deterioration processes by making liquid water available for longer
periods.
Other sources and impacts of salts
Guano from penguins, and other wildlife to a lesser extent, contains significant quantities of
nitrates, phosphates, calcium and ammonia compounds and fertilises growth of fungi, bacteria
and algae. The only significantly affected historic site is Cape Adare where over two million
15

Breezes from the north blow 3.4 % of the time with average velocity at greatest frequency of 10.0 mph or 4.47
m/s, (Madigan 1929: 131).
16
The components are (w/w/) Na 1.07%; Mg 0.132%; Ca 0.042%; K 0.038%; Cl 1.932%; sulphate 0.270%;
carbonate 0.007%; bromide 0.006% (see http://cdiac.esd.ornl.gov/ftp/cdiac74/chapter5.pdf
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penguins breed each summer (figure 5.11) and guano has accumulated around the huts’ walls.
Shackleton’s hut is immediately adjacent (but not surrounded by) the southernmost Adelie
penguin rookery.
Figure 5.11: Guano accumulation at Cape Adare (author’s photo 1993)

Chemicals used for scientific or operational reasons are another potential source of salts. Large
quantities of sodium hydroxide were stored at Wilkes to produce hydrogen for meteorological
balloons (Clark & Wishart 1989) and crystalline deposits were evident near the meteorological
balloon building at Mawson Station, possibly sodium hydroxide17. Disposal of chemicals for
photographic processing and other purposes is known to have occurred at many other sites
(personal communication Janet Dalziel, Greenpeace, 1992) before the Madrid Protocol led to
tighter controls. While these pollutants are expected to be localised, their presence at historic sites
cannot be discounted.
Salt composition of snow at Cape Denison (1985)
The concentration of Na+ ions outdoors was highest near the Magnetograph House (3980ppm),
lowest near John O’Groats (15ppm) and was also relatively low at the Memorial Cross (57ppm).
The variability of salt concentration is difficult to interpret since it depends on both deposition
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and the potential mixing with meltwater and contact with rock minerals. Nevertheless, the
sodium concentrations present are similar to the range at Ross Dependency sites (Blanchette,
Held and Farrell 2002).
Concentrations in excavated layers inside the AAE Main hut are variable and there are
insufficient samples to determine the extent of variation within each layer and to relate this to the
factors that might be responsible. For example, elevated Na+ may be associated with
melting/freezing locations rather than snow blown from the polar plateau, or possibly from
dissolved salts concentrated by drying from ventilation. Further information could be obtained
from analysis of ice cores extracted from the hut by Lazer in 2002 and this would be worthwhile
in understanding both melting/freezing episodes as well as salt behaviour.
Analyses of salts inside Ross Island buildings
The most significant finding from these analyses was the elevated concentration of sulphate at
each location in the three huts. Such deposits of salts are rare inside buildings in other climates
even in deserts. Halite was only found in small amounts (in HP1), which was most unexpected
due to the proximity of the sea, so the analyses were repeated18 using Raman microscopy which
found the same results in addition to identifying some minor components (gypsum). The
significance of these results is discussed further in section 5.5.5.
Aerosol data at Mawson, Davis
There are marked differences in the SS sulphate ratio measured in aerosols: Mawson (14%) is
much lower than at Davis (67%) since the strong katabatic winds at Mawson reduce the marine
influence. Mawson also has sodium (8% of Davis) and chloride (4% of Davis).
The NSS fraction of the sulphates measured in the samples of corrosion product originates from
bacteria and marine phytoplankton that form dimethylsulphoxide, which can be oxidised by
17

High pH was measured with a test strip.
Raman microscopy became available which enabled very small samples to be examined without the need for
grinding the crystals.
18
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hydroxyl radicals to SO2, or methane sulphonate. Aerosol data is useful for heritage conservation
in Antarctica since it can improve understanding of salt processes and conservation problems
arising.
Analyses of salts in corrosion products from Mawson, Davis and Rothera
Micro-Raman analyses (discussed in Appendix H) demonstrated that the corrosion products
consisted mainly of goethite (-FeOOH) and lepidocrocite (-FeOOH), with interdispersed traces
of maghemite (-Fe2O3) and feroxyhite (-FeOOH). Sulphate ‘nests’ were randomly found in pits
present on the rust layer.
Elevated levels of sulphate have thus been confirmed in all the following sources:


Aerosols collected at Mawson and Davis



Salt solids collected inside Ross Island buildings



Corrosion products from Mawson and Davis and Rothera

Analyses of sulphate, Na+ and Cl- ions in corrosion coupons exposed at Antarctic sites presented
in Appendix H show their concentrations are significantly higher (nearly three times, for each
species) than a marine site in Newcastle, NSW. By comparison, Subantarctic islands have much
lower levels of these species due to leaching by high rainfall. Chlorides are deposited but the rate
of leaching is not sufficient to remove it all from the metal surface, so it is incorporated within
the corrosion product. Sulphates are generally less water soluble than chlorides, so their rate is
retention is high and the sulphur contents for the Antarctic sites approach that of industrial sites.
Two bronze boxes covering the Memorial and Proclamation plaques at Cape Denison were
thought (in 1985) to have suffered ‘bronze disease’, caused by chlorides (Hughes 1986). It was
not possible to test the salts present but the presence of sulphates from samples collected
elsewhere at the site suggests sulphates may be present so the corrosion occurring may not be
strictly ‘bronze disease’ but the result of several different corrosion processes.
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5.5.3 Rates of salt deposition inside and outside buildings and factors influencing salt penetration
(Research question 3)
Campbell and Claridge (1987) found chloride concentrations in Antarctic snow and ice samples
decreased with distance from the coast (ibid: 240). Mirabilite (Na2SO4.10H2O) was found as
large masses on old sea ice, especially near the Koettlitz Glacier in McMurdo Sound. The
removal of chloride noted in studies in Dronning Maud Land (ibid: 241) “was attributed either to
a non marine source of sodium or to selective removal of chloride in coastal regions”…. “Most
salts are initially derived from the sea in the form of aerosols and, in coastal regions, salts may be
present in solution in sufficiently high concentrations for the precipitation of either halite or
mirabilite, depending on the temperature." (ibid: 255).
They concluded that “the bulk of the aerosolic material was sulphate, believed to have been
transported to the interior of the continent through the upper troposphere or the lower
stratosphere" (ibid: 242). Salt deposition concentrations were found to be higher in summer than
in winter (ibid: 241), for example, at Moledezhnaya, expected to be due to the formation of sea
ice in winter. However, this is contradicted by more recent research (Curran et al 2006) that
found higher deposition in winter due to wind deposition from ‘frost flowers’ on the surface of
sea ice.
At Jubany, Rosales and Fernandez (2001) 19 measured outdoor salt deposition using Mohr
titration of water collected in the pluviometers and found levels ranging from six to 30
mg m-2day-1. This high rate of deposition indicates salts may adversely affect historic buildings in
the relatively warmer climate of the Antarctic Peninsula, although the modes and extent of salt
infiltration may differ since winds are weaker and more rain occurs.
A large area of salt crystals (not analysed by the author and no known published analysis) exists
approximately 100 metres seaward of Shackleton’s Nimrod hut at Cape Royds (figure 5.12). This
appears to have formed from evaporation of salty meltwater that has drained off surrounding
rocks, combined with penguin guano. These salts could easily be redeposited by wind on the hut.
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Figure 5.12: Salt pan at the SSSI boundary marker at Cape Royds, author’s photo 1993

Mason (1999) carried out four ISO 9225 salt candle measurements: two located outside Scott’s
Hut at Cape Evans and two located inside the building for a period of 37 days each. The seaward
exterior sample had the highest deposition rate (16.6 g m-2yr-1) followed by the sheltered exterior
sample. Of the two interior samples, the sample closest to the door had the greater deposition
rate.
The classification of airborne salinity based on the salt candle method places all of the Cape
Evans samples in the S1 category of ISO 9225, which is one category above insignificant
background levels. Mason noted that the distance of the sea ice edge from the hut at the time of
the test (about 4km away during early summer) may be a significant factor in the low
classification, but Curran et al (2006) suggest winter deposition may be higher.
Mason (1999: 77-78) presumed the salts deposited were predominantly sodium chloride. This
may significantly underestimation total salts since the mercurimetric titration reaction used will
19

This method analyses halides only. Pluviometer measurement underestimates deposition since it does not include
aerosols.
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react with other halides, but not sulphates. Given the evidence of sulphates found inside the huts,
and that there are limited means of leaching of chlorides in the interior environment, then the
interior salt deposition rate may be higher. Mason (1999: 64) also measured the chloride content
of the fibrous insulation (4.2% by weight) which suggested chloride is retained inside the wall
spaces and may leach during intermittent moisture flow from meltwater penetration or
condensation events.
Setting aside the identity of the salts, sodium chloride deposition rates measured inside the hut by
Mason (5.5 and 4.4 g m-2yr-1) are approximately one third of the outdoor exposure rates (16.6 and
12.5 g m-2yr-1). This is a higher proportion than is commonly found in buildings in temperate
conditions, which are commonly around 1/80 of external deposition rates (Cole & Ganther 1999).
The proportion of salt deposition inside the AAE main hut, although not measured, is likely to be
a higher proportion of the external deposition due to the stronger winds and greater permeability
of the building fabric, as evidenced by the continued ability of snow particles to enter the hut
even after extensive overcladding20. As previously mentioned, difficulties with funding, logistics
and research approval made it impossible to carry out sufficient salt candle measurements to
adequately investigate salt risks. If interior salt deposition at Cape Denison is approximately one
third of the deposition of the exterior rate then approximately 0.77 kg of total salts per year will
be deposited inside the hut21. An approximate salt budget is given in figure 5.13.
Measurements of ions from the salt candle exposed at Cape Denison in summer 2000-01 with no
sea ice present show lower outdoor deposition rates than at Cape Evans during summer (see
Table 5.4). Comparison is again dependent on better data on the relationship of sea ice and
atmospheric salt deposition but these results seem to indicate salt deterioration risks are lower
than for Ross Island sites.
The vortex effect recorded by the AAE at Cape Denison was discussed previously in section
4.5.3. The vortex observation implies that salt-laden air circulates over the headland (figure 5.13)
although any increase in salt deposition may depend on how sea ice affects deposition rates.
20

See recent report by archaeologist Anne McConnell for Mawson’s Hut Foundation.
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Recent satellite and ocean measurements22 suggest that the katabatic winds form a polynya (a
persistent formation of open water amongst sea ice) off Cape Denison and another is known to
exist off northern Ross Island (Wendler, G, D Gilmore & Curtis 1998). The total
chloride:sulphate deposition weight ratio at Cape Denison measured by the ISO salt candle was
2.29, compared to 0.76 at Mawson and 6.05 at Davis (using weight/volume of aerosols). While
the quantities measured cannot be directly compared (as different methods were used), the
chloride:sulphate ratios are comparable and these suggest there is more sea salt deposition at
Cape Denison than at Mawson, although both have katabatic wind regimes. Ideally, to
conclusively evaluate salt deposition affecting Antarctic historic sites, ISO salt candle
measurements (with full ion analysis) should be repeated at Mawson, Davis, Cape Denison and a
Ross Island site along with SOx and NOx measurements and a corrosion coupon exposures plus
representative measurements of salt content of timber and concentrations in meltwater and
internal ice (at Cape Denison). This would enable improved analysis of the salt budget to
evaluate salt risks.
Figure 5.13: Vortex effect over Cape Denison (Madigan 1929: figure 11)
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Table 5.7 qualitatively summarises salt processes at Cape Denison. These include: aerosol
deposition onto exterior surfaces, meltwater ingress through the roof and walls, capillary action
from ground contact and from salty water from melting of snow drifts along walls and under the
21
22

Based on total salt deposition of 20.9 mg/m2/day for approx 300 m2 exterior surface of the hut.
See Wendler, Gilmore and Curtis 1998 listed in references.
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floor, on visitors clothing and boots. Salts are also concentrated from wetting/drying cycles,
which may be particularly important in Antarctica given low flushing rates and the drying effects
of winds. NSS deposition could be concentrated by drying since the air catchment covers one
tenth of Antarctica funnelled into a small coastal area (Adolphs & Wendler 1995) and both
ablation and blowing snow volumes are known (Madigan 1929) to be exceptionally high.
Table 5.7: Salt processes affecting AAE main hut
Location
Outdoors

Deposition processes
 Inundation near shoreline
(periodic)
 Sea salt aerosols carried
by air movement including
vortex over the headland
deposited on exterior of
building and absorbed into
wood
 Non-sea salts in blowing
snow from polar plateau
deposit onto snow drifts

Summer deposition rate
Na+
6.7 mg/m2.day
Cl5.5 mg/m2.day
2SO4
2.4 mg/m2.day
Total salts deposited 20.9
mg/m2.day
Total salts in hut per year=
20.9 x 300 m2 x 365 days
= 2,288.6 g/yr deposited on
the exterior of the hut

Indoors

 Salts in meltwater from the

roof flow into the hut
 Salty meltwater flows
from snow drifts and the
ground into the hut
 Carried on visitors’ boots

Removal/outflow
 Flushing by
rain, sleet, falling
snow (all rare)
 Meltwater
flow dissolves
deposited salt
aerosols
 Corrasion
removes salts
from surface
only
 Drainage
removes
dissolved salts
Salts will leach
selectively
according to
temperature and
solubility.
Removal by
meltwater is
expected to be
occur but less
efficiently
(perhaps <40%)
than from rain.
Removal of salts
by corrasion is
also expected to
be lower (<5%).
 Clearing (for
conservation
program)
 Flushing by
meltwater flow
over walls and

Retention
 Absorbed in
porous materials
such as wood,
porous stone,
corrosion products
on the exterior of
the building
 Chemical
reaction to form
less soluble salts

Concentration
 Evaporation
 Ablation

Not known- this
will depend on
how much salt is
absorbed into the
porous wood, but
this could be high.

Sublimation and
evaporation rates are
high of meltwater
less any removal by
melting (unknown)
and corrasion
(low)23.

 Absorbed in

 Evaporation
 Ablation

porous materials
such as wood,
porous stone,
corrosion products
on the interior of

23

Blanchette, Held and Farrell (2002) Table 3 shows that old snow from the roof of Cape Evans hut is 18 times the
Cl- concentration of newly fallen snow. Roof meltwater contained 12,283 ppm Cl-. Cape Evans experienced higher
deposition, but lower sublimation. Chloride concentration in snow inside Cape Royds hut was high (1298 ppm), low
inside Discovery hut (77ppm).
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and clothing
 Capillary action carries
salty water from subfloor to
interior of hut
 Salt ingress as aerosols
blown into the hut
Mason (1999: 78) found
indoor deposition is approx
1/3 of exterior deposition. If
this applies at AAE main hut
then total annual salts
deposited inside= 762.9 g/yr

floor
 Drainage
through the floor
Quantity of salt
egress is
impossible to
estimate and is
likely to be
highly variable
within the hut.

the building
 Re-distribution
of salts with
moisture
circulation within
the hut.

Blanchette, Held and Farrell (2002) investigated the various means by which salts penetrate
inside the three Ross Island huts24. They provided quantitative measurements of salt
concentrations in timber samples, meltwater and snow which are particularly useful evidence for
conservators in understanding the scale of risks. For example, fresh snow had low salts whereas
older snow from roof had >5,000ppm Na+ and elevated concentrations of chloride, potassium,
magnesium and sulphur. Windblown snow appears to bring significant quantities of salt.
5.5.4 Effects of rain, meltwater and other rinsing (Research question 4)
It is widely known that rain is rare in Antarctica, however limited precipitation data is available,
shown in Table 5.425. Rain is more common and overall precipitation is higher in the Antarctic
Peninsula due to its more northerly location and greater marine influence. Ross Island rarely
experiences rain due to persistently lower temperatures.
One problem in measuring precipitation in Antarctica is the impossibility at some sites of
distinguishing falling snow from blowing snow, the latter often being associated with katabatic
winds. Table 5.4 shows that Mawson, with predominantly katabatic winds, has lower salt
deposition than Davis, where winds are lighter and northerly to easterly. Other sites with
predominantly katabatic winds26 (Dumont d’Urville, Cape Denison, and Cape Adare) would
therefore also be expected to have lower salt deposition rates than the Antarctic Peninsula and
Ross Island sites, but effects such as transport and concentration via wetting/drying cycles must
also be considered.
24
25

These are similar to processes occurring at Cape Denison.
Comparative Australian data is given in Appendix H
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The possible forms of flushing of salts from surfaces are surface erosion by wind (at katabatic
sites, mainly occurring in winter) and meltwater flows (obviously, in summer). The latter is
expected to be a much more significant effect judged by the large volumes of water observed
dripping inside the AAE hut and evident from water stains at other sites (Table 4.1).
The increased corrosion risks due to effects of sheltering (which reduces surface flushing) are
well documented. It is therefore particularly important to examine under verandahs and inside
wall cavities to determine ‘worst case’ risks27. Blanchette, Held and Farrell (2002) again provide
useful quantitative comparative measurements of salts in timbers exposed and unexposed to salt
deposition at Ross Island. Wood is porous so salts are easily absorbed and are difficult to remove
using surface treatments, such as rinsing.
5.5.5 Defibring of wood (Research question 5)
Two different phenomena have been called ‘defibring’28: one causes separation of wood fibres
from the surface by chemical action that breaks down the fibre structure (eg Wilkins and
Simpson 1988), while the second is due to photo-oxidation by depolymerisation of lignin (Kaila
1988). The appearance typical of defibring timber in Antarctica is shown in figure 5.14. This
shows that the surface of the timber, originally dressed tongue and groove Baltic Pine, which has
become ‘furry’.

26

Although similar vortex phenomena to that at Cape Denison may exist at these sites.
As discussed in Chapter 4, spaces between inner and outer walls and the roof are prone to condensation because of
temperature differences and snow is often trapped inside which can then melt due to solar warming of exterior
surfaces. This means that RH is often higher in these locations and temperatures are relatively high, which may lead
to greater risks of salt concentration, defibring, corrosion and biodeterioration.
28
Various different spellings are also used, Blanchette, Held and Farrell use ‘defibration’.
27
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Figure 5.14: Defibring of timber at Cape Evans, western wall (author’s photo 1993)

Wilkins and Simpson identified defibring of the first type in roofs in Sydney, Australia. Their
diagnosis was based on association with salts as the affected locations (in roofs) were all close to
the sea. The typical case was in 40-60 year old houses at mid roof on the north-facing side. They
found concentrations of all elements in the timber was greater than that typically found in normal
heartwood, especially Na with a 3000 fold increase, then Mg, Zn, Ca, P, Mn, K, Fe. They
concluded that defibring is initiated by chemical breakdown of the cell wall of both hardwoods
and softwoods. Fissures in the middle lamella were apparent before thick walled fibres separated
indicating changes in the nature of the lignin in the middle lamella early in the defibring process.
Thick walled tracheids and fibres were often found to separate by destruction of the bond
between the middle lamella and the primary wall with little other physical damage to the cell wall
apparent. Transverse checking of thick walled fibres also occurred.
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In contrast, thin-walled early wood tracheids frequently showed mechanical damage and erosion
of the secondary wall layers before separation of cells. In hardwoods, defibring sometimes
appeared to result in more rapid separation between radial fibre walls frequently resulting in the
presence of radial files of cells. The process progresses to complete disappearance of the cell
wall. No fungi hyphae were observed, no bacterial erosion pits, no rot. The pH was unaffected
but could be due to the released acetic acid volatilising rapidly. Moisture content was high, up to
35% instead of the expected <15%. The relative proportions of the elements present in the
defibred wood approximated that of sea water though Mn was a little high. Ray parenchyma
appears most, and vessels least, severely affected by the process.
Temperature and salts were implicated since defibring is most common on the north side of roofs.
Elevated temperatures cause changes in the chemistry of the cell walls, especially degradation of
hemicellulose and cellulose which releases organic acids especially acetic acid. This can further
decompose the cell wall by hydrolysis causing delignification. Thus defibring may accompany or
enhance the thermal degradation.
Kaila (1988) proposes a different mechanism for erosion of timber that results in a raised texture
of denser latewood cells rather than the distinctive ‘furry’ appearance termed ‘defibring’ by
Wilkins and Simpson. Kaila called this ‘defibration by photo oxidation’, which results in the
textured surface similar to corrasion. He states the process results in progressive darkening of the
(sheltered) timber surface, which becomes silvery if washed by rain.
He concluded:
“Lignin acts as cement and cellulose as strength-giving reinforcement. More important
than the decomposition of lignin of the cell walls is the decomposition of the middle
lamella which cements the cell walls together. It consists mainly of lignin (70%) and is
thus rapidly destroyed. Molecules of cellulose are depolymerised by strong light in the
presence of water. Tensile strength is lost and this renders wood susceptible to
microcracking".29

29

Pure cellulose absorbs little UV, but Kuo and Hu (Kuo, M & Hu, N 1991, 'Ultrastructural Changes of
Photodegradation of Wood Surfaces Exposed to UV', Holzforschung - International Journal of the Biology,
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The described results of both processes are similar, as both involve destruction of lignin and
separation of the middle lamella, but have different causal agents: salts in the first mechanism
and photo-oxidation in the second. Defibring in Antarctica appears to be the former type as
reported occurrences are associated with salts and the texturing effects described by Kaila are
considered to be produced by selective erosion of the weaker thin walled cells by wind action,
discussed in Chapter 7. Deterioration processes relating to photo degradation are described in
Chapter 8.
The author’s defibring observations at Cape Denison were described in section 5.2.3 and in
publications30. No other description of defibring phenomena have been found in any Antarctic
publication before 1988 although the problem appears to be longstanding. Harrowfield (1990,
1991) described defibring affecting the buildings at Cape Adare. Clark and Wishart (1989)
confused the informal term ‘Antarctic wood fur’ (defibring) with corrasion damage caused by
windborne particles:
“The wind can blow extremely strongly at Wilkes scouring the paint from the wooden
walls facing in the prevailing direction and eroding unprotected surfaces to produce a
condition known as Antarctic fur” (ibid).
The defibred timber samples collected from Cape Denison exhibit fibres up to 7mm long curved
up from the surface and were bleached a silvery-white colour. Bleaching is commonly associated
with defibred timber at the Ross Island sites (Blanchette, Held and Farrell 2002) and at Australian
sites and Dumont d’Urville (author’s observations, Table 5.1). While no detailed study of this
association has been undertaken, the observations of Blanchette, Held and Farrell (2002: 314)
that defibring is always associated with water suggests ‘bleaching’ may be caused by chemical
leaching of coloured lignins that bind the cells together. Loose fibres from defibred wood on the
AAE Memorial and BANZARE Proclamation plaques repatriated to Australia produced a strong
reaction with silver nitrate, indicating the presence of halides. The corrosion on the bronze boxes
containing the plaques also indicates halides, so there is a strong association with salts even
Chemistry, Physics and Technology of Wood, vol. 45, no. 5, pp. 347-53.) cite evidence that UB absorbed by lignin in
wood is transferred to cellulose, causing depolymerisation.
30
Hughes 1986 and Hughes 2000, the latter attached as Appendix G.
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though both are over 200 metres from the nearest point of the sea. There is a common expectation
(stated in DEWHA 2008) that salt deposition at Cape Denison is low due to katabatic winds.
Salts trapped in the boxes cannot be flushed away and periodic drying may concentrate the salts
inside the box. Temperatures are periodically elevated in summer due to solar warming so salts,
heat and moisture are present which favour defibring. Any loose fibres are protected from
corrasion but would be blown off elsewhere on the site but would be blown off elsewhere on the
site.
SEM examination of the timber samples (described in 5.3.5) was undertaken at the SEM facility
of the Australian Antarctic Division during 1986 and 1991. The samples were coated with gold
under vacuum. Images 0001 and 7006 in figure 5.8 show the typical appearance of two different
segments of the larger sample, which is significantly defibred and ‘bleached’ by water action on
all surfaces. Image 0003 shows more detail of the lower left area of image 0001 which was
typical of the appearance of all defibred timber surfaces of the samples. Wood cells have
separated from one another in every sample and are loosely arranged above the surface. The
presence of halides was also confirmed on these samples using silver nitrate.
Image 0023 in figure 5.8 shows a side view of the sample shown in image 0001 illustrating the
progressive loss of fibres from the surface. The point of separation is at the middle lamella as
shown by comparison with figure 5.15. The middle lamella is mainly composed of lignin which
is known to be more easily dissolved by aqueous solutions than other parts of the wood structure
that are primarily composed of cellulose (Butterfield & Meylan 1980: 8). These images were
compared with sections of the same sample that was affected by corrasion and ‘silvery’
weathering (image 6004 in figure 5.8) without defibration and synthetically corroded new
timbers (discussed in Chapter 7). Loose defibred fibres were frequently twisted (image 0003) but
were generally not split or broken.31
While this is not conclusive evidence that defibring is caused by salts rather than freeze-thaw
damage or general weathering, the SEM examination of these Cape Denison samples showed the
deterioration was consistent with chemical dissolution of lignins that bind together the wood cells
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at the middle lamella, as described by Wilkins and Simpson in temperate Australia and by
Blanchette, Held and Farrell (2002) at Ross Island sites. No defibring was found at any location
without evidence of salts. While weathering by UV and water produces chemical damage such as
loss of lignin in the middle lamella, transverse checking of tracheids and thinning and other
damage to the cell walls, the detachment and curving of fibres affected by defibring is remarkable
particularly for the early loss of strength in the middle lamella with less damage to the cell wall.
Profuse deposits of salts were visible on the exterior of the Ross Island huts (eg figure 5.16). At
some sites defibring damage was only visible in locations where the surface was protected from
corrasion. For example, at Cape Adare timber up to one metre above ground is corraded and
defibring is evident above that level (figure 5.17) implying that defibring was removed by
corrasion32. Defibring is therefore likely to be more common than suggested by a basic visual
examination and a combination of defibring and corrasion could synergistically accelerate the
rate of loss of timber thickness.
Figure 5.15: Structure of wood cells, (Butterfield and Meylan 1980: 8)

31

Basic pH testing of wood and snow samples was done using Merck test strips which were all neutral. There are
few penguins in the vicinity of the hut and no guano was evident at either visit. High pH can dissolve cellulose.
32
Harrowfield (2006: 301) states “Defibration, due to high concentrations of salts such as sodium chloride, under
which melt water with salts in solution gently flows over the exterior … has not been observed at Cape Adare” but
was evident to this author in 1993 (figure 5.17). A possible explanation is that evidence of defibring is removed by
periodic corrasion events that carry smaller particles higher above the ground than normal.
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Figure 5.16: Wood with salts, defibring and corrosion, Cape Evans 1993 (author’s photo)

Figure 5.17: Defibring and corrasion at Cape Adare (author’s photo 1993)

Where significant corrasion occurs, erosion of the wood surface may remove some salts,
although to effectively remove salts the corrasion rate would have to exceed the deposition and
absorption rate. Corrasion is also quite localised at many sites due to vortex formation around
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buildings (discussed in Chapter 7). Therefore, just because defibring is not visible at a particular
time does not mean it is not occurring.
Blanchette, Held and Farrell (2002: 314) demonstrate that meltwater also rinses off loose fibres.
Defibred wood at the exterior of the Discovery Hut had 98,650 ppm sodium, compared to
2073 ppm for interior timber and sound modern timber grown in the US had seven ppm. Wet
defibred wood fibres had 3896 ppm sodium, indicating meltwaters had leached some salts. Fresh
snow at Cape Evans had low salts whereas older snow from the roof had over 5,000 ppm sodium
and elevated concentrations of chloride, potassium, magnesium and sulphur. At the Discovery
Hut the highest salts were measured on the lower levels of the verandah, 246,000 ppm sodium.
At Cape Denison, sodium levels in fresh snow were low except very close to the sea. The highest
sodium level measured was under 4,000 ppm close to Boat Harbour.
Blanchette, Held and Farrell (2002: 316) identified the chemical species present and convincingly
implicate sodium, which is present in very high levels in defibred wood, particularly where salts
are concentrated by drying and not washed off (such as the porch at Cape Royds). Sulphur,
magnesium and calcium concentrations were also elevated in defibred wood. They note there are
high levels of salts inside the huts in locations where defibration is not evident (ibid: 316, 318),
implying that moisture is required for damage to occur33. Other Antarctic factors cited included
“high UV light intensity, high amounts of sulphur, freeze-thawing of wood” (ibid: 321) that may
synergise damage. The association of defibring and bleaching was discussed, noting loose fibres
inside the Cape Royds hut retained a yellow-brown colour.
Sulphates, especially thenardite34 were found by the author to be prevalent in the Ross Island
samples analysed (Table 5.3). Thenardite is known to be exceptionally damaging to stone
through formation of supersaturated solutions that crystallise in pores (1999) (Rodrigues-Navarro

33

This contrasts with Simpson and Wilkins who found defibring of timber inside roof spaces where water is also
presumed to be absent or infrequent.
34
Thenardite is (anhydrous sodium sulphate) and has unusual chemical properties including formation of a stable
heptahydrate at low temperatures, varying acqueous solubility in different temperature ranges, formation of double
salts, and reduced solubility in the presence of NaCl. Damage is not due to hydration pressures from formation of
mirabillite (Na2SO4.10H2O).
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and Doehne 1999). While the author has previously discussed35 and refuted evidence that
freeze-thaw processes produce identifiable damage on the basis that the ~10% volume expansion
is insufficient to cause damage to relatively flexible wood cells, the expansion of thenardite
crystals36 may present a greater risk and should be further investigated. If this is the case, then
removal of thenardite should be a focus for further research. Thenardite is not uncommon in
Antarctica (Gore et al 1996).
Blanchette, Held and Farrell (2002) note that removal of surface salts does not treat salts that are
absorbed within the wood but did not propose treatments37. Poultices (to extract salts by capillary
action) or coatings (that can prevent damage at the surface) are routine conservation treatments
could be investigated. Bickersteth et al 2008, who report the latest treatments of artefacts and
buildings for the NZAHT, did not report any salt treatments. The fact that significant defibring
damage can occur in less than a decade (Blanchette, Held and Farrell 2002: 314) indicates
treatment development should be a high priority.
5.5.6 Relationship of salt deposition rates and deterioration risks (Research question 6)
Table 5.1 shows Cape Adare suffers the greatest extent and severity of salt problems, followed by
the sites on Ross Island.
Unfortunately measurements of atmospheric salt deposition are too few (and use inconsistent
methods), preventing proper comparisons between sites. Table 5.4 shows atmospheric aerosols
are much higher at Davis than at Mawson, with the inferred reason being the katabatic winds at
the latter38.
Pluviometer measurements do not include atmospheric deposition, so these will produce a lower
salt measurement than a salt candle. Artigas39 has exceptional chloride deposition rates (180.1
35

Chapter 4.
Rodrigues-Navarro and Doehne (1999) showed that both expansion from hydration to form the decahydrate,
mirabillite, and particularly the crystallization pressure, were exceptional among common salts.
37
This was outside the scope of their research although preventive treatments were identified.
38
These measurements used the same method and are therefore able to be compared.
39
Artigas measurement was by pluviometer and Cape Evans by salt candle.
36
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mg m-2 day-1) due to its marine climate and rates at Cape Evans are quite high (45.4
mg m-2 day-1, seaward side of hut). This suggests that Antarctic Peninsula sites should have
greater salt problems, although this may be offset by flushing from rain and other precipitation.
The net effect of salt deposition and flushing of the surface is expected to be the most important
factor determining the rate of defibring. However, this net effect is difficult to measure since it is
highly localised and there are no standardised methods that can account for effects from blowing
snow. The worst risks occur where deposition is high and flushing is low. The highest retention
of salts in corrosion products was found at Davis, which were triple the retention found at marine
sites in Australia40.
The measurements by Blanchette, Held and Farrell (2002) of concentrations in snow and timber
are valuable in identifying salt concentrations on the surface of the buildings. They highlight the
issue of penetration of salts into the porous timber. At sites apart from the relatively ‘rainy’
Antarctic Peninsula, meltwater appears the most significant source of salt removal but this is
probably quite variable from year to year41.
It is important to measure all salts deposited and to consider their chemical properties, as this
may affect retention and increase risks. Many researchers (including the author) presumed the
dominance of chlorides, thereby missing the potential risks posed by other salts, particularly
thenardite.
Condensation cycles inside buildings on Ross Island promote transport of salts and risk spreading
damage. Thenardite is likely to accumulate in locations inside buildings where frequent wetting
and drying cycles or where poor drainage occur, so horizontal (or cupped) surfaces such as
window sills and beams inside roofs and walls allow salts to accumulate over time. Salt

40

It would be useful to have consistent measurements of aerosols, salt candles and pluviometer data and matching
climate for representative sites in the Antarctic Peninsula, Ross Island and Mawson to make comparisons of the
relative importance of different modes of deposition and flushing.
41
The amount of snow at Cape Evans and at Cape Denison is known to vary from year to year. At Cape Denison
flushing of salts from the roof would depend on the height of snowdrifts around the building as snow on the apex
does not appear to remain for long periods. Significant volumes of meltwater were observed flowing over the roof
and wall of the AAE Main Hut during the author’s 1997 visit, but not in 1985 (which occurred earlier in summer).
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chemistry in mixed solutions varies according to temperature (Campbell and Claridge 1987)
adding additional complexity in understanding processes.
5.5.7 Effectiveness of conservation treatments for salt-related deterioration problems (Research
question 7)
The key issues for conservators regarding defibring are the rate at which damage occurs (to
determine priorities for intervention) and how this damage can be prevented and treated. Where
artefacts can be removed from ongoing exposure, then desalination techniques may be used to
stop further damage. However, where this is not possible, for example, inside the Ross Island
huts, or for exterior cladding of buildings, there are few established methods suited for in situ
preservation. Treatments undertaken at the Ross Island sites include brushing and vacuuming to
remove deposits from the surface of furniture and artefacts (Maxwell & Viduka 2004) and
replacement of damaged cladding (Blanchette, Held and Farrell 2002: 314). Some artefacts have
been treated in a recently-established conservation laboratory, mainly conventional washing
treatments of textiles and paper before replacement on display (Bickersteth et al 2008).
Blanchette, Held and Farrell (2002: 318-321) suggest the following measures to prevent
defibring:
a. reduce snow accumulation on and near the huts; and
b. improve drainage to reduce moisture migration up the walls;
c. divert water flows from the roof and walls
d. reduce sources of moisture including getting visitors to take off outdoor shoes to wear slippers
inside; and
e. removal of accumulated salts42.
These methods would improve efficiency of current conservation practices and could be
implemented at low cost. In addition, a number of approaches could be considered where extreme
damage is occurring including:

42

No method is specified, other than that it should be non-abrasive, noting the difficulty of removing salts absorbed
into the wood.
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Use of sacrificial coatings such as cellulose ethers that prevent direct contact of the salt with
the vulnerable surface but will be corraded away within five years; and



Poultices of paper sheeting43 to extract salts from affected materials and reduce avert further
damage to timber fibres.

Both these treatments would permit salts to recrystallise on the coating or poultice rather than in
the timber so it would reduce damage. The effectiveness of these treatment strategies could be
tested in a salt spray/fog chamber using a salt composition to match that occurring in Antarctica.
Acceleration of deterioration can be simulated by producing wetting/drying cycles at low
temperatures. Experimental techniques can refined using field tests of various poultice materials
and methods on aged (but not historic materials) to ensure ethical practice.
The rate of defibring damage at Cape Evans appears to be slow but significant (Blanchette, Held
and Farrell 2002: 314) with original boards requiring replacement in 1991 (ie after 80 years
exposure). New boards were visibly affected by 1999 (eight years’ exposure). The rate of damage
is difficult to measure at other sites such as Cape Denison and Cape Adare where defibring
occurs with corrasion and combined damage may be synergised and even more rapid, although
possibly less visible (discussed further in Chapter 11).
Outdoor artefacts and buildings
The risks of salt-related damage are highest for outdoor artefacts and exteriors of buildings,
especially at sites with low rainfall and onshore winds such as the Ross Island sites. Wind
direction affects the rate of salt deposition and the amount of rainfall affects the amount of
surface flushing. The degree of risk therefore depends on the ratio of deposition to flushing at
each site.
Most timbers used for the early huts at Cape Denison and in the Ross Dependency were
unpainted, although Operation Tabarin huts in the Antarctic Peninsula appear to have been
painted or treated with bitumen, which would reduce salt absorption by wood (figure 2.28). The
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AAE hut timbers were carried as deck cargo and were covered with salt spray during the voyage.
These salts are unlikely to have been washed away during construction, since there was no rain
during that period.
Use of clear protective coatings on previously unpainted, aged timber is fraught with ethical and
aesthetic risks. It is difficult to find coatings that are durable, able to be applied thinly and able to
be removed if problems arise. The author field tested a range of coating, discussed in Chapter 7
as a potential treatment to minimise wind damage but none were found suitable although some
may be suitable as sacrificial coatings to prevent defibring at less windy sites. While defibred
outdoor timbers could be treated using poultices (eg paper pulp) to remove salts, these may prove
impractical if wind could strip off the poultice and rapid drying and/or freezing may reduce its
effectiveness. Such treatments are labour-intensive and salt deposition would recur unless a
preventive treatment, such as a protective coating, could also be applied.
Sacrificial ‘breathable’ coatings of cellulose ethers may be more suitable at less windy sites and
several were field-tested by the author at Mawson Station, also discussed in Chapter 7. These
form a barrier to absorption of salt into the pores of the timber and make it easier for salts to be
cleaned off the surface. Cellulose ethers tested did not to darken or discolour samples of
non-historic ‘Baltic pine’. Cellulose ethers are used for graffiti protection since they can be
removed easily (if required) with hot water or steam and can be applied as a nearly invisible thin
transparent film. The long-term durability and solubility of cellulose ethers is well-documented in
the conservation literature (eg Feller and Wilt 1989), and they appear to wear off with the
weather and corrasion after approximately five years in Antarctica (authors observation,
discussed in Chapter 7). Such treatment would not require significant costs or labour nor increase
fungal risks.
Apart from these prospective treatments there are few other feasible alternative approaches to
replacement or overcladding of the timbers, which prevents the original building fabric being
seen.

43

Note that paper pulp would not be acceptable under Antarctic environmental guidelines because it could blow
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Some artefacts in the Ross Dependency huts have been relocated inside buildings to reduce risks
such as wind damage and to improve security. There is a strong case for doing so where
significant artefacts would otherwise be lost44. However, in 1993 many of these artefacts were
covered in salt, and bringing such artefacts indoors without desalination can increase corrosion
and defibring damage of those artefacts (and possibly adjacent items) due to the high RH inside
the huts.45
Artefacts that are brought inside the huts for protection or display should be treated to remove
salts to reduce the total amount of salt inside the building and prevent transfer to other artefacts.
For example, a sledge inside the Cape Royds hut sparkled with salt crystals and also had
significant defibring, much greater than that on any other comparable items inside the hut (figure
5.18). Coal inside the Discovery Hut was also covered in salts (figure 5.19). Poultice treatments
may be suitable for such artefacts and could be undertaken at the laboratory recently established
at Scott Base.
Figure 5.18: Sledge inside Cape Royds hut (author’s photo 1993)
Note: the first image gives a general view of the sledges on which upward curving wood fibres can be seen (blue
arrow). The second image is a closer view showing numerous fine wood fibres rising above the surface.

away and cause environmental impacts.
44
The only artefacts affected by defibring inside the huts appear to have been brought in from outdoors.
45
An evaluation of the broader issues of relocation of artefacts is given in Chapter 11.
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Figure 5.19: Coal covered in salts, Discovery Hut (author’s photo 1993)
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The ASPA management plans for the Ross Island sites now recognise some of these risks and
require removal “of any clothing made wet by sea water or any sea ice crystals from boots, as salt
crystals accelerate corrosion of metal objects” (page 4, ATCM XVIII, June 2005)
Salt ingress into buildings
Salt ingress is an obvious problem in the Ross Island huts despite being comparatively air tight,
having light winds and the overcladding with Butynol, although membranes and overcladding
may not be the best approach. Once salt enters the building it may be transported within the
building by meltwater, capillary action and condensation cycles, evident by the salt trails that
appear to be associated, in some locations, with the overcladding. Investigation is required inside
roof cavities to establish if leakage or condensation is occurring.
Blanchette, Held and Farrell (2002: 316) provided a detailed analysis of salt ingress and noted
high concentrations of salts where windblown snow enters the Ross Island huts. They
recommended more boot brushing to ameliorate the problems of visitors bringing in moisture and
salts on clothing and footwear. However, more comprehensive control of salt ingress appears
necessary.
Sensors are available46 that could measure salt deposition within wall cavities and throughout the
hut. This could help identify sources of ingress, and determine whether condensation cycles are
involved. If condensation and/or melting are involved, then a review of the use of vapour
barriers/retarders may be required to determine whether a more vapour permeable covering or a
lighter colour 47should be used. Moisture absorption by salts inside buildings in marine
environments can promote wetness (Ganther, Norberg & Cole 1996: 2069).
Artefact treatments
Brushing and vacuuming of artefacts affected by surface salts inside the Ross Island huts is said
to have reduced problems by removing salt deposits (Bickersteth et al 2008) but this is labour
46

See also http://www.solve.csiro.au/0506/article1.htm
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intensive and takes a significant proportion of the available time of site personnel. This approach
is unlikely to remove salts that have penetrated into porous materials such as timber, paper or
clothing which require even more labour-intensive immersion treatments.
Cape Denison plaques enclosed in bronze
This well-intentioned treatment failed to keep out windborne particles, leading to corrosion of the
box and defibring and staining of the wood, requiring repatriation to Australia for treatment and
storage. This showed that even a tight rubber-on-metal seal is ineffective against katabatic winds
suggesting sealing of whole buildings might also be ineffective. The metal box trapped moisture
and salts and the warmth from solar radiation accentuated the conditions that promote defibring
and corrosion with no easy way to remove moisture once it is inside the box.
Overcladding, AAE main hut
Any material that decreases vapour transmission will risk causing condensation if the surface is
colder than the surrounding air. This can easily occur in the wall space or ceiling where there is a
difference between interior and exterior temperatures. If condensation moisture forms in the wall
space, salt deposits can deliquesce and form concentrated solutions, damaging timber and
corroding metal fasteners in locations where damage cannot easily be detected.
Overcladding using timber and/or polymer membranes (figure 5.20) has been used to prevent ice
ingress and prevent corrasion of several Antarctic historic huts. While this may decrease the risk
of salts penetrating the building via ingress from the roof (but not walls and doors), it could
increase moisture and retention. Blanchette et al (2002: 316) noted there was “no visible
defibration” inside the Nimrod and Terra Nova huts although significant salt accumulation was
present, although there was defibration inside the porch of the Nimrod hut. If overcladding
reduces the salt ingress inside buildings then it may be effective in reducing defibring risks, but if
local condensation and salt concentration occurs in between the layers of timber then defibring
may occur and the risk should be assessed via inspection.
47

A lighter colour would reduce heat absorption and reduce melting risks.
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Figure 5.20: Re-covering the Nimrod hut with polymer membrane (photo from NZAHT website,
downloaded 31 March 2010)

5.5.8 Implications for site management (Research question 8)
Prevention
While brushing and vacuuming used at Ross Island sites removes salt once it is deposited, finding
methods to prevent or reduce salt ingress would be more effective. This would require testing of
suitable materials inside wall and roof cavities to find optimal methods to prevent ingress and
manage condensation.
Preventive strategies could also include use of suitable temporary covers over artefacts displays
when visitors are not present48. Measurement of salt deposition above and below the covers could
determine whether these strategies are effective. Buildings and artefacts buried in snow that does
not melt appear to be protected from salt deposition49.
Mason (1999: 22) considered that tourist vessels cutting through sea ice may cause an increase in
salt deposition at the Ross Island sites and recommended “tourist vessels [be] required to stop
48

These are currently used to cover artefacts to prevent snow and hoarfrost gathering on artefacts in the AAE main
hut.
49
"The artefacts encased in ice were well-preserved. The preservation qualities of constant below zero temperatures
on artefacts is exemplified by a zinc-plated cannister from the 1899 expedition containing an enamel plate, fry pan
and teaspoon individually wrapped in brown paper in almost new condition." (Harrowfield 1991 )
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further out in the sound” to help manage corrosion risks. Evidence for this damage would need to
be strong because this would impose significant costs and difficulties for tourist operators who
often use helicopters to land tourists. Curran et al (2006) found that salt deposition in from
particles blown off sea ice is greater than that from open sea. This could be verified by measuring
salt deposition 50 at Cape Evans or Hut Point comparing periods with and without sea ice.
Treatment
Removal of ice inside buildings allows salts to deposit directly on the surface of artefacts and
building materials. Any factors that increase effective permeability of the building fabric (such as
loss of ice from the verandahs of the AAE hut) may increase the rate of deposition.
The venturi model proposed by Ambrose and Godfrey (1998) extracts inside air from a building,
but unless the building is completely sealed then air ingress will occur to equalise the pressure
difference. This air ingress could bring salts inside the building and the ablation could then
concentrate the salts. Again, salt measurements should be used to quantify risks.
Recommendations for further research
While much additional research could be done to improve knowledge of salt damage processes to
improve treatment, funding is unlikely to be available so priorities must focus on developing
practical treatments.
The key priorities are:
1.

Measurement of deposition and inspection for damage where risks are highest inside
wall/roof cavities (for example, using sensors described in Ganther, Norberg Cole 1996).

2.

Investigation to determine the source of leaks and gaps to prevent or reduce salt ingress.

3.

Analysis of all salts deposited, not just chlorides, and evaluation of the risks from thenardite.

50

Thus the need to prevent visiting ships anchoring close to shore could be resolved and the priorities and feability
of various treatments could be considered.
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4.

ISO 9225 salt candle measurement of salt deposition inside buildings to quantify risks to
artefacts and fasteners and determine whether deposition rates are higher or lower when sea
ice is present.

Ideally both salt candle and pluviometer measurements should be undertaken to compare total
atmospheric deposition (salt candle) versus salts contributed by drift snow (pluviometer) to
quantify risks from ice removal or natural ablation.
It is important to field test any membrane material before it use for treatments in any historic
building to determine whether it may reduce vapour transmission or cause condensation
problems.
Several investigations were proposed in the chapter for development of sacrificial coatings for
timber to minimise salt deposition/penetration into timber and stop defibring damage at the
surface. These require both laboratory testing of durability (which can accelerate weathering for
faster evaluation) and field testing in Antarctic conditions to simulate potential effects on
building materials in use (eg trapping of moisture).
5.6 SUMMARY
1. Salts caused deterioration problems at all coastal Antarctic historic sites, particularly at Cape
Adare and the Ross Island sites.
2. Sites with katabatic wind regimes generally have lower salt deposition rates, but the higher
chloride: sulphate ratio measured at Cape Denison indicates local vortex effects at Cape Denison
may draw air from the sea or sea ice, increasing localised deposition.
3. Thenardite (anhydrous sodium sulphate) was the predominant salt found in deposits inside the
Ross Island huts. In analysing salt deposits at Antarctic historic sites all ions must be considered,
not just halides. Thenardite is known to be extremely damaging to stone because of hydration
expansion and its role in defibring of wood should be further examined.
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4. Blanchette et al (2002) demonstrated that defibring is associated with salts and wetting/drying
cycles, not ‘freeze-thaw damage’ but further work is required to apply their research and develop
conservation treatments and preventive strategies to reduce salt ingress, which may be more
effective than current methods that remove salts after they have deposited. Sacrificial coatings
and poultices for timber could be considered.
5. The rarity of rain leads to increased salt damage, since melting snow is comparatively
ineffective in flushing surfaces, however, wind can remove evidence of defibring, so salt risks
may be unsuspected.
6. Quantifying salt ingress and transport within buildings using ISO 9225 salt candle
measurements and salinity sensors could help to assess these risks.
7. Condensation on vapour barriers and drying winds could concentrate salts inside wall spaces
risking damage where it is most difficult to monitor.
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6. CORROSION AND OTHER DAMAGE TO METALS
Figure 6.1: Corrosion affecting tinplate and galvanised steel artefacts in the meltwater zone
beside the AAE main hut, Project Blizzard 1985
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6.1 AIM AND INTRODUCTION
6.1.1 Objectives and scope
The aim of this chapter is to:


document the extent and severity of corrosion occurring at Antarctic historic sites;



briefly review other damage to metals, including ‘tin pest’;



quantify the environmental factors involved in corrosion in Antarctica;



evaluate available information on previous treatments of corrosion; and



thereby consider what treatments will be effective in Antarctica.

Initial observations by the author at Cape Denison in 1985 found corrosion to be prevalent
(Hughes, JD 1986) despite previous advice had been that corrosion does not occur in
Antarctica because of the ‘dry cold’. Numerous metal artefacts and building components
were corroded, including mild steel nails (figure 6.18), lead sheeting (figure 6.19), aluminium
wire, tin-plated steel fuel containers (figure 6.1), cast iron (figure 6.5), galvanised steel and
various copper alloys (figures 2.19), including items inside buildings (figure 6.30). Some
artefacts and building elements, such as roof gutters and ridge capping, were completely
corroded through (figure 6.3), others had blisters, pitting and iridescent appearance
suggesting salts (figure 6.2).
Although individual items are of low intrinsic value together they contribute evidence about
the life and work of the Australasian Antarctic Expedition at the site and are of significant
interest to visitors as well as heritage researchers. Examples include food tins, galvanised fuel
containers, an abandoned cast iron stove and a lantern that illustrate the difficulties of life
during an important early scientific expedition dating from the early exploration of the
Antarctic continent (Hayman, Hughes & Lazer 1998). Wire used for the radio mast is
physical evidence of the expedition’s pioneering use of radio communication in Antarctica.
Lazer, an archaeologist who has conducted extensive work at Cape Denison, strongly
recommended that artefacts should remain on site to preserve the integrity of the site in the
context in which the artefacts were used (Hayman, Lazer and Hughes 1998).
However, climatic conditions are known to make in situ outdoor preservation extremely
difficult. Furthermore, conserved artefacts would be expected to re-corrode due to high
4
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relative humidity known to exist inside many historic buildings. Preliminary testing of metal
coupons coated with common corrosion treatments exposed at Cape Denison during summer
1984-85 and 1985-86 all failed within short periods (Hughes, JD 1986), indicating that
development of effective conservation treatments meeting ethical requirements would be a
significant challenge. This chapter therefore examines the environmental factors that cause
corrosion and the measurement of rates of corrosion in detail, since this is fundamental in
determining what treatments may be feasible. Observations of corrosion of historic metals, in
the absence of long term corrosion data, can provide useful insights into corrosion in severe
climates.
Figure 6.2: Memorial Cross bar end-band, Cape Denison, author’s photo 1985;
Note: The cross bar has blown onto the ground. The surface of the iron alloy fitting (original location shown in
AAE photo at right) is now extensively pitted.
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Figure 6.3: Corroded valley gutter AAE main hut, 1997, author’s photo
Note: Living hut roof is at left of image, Workshop roof at right.

Figure 6.4: Horlicks can, AAE main hut, author’s photo 1985
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Figure 6.5: Rusted cast iron stove outside Mawson's Hut, Project Blizzard1985

~
Figure 6.6: 'Webb's Lantern', in situ near Magnetograph House, Cape Denison, Project
Blizzard 1985
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6.2 LITERATURE AND GAPS IN KNOWLEDGE
6.2.1 Corrosion types
There are two main categories of corrosion: atmospheric corrosion, and processes that occur
when metal is immersed in ionic solutions.
Atmospheric corrosion
The theoretical basis of atmospheric corrosion is well-established and has been described by
Brundett (1990) and many others. Two key steps occur in atmospheric corrosion (ibid):
formation of an oxide layer (by a chemical reaction which is independent of temperature) and
formation of an adsorbed water layer which increases exponentially in thickness becoming
progressively more electrolytic in character (and consequently is RH dependent). The
resulting corrosion cells are influenced by factors such as differential aeration, presence of
different atoms in the crystal lattice, pores in the protective oxide layers and presence of grain
boundaries.
Brundett (ibid: 60) examined condensation at sub-saturation humidity in microscopic crevices
in the surface of a metal, which allows corrosion to occur. In small crevices, the saturation
vapour pressure above the liquid surface may be so reduced that condensation can occur.
Conditions for wetness are also partly determined by the relative surface area and the
‘wettability’ of the metal surface. If trace chemical contaminants are present in the air then
these can form a fine surface film of salt, which may be hygroscopic. The presence of any
soluble salt will enhance condensation because the vapour pressure above salt solutions is
lower than that above pure water.
A widely-used standard methodology for measurement of atmospheric corrosion rates of
metals is defined in the International Standard ISO 9223 on ‘Corrosion of metals and alloysCorrosivity of atmospheres-Classification (1992)’. The standard provides a concept called
‘Time of Wetness’ (TOW), described as "the period during which a metallic surface is
covered by adsorptive and/or liquid films of electrolytes that are capable of causing
atmospheric corrosion".
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The standard points out that “wetting of surfaces is caused by many factors, for example dew,
rainfall, melting snow and a high humidity level”. The standard states that TOW can be
estimated as the length of time (hours/year) when the relative humidity is greater than 80% at
a temperature greater than 0°C. The 80% RH criterion was derived by empirical observation
that above that humidity level corrosion rapidly increases. A note in the standard qualifies
this criterion and indicates that other factors such as metal type, object orientation, corrosion
products, and pollutants on the surface, may influence the TOW. However, the standard
considers “the criterion usually sufficiently accurate for the characterisation of atmospheres”.
The concept of TOW thus reinforces the notion of ‘no corrosion because of the dry cold’
since temperatures in Antarctica are frequently below 0°C and because the characteristic low
precipitation (in the form of snow) is usually interpreted as implying low humidity.
However, Chapter 4 showed Antarctica is not universally cold and dry.
Atmospheric corrosion rates can provide useful comparisons of corrosion conditions between
sites since they are only concerned with the atmosphere (including pollutants) and the metal
coupon, which can also be standardised by composition and size to improve comparability.
Once the corrosivity is known for a site it is possible to determine what type of treatment may
be applicable, for example, what type of protective coatings may need to be applied. If
corrosivity is higher than would be expected from climatic data then the causes should be
investigated. Atmospheric corrosivity data enables comparison of the corrosivity of Antarctic
conditions with corrosivity in temperate regions where there is more data about the suitability
of various treatment methods.
Measurement of rates of atmospheric corrosion was preferred over other forms of corrosion
since this provides a fundamental measurement representative of the site. Other forms of
corrosion such as galvanic corrosion, involve two metals, a dielectric and polarisation effects,
which are highly localised.
Corrosion in aqueous solutions
The theoretical basis of corrosion involving aqueous solutions has been extensively reported
in the literature (eg Brundett 1990) and covers the characteristics and identification of
galvanic corrosion, crevice corrosion, pitting, intergranular corrosion, selective leaching,
erosion corrosion and stress cracking corrosion. Information on identification of corrosion
9
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types and the effects of salts in increasing corrosion reactions and depression of freezing
point have been widely published.
Physical damage
Crushing, stresses, abrasion or erosion can damage the structural integrity of buildings and
artefacts. The causes of such damage are normally evident. Physical damage may also
increase corrosion rates, for example via stress-cracking corrosion.
Tin pest
Tin pest is thought to damage metals in cold climates due to allotropic transformations at low
temperatures and should theoretically be present in Antarctica. Stambolov (1985: 147) states:
"Tin … may exist in three different crystallographic modifications. At temperatures
between 13.2°C and 161°C its atoms are packed in tetragonal crystallites and tin
exhibits metallic properties. Below 13.2°C it acquires a gray appearance and
disintegrates as a powder... According to Cohen this decomposition develops very
slowly and attains its maximum value at about -48°C".
6.2.1 Arctic literature
Arctic corrosivity studies and climate
Brass (1999) discussed depression of freezing point and its effect on corrosion rates in the
Arctic. His phase diagrams provide rare quantitative data on the effects of salts and their
interactions at different temperatures.
"The ternary phase diagrams of two chloride salts and water demonstrate that freezing
leads to concentration of salts in residual brines capable of participating in corrosion
reactions to temperatures below -50°C. The saltier the initial solutions, the more liquid
remains unfrozen at lower temperatures."
Divine and Perrigo (1986) provide a comprehensive overview of Arctic corrosion studies
including research on widespread air pollution from industrial and mining activity and use of
de-icing salts, which have a significant localised effect on corrosion. By comparison,
industrial activity is absent in Antarctica and the impact of isolated scientific stations is
expected to be limited.
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Mikhailov, Syloeva & Vasilieva (1992) measured corrosivity for carbon steel and zinc at 29
sites in eastern Siberia including severe cold climates both on the coast and inland.
The National Association of Corrosion Engineers (NACE) publishes information from its
Cold Climate group which focuses on industrial corrosion research in Alaska. In the 1990s
several studies were undertaken which correlated corrosion rates against temperature,
humidity and pollutants. The 2001 NACE cold climate corrosion conference in Alaska
presented several papers with both Arctic and Antarctic measurements and relevant data are
discussed in the later sections of this chapter.
Corrosion at Arctic historic sites
No quantitative corrosion rate measurements are available for true Arctic historic sites1.
Numerous references provide qualitative evidence that corrosion is significant at coastal
Arctic sites. Croome (2004) presented a methodology for measurement and application of
long term corrosivity measurements for preservation of cannon at a seventeenth century site
near Churchill, Manitoba. While the climate is dissimilar to the Antarctic historic sites in this
thesis the methodology is similar in approach in applying corrosion science to manage risks
to historic artefacts.
Hett (1978) examined Kellett’s storehouse on Dealey Island and remarked:
“While low ambient temperatures have slowed down the rate of corrosion of iron and
retarded the decomposition of organic materials, the removal of these objects to a
warmer climate with extreme variations of relative humidity leads to a rapid
deterioration”.
Limited environmental monitoring was undertaken at Dealey Island using a
thermohygrograph, which itself was extensively damaged by corrosion (personal
communication David Grattan, Canadian Conservation Institute 1999).
Hacquebord and Blankenstein (1993) found some small metal items remaining (mostly nails)
at the site of Barents Hut on Novaya Zemlya and commented on the generally poor condition
1

Personal communications to the author at NACE conference in Anchorage Alaska, February 2001 by Lyle
Perrigo, US Arctic Research Commission and Dr Jan-Fredrik Henriksen, Norwegian Institute for Air Research.
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of most of the site. Capelotti (1994) noted that salt air and warm summers had caused
extensive corrosion at an early twentieth century site at Cape Wellman in Svalbard. Artefacts
at most sites on Svalbard and the Franz Josef archipelago are said to be corroded (personal
communication: Susan Barr, Riksantiksvaren, Oslo 2001).
6.2.2 Antarctic literature
Antarctic corrosion rate measurements (see Table 6.6)
Mikhailov et al (1993) measured corrosivity at Mirny, a Russian Antarctic base with a coastal
climate and strong winds. TOW in Arctic Scandinavia, Russia and Canada are typically 10004000 hours while that at Mirny was 93 hours. Chloride composition in snow samples
collected in the vicinity of Mirny varied eight fold although the offshore katabatic winds
reputedly carry little salt. The authors considered that effective TOW might be affected when
high relative humidity and salt deposition both occur. Mikhailov’s team found that many sites
for which detailed meteorological records were available showed continual sub-zero
temperatures, which according to ISO 9223 should have zero time of wetness and thus no
corrosion.
Fahy (1990) measured corrosivity of aluminium coupons in the Ross Dependency comparing
various alloys with different surface treatments including a range of anodised surface
thickness. Fahy had to rely on others to place his specimens and some plates were exposed
next to diesel generators at Scott Base. Aerosol pollutants affected results. Exposures were
later repeated at unpolluted Arrival Heights which resulted in considerably less pitting of
sample coupons.
King et al (1988) measured corrosivity of steel alloys at Cape Evans (10.83 m/year) and at
Vanda Station (0.87 m/year) in the Dry Valleys2. The rate measured at Cape Evans is
comparable with suburban areas in temperate regions of Australia yet the site is surrounded
by sea ice for 10 months of the year and air temperatures are rarely above 0°C.

2

These ice-free areas are fed by cold air from the polar plateau and almost no rain has occurred for over a
million years
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Rivero et al (1996) used Mossbauer Spectroscopy to study corrosion products on low-alloy
steel exposed at the Uruguayan Antarctic Peninsula station, Artigas, where the measured
corrosivity was 40-66 m/y for a one-year exposure with ISO TOW of 8919 hours/year.
Rosales and Fernandez (2001) measured corrosion rates for steel, zinc, cooper and aluminium
at the Argentine Antarctic Peninsula station, Jubany. TOW was directly recorded using Pt/Ag
electrodes on an alumina substrate and compared with the ISO TOW estimated using climatic
data. High corrosion rates were measured for all metals, discussed in section 6.5.2. They
concluded that in the presence of a marine salt, liquid water monolayers could form at the
metal surface under ice layers resulting in corrosion at temperatures below 0°C.
Observations of corrosion at Antarctic historic sites
Useful qualitative reports on corrosion3 are available from historic sites and artefacts at
Nordenskjold's hut (Comerci 1983); Byrd's 1940 East Base (Broadbent 1992); Wilkes (Clark
and Wishart 1991) and at abandoned British bases (Cochran & Collinge 1994) and all the
Ross Dependency sites (Harrowfield 1988). Some photographs included in the reports clearly
show that corrosion is severe.
Whilst corrosivity measurements were outside the scope of Mason’s (1999) study of the
Terra Nova hut, he was able to make detailed examination of artefacts inside the hut and
reported corrosion on the underside of stoves, brackets, tin cans and other items4. He found
some filiform corrosion and pitting, details of which are discussed later in this chapter.
Maxwell and Viduka (2004) reported on several years of observations of qualitative tests on
commercial corrosion inhibitors and coatings trialled at the Ross Island huts. They utilised
temperature and RH measurements inside the huts undertaken by Held et al (2005) and
observed that condition of artefacts inside the building varied according the microclimate
conditions with the worst corrosion occurring in conjunction with high RH and poor air
circulation and condensation. Their results showed poor performance of the various coatings
tested, which included tannic acid, oxalic acid, sulphonates and other corrosion converters in
various wax and lacquer polymers. They concluded that some preventive conservation
3
4

The citations are provided in the references for Chapter 2.
This was not possible for the author of this thesis.
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approaches may be useful but that conservation treatment with the limited available facilities
was not currently practical. This paper is considered in further detail in the discussion.
Tin Pest
Gilberg (1991: 4) reviewed alleged observations of tin pest in museum collections and stated:
“Though the mechanism by which white tin is transformed to grey tin is not yet fully
understood, it is generally believed to occur through a process of nucleation and
growth of the grey tin by diffusion at the surface of the metal….
The rate of transformation is dependent upon a number of factors including
temperature, presence of grey nuclei, metallographic structure, degree of cold working
and annealing, presence of electrolyte, and purity of the metal. All of these factors are
interrelated, thus making it extremely difficult to define the exact conditions under
which the transformation of white tin to grey tin may occur.”
Stambolov (1975: 148) studied artefacts from Barents’ Hut and stated:
"It may be concluded from the condition of the tin objects in the find on Nova Zembla
[Novaya Zemlya] that low temperature is not the initiator of 'tin pest'. Left by Dutch
sailors in 1597 and discovered by a Norwegian captain in 1871, these tin objects have
spent about two and a half centuries in a polar climate without any damage. The
analysis of one candlestick from the find on Nova Zembla showed a composition of
80% tin and 20% lead, while the solder on it consisted of 100% tin. Neither the alloy
nor the pure tin was attacked and X-ray fluorescence analysis detected no amounts of
bismuth and antimony salts which, according to Remy obstruct the appearance of gray
tin".
Gilberg (1991: 15) considered whether tin pest contributed to the death of Scott’s party
during his South Pole expedition in 1911 from oil leaks which spoiled food supplies.
“It was believed at the time that the cans had been soldered with pure tin which when
exposed to the extreme Antarctic cold turned to powder. However, when recovered a
number of years later and analysed by the Tin research Institute, no evidence of tin
pest was found”.
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Huntford (1979: 307, 533) stated that poor soldering and/or evaporation were to blame
whereas Gilberg (1991: 5) concluded that:
“Today is it generally accepted that the transformation of white tin to grey tin does not
occur spontaneously but is confined to high purity metals and even then must be
exposed to low temperatures for prolonged periods of time.”
Gilberg (1991: 16) cites tin pest as a “good example of the importance of understanding the
mechanism by which antiquities corrode or decay if appropriate treatment methods are to be
applied. In the case of tin, for many years this mechanism was unknown and as a result
totally inappropriate measures were undertaken”. This statement is relevant for all
conservation treatments at Antarctic historic sites.
Telluric corrosion
Boteler et al (1999) provided the first theoretical explanation of the propagation of telluric
currents in metallic structures from variations in the earth's magnetic fields, which are more
intense in higher latitudes close to the magnetic poles. The strongest effects are produced in
long pipelines, such as those used to transport oil in Alaska (~1,000 km long). Maximum
voltages are proportional to the pipeline length but the use of insulating flanges along the
pipeline, along with cathodic protection and earthing of currents has been very effective.
Large bodies of tidal salt water produce telluric effects due to their relative motion with the
earth's magnetic field (Martin 1994). From the theoretical discussion and examples cited in
both papers it is apparent that there are no metal structures in Antarctica that would be of
sufficient length, or are immersed in tidal sea water5, to experience any significant corrosion
from telluric currents.
In summary, the literature shows:


At least six researchers have observed significant corrosion problems affecting diverse
artefacts at more than ten Antarctic historic sites of different ages in diverse locations.



Despite limited corrosivity data, available measurements show corrosivity is significantly
higher than predicted by TOW estimated from temperature and RH using ISO standard

5

Mawson’s air tractor was found immersed in Boat Harbour in 2010 (Mawson’s Hut Foundation website
downloaded 30 April 2010).
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9223 and that temperature may not be the dominant factor determining corrosion in cold
conditions.


There is serious doubt whether ‘tin pest’ and telluric corrosion may exist in Antarctica.

6.3 METHODOLOGY
Research questions
The following research questions need to be answered to develop effective metals
conservation strategies for Antarctica:
1.

Can corrosion occur below 0°C?

2.

What is the relationship between air temperature, RH, TOW and formation of moisture
films on metal surfaces in Antarctic climates?

3.

Does corrosion occur under ice layers or is some other process involved?

4.

Does surface warming allow corrosion to occur, producing higher corrosivity than
predicted by ISO 9223?

5.

Can temperature and RH data and TOW measurement be used to predict corrosion risks
for a site?

6.

How does the removal of ice from inside buildings impact on corrosion of artefacts and
building elements?

7.

How do salts affect corrosion rates in Antarctica?

8.

How can the corrosion problems be managed?

Field observations, corrosivity measurements and some instrumental measurements were
used to address these questions.
6.3.1 Field observations and corrosivity coupon measurements (Research question 1)
Sites examined
Field observations of the condition of artefacts and metal building elements were undertaken
at the 12 sites previously identified in Table 3.1. In addition to the short time ashore, it was
not permitted to remove historic material for analysis so this limited some attribution of the
composition of the metals observed. Photographs of sites in the Antarctic Peninsula, kindly
16
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provided by colleagues, were examined to attribute corrosion behaviour in this warmer, more
maritime Antarctic region.
Observational method
To use the limited time available at the sites effectively, a checklist of observations was
developed to identify the type(s) of corrosion occurring at each site and to standardise the
attribution of the severity of its effects (Table 3.2). Environmental characteristics in the
immediate vicinity of the artefacts and building were noted to compare with corrosion
impacts. Photographs were taken, where possible using a standard colour correction chart, to
facilitate comparability of the images.
Identification of type of corrosion.
Photographs are included in the results section of this chapter illustrate the occurrence of
diverse corrosion types in Antarctic conditions. Attribution of the actual type of corrosion
present was based on the author’s professional knowledge as a metals conservator
supplemented by reference to standard texts such as Brundett (1990). Tin alloys and tinplated items were examined for signs of ‘tin pest’ although a sample would be required for
confirmation of its presence.
Corrosion rate measurements
It was necessary to choose different locations for corrosivity measurements since many of the
historic sites where field observations were undertaken had major logistical constraints or
lacked suitable meteorological facilities.
Selection of sites for coupon exposures
Coastal Antarctic sites were chosen on the combined basis of climatic variation, presence of
historic sites, availability of meteorological facilities and ease of contact with meteorological
staff to arrange exposure and retrieval of the coupons. Sites in the interior of Antarctica were
also chosen as an initial test of the hypothesis implied in ISO 9223 that TOW (and thus
corrosivity) is zero in locations where temperature is consistently below 0°C. The least
17
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accessible location (the Russian station at Vostok) was the most desirable for this study
because of its high altitude, remoteness from the sea and particularly severe climate.
Fortunately at the time of the study there was increased scientific activity although
subsequently the station was closed due to the high operating costs. Sites where
measurements were undertaken are shown in figure 6.7.
ISO Standard 9223 provides two ways to determine the corrosivity category of a given
location:


the environmental classification in terms of time of wetness and pollution; and



classification based on corrosion rate measurement and standard metal specimens.

Further standard measurement techniques are given for measurement of pollution, ISO 9225
and determination of corrosion rate of standard specimens, ISO 9226). ISO 9225 and ISO
9226 can be applied to measure rates of atmospheric corrosion at historic sites in Antarctica
and to compare with rates measured in more familiar temperate conditions.
Figure 6.7: Map showing location of measurements and corrosivity recorded in Antarctica
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Measurement of corrosion rates (corrosivity) using coupons
ISO 9223 (1992) defines corrosivity:
“Corrosivity of the atmosphere: The ability of the atmosphere to cause corrosion in a
given corrosion system (e.g. atmospheric corrosion of a given metal or alloy).
Corrosivity is thus a standardised measurement of the corrosion rate of a specific metal in the
atmosphere, usually expressed in micrometers per year that provides information about the
nature of the corrosive environment.
ISO 9226 Corrosivity of Atmospheres- determination of corrosion rate of standard specimens
for the evaluation of corrosivity provides a correlation between atmospheric conditions and
typical corrosion rates measured at hundreds of sites around the world where standardised
corrosivity measurements have been made.
The method described in ISO 9226 (1992) uses coupons (ie flat metal pieces) of a standard
alloy which are exposed to the atmosphere away from any sheltering effects for a standard
period of time. This method was used by King et al (1988) for corrosivity measurements at
Cape Evans and was chosen, with some small variations described below, because it is a
widely known method for comparison of corrosion rates at different locations and has been
used for over twenty years by the CSIRO Division of Building, Construction and Engineering
for broad scale corrosivity surveys including a major corrosivity map of greater Melbourne
(King, GA, Martin & Moresby 1982).
The coupons used are approximately 100mm long by 50mm wide and 3 mm thick with a
weight of approximately 120 grams6. Fuller details of the methodology of removal of the
corrosion products from the coupon is given in King and Carberry (1992: 6) and King and
O’Brien (1994). In brief, the loose corrosion products were gently scraped from the coupons
using a stainless steel scalpel to remove loosely bound corrosion products which were saved

6

Corrected mass losses W (g) were converted to corrosion rates in terms of thickness lost per year (microns/y)
by the formula:
Corrosivity = W/A x 106 x 365/t
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for further analysis. The coupons were then cleaned in Clarke’s solution (concentrated
hydrochloric acid with 5% w/w stannous chloride dihydrate and 2% w/w antimony trioxide).
Two previously cleaned specimens were included with each batch to determine blank
correction factors for removal of non-corroded steel.
Choice of metal to characterise site corrosivity
Various metals have been used to characterise site corrosivity including unalloyed carbon
steel, zinc, copper and aluminium but most research carried out in Australia has used a
standard low-alloy copper bearing steel and this was also used for the exposures in the
research for this thesis. It is essentially a low carbon or 'mild' steel, but the addition of about a
quarter of a per cent of copper renders the corrosivity relatively insensitive to the minor
variations in composition that would be expected in different batches.
Blanks were included in the cleaning process and the blank losses subtracted from the
specimen losses when calculating the corrosion rates. Several batches of this steel were used
to supply specimens for this project. Ten of the specimens were from a batch of composition
C 0.18, Mn 0.76, Si 0.05, P 0.017, S 0.018, Mo 0.003, Sn 0.003, sol Al 0.011. Cr 0.125, Ni
0.295, Cu 0.235%. Other batches were very similar to this composition.
While it would be desirable to also conduct coupon measurements for copper, zinc and
aluminium to represent the other metals found at Antarctic historic sites, this was not possible
for various resource and logistics reasons previously discussed. Steel is the most prevalent
metal at the sites, so steel corrosivity measurements are valuable in the interpretation of risks
for major structural fasteners, and steel is most commonly used for broad scale corrosivity
studies (eg King and Carberry 1992).
Preparation of coupon kits for deployment in Antarctica
Coupons were mailed to project participants as a kit containing the weighed, numbered
coupon, an attachment assembly to enable installation on a weather station (figure 6.9) or
where A is the total area of the specimen exposed (mm2), namely the two faces plus four edges minus the area
protected by mounting washers,  is the density of the steel (in kg/m3), and t is the exposure time in days (King,
Sasnaitis and Terrill 1985).
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research facility (figure 6.10); disposable polyethylene gloves for handling the coupon during
installation and retrieval to prevent contamination; instructions; and an engraved sign
explaining the project and requirement that the coupon not be touched. Where possible a
sachet of desiccant was provided for return with the exposed coupon to prevent post-exposure
corrosion, in other cases it was requested that this be done.
Figure 6.8: Corrosivity coupons in situ at AWS LGB 10, Vostok and Signy
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Figure 6.9: South Pole corrosivity measured at the Clean Air Building
a. Clean Air Building, South Pole, US National Science Foundation photo7
b. Coupon attached to frame on uppermost level of the building
c. Detail of corrosion coupon assembly, coupon is at lower left

The corrosivity measurements are tabulated with other environmental factors in Table 6.2.
Role of the author in carrying out the corrosion measurements.
The author was principally responsible for developing the overall rationale of the study of
corrosion at Antarctic historic sites, identifying the exposure sites, some minor design
modifications of the equipment, liaison with Antarctic personnel, discussion of the
appropriateness of the methodology for Antarctic conditions and interpretation of the results
for conservation of historic metals. George King, David O’Brien and Wayne Ganther of

7

Downloaded from US National Science Foundation website, 25 April 2010
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CSIRO carried out the preparation of the coupons from steel made by the Australian steel
manufacturer BHP as well as processing of the coupons.
Comparison of the coupon method and ‘wire on bolt’ methods
‘Wire on bolt’ systems such as the ‘CLIMAT’ and ‘ATCORR’ are popular for measuring
corrosivity providing a relatively quick method for measuring corrosion. Details of these
systems and usage are available in Doyle and Wright (1982) but basically these use
assemblies of wire (zinc for CLIMAT and aluminium for ATCORR) wound around a bolt
held in a small frame of non-conducting plastic. Two different metals are chosen for the wire
and the bolt so that galvanic corrosion will occur causing an accelerated weight loss from the
wire (the anodic metal).
This method is appropriate for highly corrosive environments, for example to identify risks
and treatment for threatening components in an industrial complex. Its shorter exposure
period (usually 3 months) and lower weight loss mean it is less accurate than coupon methods
for comparison between sites, particularly where corrosion rates are not expected to be
particularly high but it is useful for Antarctic sites since it is very robust and the short
exposure is useful for less accessible sites.
Figure 6.10: CLIMAT assembly on top of test racks at Cape Denison, author’s photo 1997
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While CLIMAT tests offer some benefits, the coupon method was selected for comparative
measurements of corrosion in Antarctica since:


it is preferable to use only one method for comparing corrosivity at all sites; and



corrosion rates in inland Antarctica were expected to be low so the more accurate coupon
method is preferred.

In addition, the coupon method is arguably more consistent since corrosion effects on a flat
plate are averaged over a larger surface. The weight of the ISO coupons is typically
approximately 120 grams (with weight loss of up to 20 grams at a severe site) by comparison
with CLIMAT wire of approximately 1.4 grams (with a correspondingly small weight loss).
The longer exposure period of the ISO coupon method (one year) offers a more precise value
for percentage weight loss and a potentially more accurate measurement as it takes account of
the strong seasonal variability of temperatures known in Antarctica.
Discussions with George King, then at CSIRO identified some concerns about ambiguities
arising in a long term survey of marine corrosion which involved extensive comparison
between the CLIMAT and coupon methods, described in King and O’Brien (1994).
6.3.2 Measurement of surface wetness, temperature and relative humidity conditions to
improve understanding of TOW criteria (research question 2)
Since the 1980s many instrumental methods and electronic sensors have been developed for
the measurement of parameters involved in corrosion. Patel (1993) described the ‘Wetcorr’
instrument developed at the Norwegian Institute of Air Research which uses humidity in the
atmosphere to generate a current which can be measured. The instrument’s sensors can be
placed in the atmosphere, or on the surface, or inside small wall spaces where corrosion can
be critical. The devices measure the time (in hours) for which a film of moisture sufficient to
support corrosion exists on the surface of a small gold grid.
CSIRO developed small electronic instruments to measure corrosion as part of the research
undertaken following the 1989 earthquake in Newcastle, Australia. These research
instruments are relatively expensive which constrained the use of instrumental methods in

24

6. Corrosion and other damage to metals

this research although they would be useful for monitoring conditions in wall spaces and
other critical locations in Antarctic historic buildings.
Terra Nova Bay experiment (research questions 1, 2, 4, 5 and 6)
Instrumentation requirements were identified jointly by King and Ganther and the site
selection and logistics plans for this study were primarily by Hughes. The instruments were
prepared by King and Ganther and the apparatus was installed by Italian Antarctic
expeditioners (Grigioni and Pellegrini) who also provided climatic and topological
information. Details of the methodology were published in King, Ganther, Hughes, Grigioni
and Pellegrini (2001), bound into this thesis as Appendix I.
A range of sensors measured air temperature, surface temperature, RH, and surface wetness
to correlate with a ZINCORR wire on bolt corrosivity measurement. The location selected
was an Automatic Weather Station at Enigma Lake (74°43’S 164°02’E, altitude 210 metres
and less than one km from the seas/sea ice) near the Italian base at Terra Nova Bay. The site
was known from climatic data to have air temperatures consistently below 0°C.
The location was distant from potential anthropogenic pollutants (such as from diesel
generators) that would have been a problem at other sites such as McMurdo Base or Scott
Base. Salt deposition was thought to be minimal due to predominance of katabatic winds that
blow from the polar plateau. Yearly mean and extreme values of temperatures (°C) are –15.1,
-24.5 (min), -4.0(max). The air temperature exceeds –5°C only in January and relative
humidity is about 40% in the cold season and 50% in the warm season. Additional details are
given in Appendix I.
Plotting and correlation of surface wetness and temperature and relative humidity data
The method for correlating this data obtained from the instrumented plates exposed at Terra
Nova Bay is described in detail in Appendix I. Briefly: this involved plotting ‘dots’ to
indicate wetness occurrences vs temperature (y axis) and relative humidity (x axis). The
plotted data included both air temperature and surface temperature of the instrumented metal
plate to address research question 4 on whether solar warming of the surface will allow
corrosion to occur even when air temperature is below 0°C.
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Cape Denison instrumental experiment (research questions 2, 5, 7)
This experiment was devised in considerable haste when it became possible to send
instruments to Cape Denison and permission was gained to mount these on the Workshop
roof of the historic Main Hut which had been overclad with non-historic timber.
The purpose was to obtain corrosivity rates for this important historic site and to link this to
simultaneous measurement of climatic data (air and surface temperature, relative humidity)
and salt deposition for a coastal location with a ‘warmer’ Antarctic climate. The experiment
is described and published in Hughes, King and Ganther (2001) bound as Appendix L to this
thesis.
The equipment comprised:


duplicate coupons of an unalloyed carbon steel and triplicate coupons of zinc (for massloss corrosivity measurement)



a Zincorr unit



a salt candle (ISO 9225); and



one of the zinc coupons was instrumented to measure both surface temperature and TOW
(using a gold grid sensor).

Figure 6.11: Gold grid sensor attached to coupon, CSIRO photo
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Figure 6.12: Apparatus used for the Cape Denison experiment, CSIRO photo.
(This was installed on the apex of the Workshop.)

Figure 6.13: TOW sensor, CSIRO photo

Time Of wetness

~. ~

The apparatus was designed for ease of installation and to cope with extreme winds. The
equipment faced geographic north and was located on top of the re-clad Workshop
approximately 50 metres from the sea. Sensors and coupons were well-sealed and packed to
prevent premature corrosion.
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Hourly temperature and RH data were available from the monitoring system used for the
AAE main hut. These data were used to calculate TOW using the ISO criteria and the TNB
criteria.
ZINCORR measurements, Cape Denison
A ZINCORR unit comprising zinc wire wrapped around nylon, iron and copper bolts was
used to measure the summer seasonal corrosion rate. Although wire-on-bolt corrosivity
measurement systems are inherently less accurate they are less vulnerable to wind damage
since the three bolts offer less resistance than the flat coupon. The combination of zinc wire
and the iron or copper bolts provides a galvanic coupling which accelerates corrosion
enabling corrosivity to be measured in a short time. ZINCORR provides greater sensitivity
than ATCORR in mildly corrosive environments (Ganther, Cole & King 1999).
6.3.4 Effect of salts on corrosion (research question 7)
Methods for measurement of salt deposition (ISO 9225 ‘salt candle’ method) and salt data
discussed in Chapter 5 are used to consider the acceleration of corrosion. ISO 9225 provides
guidelines on corrosion rate expected in environments classified according to salt deposition
rates.
6.3.5 Management of corrosion (research question 8)
As discussed in Chapter 3, a review of corrosion risks was prepared using Standard AS 4360,
including assessment of effectiveness of conservation treatments and preventive methods.
6.4 RESULTS
6.4.1 Site survey observation data
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Table 6.1: Summary of corrosion observations at the sites
Note: deeply shaded rows indicate sites with katabatic wind regime. Cape Adare experiences periodic
orographically forced katabatic winds sith significant marine influence.
Site, date of Major
Closest
Climate
Wind regime,
Types and
earliest
topographic
distance from
annual average
severity of
building
features
the sea
wind speed.
corrosion
(metres), salt
observed
deposition
Mawson
Situated on SE
100-170
Mean annual
Katabatic
Significant but
Station,
shore of
metres from
daily max 11.1 m/s,
variable
1954
shore of
8.4°C,
dominant SE
atmospheric
Horseshoe
Harbour, on a
Horseshoe
Mean annual
(measured 1964- corrosion.
small ice-free rock Harbour
daily min
1983 (Streten
Differential
outcrop (900 by
-14.3°C
1990))
aeration.
Some
Mean annual
Meltwater pools
700m) adjacent to
daily sunshine
around lower
the continental ice defibring in
older
5.0 hours
walls of many
cap, Framnes
Mountains
buildings, salt (BOM
buildings
crystals on
website)
Some galvanic
approximately 20
rocks near
Mean max
corrosion in
km to the south.
harbour (fig
Jan= +2.5°C.
aircraft hangar.
5.2).
Pitting in
Iridescent rust
aluminium
inside
building panels
buildings,
caused water
especially
ingress.
aircraft hangar
(fig 6.27).
Rumdoodle
Elevation: 498m
18 km from
Data not
Katabatic
Condensation
Hut, 19728
On mountain slope Mawson
available but
from polar
problems leading
near Mt
Station
colder than
plateau,
to spots of
Rumdoodle
No evidence
Mawson due to
corrosion inside
of salt
altitude.
building. Streaks
deposits.
of rust on exterior
cladding.
Davis
On flat terrain,
50-200 m
Mean max Jan Non-katabatic,
Significant but
Station,
elevation 18 m,
from shore
mainly ESE, 4.6
variable
+3.1 °C
1957
near saline lakes in (for older
Max max Jul
m/s (BOM
atmospheric
Except Old
the Vestfold Hills
buildings)
& Aug -14 °C. website)
corrosion.
Paint Store,
(whose altitude
Mean daily
Differential
moved from ranges to 158
100m ± 10m
aeration
minima:
Heard Is in
metres)
(at Old Paint
Erosion corrosion
~ -1 °C Jan to
1964, fig
Store.
~ -21 °C in
of metal panels by
2.15.
Salty taste in
August.
windborne sand
the water
(fig 6.24)..
Mean annual
supply.
Iridescent rust on
daily sunshine
Stepped halide 4.2 hours
eroded steel
crystals on
panels of 1950s
windows of
buildings (fig
the Mess Hut.
6.24). Corrosion
blisters from salts
under painted steel
of new buildings.
Platcha Hut, Situated at the
<20 metres
Data not
Katabatic, from
Significant but
1961
head of a small
from fjord
available but
polar plateau,
variable
fjord, surrounded
connected to
expected to be
Windspeed data
atmospheric
by hills to ~150 m the sea.
colder overall
not found.
corrosion.
8
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Site, date of
earliest
building

Major
topographic
features
high and leading to
the polar plateau

Closest
distance from
the sea
(metres), salt
deposition
18 km to
nearest sea
shore.
Localised salt
deposits.
100 ± 20m
from sea

Dumont
d’Urville,
1951

Surrounded by
polar plateau to the
south but located
on a group of
small islands
linked to the land
by permanent ice.

Cape
Denison,
1912

Surrounded by
polar plateau to the
south, located on
very small harbour
surrounded with
slope of polar
plateau rising to
700 feet (213 m)
within 1.5 km of
the hut (see fig
5.13).

40-50m (AAE
main hut).
Defibring.

Low, gravelly
triangular
peninsula
projecting approx
1,500m from the
base of steep cliffs
~400m high;
occasionally swept
by waves, amidst
large penguin
rookery.

100m ±20m
Extensive
defibring on
most exterior
timbers.
Salt spray was
abundant over
the entire area
of the huts.

Cape Adare,
1895

Prevalent
defibring of
wood.

Salts in ice
and snow
measured
ranging 153980 ppm
chloride.

Climate

Wind regime,
annual average
wind speed.

than Davis due
to altitude.

Month mean
max (Jan)=
+0.8°C;
Month mean
(Aug) -16.8°C

Katabatic, SE
Annual average
8.5 m/s
(Wagenbach et
al. 1998)(

Max temp
+8.1°C; Min 32.2°C, mean 14.0°C
(external
sensor data
reported in
Ganther et al
2002)
AAE data:
Mean Jan
1913= -0.94°C
Mean Jun 1913
=
-21.33°C

Severe katabatic
Annual average
windspeed 19.2
m/s (Madigan
1929)
S to SE
dominant.

Extreme range
during Feb
1899 to Jan
1900 was
-41.94°C to
+9.28 °C
(Bernacchi
1901)

Katabatic with
orographic
forcing,
Mean windspeed
12 kph= 3.3 m/s
(Harrowfield
2006)
ESE (41% of
time)

Types and
severity of
corrosion
observed
Corrosion on door
handles and where
paint on building
panels is
damaged.
Significant but
variable
atmospheric
corrosion.
Iridescent rust on
most steel
surfaces.
Differential
aeration Corrosion
fatigue due to
bending in high
winds (steel
panels). Extensive
meltwater.
Emergent
corrosion on
painted steel
panels.
Significant but
variable
atmospheric
corrosion.
Necking of nails
(differential
aeration).
Corrosion fatigue
of the ridge
capping & valley
gutters (fig 6.3).
Meltwater (fig
4.1)
Bronze disease on
plaque boxes (fig
2.19).
Iridescent rust on
bolts on crossbar
of the Memorial
Cross (figure 6.2).
Significant but
variable
atmospheric
corrosion.
Abundant
meltwater.
Erosion corrosion
of metal bands on
barrels by
windborne scoria
causing barrels to
spring open (fig

30

6. Corrosion and other damage to metals
Site, date of
earliest
building

Major
topographic
features

Closest
distance from
the sea
(metres), salt
deposition

Climate

Wind regime,
annual average
wind speed.

Cape Evans,
1911

Low area of beach
affected by
erosion. ~25km
from Mr Erebus.

70-120m
±10m
Extensive
defibring (fig
5.3), salt
‘runs’ inside
hut. Salt
deposits were
mostly
sulphate (see
Chapter 5).

No recent
external data
available but
expected to be
similar to
McMardo and
Scott Base
(~20 km
south).

Non-katabatic,
no recent
external data
available.
Expected to be
similar to Mc
Murdo and Scott
Base.

Cape Royds,
1907

Low area of bare
rock and gravel
with meltwater
pools. ~20km from
Mr Erebus.
Adjacent to large
penguin rookery
and salt pan.

120m ± 10m
Defibring,
extensive salt
deposits (fig
5.9, 5.12) &
inside hut (fig
5.5).
Salt deposits
were mostly
sulphate.

Not available
but expected to
be similar to
McMardo and
Scott Base
(~20 km
south)..

Non-katabatic
See fig 7.7.
comparing C
Denison and C
Royds.

Hut Point,
1902

Rocky headland
~800m from
McMurdo Base,
ships dock
nearby..

As for
McMurdo
Base.

Non-katabatic.
As for McMurdo
Base.

Scott Base,
1957 Trans
Antarctic
Expedition
Hut,
Others
1970s-90s

Located on low
headland
surrounded by
glaciers on
southern end of
Ross Island, more
exposed to

<50m
Defibring, salt
‘runs’ inside
hut. Salt
deposits were
mostly
sulphate.
~50m
Salts evident
on the ground
and as crystals
on windows.

Mean daily
max (Jan)= 1.2°C, mean
daily min
(Aug) -34.4°C
Mean annual
temperature

Non-katabatic.
Winds are
predominantly
NNE, mean
monthly velocity
range from 4 m/s
(Jan) to 5.5 m/s

Types and
severity of
corrosion
observed
6.20b). Guano
increases localised
corrosion around
hut walls (fig
5.11).
Most artefacts are
badly corroded,
some appear to
have been brought
indoors eg stove.
Iridescent rust on
most metal
surfaces, which
are also highly
delaminated.
Significant but
variable
atmospheric
corrosion.
Erosion corrosion
by windborne
sand polishes
Aurora anchor.
Meltwater pools in
many locations
around the hut.
Crinkled mirror
backing (fig 6.31)
Significant but
variable
atmospheric
corrosion.
Galvanic
corrosion on
motor car hub (fig
6.29), corrosion of
plaque (fig 6.22)
Extensive water
stains indicate
regular meltwater
flows.
Significant but
variable
atmospheric
corrosion.
Meltwater
immersion of
some artefacts.
Significant but
variable
atmospheric
corrosion. Spots
of rust emerging
on recently
painted lime-green
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Site, date of
earliest
building

Major
topographic
features
southerly winds
than McMurdo
Base, 2.5km away.

McMurdo
Base, 1957

Similar to Scott
Base but more
protected from
southerly winds.

Closest
distance from
the sea
(metres), salt
deposition

50-600m ±
25m
Salts evident
on the ground
and as crystals
on windows

Climate

Wind regime,
annual average
wind speed.

Types and
severity of
corrosion
observed

- 19.6°C
(NIWA),
colder than
McMurdo
Base.
Annual mean
is -18°C;
monthly mean
temperatures
range from 3°C (Jan) to
-28°C (Aug).

(May) (Hume
and Bodger
2004).

steel panels (fig
6.25).

Non-katabatic
No significant
seasonal
variation, range
from 5.5 m/s
(Dec) to 7.5 m/s
(Mar).

Significant but
variable
atmospheric
corrosion. Piles of
rusting equipment.
Some erosion
corrosion due to
windborne gravel.

Notes: No evidence of tin pest found at any of these locations.

6.4.2 Corrosivity measurements
Table 6.2: Corrosivity coupon measurements in coastal and inland Antarctica
Site

Lat. °S

Elevation Km.
Days
Mass loss Blank
(m)
from sea exposed
(mg)
loss (mg)
Signy
60°43'
<10
<1
365
3.0863
0.0423
Rothera
67°34'
<10
<1
365
2.2808
0.0282
Mawson
67°36'
<10
<1
372
0.2956
0.0103
Vanda
77° 35' 94
80
360
80.1
5.4
Robertskollen 71° 29' 400
120
377
65.0
5.1
LGB00
68° 39' 1830
186
786
35.8
4.2
LGB35
76° 03' 2340
780
380
15.3
4.2
LGB10
71° 17' 2616
390
777
22.5
4.2
Vostok
78° 28' 3488
1200
347
6.9*
2.9
South Pole
90° 00' 2800
1300
1364
12.3
2.9
* = mean of two specimens.
Note: The percentage blank loss = (Blank loss x 100)/ (Specimen mass loss- Blank loss)

Corrosivity
µm/yr
36.4
27.1
3.35
0.87
0.70
0.18
0.13
0.10
0.05*
0.03

Blank
loss %
1.39
1.25
3.6*
7
9
13
38
23
77*
31

6.4.3 Terra Nova Bay experiment data (following page)
Figure 6.14: Wetness on instrumented plate as a function of air temperature and RH
(from King et al 2001)
Note: Each dot or circle represents the presence of a film of moisture on the gold plate at a certain temperature
and RH. The extent and thickness of the film (the degree of wetness) is reported by the size of the circle,
discussed in detail in Appendix I. The 100% event at T=0C and RH=45% at the upper left is an outlier event at
the end of the recording period.

32

6. Corrosion and other damage to metals

5'

0

0

0

0

:3,

oo

. ;oo

o .

Cl
Q)

0
0

-5

~

~

~o

0

():)

.G' ace
009

::,

60 0

~
Q)

0

0

a&
00

0~ ~oo@

E -10

8

0

0

0

Q>
0

00
0

Q)

~

I-

Wetn ess
Legend

~

<(

c -15
Q)

:.a
E

0100

<(

0

-2

0

50
25

0

-25
30

35

40

45

50

55

60

65

70

75

80

75

85

90

Relative Humidity(%)

Figure 6.15: Frequency histogram of temperature difference between air and steel surface
(King et al 2001)
45
40
35
30 <l)

E
i=
~

0

25
20
15
10
5
0
< -2

-2 too

Oto 2

2 to 5

5 to 10

> 10

Temperature Difference

33

6. Corrosion and other damage to metals

6.4.5 Data from Cape Denison experiment during 27.12.2000 to 8.1.2001 (14 days)
Table 6.3: Cape Denison TOW calculations, chloride deposition and Zincorr
measurement
Parameter
Grid TOW
ISO 9223 TOW

Value
13.2 (% of time)
2.0 (% of time)

King TOW

31.8 (% of time)

Cl- deposition (ISO 9225 Salt
candle)
Zincorr (% mass loss)

5.5 (mg/m2/day
Nylon 0.12
Iron
0.42
Copper 0.54

Comment
Using gold grid sensor
Using exterior location from environmental
monitoring system in AAE main hut
Using exterior location from environmental
monitoring system in AAE main hut
Shorter exposure time than specified by ISO
9225
Nylon 0.9 (normalised to 3 months)
Iron
3.23 (normalised to 3 months)
Copper 4.10 (normalised to 3 months)

Exposure time 14 days (instead of 30 days) was shorter than desirable due to logistics
constraints.
Zincorr units can be exposed for any reasonable period but the mass loss was normalised to
three months as this is the usual period used for these measurements.
The index in the table above gives a linear adjustment which does not take into account any
time or seasonal dependence of corrosion. In general, the corrosion rate decreases with time
of exposure. Further, the majority of the corrosion in Antarctica would be expected in
summer when temperatures are higher. If it is assumed that the Antarctic summer lasts six
months and that all corrosion occurred in this time the actual summer ZINCORR indexes
would be twice that given above.
6.4.5 Risk management
Table 6.4: Risk matrix- corrosion (next page)
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Risk
No.
1

2

3

The Risk
What can happen
and How it can
happen
Metals exposed to
outdoor conditions
with intermittent
seawater coverage
and/or high salt
exposure

Metals periodically
covered by meltwater
zone (eg around AAE
Main Hut).

Nails and other
fasteners exposed to
atmospheric
corrosion and
periodic high
moisture

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Severe corrosion and
delamination of most
metals due to combined
atmospheric and salt
solution corrosion (eg
Aurora anchor, Mawson
aircraft hangar).
Significant artefacts
corrode right through (eg
Webb’s lantern).

Impossible to control with
existing technology. New
treatments such as
sacrificial anodes or
impressed current may be
possible for major
artefacts.
Removal of smaller
artefacts offsite or
indoors.

5

Most metals severely
damaged due to
combination of high
atmospheric corrosion
plus other forms of
corrosion eg pitting,
erosion.
Artefacts affected: oven,
tin cans at C Denison

Impossible to control with
existing technology.
Drainage of water is
unlikely to be practical in
most locations. New
treatments may need to be
developed.
Removal of smaller
artefacts offsite or
indoors.

5

Structural failure (eg
corrosion of bolt securing
Memorial Cross leading
to crossbar being
damaged or lost.
Corrosivity rate for most
sites is equivalent to that
occurring in outer urban
temperate Australia.

Fasteners that are
embedded in timber
cannot be effectively
treated with current
technology.
Structural damage to
fasteners leading to loss
of cladding from wind
(Cape Denison).

4
5 (longterm
untreated
risk)

Conseque
nce
Rating
(b)
4 (major
items)
3 (minor
items)

4-3

5 (failure)
or 4

Overall
Risk
Level
(a+b)
9

Treatment
controls

High

Re-location of
artefacts

As for indoor
conditions see Risk 4

Cathodic
protection of
selected, highsignificance
items
Use of
protective
coatings

Not assessed

8

9-8

9

Risk rating
after
treatment/
controls

Risk
Priority

High

High

Relocation

None suitable
where
corrosivity >
40 µm/yr
As for indoor
conditions see Risk 4

Re-burial

As for Risk 5

Replacement
of nails not
always
feasible
Over-cladding

Not assessed.
Over-cladding
may reduce
risk depending
on
RH/moisture
control.
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4

Structural fasteners
and artefacts inside
buildings exposed to
indoor air conditions
(presuming low
temperatures, high
RH, some periodic
meltwater)

Significant corrosion can
occur due to high RH, rate
is not measured indoors
but appears to be
moderate (Ross Island) to
high (Mawson aircraft
hangar).
Significant risks from
salts at Ross Island sites.

5

Structural fasteners
and artefacts indoors
and covered by ice

Corrosivity appears to be
low where ice coverage
persists for long periods.

6

Artefacts taken off
site for treatment and
returned to the site

Bickersteth Clayton and
Tennant (2008) state
treatments have been
successful

Few effective treatments
are available for most
items (eg tin cans). Some
coatings may be adequate
for items of durable metal
or with thick cross-section
(eg cast iron stoves
treated with tannic acid).
Control is not adequate in
high corrosivity locations
(eg Mawson air hangar).
Climate change may
increase risks.
Control of corrosion is
fundamentally dependent
on preserving ice
coverage. Climate change
may increase risks.
Artefacts returned to high
RH and high salts may recorrode. No long term
studies linked to
environmental montoring
are available to quantify
risks.

4-5

2-4

6-9

high

2

2

4

low

3-4

2-3

5-7

medium

Coatings

Not assessed

VPIs for
enclosed
spaces

Not assessed

Preventive
measures

Effectiveness
has not been
assessed.

-

-

Monitoring of
environmental
conditions

Provides
information on
likely
remaining
risks
Not assessed

Preventive
strategies

Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6,7 high risk – needs senior management attention, >7
extreme risk – detailed action plan required
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6.5 DISCUSSION
6.5.1 Research question 1: corrosion occurrence below 0°C
Evidence from field observations
The field observations for each of the 12 sites (Table 6.1) found corrosion occurred at all the
sites examined with significant effects at Cape Adare, all Ross Island sites, Mawson and
locally severe effects at Davis.
Photographs by Sarah Hillary (a New Zealand conservator who visited several sites in the
Antarctic Peninsula, figure 6.16, see also figure 2.25) and in publications concerning Wilkes
(eg Clark and Wishart 1993, figure 6.17) also indicate significant corrosion affecting
buildings and artefacts (including those indoors) at sites the author was not able to visit.
Figure 6.16: Corrosion at Port Lockroy, photos by Sarah Hillary 2001
(Note water stains down walls)
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Figure 6.17: Fuel drums at Wilkes, (Clark and Wishart 1993: 93)

A broad range of corrosion types was found at most sites representing the main classes of
corrosion:


atmospheric corrosion, affecting all metals exposed outdoors and most indoors;



corrosion in solutions of freshwater and seawater;



galvanic corrosion;



pitting



crevice corrosion;



differential aeration corrosion;



erosion corrosion;



stress-cracking corrosion; and



filiform corrosion.

Artefacts that are covered by frozen meltwater or buried in snow drifts for most of the year
and only periodically exposed during summer were also corroded9. Exposure for only a few
weeks per year appears sufficient to produce significant corrosion.

9

Examples are artefacts in the meltzone surrounding the Main Hut at Cape Denison
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Observations at Cape Denison
Many corrosion types were found at Cape Denison including ‘necking’10 of the nails securing
the roof timbers. Most of the nails are raised above the surface, due to a combination of
corrasion of the timber and strong winds that lift the boards. Necking is a form of differential
aeration due to depletion of oxygen which promotes corrosion cell formation at the junction
of the metal and wood and risks breakage of the nail.
Streaks of rust extend up to 20cm below rusty nails in the roof and walls. Damage to timber is
evident around the nails from rust, which increases risks of boards blowing off.11
Figure 6.18: Rust stains on timber of the AAE main hut, photo by Rupert Summerson 1995

The tearing of the lead sheeting on the Workshop roof is a remarkable indicator of the
strength of the wind12. The lead failed as a method of preventing ice ingress since the
vibration against raised nail heads perforated the lead.

10

Narrowing of diameter of the nail below the head.
Baker (undated) describes chemical interactions between corroding nails and degrading wood cellulose,
including galvanic corrosion where metals of different types are used in close proximity in wood.
12
See also further discussion and time-series images in Chapter 7.
11
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Figure 6.19: Torn lead sheeting, AAE main hut, date1997, Rupert Summerson photo 1995

There are conflicting corrosion observations by AAE and BANZARE participants. Fletcher
(1984: 264-267) who visited the site during BANZARE stated:
"The shore party returned to the shop with cases of tinned food stuff that had been left in the
open for 17 years. An 18-litre tin of petrol, without the slightest sign of rust, was later used to
run the motor boat".
This is at odds with other observations by Mawson (1915) who mentions extensive corrosion
affecting rubbish removed to clean up the site13. This suggests that the petrol tin may have
been excavated from ice, possibly accounting for its good condition. Unlike Mawson,
Fletcher does not mention meltwater inside the hut.
‘Bronze disease’14 severely affected (non-historic) copper alloy covers on two AAE plaques
(figure 2.19) , exposed during 1977 to 1985. Bronze was selected for its durability, but the
risk of staining the enclosed timber artefacts was not adequately considered.
Observations at Ross Dependency sites
Significant corrosion of outdoor artefacts was observed at Cape Adare including artefacts
indoors such as a stove which was streaked with red, active corrosion. Outdoor artefacts were

13

Mawson also states "Cans rusted somewhat" (Jacka and Jacka 1988: 65).
This presumes the involvement of chloride ions due to proximity to the sea. Bronze disease is a serious
corrosion problem that affects copper alloys from exposure to chlorides and moisture to form copper chlorides
which can dissociate so the chlorides can form new corrosion cells in a cyclic process. The copper chlorides
form blisters on the metal surface which leave a pitted surface.
14
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covered in iridescent blisters. Barrel hoops had completely corroded through so the staves
splayed outwards, appearing like flowers (figure 6.20), further damaged by corrasion.
At the Ross Island sites a large number of tin cans are affected by varying degrees of
corrosion with those outdoor generally being the most badly affected (figure 6.20). Much
conservation effort is expended on brushing/vacuuming tin cans displayed inside indoors
although removal of significant deposits of salts on the ceiling, walls and other surfaces does
not appear to occur15.
Figure 6.20: Corroded artefacts at Ross Dependency sites
Upper- tin cans outdoors at Cape Royds, author’s photo 1993
Lower- barrels at Cape Adare, author’s photo 1993

15

There is no mention in the conservation procedures for the huts.
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Mason (1999: 28) noted the formation of condensation underneath artefacts resting on the
floor due to moisture from under the floor and noted these artefacts may act as a ‘cooling fin’,
increasing condensation.
In a number of locations original fasteners (presumably nails) have been replaced with crossheaded screws (figure 6.21), presumably to replace corroded original nails. Rust damages
timber through a well-known reaction with cellulose, enlarging the diameter of the original
nail hole, so a screw may be a more appropriate structural solution although it is aesthetically
undesirable.
Water running off a bronze interpretation plaque on the wall of the Cape Royds hut (figure
6.22)16 has stained the timber below and appears to locally increase corrosion of the nails
below, probably via galvanic corrosion. Bronze was probably selected for its corrosion
resistance (and aesthetically appearance), but it is preferable not to attach it directly to the
building and locate it separately on the main approaches to the building, as was done at Cape
Denison (figure 6.23).
Figure 6.21: Cross-headed fastener used on Terra Nova hut, author’s photo 1993

16

The plaque has now been removed, David Harrowfield, personal communication, Canberra 2009.
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Figure 6.22: Bronze plaque attached to Cape Royds hut, author’s photograph 1993, note
staining below the plaque

Figure 6.23: Interpretation plaque (at extreme left), Cape Denison, photo courtesy of Steve
Martin, February 1999

Filiform corrosion17 affects enamelled plates at Cape Evans (Hughes 1986, Mason 1991: 26)
and was also observed by the author on a (painted) tea box sent to Australia soon after the
BAE expedition, now in the collection of the Power House Museum, Sydney.

17

This type of corrosion typically affects painted or enamelled metals including aluminium alloys as well as
ferrous metals. The cause is differential aeration and hydrolysis of metal ions resulting in increasing acidity in
the region of dissolution via penetration of the coating by moisture and oxygen.
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Notable observations at modern sites
Building design factors can be very important in producting corrosion problems. Thin walled
structures, such as the steel wall-cladding at Davis (figure 6.24), are vulnerable to both
corrosion (upper area of the panel) and corrasion (lower area). Corrasion removes the
corrosion products and increases the rate of metal loss. Once the metal cladding is pierced
moisture cannot easily drain or evaporate from inside the wall space, increasing corrosion of
interior metal surfaces.
Figure 6.24: Corrosion and corrasion affects wall cladding in 1950s buildings at Davis
Station, author’s photo 1993.

Numerous emergent spots of rust affect contemporary painted steel buildings at Davis (Mess
building) and at Scott Base (figure 6.25). Durability testing (exposure tests) had been
conducted at Davis to select suitable paints (Incoll 1991) but it was not possible to determine
whether the same paints had been used or what surface preparation had been employed.
Given the widespread expectation of low corrosion (discussed in Appendix F) the testing may
have focussed on polymer durability rather than corrosion protection through use of
galvanising or other corrosion protection suitable for marine environments.
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Figure 6.25: Rust spots on contemporary building at Scott Base, author’s photo 1993

Inferences from the observations
Corrosion appears to be associated with proximity to meltwater but it was not considered
statistically valid to compare the prevalence and severity of corrosion versus environmental
factors at each site since the data would be confounded by the differing numbers of metal
artefacts. Later sites tend to have more metal artefacts, for example Wilkes has large numbers
of fuel drums.
Even though early Antarctic historic buildings are predominantly made of timber, corrosion is
a significant concern since their structural integrity is dependent on metal nails and fittings.
Seemingly obvious treatments such as replacement with new nails are rarely appropriate since
most nails are rusted in place, so dismantling risks further damage.
Based on the author’s field observations, metal artefacts and building elements that present
the greatest conservation challenges at the sites are:


Artefacts exposed outdoors in severe conditions where periodic immersion with seawater
occurs (eg Aurora anchors at Cape Evans, figure 6.26)



Artefacts exposed outdoors in severe conditions where relocations indoors is not
feasible/desirable due to the importance of being in its historic context (eg items in melt
zone at Cape Denison, aircraft hangar at Mawson, figure 5.2, 6.27)
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Tin cans at the Ross Island sites (figure 6.28), due to their quantity and the extensive
labour required using current conservation treatments;



Nails, screws and components that are embedded in timber as part of composite artefacts
(eg wheel, figure 6.29) or which are essential for the structural integrity of the buildings.
These items are at high risk due to high RH exposure and the lack of effective in situ
treatments.

Figure 6.26: Aurora anchor, Cape Evans, author’s photo 1993

Figure 6.27: Metal items inside Mawson aircraft hangar, author’s photo 1992 (note the
corrosion affects both painted steel and galvanised cables)
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Figure 6.28: Tin cans outdoors at Cape Royds, author’s photo 1993

Figure 6.29: Motor wheel, Cape Royds, author’s photo 1993

47

6. Corrosion and other damage to metals

All the 12 sites observed experience less than six weeks (approx 1,000 hours) when air
temperatures exceed 0°C and even shorter periods when the ISO TOW criteria states
corrosion can occur (ie T> 0°C simultaneously with RH> 80%).
This could imply:
i.

corrosion occurs during very short periods when ISO criteria for corrosion are
met; or

ii.

that salts play an exceptional role in corrosion in polar conditions; or

iii.

ISO criteria underestimate conditions where corrosion can occur; or

iv.

corrosion is occurring under ice layers as proposed by Rosales.

Field observations alone are insufficient to determine which of the scenario is correct,
emphasising the need for measurement of corrosion rates and quantification of conditions in
which corrosion can occur.
Evidence of corrosion below 0°C from corrosion measurements
Low corrosivity rates measured in inland Antarctica
An obvious conclusion drawn from Table 6.2 is that corrosion rates in inland Antarctica are
exceptionally low, as expected from the severe low temperatures and distance from the sea.
According to ISO 9223 corrosivity for all these inland sites should be zero, since temperature
is never above 0°C, but there is a clear relationship between measured corrosivity and
climate, distance from the sea and altitude indicating corrosion rates are not an artefact and
they are clearly not zero, so cold alone does not stop corrosion. Potential sources of error
relating to blank measurements and precautions taken to prevent corrosion before and after
exposure are addressed in Appendix D.
Unexpectedly high corrosivity at coastal Antarctic sites
Table 6.5 collates corrosivity, TOW and salt data where available from all known Antarctic
corrosion research. As expected, corrosivity rates are generally highest in the warmer, more
humid conditions (and hence high TOW hours) in the Antarctic Peninsula and lower at
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Mawson and locations with lower temperatures and katabatic winds. It is not possible to plot
corrosivity versus TOW from this table since different test metals were used.
Table 6.5: Corrosivity measurements cited in the literature
Author & date

Measurement
location
Cape Evans
(coastal) and
Lake Vanda (Dry
Valleys)
Arrival Heights
near Scott Base

Metals tested.

Mikhailov et al
(1993)

Mirny (66°33’S)

Rivero et al
(1996)

Artigas (62° 10’S)

Steel (St3),
Cu,
Cd,
Al (D-16)
Low alloy steel

Rosales &
Fernandez (2001)

Jubany

Hughes, King and
O’Brien (1996)
Hughes, King and
O’Brien (1996)
Hughes, King and
O’Brien (1996)
Hughes King and
Ganther (2001)
Hughes, King and
Ganther (2002)
and Ganther et al
(2002)

Signy

King et al (2001)

Terra Nova Bay
(Enigma Lake)
74° 43’S

King et al (1988)

Fahy (1990)

Rothera
Mawson
Davis
Cape Denison

BISRA low alloy
copper steel
Aluminium BS
1476 HE 9

Steel (St 3)
zinc,
copper,
aluminium (D16).
BISRA low alloy
copper steel.
BISRA low alloy
copper steel.
BISRA low alloy
copper steel.
BISRA low alloy
copper steel.
BISRA low alloy
copper steel.

1-year Corrosivity
(m/year)
10.87
0.87

TOW, salt
deposition
Not recorded.

Weight change
given in gms for
varying anodised
thickness.
7.7 (steel);
3.1 Cu;
0.3 Cd;
1.3 Al.
66 (1 year exposure)
40 (2nd year)
40 (3rd year)

Not recorded.

36-41 (steel)
1.22-2.48 (Zn)
1.97-2.10 (Cu)
1.07-1.50 (Al)
36.4
27.1
3.35
8.7
12.2 (average of 3
coupon
measurements)

ISO TOW= 93
hrs/yr.
ISO TOW = 8919
hrs/yr (total for 3
years). Negligible
SO2, Cl- deposition
180.1 mg m-2 day-1.
ISO TOW =2453
hrs/yr (one year);
SO2 negligible, Cl6-30 mg m-2 day-1
ISO TOW not
estimated
ISO TOW not
estimated
ISO TOW not
estimated
ISO TOW not
estimated
ISO TOW = 175
hrs/yr
‘King’s’ TOW =
2,628 hrs/yr
18

Unalloyed steel,
Copper bearing
steel,
zinc.

9.3 (unalloyed steel)
8.1 (copper-bearing
steel,
3.2 (Zn).
(note: these are oneyear rates calculated
from a shorter
exposure period of
34 days)

ISO TOW = 0 hrs/yr
TOW measured by
sensor = 28.4 hrs/yr
‘King’s’ TOW =
29.9 hrs/yr

18

During the AAE, Cape Denison temperatures were only above freezing for 29 days during February to
December 1912 and 32 days during 1 January to December 14 in 1913 (Madigan 1929: Table VIII), thus the
49

6. Corrosion and other damage to metals

Comparisons of Antarctic, Arctic and temperate corrosivity
TOW in Arctic Scandinavia, Russia and Canada are typically 1000-4000 hours (see literature
survey in this chapter) with corrosivity typically between 0.43 and 32 µm/yr. TOW at
Antarctic Peninsula sites were also high: Rivero et al measured ISO TOW totalling 8919
hours during three years at Artigas, which averages 2973 in one year. Rosales and Fernandez
(1996) measured 2500 hours/year at Jubany. Coastal sites elsewhere in Antarctica were
significantly lower (eg 93 hours at Mirny).
Again it is unfortunately not possible to compare corrosivity against TOW due to different
metals and methodologies and the incomplete salt deposition data. However, corrosivity
measured at Cape Evans (King et al 1988) is equivalent to corrosivity in outer urban
Melbourne, Australia, which has a temperate climate (King et al 1982) where TOW is close
to 50% or 4,380 hours 19.
Corrosivity for coastal locations according to climatic type
Annex B of ISO 9223 tabulates climate zones with calculated ISO TOW. For ‘extremely
cold’ climates, with temperatures ranging between -65° to +32°C, calculated TOW using
criteria T>0°C and RH>80% are 0-100 hours/year. For ‘cold’ climates, with temperatures
ranging between -50° to +32°C, ISO TOW varies from 150-2,500 hours/year.
At Cape Evans the ISO TOW is zero yet corrosivity is 10.87 m/year, whereas Mirny has
ISO TOW of 93 hours/year but lower corrosivity, 7m/year. Corrosivity measured at Cape
Evans is also higher than Mawson (3.35m/y), although Mawson temperatures are much
colder.
ISO TOW calculated from temperature and RH monitoring data measured at Cape Denison in
1999 (Ganther et al 2002: 3, Table 1) was 2% of the year (or ~175 hours). This is inconsistent
with measured corrosion rate (12.2 µm/yr).

maximum possible ISO TOW is 32 x 24 = 768 hours, and probably much less since exterior RH is frequently
below 80%.
19
Comparison is possible in this case since the same method and coupon composition were used.
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This implies temperature is not the dominant rate-determining factor for corrosion in
Antarctica so other temperature and RH criteria, and salt deposition, may have significant
effects.
Corrosion within sites and inside buildings
The field observations found very significant corrosion damage at locations that are:


very close to the shore;



exposed to offshore winds; or



subjected to periodic meltwater or saltwater inundation.

For example, the aircraft hangar at Mawson is within 30 metres of Horseshoe Harbour and
has severe delamination of structural components and extensive visible salt deposits on the
ground (figure 5.9) and inside the building. Artefacts in the meltzone at Cape Denison are
often completed corroded through (figure 6.1).
It would be desirable to measure corrosivity inside buildings to quantify corrosion risks
affecting artefacts on display. Careful selection of locations for measurements is necessary to
avoid unrepresentative microclimates, loss and interference. Corrosivity inside a building is
commonly estimated to be approximately 1/80 of the exterior corrosivity at temperate sites
(George King, personal communication). This ratio may be different at sites where katabatic
winds cause greater salt penetration. Mason (1999) reported indoor chloride deposition at
Cape Evans was one third of the external deposition rate, discussed in Chapter 5.5.3. High
RH occurring inside many of the buildings increases corrosion risks, as does water ingress at
Cape Denison.
Effects of duration of coupon exposure
In temperate climates the corrosion rate of steel generally slows down with time as the
corrosion products that are formed provide protection to the steel substrate. Exposures of
copper-steel coupons at Cape Evans (King, Dougherty, Dalzell and Dawson 1988) showed a
reduction in the corrosion rate from 10.83 µm/year in one year of exposure to 4.42 µm/year
over nearly three years. Rosales and Fernandez (2001) and Rivero et al (2001) measured
decreases in corrosivity in multi-year exposures at Antarctic Peninsula sites (Table 6.4).
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Effects of multi-year exposures and comparisons with single-year exposures are discussed in
detail in Hughes, King and O’Brien (1996) giving comparisons with large corrosivity surveys
throughout Australia and New Zealand.
Multi-year exposures at a larger range of locations in Antarctica with different climatic
characteristics are needed before sufficient data exists to make conclusions about the
protective abilities of the thin layer of corrosion product on the surface of steel. This has
some practical significance for long term conservation management since it would help to
measure long term corrosion rates and in turn help to estimate effective lifespans of historic
metal items (eg nails, ridgecapping, hinges, etc) that cannot effectively be treated on site in
Antarctica and where progressive replacement is going to be necessary at some stage.
Data limitations and accuracy
A major limitation in corrosion research is that the meteorological data available from
weather stations in Antarctica are not in a form that makes it easily possible to calculate ISO
TOW. Meteorological data are mainly synoptic observations at 9am and 3pm of wet and dry
bulb temperatures (from which relative humidity is calculated) and air pressure
measurements. These are used by meteorologists because they provide more accurate
longterm climatic data than the electronic sensors used to record continuous temperature and
RH in Automatic Weather Stations, which have accuracy limits of about ±3% that are
insufficiently accurate for climatology.
Blanks were included in the coupon cleaning process to take account of uncorroded steel that
may be dissolved as the corrosion products are removed. The blanks are included with the
corrosion specimens from the beginning of the cleaning process and since uncorroded steel
would not be attacked until most of the rust is removed the blank loss figures over-estimate
the true situation. For specimens from coastal sites the blank losses are very small compared
to the specimen mass losses, but for some of the inland sites they are most significant.
6.5.2 Effect of temperature and RH on surface wetness (Research Question 2)
Factors other than air temperature may influence the actual ‘time of wetness’ of metal
surfaces in Antarctica, allowing corrosion to occur at lower temperatures. The long hours of
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sunlight in the Antarctic summer can cause the surface of dark objects, such as corroded
metal, to reach considerably higher temperatures than surrounding air temperature. There is
considerably less cloud cover in Antarctica than in the Arctic, which is frequently affected by
‘Arctic haze’.
Thus solar gain in Antarctica is more effective and may raise surface temperatures
sufficiently for corrosion to occur, but conversely warming could also reduce RH next to
surface (King, GA, Duncan & Ballance 1998) to below the level at which corrosion can
occur. To resolve this ambiguity the Terra Nova Bay (TNB) experiment was devised to
measure temperature and RH conditions at which surface wetness occurred in Antarctic field
conditions.
The TNB experiment found ISO TOW was zero but Figure 6 in King et al (bound as
Appendix I of this thesis) shows that surface wetness occurred when RH was above 50%.
Figure 8 (ibid) shows that wetness occurs at temperatures as low as -10°C combined with RH
down to 50%.
Applying these criteria (called ‘King’s TOW criteria’) to the 1999 Cape Denison temperature
and RH monitoring data, TOW was calculated to be 30% (2,628 hours), rather than 175
hours, which is sufficient for significant corrosion to occur.
The experiment conducted at Cape Denison (see Appendix L), a warmer coastal site, found
that King’s TOW (31.8% of the 14 day exposure time) over-estimated the gold grid
measurement of TOW (13.2%) but was much greater than ISO TOW (2%). This indicates
further investigation is required20. The presence of salts would increase the period for which
liquid is present via depression of freezing point, discussed in 6.5.8, but the gold grid sensor
should account for this so it is unlikely to be the source of the discrepancy.
Effect of timing of initial exposure
Due to the complexities of Antarctic logistics it was not possible to arrange for all exposures
at different sites in Antarctica to start at the same date. It is also possible that the season when
20

As discussed in Appendix I, “wetness events have almost completely occurred within air temperatures of zero
to -10C and RH of about 48 to 83%”.
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the exposure commences may affect corrosivity since corrosion is less likely in winter but
may occur in summer. Once exposure occurs, corrosion products begin to form on the surface
and may tend to protect the underlying metal.
The thickness of the corrosion product will depend on the length of exposure as well as other
complex factors such as salt exposure. In addition, windborne particles could strip off
protective corrosion layers, as occurs at Davis (figure 6.24), which would increase corrosivity
rates.
For logistical reasons most exposures inevitably commence in summer but there could be
differences between exposures commencing early or late in the season, particularly since day
length varies considerably in polar regions. To overcome potential variations from different
starting dates any future coupon exposures should commence on midsummer’s day.
ZINCORR measurements
These measurements (Table 6.3) were commenced in the Antarctic summer and provide an
indication of corrosion rate just for the warmer part of the year. Comparison with standard
ZINCORR indexes for Australian climates shows that “summer” nylon indices for Cape
Denison falls in the lower range of typical Australian sites, the iron and copper index as low
pollution in mild season classification (Ganther, Cole & King 1999). Thus it can be
concluded that the measured corrosion indexes indicate that corrosion measured outside
Mawson’s hut is comparable to measurements in temperate Australian environments21.
6.5.3 Formation of corrosion products under ice layers (Research Question 3)
Rosales and Fernandez (2001) propose another mechanism by which corrosion could occur at
temperatures below 0°C: via liquid layers that form underneath ice due to the presence of
salts. This raises potential questions for conservators about the extent to which metals
covered by ice are protected against corrosion. While this is seemingly at odds with
Harrowfield’s observations of photographs of artefacts freshly excavated from ice at Scott’s

21

Most of southern Australia experiences summer maxima that are rarely above 40°C and winter minima rarely
below -5°C.
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hut in the early 1960s which showed they were not corroded22 this may be due to the apparent
rapid ingress of ice which occurred before salts had penetrated inside the building.
Rosales and Fernandez (2001: 5) state that “non nulle current densities were measured during
anodic and cathodic polarisation of metals at temperatures down to -6°C to -8°C”. Also, that
“liquid monolayers that could exist under the ice deposits would have a much higher salt
concentration than those corresponding to rain” and they would produce practically 100%
TOW for long periods due to the covering effect of the ice layer. Ice cover would reduce
oxygen diffusion into the anodic sites of the corrosion cell. Essentially, the criteria for
corrosion to occur based on measurements at Jubany are temperature above -8°C and RH
above 80% (ie ‘Jubany’ criteria are T> - 8°C plus RH>80%).
While the ‘Jubany’ TOW criteria differ from ISO TOW only regarding temperature23.
) and were derived using a different method and in a warmer, cloudier saline climate so the
differences between King’s criteria and the Jubany criteria may relate to these differences in
environmental conditions. For example, Jubany has a cloudy climate so solar gain may not be
as significant as at TNB. Jubany experiences high salt deposition and long periods of high RH
so a moisture film is more likely to form than at TNB.
The difficulties of field measurement indicated that it may be preferable to resolve which
criteria best apply in Antarctic conditions using a climate controlled chamber with salt
spray/fog facilities to measure temperature, RH and salt deposition and compare with gold
grid TOW measurements and coupon corrosivity. Visual observation of ice formation could
be undertaken in real time and be recorded photographically and to further investigate the
presence of salts under ice. This data would be helpful in revising ISO 9223 to produce more
accurate corrosion criteria (and hence estimate corrosion risks) for cold climates.

22

Dr Harrowfield (comments to author on draft thesis, 2009) compared photographs of biscuit tins after
excavation from ice (early 1960s, exhibiting minimal corrosion) and some years later at Canterbury Museum
after they had been exposed inside the hut and were significantly corroded. Similar observations of artefacts
excavated from ice in the Cape Adare stores hut revealed freshly excavated metals were unaffected by corrosion.
23
Both ISO and ‘Jubany’ require RH>80%, but ISO requires T>0, whereas Jubany temperature criterion is T>8°C.
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6.5.4 Effects of air temperature and surface temperature on corrosivity (Research
Question 4)
Figure 9 in Appendix I shows wetness as a function of surface temperature (Ts) and air RH
during the TNB experiment. This shows that the majority of wetness events occur when
surface temperatures are between -12°C and +3°C. Surface temperatures were found to be on
average 1.4°C higher than the air temperature (Ta). Ts exceeds 0°C for only 6.3% of the
exposure time. The difference between Ta and Ts was divided into classes and shown as a
histogram in Figure 7 of Appendix I. This shows that for a majority of the exposure time
there is heating of the plate by solar gain of up to 5°C and short periods of up to 23°C solar
gain.
Higher surface temperatures could theoretically allow corrosion to occur, although the actual
wetness occurrences indicate that temperatures above 0°C are not necessary for corrosion to
occur.
The ‘non-zero’ corrosivity measured at inland Antarctic sites (Hughes, King and O’Brien
1996) could also possibly occur during short periods when surface temperatures exceed -10°C
due to solar warming, which could even occur at Vostok where monthly (air) maxima in
January are between -25 and -30°C,
http://www.aari.aq/data/data.asp?lang=0&station=6#tmax.txt .
6.5.5 Can temperature and RH data and TOW measurement be used to predict
corrosion risks for a site? (research question 5)
The TNB experiment and the Cape Denison experiment demonstrate that ISO TOW provides
a poor estimation of the conditions in which a film of moisture is present on a gold grid
sensor, which simulates a typical metal surface. ISO TOW criteria therefore significantly
underestimate corrosion risks in Antarctica. Current practice for the design and maintenance
of contemporary station infrastructure is based on the use of standards such as ISO 9223 with
its false presumption of low risk, whereas risks are similar to moderate conditions in
temperate climates such as Melbourne. All the evidence suggests ISO 9223 requires revision
and that infrastructure management practices should be updated to address the higher risks
because of the potentially serious consequences.
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The TOW measured by the gold grid sensor at Terra Nova Bay (28.4 hrs/year) is close to the
TOW estimated from TNB wetness criteria (29.9 hrs/year). However, corrosivity measured
by the steel coupon at TNB (9.3 m/year) appears inconsistent with the Cape Denison
measurements where the TOW calculated using TNB criteria is nearly 100 times higher
(2,628 hrs/yr), but the steel coupon corrosivity measured at Cape Denison is only slightly
higher (12.2 m/year)). The short duration of both exposures will overestimate the annual
corrosivity rate.
While there is still ambiguity about use of temperature and RH data to correlate with coupon
measurements of corrosivity, gold grid sensors may be useful to estimate relative corrosion
risks within a building, particularly for inaccessible locations where critical structural
elements may be at risk.
Three alternatives have been proposed to ISO TOW criteria for cold climate corrosion, each
based on a different methodology, developed by three independent research teams (Table
6.6).
Table 6.6: Temperature and RH criteria for corrosion devised by various researchers
Proponents

Test location

Rosales and
Fernandez
(2001)

Jubany, Antarctic
Peninsula

TOW
T & RH
criteria
T>-8°C,
RH> 80%

King et al
(2001)

Terra Nova Bay,
Ross Dependency

T>-10°C,
RH> 50%

Henriksen and
Mikhailov
(2001)

Various locations in a
valley between
northern Norway and
Kola Peninsula,
Russia

T> -4°C
RH not
considered

Site characteristics

Measurement method

Annual mean temp
-2.0°C, consistently high
RH (mean RH= 83.8%);
high salt deposition,
low pollutant
Temperature
consistently <0°C
(annual mean
Mean RH
Low Cl-

Electrochemical method to
measure current flow using
0.1M Na2SO4 soln with
controlled temperatures

Variable temperatures
(summers warmer than
Antarctica, winter
monthly mean -10°C)
Variable RH
Varied Cl- deposition
Variable SO2 pollution,
locally high.

Statistical regression
analysis of climate
conditions with corrosivity
measurement.

Coupon with attached gold
grid sensor to electrically
measure presence of
moisture with T & RH
conditions
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The TNB experiment deliberately chose a location with very cold conditions and minimal salt
deposition to elucidate criteria for corrosion where air temperature is rarely if ever above 0°C.
By comparison, the Jubany measurements and those by Henriksen and Mikhailov were in
locations with relatively warm conditions with much higher RH and salt/pollution deposition.
It is possible that the use of temperature and RH criteria alone are insufficient to predict TOW
and that the effects of salts and pollutants and of drying factors such as wind have particularly
significant effects on surface wetness in Antarctica. The strongly drying effects of wind at
Cape Denison, with intermittent periods of salt deposition could explain the relatively low
grid sensor wetness (13.2 % of exposure) compared with just the temperature and RH criteria
determined from the TNB experiment.
6.5.6 Impact of ice removal on corrosion risks for interior of AAE hut (Research
question 6)
The removal of ice since 1997 could increase long term corrosion risks in any of the
following ways:


Increased temperatures may result from decreasing temperature stability inside the hut
and/or;



Exposure of previously covered metals to high RH; which will also



Increase oxygen and salt access to the metal surface.

Regular and repeated condition surveys of metal artefacts and building elements are required
to monitor these risks.
As mentioned in Chapter 4, the Conservation Management Plan (DEWHA 208) for the site
does not evaluate these risks to metals. It is extremely difficult to protect metals from
corrosion in high RH and the evidence presented previously is that low temperatures will not
significantly reduce corrosion rates. Items that are potentially at risk following ice removal
inside the AAE main hut include:


Nails, bolts and hinges particularly those inside the wall spaces where moisture penetrates
but is slow to dry out, and where salts may percolate through the roof;.



Some tin cans and artefacts including staples in books; and
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Artefacts on the floor and in the Dark Room which appear to be periodically affected by
meltwater.

The acetylene equipment appears less likely to corrode (although this was largely covered by
ice during the author’s visit) since it appears to be galvanised.
6.5.7 Effects of salts on corrosivity (Research question 7)
Salts other than sodium chloride must be considered here because the calcium content of
seawater makes it less corrosive by allowing precipitation of calcium carbonate films on
cathodic locations (Evans 1981: 164-165). Other authors cited by Evans consider magnesium
salts may be even more important in reducing corrosion caused in seawater.
The influence of the sea
The influence of sea ice on marine salt deposition, and thence on corrosivity, is potentially
significant in Antarctica but difficult to correlate with corrosivity due to the difficulty in
reliably distinguishing sea ice from pack ice (ie broken sea ice) via satellite images 24.. Sea ice
persists for up to ten months at the Ross Island sites, and around seven months at Signy and
the other Antarctic Peninsula locations. Strong katabatic winds at Cape Denison and near
Dumont d’Urville are known to cause polynya (areas of open water in winter) evident in
satellite photos (Adolphs & Wendler 1995).
Mason (1991: 22) anticipated sea ice would minimise salt deposition (and thus corrosion)
since aerosol salt particles can form above open leads. Winds can cause sea ice to break into
pack ice, and sea winds increase deposition rates. However recent research has shown that
much sea-salt aerosol around the coast of Antarctica is generated not from open water, but
from the surface of newly formed sea ice (Curran et al 2006).
Topography influences salt deposition through wind speed and direction and exposure to sea
winds. Vortex behaviour observed by Mawson at Cape Denison the (see Figure 5.10) that
affects the whole of the headland (Jacka & Jacka 1988: 94) could result in salts being carried
24

Described by Gerd Wendler in research summaries at http://antarctica.gi.alaska.edu/index.html
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inland further than would be expected with a katabatic wind regime. While katabatic winds
generally reduce corrosion risks, local topography and its effect on salt deposition may
produce local anomalies. The cross arm of the Memorial Cross has been blown off several
times and is severely affects by katabatic winds. Metal bands on the cross arm are severely
affected by corrosion with severe delamination and weeping of the corrosion products,
indicative of high salt deposition.
At Davis, wind direction strongly influences corrosion of the metal panels of the Old Donga
Line25 due to the association of corrosion and corrasion together (figure 6.24). Winds pick up
particles (mostly approximately 2mm- 8mm diameter) which have corraded the original
protection and strip off corrosion products allowing fresh surfaces to be exposed. While the
winds are not strong they are directional, predominantly ESE, and the combined effects of
corrasion and corrosion has been sufficient to completely cut through the metal layer (figure
6.24) and expose the polystyrene insulation within.
Influence of wind direction
Katabatic winds, which dominate coastal areas such as Cape Denison and Mawson produce
low temperatures since they blow from the cold polar plateau. Katabatic winds occur during
periods of high air pressure, which in turn produces low relative humidity. Thus a region
with katabatic winds predominating should have lower corrosivity than an equivalent location
with a milder wind classification.
This was confirmed by the measurement for Mawson Station (67° 36'S), which experiences
predominantly offshore katabatic winds has an average corrosivity of 3.3 µm/year while
Rothera (67°34') has onshore winds predominantly from the north which frequently blow
over open water producing higher corrosivity (27.1 µm/year). Cape Evans (77° 38'S) is much
further south and experiences colder temperatures but no katabatic winds and has a
corrosivity of 10.83 µm/year (King et al 1988).

25

Expeditioner accommodation.
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Influence of salt deposition on corrosion problems in Antarctica
In most of Antarctica salt deposition is a particular concern since rain is very rare26 so salt
deposits are rarely washed off surfaces and snow appears less effective in removing salts. As
discussed in Chapter 5, it is common to see profuse marine salt deposits on the ground at
many coastal locations in Antarctica although the visibility of these salt deposits may be
fleeting since they deliquesce in high humidity and may merely appear as wet films on the
surface where they are deposited.
Despite its strongly katabatic wind regime outdoor salt deposition measured at Cape Denison
was 5.5.mg/m2/day 27 (Hughes, King and Ganther 2002: 867). This is however much lower
than at Cape Evans (45.5 and 34.2 mg/m2/day and at Jubany (6-30 mg/m2/day) and Artigas
(180.1 mg/m2/day).
Detailed EDAX and XRD analyses of corrosion products have been published for metals
exposed at Antarctic Peninsula sites (Rivero et al 2001, Rosales & Fernandez 2001, Morcillo
et al 2004). These found corrosion products on steel consistent with marine conditions but the
profile of the corrosion layers were more deeply fissured and the surface morphology was
honeycomb-like. The South American researchers provide similar studies of zinc, copper and
aluminium for four-year exposures including SEM micrographs of surfaces and cross
sections. Their collaborative work concluded that the flattened surface of copper corrosion is
from the effect of an ice layer over the metal and that freezing in metal interstices produces
micro-cracking of steel that increase its corrosion rate. Low atmospheric sulphur pollution
was recorded although sulphur products of marine origin were present. They account for the
high corrosion rate of aluminium via the hypothesised formation of a saline layer beneath ice
layers covering the metal.
Maxwell and Viduka (2004:493) examined corrosion products scraped from corroded
artefacts inside the Ross Island huts and found these were “generally free of chloride ions”
but do not mention whether other salts may be present that could cause corrosion as their
testing used “semi-micro qualitative wet chemical methods”. The evidence presented in

26
27

Excepting the Antarctic Peninsula, as previously discussed.
Daily rate measured over 14 days.
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Chapter 5 and in the research of Otieno-Alego et al (2000) shows the importance of
identifying other ions present, particularly sulphates.
Contrary to the results of Maxwell and Viduka, Otieno-Alego et al (2000) found high
concentrations of chloride and sulphur compounds in corrosion products scraped from
corrosivity coupons exposed at Mawson, Davis and Rothera (Otieno-Alego et al 2000,
Appendix H, Table II). The analyses using XRF and inductive couple plasma–mass
spectrometry and Raman microspectrometry identified mainly goethite and lepidocrocite. The
chloride and sulphur contents of corrosion products were approximately three times as high at
Mawson, Davis and Rothera compared to an industrial site in Australia (Newcastle). Sulphur
compounds of marine origin predominate at Davis and Rothera. These are derived from the
decomposition of plankton and a complex variety of sulphur compounds are produced. Low
rates of leaching due to lack of rain result in retention of salts in the corrosion profile, which
can form concentrated solutions of pollutants during high RH.
6.5.8 Implications for preservation (Research question 8)
Application of TOW criteria and corrosivity measurements for risk management
The evidence of Rosales and Fernandez and that of King et al 2001 from the Terra Nova Bay
study is that corrosion can occur at temperatures significantly lower than 0°C. At dry, nonmarine TNB the critical RH was 50%, whereas Rosales and Fernandez’ method does not
specify an alternate critical RH to the ISO TOW. At Jubany RH exceeds 80% for many
months of the year and salt deposition was high.
Regardless of which temperature and RH criteria are ‘correct’ in which environments, TOW
using either Jubany or King’s TOW criteria are moderate at early historic sites at Cape
Denison, Cape Adare and Ross Island but are high for Antarctic Peninsula sites. Moisture
events that allow corrosion to occur happen are expected mainly in summer which is when
high RH occurs inside most of the historic buildings. Salt deposition is high at many sites and
salts are retained in corrosion products due to lack of leaching by rain. Corrosion prevention
and treatment must take account of these conditions.
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Effectiveness of conservation treatments
Artefact treatments
Metals conservation treatments and strategies that have been used at Antarctic historic sites
include:


relocation of artefacts offsite or inside buildings to reduce exposure to damage (eg Ross
Island sites);



some use of tannic acid with various inhibitor to treat ferrous alloy items indoors, with
application of a wax coating;



replacement of corroded nails with new fasteners (often cross-headed screws)



trials of various coatings and re-treatments of artefacts (Maxwell and Viduka 2004) and



vacuuming/wiping to remove dust and deposits on indoor artefacts in the Ross Island huts
as preventive maintenance and various treatments of tin cans (Bickersteth, Clayton and
Tennant 2008)28, similar operations at Cape Denison (Berry 2010).

Maxwell and Viduka (2004) conducted outdoor exposures for three-year and one-year
periods and on-site treatment assessments focussing on treatment of artefacts on display
rather than building elements. The coatings included various proprietary lacquers as well as
several waxes and greases that are used by conservators for indoor protection of treated
metals (eg microcrystalline wax). The approach is evidently a broad-based trial and the
rationale for selection of the coatings is not given. Trial re-treatments were conducted on ten
ferrous alloy artefacts that had been previously treated with tannic acid and a chromate
inhibitor and a wax coating.
The re-treatment consisted of washing “for redevelopment of any corrosion products”
followed by application of the same selected conservation and commercial coatings as used in
the outdoor trial. They reported that “all the wax coatings… broke down” and that “only
those coupons coated with lacquers did not fail and start corroding” and cite evidence about
the success of various current and previous treatments since 1987. Without further details of
the corrosive environment it is difficult to evaluate the evidence presented. The authors stated
that “none of these objects were relocated to a high risk microenvironment” (ibid: 497). A
28

Available at http://www.heritageantarctica.org/content/library/Conserving_and_Interpreting_Historic_Huts_2008.pdf
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high success rate of previous treatments was reported especially with a new commercial
coating (ARI) whose mode of action is said to be to contract and produce a denser corrosion
layer. Difficulties in carrying out on-site treatments are discussed detailing issues such as
flash rusting and the need for heat lamps to dry surfaces before coatings are applied.
It was concluded (ibid: 498) that “reducing the RH within the [Ross Island] huts [during
summer] should result in a significant reduction in general corrosion rates”. However, the
evidence of the TNB experiment suggests that RH would have to be reduced below 50% to
prevent moisture films forming. To produce such conditions would appear to be in practice
impossible given the low temperatures that determine RH inside the huts. Further removal of
ice under the huts may reduce sublimation problems identified by Mason (see discussion in
Chapter 4) but is unlikely to reduce RH in summer to levels sufficient to reduce corrosion
risks.
Maxwell and Viduka (ibid: 498) conclude that “results from sampling and analysis show that
the presence of chloride ions is far from universal within the inside artefact assemblages” but
did not identify other corrosive ions present. Similarly, Mason (1991:78) presumed that
because chlorides were relatively low there were low corrosion risks. Bickersteth, Clayton
and Tennant (2008: 2) also presume that the salt problems at Ross Island sites are primarily
chlorides. However, salt deposition data (Otieno-Alego et al 2000) shows sulphate deposition
is significant in Antarctica and is selectively retained in corrosion products. Unfortunately
aerosol salt deposition data is not widely collected and is not available for Ross Island.
Samples collected from inside the huts (see Chapter 5) identify high amounts of sulphates,
however, their corrosion impacts are more difficult to assess because of the diversity of
sulphur compounds occur and their differing solubilities and chemical interactions. It cannot
be presumed that lack of chlorides means a lack of salt risks.
More recently, conservation treatments have been carried out at Ross Island sites using a
laboratory at Scott Base staffed over winter. Bickersteth, Clayton and Tennant (2008: 6)
report there are about 5,000 artefacts at Cape Royds, about 8,000 at Cape Evans, 500 at Cape
Adare and 350 at Hut Point requiring a treatment program lasting until 2013. Tin cans are a
significant proportion of artefacts requiring attention and approximately 100 cans were
treated in the 2006 winter season. The treatments reported (ibid: 4) are time-consuming but
are stated to be effective with generally little re-treatment required although the conditions to
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which re-treated artefacts are returned will have a significant impact and this is not evaluated
in the published project reports. Treatments are very similar to those developed by Fox
(1979) in Canada who identified risks from toxic bacteria and risks of pin-hole corrosion.
Removal of the can contents is carried out for leaking cans and samples are retained. Few
non-aqueous techniques appear to have been developed for the painted/labelled tin-plate.
Mason (1991: 26-27) observed the need for treatment of filiform corrosion, which requires
particular conservation techniques to arrest the tunnelling front of the corrosion under the
enamel/paint layer but no further details have been published in recent reports although this is
an interesting and significant phenomenon at some Antarctic sites.
Treatments of artefacts at the AAE site are currently being undertaken (Berry 2009) using a
similar approach to that at the Ross Dependency huts with laboratory treatments typical of
museum conservation in temperate conditions and artefacts mostly treated and returned to
their original locations. This approach involves significant resources due to logistics costs.
Building elements
Experimental data from sites around the world have shown that atmospheric corrosivity
greater than 40µm/year makes effective protection of metals with most types of coatings very
difficult. To protect items that are embedded or that cannot be completely coated such as nails
or hinges is particularly difficult because various corrosion effects (eg differential aeration)
are likely to concentrate corrosion damage where the coatings are discontinuous. In addition,
many coatings are unlikely to meet the durability, environmental and ethical29 criteria
required in historic metals in Antarctica, discussed below.
Removal of the nails for treatment is not generally feasible, nor desirable. Replacement with
modern nails is intrusive and difficult to carry out without risking further damage so
prevention is still the best prospect for treatment. Treatment of the exposed nail heads with
corrosion conversion treatments and application of an elastomeric polymer coating on top
may be worthy of field testing in Antarctica. However, the effectiveness of any treatment may

29

The key ethical requirement is reversibility but aesthetic qualities are also important.
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be compromised where atmospheric salt deposition is high or where the risk of corrasion of
the treated surface is significant, especially at Cape Adare.
Replication of shelf brackets is being used at Cape Evans and is proposed at Cape Denison 30,
although the metal alloy proposed is not currently specified. There are some significant
incorrect notions about suitability of conservation methods that require comment. A
frequently suggestion is that ferrous metal building elements at risk of structural failure
should be replaced by stainless steel. Unless the stainless steel can be hidden, its appearance
is often inappropriate. Stainless steel in proximity to other metals and in contact with
moisture formation will cause galvanic corrosion, accelerating corrosion of the other metal if
it is electrochemically less stable. The common ‘18/8’ grade is not durable in marine
conditions31 and some other grades are unsuitable where crevice corrosion is likely.
Lack of understanding of the scientific context of some historic buildings led to some initially
unsuitable suggestions for treatment of the Magnetograph House and Absolute Magnetic huts
at Cape Denison. Copper nails were specified by the AAE for these buildings since ferrous
metals interfere with geomagnetic measurements. In 1997 ferrous metals were proposed for
repairs, and when the geomagnetic concerns were raised the advice was changed to
galvanised nails, not understanding that these are zinc coated steel, risking the same problem!
Finally, use of copper replacement nails was agreed.
Ethical issues
The Burra Charter of Australia-ICOMOS (International Commission on Monuments and
Sites), produced in 1979 and in its subsequent revisions, implies that conservation treatments
consider possible long term effects to avoid those that might ultimately cause more harm than
good. The Australian Institute for the Conservation of Cultural Material Code of Practice
(AICCM 1999) requires that:

30

The brackets must be able to bear the weight of the shelf contents. However, this still raises fundamental
questions about the conservation approach that expends significant resources to treat metal artefacts and return
them to conditions where corrosion risks are high, long term efficacy of the treatments is unknown and reliance
on ice removal to reduce RH risks is arguably misplaced.
31
Stainless steel used at Cape Adare has corroded (David Harrowfield, personal communication, Canberra,
2009).
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“The advantages of the materials and methods chosen must be balanced against their
potential adverse effects on future examination, scientific investigation, treatment,
function and ageing” (AICCM 1999: 13).
In the severe climatic conditions of Antarctica it is obviously important to ensure proposed
treatments can withstand the climatic conditions. It is important to determine whether the
treatment will cause any unforeseen damage to the original material. Since Antarctic climatic
conditions are so extreme and unfamiliar it is more likely that unforeseen problems may arise,
increasing the need for caution and testing. Conservators prefer treatments that are
‘reversible’ but in Antarctica this is complicated by environmental and logistical constraints
on use of chemicals and the difficulty or impossibility of dismantling and extraction of failed
structural repairs.
The impact of any corrosion treatment also needs to consider its potential to impacts on other
causes of deterioration, ie all proposed treatments should be considered in terms of their
holistic impact. For example, the use of vapour barriers, frequently proposed as a solution for
snow ingress, must consider whether this could promote condensation inside the wall space
which could increase corrosion of fasteners. Other treatments that could increase corrosion
risks are:


those that could increase thermal absorption, such as use of dark cladding or roofing
materials;



anything (eg membranes) that may change flows of meltwater and thus promote higher
RH in proximity to metal items; and



excavation of artefacts from protective encasement in ice.

Another ethical issue concerns the risks of keeping artefacts in very high relative humidity
inside buildings (where RH often exceeds 95%, as discussed in Chapter 4) well above the
level where conventional treatments such as protective coatings can be expected to be
effective. Thus even if artefacts could be treated to remove corrosion, corrosion is likely to
recur if the objects are displayed in their original locations. This is often cited as grounds for
relocation or repatriation of artefacts to enable their long term preservation although this
should be balanced against the historic reasons for retaining them at the site where they have
greatest significance. The excavation of large quantities of metal artefacts from ice in the
Ross Dependency huts without timely and effective treatment has led to the significant
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conservation problems at the sites today. In retrospect a slower process of excavation and
evaluation would have highlighted the problems at an earlier stage.
Metal deterioration other than corrosion
Physical damage
Cape Evans and Hut Point were ‘cleaned up’ during the 1960s (Quartermain 1961) and a
large number of artefacts may have been physically damaged during the early expeditions
were removed32. At Cape Denison many original artefacts are extant due to the relatively
hurried nature of the AAE departure which meant that their intended removal of ‘rubbish’
could not be completed. Thus there are some artefacts that bear evidence of ‘historical’
physical damage such as crushing and piercing at Cape Denison, whereas this is not so
evident at Cape Evans.
At Cape Denison many of the fuel tins have holes (possibly from a pick) or are partially
flattened (figure 6.30). Lazer (personal communication 1999) considers this may have been
done by the AAE perhaps to allow unused fuel to evaporate rather than leave a potential risk
of fire or explosion. Some artefacts in the vicinity of the hut have been crushed but it is
difficult to determine whether this occurred during the AAE or from later visitors. Many
people visiting or working at the sites walk in this area and most of the year it is covered by
snow so they are not aware of the risk of trampling artefacts underneath.
Figure 6.30: Fuel tins, Cape Denison, author’s photo 1985

32

Dr David Harrowfield observed excavation damage affecting particular items at all of the Ross Dependency
huts from the 1960s excavations which he has photographed (personal communication, Canberra 2009) although
not seen by the author.
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At more recent sites such as Wilkes, many artefacts were long considered not to have any
historic significance other than curiosity value and tinned foods are reputed to have been
opened and discarded by visitors (Clark & Wishart 1991).
Tin pest
A large number of tin-plated artefacts occur at the older sites (Cape Adare, Cape Denison,
Cape Evans, Cape Royds and Hut Point), mostly fuel containers and food tins. Tin plate is
produced using either electro-plating or dipping of steel sheets into molten tin, producing a
layer of high purity tin. Despite the large number of tin plated objects, and their exposure to
temperatures at which allotropic change might be expected to occur, no evidence of tin pest
was found at any site.
Detached and wrinkled mirror backing at Cape Evans
A glass mirror (figure 6.31) approximately 50cm x 40cm hangs in a wooden frame on an
inner partition in Scott’s Cape Evans hut. The metallic layer behind the glass was very
wrinkled and had separated from the glass. Headland (personal communication at Cape Evans
1993) stated that this was ‘due to freeze-thaw damage’, although neither the glass nor the
metal absorbs moisture. The metal is still bright and not significantly oxidised or discoloured,
thus it is unlikely to be due to any kind of corrosion process or ‘tin pest’.
A more likely cause is differential thermal movement leading to adhesion failure of the metal
layer to the glass. It could not be determined during the brief visit, nor during subsequent
enquiries, what type of metal was used to manufacture the mirror backing. Mirrors of this
period are typically manufactured by applying a thin layer of silver, aluminium or tin to the
back of the glass. Liebig developed a chemical method for coating glass with silver in 1835.
Modern manufacturing methods (since the 1920s) use vacuum sputtering of silver or
aluminium.
The extreme temperature range inside the hut (Held et al 2005) was +9.4 to -35.1ºC measured
over a three-year period. Contemporary mirrors observed by the author in unheated railway
stations in Harbin, China showed no sign of such damage although it has a much greater
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annual temperature range (approximately -30°C to +30°C). The thermal coefficients of
expansion of the metals (in units 10-6/°K at 20°C33) are 18.9 (Ag); 23 (Al); and 22 (Sn), and
8.5 x 10-6/°K for the glass. This difference in coefficient of expansion might not be a problem
if the same change occurs during both expansion and contraction, but if there is a hysteresis
effect this could produce a small permanent change with each expansion cycle that may
account for the damage observed.
The metal backing is fairly uniformly affected with the centre of the mirror generally in much
the same condition as the edges although there are some random creases which may be due to
pressure from the board at the back (inspection was not possible). No records were available
to allow comparison of condition over time, but the detached metallic layer does not appear to
be in danger of disintegration. The glass provides significant protection from visitor handling.
No treatment is feasible, nor required, but to improve visitor understanding of the
conservation problems of the site guides should not ascribe the problem to freeze-thaw
damage.
Figure 6.31: Wrinkled mirror in Scott’s hut at Cape Evans, author’s photo 1993

33

Coefficients at other temperatures could not be found.
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6.5.9 Risk management
Identification of conservation treatment priorities using corrosion data
Standard conservation practice for determining priorities for any historic site requires:


preparing a condition report;



identifying treatment and maintenance requirements in a conservation management plan;



carrying out treatments; and



monitoring outcomes.

This is complicated in Antarctica by the large numbers of artefacts involved, the lack of
effective treatments for outdoor metal artefacts, high logistics costs and concerns about long
term conditions for display of treated artefacts.
Table 6.3 presents the author’s categorisation of risks and potential treatments. Risk number
four covers building elements and artefacts in environmental conditions inside buildings
where they are not covered by ice which results in a high risk priority based on consequence
rankings of 2 (minor) to 4 (major). Risk number five covers those that are covered by ice and
thus not exposed to air and salts which results in a low risk priority given the evidence that
objects that remain enclosed in stable ice formations do not suffer any significant
deterioration. Table 6.3 also identifies the major treatment types applied. While evidence
from studies such as Maxwell and Viduka (2004) and Bickersteth, Clayton and Tennant
(2008) suggest corrosion can be controlled by intensive treatment in an offsite laboratory, the
long term risks have only been qualitatively assessed against environmental conditions and
probably represent the ‘best case’ scenario.
Corrosivity and TOW data can assist in providing a quantitative basis for estimating
corrosion risks incorporating factors such as TOW, salts and pollutants. Several conservators
have already applied corrosivity measurements for estimating risks to historic buildings and
artefacts in cold climates (see Appendices J, L; Croome 2004). Corrosivity measurements
using the ISO 9226 methodology are particularly relevant since these represent the rate of
atmospheric corrosion at an unsheltered location at the site providing a basic estimate of
corrosion risk compared to hundreds of other sites around the world. The results can be
applied to estimate relative risks using a holistic model for corrosion developed by Cole,
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Paterson and Ganther (2003) to estimate variations within small local areas of rural, marine,
urban and industrial landscapes due to variations in factors such as climate, topography,
sheltering and precipitation.
Corrosivity measurements showed the rates at Cape Evans (10.87 µm/yr) and Cape Denison
(12.2 µm/yr) are comparable to outer urban Melbourne, while Mawson (3.35 µm/yr) has an
overall lower corrosivity, which is still sufficient to result in significant damage, even inside
buildings. It is more difficult to estimate risks inside buildings since no standardised coupon
measurements have been undertaken although this would be useful particularly where it can
be correlated with TOW measurements from gold grid sensors and from temperature and RH
measurements.
In addition to corrosivity, further detailed risk factors should be assessed for individual items:


Is there a significant risk of structural failure, eg stress cracks in fittings, necking of nails?



Does the context of the artefact (ie the fact that it is in situ) outweigh removal for
treatment and storage?



Will returning the treated object to its original location result in further problems?



Is treatment even possible, eg if the metal is part of an inseparable assembly (eg nails
rusted into wood, etc)?



Can the cause of corrosion can be treated effectively (eg can salt deposition be excluded
or high RH be controlled)?

Principles for classification and triage of Cape Denison artefacts according to their historical
significance were developed and published in Hayman, Lazer and Hughes (1998)34.
Management of artefacts
The risk matrix in Table 6.3 indicates the difficulty caused by a lack of effective conservation
techniques for metal artefacts apart from those published by Bickersteth, Clayton and
Tennant (2008). The effectiveness of preventive techniques such as vacuuming has not been
34

These include evaluating the collections of material repatriated to Australia immediately after the AAE and
BANZARE expeditions since these include many artefacts returned from Antarctica then stored in museum
conditions, consequently having fewer conservation problems.
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quantitatively assessed although given significant resources this maintenance requires it
would be useful to do so. Development of methods to remove concentrations of salts from
inside the roof and wall spaces, not just the artefact arrays, or to exclude salt penetration may
improve efficiency.
6.5.10 Recommendations for further research
Two main areas require further investigation:
1. Improved correlation of TOW criteria with corrosivity rates; and
2. Development and evaluation of effective ‘on site’ treatments for outdoor and indoor
artefacts.
Corrosion science studies
Cold climate corrosion researchers from Argentina (Rosales), Australia (Hughes and King),
Norway (Henriksen) and the US (Perrigo) developed a research strategy for ongoing
investigation of the climatic conditions that allow wetness to form, although this has not
progressed due to lack of funding. The proposal envisaged exposing standardised metal
coupons of steel, copper, zinc, and aluminium with instruments (especially improved
platinum grid transducers for TOW measurements) at a range of Arctic and Antarctic
locations. The research proposed to examine factors including angle of exposure of the
coupons, the times of initial exposure and more detailed analysis of corrosion products for
salt factorisation (Hughes, King and Ganther 2002: 869). Refinements of methodology
proposed include commencement of exposure at the equinox to address seasonality issues and
both one-year and multi-year exposures.
In contemporary Antarctic buildings, condensation can occur inside wall spaces from heated
humidified air which condenses at vapour barriers. TOW sensors can measure conditions
inside wall spaces and roofs of both contemporary and historic buildings, where corrosion
risks are high. Data from these studies would improve materials specification to reduce
maintenance requirements and costs, which would also minimise adverse environmental
impacts from repair work such as repainting. Currently personnel at Antarctic bases consider
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corrosion risks to be low so few and better communication of appropriate practices is required
to improve building practice.
Corrosion under ice layers
Investigation of the occurrence of corrosion under ice layers as proposed by Rosales and
Fernandez could not be undertaken in this thesis. However, the Terra Nova Bay experimental
apparatus could be utilised inside a climate-controlled chamber to measure corrosion currents
under ice layers as it is too difficult in Antarctica to control the large number of variables
involved.
Climate chamber studies
A climate chamber could also be used to measure corrosion currents over a range of
temperature and humidity conditions, with varying salt deposition rates using salt spray (fog)
apparatus to simulate particle deposition. The climate chamber would enable greater control
of variables compared with field exposures and would help elucidate the role of other factors
(eg solar warming, wind and evaporation).
Multi-year exposures
Research by Rosales et al (2001) and Rivero et al (1996) suggest the need for further studies
to determine temporal corrosion rate variation in Antarctica and whether corrosivity varies
according to the thickness of the corrosion products. It is expected that corrosion may be
linear in low corrosivity areas since corrosion layers are thin and do not protect the surface
from further corrosion. For high corrosivity locations the corrosion rate may be expected to
decrease with time since thicker corrosion layers may be protective against further corrosion
although cracking may reduce protection. This research would enable more accurate long
term prediction of corrosion risks from climate data.
Research to improve conservation practices
Many opportunities exist to utilise corrosion science to improve conservation practice at
Antarctic historic sites, as discussed in Appendices J, L and M. These include providing
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guides for identification of corrosion phenomena and factors (including salts), application of
standard test methods for measuring corrosion factors and exposure testing of coatings and
use of electronic sensors.
Protective coatings
The coating, even in indoor conditions must be durable in low temperatures and must be
effective in conditions of almost continuous saturation RH in summer and with relatively
high salt deposition at Ross Island sites. Given the scarcity of research funding and the high
cost of logistics testing numerous coatings in the hope of finding one that will provide
satisfactory performance is difficult.
However, one irreversible coating may be worth considering for indoor use if other coatings
prove ineffective: ‘Parylene’ was studied by the Canadian Conservation Institute for
preservation of partially fossilised plant material from the Arctic (Grattan & Bilz 1991). This
Union Carbide process applies thin films of poly-para-xylylene slowly deposited as
monomer, molecule by molecule, to form a completely even and transparent film over all
surfaces, including internal ones, with little adverse effect on appearance. Consideration of
the ethical issues and extensive testing are essential preliminaries, but this might be useful to
treat the more severely corroded tin cans with rusted on paper labels at the Ross Island sites
(where there are multiple examples of each type) in less favourable locations indoors where
otherwise few viable options can be envisaged.
Reburial
Reburial in ice, similar to the approach used at Dealy Island (Janes 1982) may be a useful
strategy where large numbers of small artefacts cannot be immediately treated, and where
regular access to the artefacts is not required. This would require resolution of the potential
occurrence of corrosion under ice layers, although this risk could be addressed by ensuring
artefacts are dried and sealed in impermeable metallised plastic packaging before burial.
Suitable reburial sites include permanent drifts that are not liable to ablation on the southern
and leeward sides outside buildings, or inside buildings that remain filled with ice. Variations
of this technique could combine reburial with passive radiators (discussed in Chapter 4)
75

6. Corrosion and other damage to metals

where large numbers of artefacts need be stabilised to prevent environmental contamination
(eg at Wilkes).
Cathodic protection
Cathodic protection has been used for in situ conservation of historic structures in other
climates (for example, Look and Spennermann 2009) using both impressed current and
sacrificial anodes. This could enable in-situ conservation of the Aurora anchors at Cape
Evans if measurement of corrosion rates confirms it is required and if direct current could be
provided on site35.
Vapour phase inhibitors
Vapour phase inhibitors (VPIs) can be used for on-site storage where artefacts are not
required for display and can be sealed in containers. This could be used for artefacts at high
risk of loss or damage if they remain at their present location but where removal offsite is not
appropriate for ethical, logistical and/or cost reasons. This would be particularly useful for
mixed-material artefacts where desalination is difficult.
Low-toxicity VPIs are available that could meet strict Antarctic environmental protection
requirements although few have been tested for effectiveness at low temperatures. Low
temperatures may prevent volatilisation which is essential for temporary bonding of the VPI
to the metal surface. VPIs are not generally effective where extensive corrosion has already
occurred and where salts are present but could be useful for on-site storage of treated
artefacts.
6.6 CONCLUSIONS


Metal artefacts and building elements at all coastal Antarctic historic sites are affected by
corrosion ranging from minor to severe despite the temperature and RH criteria of ISO
9223 (T>0°C plus RH>80%) which imply corrosion will not occur.

35

See for example, Farrell, Davies and McCaig available at
http://www.buildingconservation.com/articles/pdf_cathodic/cathodic.pdf )
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Corrosivity measured at Antarctic historic sites using the ISO 9226 coupon method
ranged from 3.35 µm/yr at Mawson to 12.2 µm/yr at Cape Denison and 27.1 µm/yr at
Rothera, comparable to rates in temperate climates.



ISO TOW significantly underestimates corrosivity in Antarctica as surface temperature,
salt deposition and orientation have much more significant effects than in temperate
climates.



Application of new corrosion criteria developed from experimental data measured at
Enigma Lake (Terra Nova Bay) is difficult at coastal locations. However, but this and
other research in polar conditions indicates corrosion risks for Antarctic historic buildings
are higher than inferred from ISO TOW. Treatment of metal exposed from ice in high RH
is difficult to achieve with conventional treatments such as corrosion removal and
coatings.



Salt deposition and salt retention in corrosion products (particularly sulphates)
significantly affect corrosion rates in Antarctica.



Corrosion science methodologies such as measurement of TOW and salt deposition
parameters, particularly inside wall spaces, could improve conservation practice through
better understanding of corrosion risks.
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7. PHOTODETERIORATION
Figure 7.1: Roof timbers of AAE hut affected by photodeterioration (author’s photo 1985)
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7.1 AIM AND INTRODUCTION
7.1.1 Objectives and scope
This chapter aims to describe, and where possible quantify, the effects of visible and ultraviolet
light on historic Antarctic sites, particularly the exterior timbers of the early huts and discuss the
implications for conservation.
7.2 LITERATURE AND GAPS IN KNOWLEDGE
Light from the sun and from artificial lighting are well known to damage a wide range of organic
materials, so light level standards are used to limit exposure of museum collections (Thomson
(1986: 33-34) and CIE (2004)).
Visible light (wavelength 400-700 nm), and particularly ultraviolet light (100-400 nm) can cause:


Breakage of chemical bonds (‘photolysis’), particularly by UV light.



Degradation of lignin and cellulose in wood and paper (Allen, Edge & Horie 1992) producing
colour changes, embrittlement and loss of strength;



Cross-linkage, ‘unzipping’ and chain scission in natural and synthetic polymers producing
embrittlement and structural failure of leather and plastics (Thomson 1986:23, 184);



Fading and colour change of dyes in paints, paper and textiles (ibid: 10-17); and



Change in colour of some minerals and glass (Thomas 1979).

Bibliographic research discussed in Chapter 2 found there was no comprehensive study of
photodeterioration in outdoor polar conditions although there were some brief observations of
damage to organic materials at particular sites. One publication examined aspects of
photodeterioration of wood at low temperatures (Mitsui and Tsuchikawa 2005). Kaila (1988) in
Finland and Feist (1982) in the US reported the mechanisms of photodeterioration of wood
cellulose and lignin, reviewed in detail in section 7.5.
The most significant photodeterioration risks were thus anticipated to be:
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Fading, cracking, embrittlement and loss of strength of outdoor organic materials, particularly
timber cladding on earlier buildings and composites used in more recent buildings (figure 7.2)
and repair materials such as Densotape used on the AAE main hut;



Stresses and cracking from differential thermal expansion where surface darkening occurs;



Synergistic acceleration of photodeterioration by moisture; and



Fading, cracking and embrittlement of interior materials and artefacts near windows.

Figure 7.2: Jamesway hut at McMurdo Station, author’s photo, 1993

The photodeterioration of wood is primarily due to the strong absorbance of UV by lignin, which
leads to free-radical depolymerisation of lignin first, and then cellulose (Kuo & Hu 1991).
Sunlight and building design
Both the Arctic and Antarctic experience unusual sunlight conditions, such as the ‘midnight sun’.
At latitudes greater than 67°S in summer the sun travels around the horizon without setting,
dipping towards the horizon during the ‘night’ and rising to the highest angle at midday.
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Wendler et al (1997) reviewed factors affecting outdoor UV levels in Antarctica. Clouds affect
the amount of UV radiation received at the earth's surface. Clouds that are dark and heavily
burdened with water can absorb up to 80 percent of the radiation. High thin clouds have little
effect, but scattered clouds can actually increase the amount of UV radiation at the earth’s surface
by reflection. Fresh white snow reflects about 85 percent of UV radiation while other bright
surfaces such as sand, concrete, and water, reflect less. Weather influences intensity of UV
radiation: a high-pressure area results in a thinner ozone layer, which increases UV irradiation,
whereas a low-pressure area is characteristic of a thicker ozone layer.
Historic buildings in Antarctica have a variety of roof designs (eg Discovery hut has a pitched
roof and verandah) and window placements (eg skylights in the AAE main hut) that determines
light exposure of the exterior and interior of the buildings, depicted in Figure 7.3. Extensive snow
and ice in Antarctica means reflected light can affect locations that are shaded in other
geographic zones (such as under verandahs).
To counteract psychological problems caused by long periods of winter darkness1, modern polar
buildings are designed with large double- or triple-glazed windows2 to brighten interiors, with
blackout curtains or shutters for sleeping in summer.
Strub (1996: 40-44 and 126-131) provides a comprehensive review of design strategies for
controlling sunlight entering polar buildings including orientation, size and materials (see figure
7.4). Strub (ibid: 42) states that:
“At high latitudes the angle of incoming sunlight remains low, so low that the sun’s main
impact occurs on vertical surfaces- walls and windows”.
Inhabitants of mid-latitudes find it difficult to visualise how sunlight can be stronger on walls
than the roof at high latitudes. Australians typically lie flat on the ground to sunbathe whereas
1

Long periods without sunlight can cause many psychological problems for polar residents, recognised today as
‘Seasonal Affective Disorder’ (SAD). This problem arose in Barents’ expedition, and he developed psychological
survival strategies Hacquebord, L 1991, 'Five Early European Winterings in the Atlantic Arctic (1596-1635): A
comparison', Arctic, vol. 44(2): 146-155.
The psychiatric problems experienced by the AAE wireless operator, Jeffryes may have been caused by SAD (Jacka,
F & Jacka, E 1988, Mawson's Antarctic Diaries, 1 edn, Allen and Unwin Australia, Adelaide, South Australia.)
5
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most northern Russians3 sunbathe standing up, illustrated in a famous Cartier Bresson photo
(figure 7.5) where a strong mid day shadow appears against the wall, not the ground. Solar
illumination is spread over a greater area in the polar regions compared to the tropics (figure 7.4).
In addition to the density of incident light, the dissipation of light in the atmosphere is greater
when it falls at a shallow angle, as shown in figure 7.44.

2

Multilayered glazing also provides insulation, without which large windows are not feasible.
Personal communications Viktor Pomelov, St Peterburg and Margarita Kisternaya, Kizhi Pagost in 1997.
4
The concentration of sunlight varies with the angle of incidence. Low angle sunlight reaching a near vertical
surface (ie high andle of incidence) delivers more solar energy per unit surface area that the same sunlight reaching a
near-horizon surface (low angle of incidence).
3
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Figure 7.3: Window placements and roof diagrams (after Pearson 1992) [The most north-facing walls are indicated by a heavy black line. Windows
in walls permit more light to enter the buildings than skylights (when opened). The most north-oriented roof planes are indicated in grey.]
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5

Maximum sun altitude at solar noon on the first day of summer = 90º - latitude + 23.5º
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7
Measured from drawing by Hodgeman (Jacka & Jacka 1988).
6
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Figure 7.4: Sunlight strategies at different latitudes (Strub 1996: 42)
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7.3 METHODOLOGY
7.3.1 Research questions
The author’s initial observations at Cape Denison identified photodeterioration effects on timber
and organic materials (Hughes 1986) and qualitatively identified the interaction of
photodeterioration with other deterioration processes such as corrasion. The following research
questions were developed progressively as more sites were visited:
1. What is the extent and severity of photodeterioration at Antarctic historic sites?
2. What factors are involved in exposure and damage?
3. How does photodeterioration affect the rate of other deterioration processes?
4. What conservation treatments have been used and how well did they work?
5. How can new and more effective treatments be developed?
7.3.2 Light measurement methods
UV and visible light was measured using a Crawford light meter at Cape Denison in 1985 by
archaeologist Dr Estelle Lazer at the author’s request using standard operating procedures
prescribed by the manufacturer. Data on light measurements from literature sources was collated
with other measurements in Table 7.1. AAE cloud and sunshine measurements were published by
(Madigan 1929: 47-48, Tables XII and XIII) and are discussed in section 7.5.1.
7.3.2 Site surveys of photodeterioration
Surveys at all sites
Surveys were conducted at the twelve sites listed in Table 3.2, which are representative of all
Antarctic historic sites except those in the warmer more maritime conditions of the Antarctic
Peninsula.
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A check list (Table 3.2) was used to promote consistency of observations and assist comparisons
between sites. Wherever possible, types of materials damaged by light were identified visually.
Characteristics of the mode and extent of damage were recorded and evidence of interactions
with other causes of deterioration were noted, collated in Table 7.2.
Due to time constraints at each site and varying snow cover, the surveys could not be
systematically arranged on a grid system, but locations with concentrations of vulnerable
materials could be rapidly assessed and photographed to identify and quantify deterioration.
Colour correction cards were included in photographs wherever possible to check the accuracy of
colour rendition. Where possible and where permitted, artefacts were carefully lifted to check
whether unexposed surfaces were affected which could indicate whether some process other than
photodeterioration was occurring.
Survey of Main Hut, Cape Denison and observations of effects of photogrammetry tags
Observations and photographs were used to produce a schematic representation of the extent and
severity of photodeterioration effects in figure 7.6 (in Results section).
In 1985 the author noted that photogrammetry tags that had been applied during the previous
summer appeared to have caused localised colour changes of the underlying timber surface,
documented in Table 7.3. In some locations, the timber under the tags was lighter than the
surrounding light-exposed wood, but the reverse situation existed at other locations.
Neither colorimetry instrumentation nor Munsell8 charts could be used to precisely measure
colour of surfaces. Both methods are very difficult to use in Antarctica because the low sun angle
produces strong and frequent changes in the qualities of the light at all times of day. A
longitudinal time series of measurements would be required to determine the rate of degradation,
which would be neither feasible nor practical given the logistics difficulties. Since daylength
varies significantly during the year in Antarctica total solar exposure is generally more useful

8

Munsell charts, while originally used to classify soil colour, are widely used by conservators for describing pigment
colour. Robust portable chromameters would improve the ease and accuracy of making these measurements.
10
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than having a few instantaneous measurements. Alternative measurements of total exposure and
colour can be derived from other measurements and are discussed below.
SEM studies of photodeteriorated wood from Cape Denison
With the permission of the AAD and Australian Heritage Commission, two samples of
photodeteriorated historic timber that had been dislodged from the AAE hut were collected
during the author’s first site visit in 1985. The samples were mounted and coated with gold in
vacuo at the SEM facility as previously described in Chapter 5.
7.3.3 Risk assessment
As discussed in Chapter 3, photodeterioration risks were assessed using Standard AS 4360.The
results were reported using the standard template (Table 7.4).
7.4 RESULTS
7.4.1 Light measurements
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Table 7.1: Light measurements at a range of Antarctic locations
Author
Madigan 1929:
47-48

Lazer 1986

Lazer 1986

Lazer 1986

Lazer 1986

Wendler et al
199710

Location,
date(s), time
Cape
Denison,
1912-1913

Measurement
type
Hours of solar
radiation, glass
sphere CampbellStokes instrument.

Position

Light
type
Total
solar
radiation

Global

Cape
Denison, 20
January 1985,
approx 10am
Cape
Denison, 20
January 1985,
approx 10am
(Blunt 1985:
42)
Cape
Denison, 20
January 1985,
approx 3pm
Cape
Denison, 20
January 1985,
approx 3pm
Ross Sea,
Dec1995 –
Jan 1996

Illuminance

Outdoors
near Main
Hut

Visible

5,000 lux

3700 lux

Illuminance

“ (at same
location as
above)

UV9

900 µwatts/lumen

600 µwatts/lumen

As above

Illuminance

Inside Main
Hut

Visible

20 lux

-

Small amount of light
from skylight.

Illuminance

“ (at same
location as
above)

UV

50 µwatts/lumen

nil

As above.

Solar radiation

Various
locations in
the Ross Sea

Visible

Max mean daily= 305
W m-2 10 Jan 1996
partly cloudy; Min

Measured as albedo
for both long wave
and short wave

Data from the 1995-1996
USCGC Polar Star cruise
to McMurdo, Antarctica.

Ridge to the
east of the
[main] hut
(Madigan
1929: 15).

Reflected

Due to incomplete measurements in some
months it is difficult to compare hours of
sunlight, but 1866 hours were recorded out of a
theoretical maximum of 4347 from February
1912 to January 1913 and 1493 hours (out of
4332) from December 1912 to November 1913.

Comments
Madigan notes the polar
plateau to the south of
the hut (which rises at an
angle of 6°) keeps the
sun from the hut in
midsummer but did not
affect the readings of the
instrument (Madigan
1929: 47).
Lazer 1985: 42-43,
typical bright summer
day, minimal cloud.

9

UV light exposure is frequently measured in microwatts per lumen (µW/lumen) which expresses exposure as a proportion of total illumination in every lumen of
light. The UV light measurement in µW/lumen must therefore be multiplied by the visible illumination in lux.
10
G. Wendler, B. Moore, D. Dissing, and J. Kelley 1997
On the reflectivity and radiation budget of Antarctic sea ice, Antarctic Journal of the US 1997
12
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snow covered
sea ice

NIWA website
(National
Institute of
Water and
Atmospheric
Research (NZ)
(Godfrey 2002:
19-20)

Scott Base

Solar radiation.

EWS12

400 to
700 nm

Cape
Denison

Illuminance

At roof
surfaces with
light meter
laying on the
roof surface

UV and
visible

mean daily=
139 W m-2 on 25 Dec
1995 thick cloud.
Max reading= 461
W m-2 (noon), min= 40
W m-2 (midnight).
During 2003-2008,
mean December
monthly global
radiation was 30.21
Mjm-2, standard
deviation of 2.32
Roof
lumens
Western
33430
Southern
40570
Eastern
31750
Northern
28440
Roof
lumens
Western
103140
Southern
17010
Eastern
7970
Northern
63810

radiation, typically
90% of light is
reflected11.

The data for snowcovered sea ice contained
in the report is equivalent
to snow covered ice on
land.

During 2003-2008,
mean December
monthly diffuse
radiation was 14.47
Mjm-2, standard
deviation of 0.87
mW/m2 (µW/lumen)
22060 (663)
26740 (665)
20530 (658)
18910 (657)
mW/m2 (µW/lumen)
51800 (500)
19900 (1120)
14710 (1891)
24060 (393)

Monthly global and
diffuse radiation is
highest in December and
zero in winter13. No
separate UV sensor is
used at Scott Base.
Overcast conditions,
“heavily filtered sun has
a northerly aspect
(12.00pm, 18 January
2002)
Bright sunny day with
cloudless sky (1800- sun
in western sky)

Calculation of approximate annual exposure at Antarctic sites.
It is difficult to calculate the total illumination exposure for a whole year since illumination varies according to the hour of day (highest at local noon) and the
season of year (highest in summer). The intensity of radiation received by a piece of timber exposed outdoors depends on its orientation (highest on northern
walls over a year) and location (higher on walls than roof). If the measurements by the AAE indicate a total of approximately 1700 hours per annum at an
illuminance of at least 120 Watts per square metre, this is equivalent to 120 x 683 lux or 81,960 lux of direct illumination, or 90 million lux.hours per annum.
This is 900 times higher than the recommended level of 100,000 lux.hours recommended for unpainted wood according to J. Tétreault, 2003
Airborne Pollutants in Museums, Galleries and Archives: Risk Assessment, Control Strategies and Preservation Management, Canadian Conservation Institute, Ottawa.

11

This depends on surface temperature. IR radiation is less affected than short wave
A range of meteorological instruments are located at this site within the station precinct.
13
Mega joules per square metre cannot be converted to megawatts per square metre since the NIWA measurement is total radiation for a whole day whereas those
of Wendler et al are instanteous measurement. To convert Watts per square metre to lux, multiply by 683.
12
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7.4.2 Site surveys of photodeterioration
Table 7.2: Observations of photodegradation at sites visited
Location
(date of
historic
buildings)
Mawson
Station
(1954 and
later)

Date of
visit

Exterior of buildings

Other outdoor materials

Interior of buildings and
indoor artefacts

14-17
January
1992

Alice’s Restaurant:
remnants of grey woollen
door curtain are brittle.
Weddell Hut: 1960s
Most 1950s buildings
have faded brittle paint.

‘Playboy’ posters on ceiling
of the Weddell building
were in surprisingly good
condition, although the
adhesive tape is discoloured.
These are exposed to
fluorescent lighting and
natural light via several
windows.

Rumdoodle
Hut (post
1972)

16
January
1992

No problems apparent.

No problems were apparent.

Davis Station
(1957)

10-11
February
1992

‘Alice’s Restaurant’:
wood oxidised where
paint is flaked off. Red
paint on all early
buildings is faded, even
though apparently
recently repainted.
Weddell Hut: paint
appears recent, but
plywood lower walls
appear photo-oxidised.
1960s ‘Russian
Caravan’- oxidation
above the door & other
areas where paint has
flaked off.
Rumdoodle: exposed
timber is oxidised except
where exposed to
corrasion. Some fading
of red and green paints.
Old Paint store:
darkening visible on
northern & western faces
where paint is also
eroded or partially flaked
off.
Old Donga Line: exposed
timber is generally
silvery on window
frames and exposed
wooden framing (where
metal panels are eroded
through).
The recently painted
contemporary Mess
building has faded paint.

Old Paint Store: Chalky,
faded red paint, paint is
also ‘alligator’ cracked
and very brittle (flakes
easily on gentle touching).
‘Crapper’ (toilet
building): chalky, faded
yellow paint.
Old Donga Line: Chalky,
faded appearance of red
paint and on yellow paint.
Polystyrene foam
insulation is very crumbly
where it is exposed to
light (from corrosion of
the metal cladding).

Platcha Hut
(1961)

8-9
February
1992

Old hut: Red exterior
paint is chalky and faded.
New hut: paint is chalky.

Dumont

11

Numerous fragments of
timber at the site are
silvery in colour and
appear to be periodically
effected by meltwater.
Marret buildings (1951):

Old Paint Store: No
windows, building is mostly
kept shut. Paint on interior
timber is in good condition.
Old Donga Line: this
building is not proposed for
preservation although it has
many interesting features
and few accommodation
buildings of this age are
preserved. Distinctive
arrangements of a bunk over
desk, generally in good
condition. Few other
original items remain.
‘Doors’ were usually
blankets and were replaced
as required.
Grey paint (interior of door
is orange) appears in good
condition, no other evidence

Plastic material used in

Not accessible.
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Location
(date of
historic
buildings)
d’Urville
(1951)

Date of
visit

Exterior of buildings

Other outdoor materials

January
1997

skylights of Arbec huts is
variously opaque and
yellowed, insufficient
time for detailed
inspection.

Cape Denison
(1912)
Cape Denison
(1912)

10-12
December
1985,

paint generally faded but
no information available
on frequency of repainting. Exposed timber
at lower levels of
accommodation building
is silvery grey (and was
inundated with
meltwater).
See figure 7.6 for details.
In general, northern faces
of workshop and northern
quadrant of living hut
near the Aurora
observatory have the
most extensive brownish
areas, particularly where
snow drifts protect
against sun and
corrasion.
Silvery colours
predominate where there
is extensive meltwater
runoff, eg west side of
living hut.
Fresh, golden colours
predominate where
corrasion is evident, eg
west edge of living hut,
south roof quadrant at
peaks of living hut and
workshop of main hut.

10
January
1997

Cape Adare
(1899, 1912)

8
February
1993

General pattern of colour
was consistent with
previous observations.
Timber was wet from
extensive meltwater so
the colour was saturated.
It was difficult to make
comparisons due to
constantly changing light
conditions.
Extensive corrasion by
beach material and guano
has removed oxidation in
most locations except in
some gaps and corners
(figure 7.14) and towards
the roof where corrasion
is not as frequent,

Interior of buildings and
indoor artefacts

Bleaching of rope (w side
of main hut)
Faded, ‘chalky’
appearance of red Apple
hut, installed only one
year previously.
Faded paint on
contemporary petrol
drums (various colours).
Faded colour of (1984)
photogrammetry tags,
slightly embrittled.
Sheepskin and canvas on
main hut and
Magnetograph House was
yellowed and brittle (also
noted by Blunt 1985).
Leather boots- hardened,
cracked.
Densotape repair tape on
main hut was brittle and
adhesive had failed and it
caused staining of timber
underneath (also noted by
Blunt 1985: 146).
As above.
Purple coloured glass still
present although no
deepening of colour could
be discerned.

No photodeterioration
apparent.

No other materials were
visibly affected, but
observation conditions
were not optimal. There
are also comparatively
few other organic
materials outdoors at the
site other than penguin

Windows covered by
boards. No sun penetration
other than during tourist
visits.
Interior timbers are golden
in colour with no apparent
bleaching.

No time available to access
interior.
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Location
(date of
historic
buildings)

Date of
visit

Cape Royds
(1907)

12
February
1993

Cape Evans
(1911)

11
February
1993

Hut Point
(1902)

11
February
1993

Scott Base
TransAntarctic
Expedition hut
(1956)

11
February
1993

Exterior of buildings

Other outdoor materials

defibring and bleaching
is apparent in those areas.

bones whose date cannot
be determined visually,
and coal.

Weather screen: bleached
silvery colour.
Stables area: some timber
is bleached, but oxidised
(brownish) on boxes near
motor wheel. Most walls
are silvery rather than
brown but some darker
areas at base of walls
may be due to rust stains.
Interior timber walls have
a ‘fresh’ light yellowy
brown appearance.
Difficult to determine
colour due to visit
occurring during low sun
angle.
Most original timber
tends towards silvery
appearance rather than
brown oxidation, but
surfaces this may be due
to defibring which is very
evident. Some brownish
oxidation on door.
Difficult to determine
colour due to visit
occurring during low sun
angle.

Severe bleaching of rope,
snow shoes.
Hay bales (figure7.24):
surface is faded to silvery
grey except where surface
is disturbed revealing the
yellowish appearance
characteristic of ‘fresh’
hay.
Bones of husky: bleached.
Painted metal SSSI sign
has faded.

Windows are partly covered
but some sunlight
penetration occurs.
It is difficult to determine
the extent of fading of paper
labels and textiles without
reference to unexposed
areas of the object.

All wood items eg sledge
are bleached in
appearance.
Relatively few other
organic materials remain
outdoors.

Distinct colour difference
between original and new
(repair) timber cladding
on walls. Original timber
is mostly brownish
although other areas are
silvery where exposed to
melt runoff. Roof not
able to be inspected.
Cladding (?plywood)
appears recently painted.
No time available for
detailed inspection.

Relatively few other
organic materials remain
outdoors.

Sun penetrates windows and
there are some vulnerable
artefacts nearby including
clothing, reindeer skin
sleeping bags. The sleeping
bags had some superficial
cracks and stains which
could be due to light
embrittlement or a range of
other causes.
Photodeterioration could not
be definitely attributed as
the cause. An Emperor
penguin on Scott’s table has
faded yellow pigment on
neck.
Windows mean some indoor
artefacts potentially at risk.

Paint appears to be
relatively recent (it is the
same pale green colour as
other Scott Base buildings
that were recently
constructed).

Interior of buildings and
indoor artefacts

Photos (on interior walls)
and some other adjacent
historic materials (on tables)
are potentially at risk from
light penetration through
windows. No curtains,
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Location
(date of
historic
buildings)

Date of
visit

Mc Murdo US
IGY buildings
(1956)

11
February
1993

Exterior of buildings

Exposed wood on
Jamesway buildings is
moderately darkened.

Other outdoor materials

Dark cloth covering is
faded and generally
delapidated, but difficult
to determine the extent of
light damage.

Interior of buildings and
indoor artefacts
covers or protective films
could be identified on
windows.
Used as a ‘dry’ bar and
illuminated with fairly low
lighting from incandescent
and some fluorescent lights.

Notes:
‘Bleaching’ means the surface became lighter in tone than its original appearance with no change in hue.
‘Silvery’ means the surface became lighter than its original appearance but acquires a slight greyish and more
reflective tone.

Figure 7.6: Diagram showing photodeterioration effects, AAE main hut at January 1997.
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Fig 8.10 "ind damaged swface & photodeterioration

t

Fig 8.9 view of N wall

/.,,

Ftg 821 Appearance of oHrcladding 2005

Ftg 8 Sa

Fig 8.12

Fig 8.13 Densotape

10

10
SC311nfect

Fig 8.IIF, G: Densotape stains
Approx location of tag 23

Stnpy appearance

Longlrudlnal elevadon of the Hut
/>n opprndmate represeriatlon ol Mi>Nson's Hut
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Observations of Cape Denison Main Hut
Table 7.3: Observations of colour under photogrammetry tags on AAE main hut 1985, 1997
Number &
location of
tag
84
Living hut
roof
N quadrant

Year

Appearance of wood
surrounding tag

1985

Uneven colouration, some light
fresh colour (eg higher above
the tag) with few cracks, other
areas are darkened (to the right
of the tag) and have significant
cracking.
While the timber was dry to
touch a water-stain is visible
nearby indicating possible
recent leaching of degraded
lignin. See figure 7.11B.
A mixture of fresh, uncracked
surfaces and darkened, cracked
wood but not substantially
different from 1985. No water
stains.
Dry to touch
Yellowish, no water stains are
evident. The adjacent board is
grey-brown (indicating lignin
deterioration from
photodeterioration).

1997

33
Stapled in
place
Living hut
roof, E
quadrant,

23
Workshop
roof
E quadrant

1985

1997

Dry to touch.
Fresh pale colour.

1985

Tag was applied over an area
stained by adhesive from
Densotape (applied in 1977).
There were some rust stains
from remnant ridgecapping
under the lead sheeting. Many
longitudinal cracks (figure
7.11F).
Light ‘fresh wood’ colour,
(figure 7.11G, taken in 1995).
Densotape remnants have
disappeared some adhesive and
rust stains remain.

1997

Number
not visible
Workshop
roof
West
quadrant

1985

Dry to touch. Brownish.
See figure 7.11A.

1997

Fresh, light colour with few
cracks (figure 7.12)

Appearance of
wood at tag
location
Darker than
surrounding area.
Also dry to touch.
There is no evident
difference between
colour of timber
under the tape or the
tag, suggesting
colour is not due to
adhesive tape stains.
See figure 7.11C.
The darkened area
evident in 1985 has
completely
disappeared (figure
7.11D).
Lighter coloured
than surrounding
wood.
No evident
corrosion of the
staples (suggesting
low wetting).
As surrounding
timber. No staining.

Interpretation

No apparent
difference between
colour under tag and
surrounding timberall timber was
darkened.

The staining from the Densotape
adhesive had already darkened the
wood to a significant extent and
covering with the tag (ie temporary
removal of light) made no
difference to the depth of colour.
No recent corrasion had occurred.

Similar to
surrounding timber,
light fresh colour
due to recent
corrasion after
removal of tag.
Dry to touch.
Lighter colour than
surrounding timber.
Same as surrounding
timber, few cracks.

The light fresh colour indicates
corrasion has occurred recently.
This conclusion is supported by the
wind damage to the adjacent lead
sheeting which has been
progressively damaged.
The timber was generally
‘oxidising’ phase except where the
tag has reduced the light exposure.
The colour difference is no longer
evident since the area has been
corraded between 1985 and 1997
and has not had time to oxidise.

The uniform darker colour under
both the tag and tape may be
because these provided protection
from the wind and encouraged
retention of moisture. This would
staining from transfer of leachable
material from the wet tag or by
protecting the area from leaching by
meltwater.
Protection of the tagged area from
corrasion is unlikely as there is no
general evidence of fresh corrasion.
The stain was either leached by
meltwater or bleached by sunlight.
The tag excluded light from the
corraded timber, thus minimising
the yellowing colour that was
developing on the timber
surrounding the tag due to
photodeterioration.
Figure 7.11E.
The area was freshly corraded (a
few years previously).
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SEM studies
SEM image 7002 shows a general view of Specimen 114 from Cape Denison which was corraded
and also weathered to a grey colour. There was some defibring on the underside of the specimen,
but not from the area shown in this image. There is minor separation of the wood cells at the
middle lamella, but the most significant features are the slanting microchecks, especially of the
pits. This contrasts with SEM image 1006 which is from a sample of Baltic pine, about 20 years
old, not exposed outdoors but which has been artificially corraded with fine glass beads. It
surface was textured by the impact of the beads, there are some broken fibres but there is no
weathering damage to the pits.
Figure 7.7: SEM images of photodeteriorated wood showing slanting microchecks

14

The observations are reported from only one specimen of historic wood due to limitations on sampling and
therefore would be useful to examine a larger number of specimens, perhaps from a range of sites of differing ages to
ensure a more comprehensive assessment of deterioration effects at the microscopic scale.
19
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7.4.3 Risk assessment
Table 7.4: Risk assessment for photodeterioration (see next page)
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Risk
No.
1

2

The Risk
What can happen
and How it can
happen
Historic exterior
timbers exposed and
affected by
photodeterioration.

High significance
outdoor artefacts
exposed to
photodeterioration.

Consequence

Fading and, in some
cases, darkening of
timbers that may
increase surface
temperatures and
promote wetting and
high humidity. While
photodeterioration by
itself does not decrease
timber strength (since
it is only a surface
effect) it could
synergise other
deterioration
processes.
Organic materials
(cloth, leather, wood,
etc) are at risk of
fading, staining,
embrittlement and
cracking which may
synergise other
deterioration risks.

Description and
Adequacy of
Existing
Controls
Some original
wall timbers of
AAE main hut
and other
buildings remain
exposed.
Overcladding of
historic timbers
prevents solar
effects and
corrasion but it
may then
increase
humidity issues.
Replacement of
timbers reduces
original fabric.
Relocation of
small, high
significance,
vulnerable
artefacts offsite
or indoors or by
‘burial in place’
may reduce the
risk.

Likelihood
Rating
(a)

Consequence
Rating
(b)

5

5

Risk rating
after
treatment/
controls

Risk
Priority

Treatment
controls

2-4-

Overall
Risk
Level
(a+b)
7-9

High

Use of
protective
coatings (where
other treatments
are not
appropriate)
may be
worthwhile,
after appropriate
risk assessment
and field testing

Requires
investigation
under the
overcladding
to evaluate
this risk.

2-3

7-8

High

i. Relocation
ii. Treatment of
damage.
iii. Burial in
place.

i. Low.
ii. No effective
treatments
available to
enable objects
to remain in
situ, unlikely
to be feasible.
iii. Requires
development.
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Risk
No.
3

The Risk
What can happen
and How it can
happen
High significance
indoor
materials/artefacts
exposed to
photodeterioration
via windows,
artificial lighting.

Consequence

Description and
Adequacy of
Existing
Controls
Use integrating
light meters to
quantify risks.
Apply suitable
window covers
or UV filters.
Relocate to lower
light locations.
Temporary
covers.
Overcladding,
replacement and
relocation can be
effective but may
increase other
risks or adversely
affect historic or
aesthetic
integrity.

Likelihood
Rating
(a)

Consequence
Rating
(b)

Overall
Risk
Level
(a+b)
7-8

Risk
Priority

Treatment
controls

Risk rating
after
treatment/
controls

Some organic
3
4
High
Measurements
Low
materials (cloth,
4 (for
are necessary as
leather, etc) are at
longterm
risks are not
potentially at risk of
untreated
always
fading, staining,
risk)
recognised and
embrittlement,
treated
structural weakening
effectively.
and cracking which
synergise other
deterioration risks.
4
Photodeterioration
Chemical changes in
4
unknown
unknown
High
Protective
Unknown
acts in conjunction
timber produce
coatings may be
with other processes weakening of
prospective
of deterioration.
structural strength of
treatments
timber (eg by removal
where
of lignin, oxidation of
overcladding,
cellulose) and
replacement or
synergises other
relocation are
deterioration
not appropriate.
processes.
5
High light intensity
Colour change or
Field testing has
3
2-4
5-7
Medium Field testing
Low
causes
crosslinking cause
often not been
protocol must be
photodeterioration or unforeseen adverse
undertaken or
established and
other adverse effects effects on roof
materials were
applied
on materials and
cladding, protective
not carefully
rigorously.
treatments used to
coatings or barrier
selected (eg
conserve buildings
materials (eg stiffening Intergrain on
and artefacts.
or embrittlement,
AAE hut).
cracking, colour
change, etc).
Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6,7 high risk – needs specific management
attention, >7 extreme risk – detailed action plan required

22

7. Photodeterioration

7.5 DISCUSSION
7.5.1 Prevalence and extent of photodeterioration affecting Antarctic historic sites (research
question 1).
Cape Denison light measurements
The visible light levels of 5000 lux global, 3700 lux reflected and UV levels 900 µwatts/lumen
global and 600 µwatts/lumen reflected measured at Cape Denison (67°S) are about half the
typical levels measured in Canberra, Australia (latitude 35°S, altitude 600 metres) in similar
sunny, summer cloud-free conditions. Nevertheless the outdoor illumination levels measured at
Cape Denison are much higher than conservation specifications15.
The low illumination of 20 lux with zero UV16 measured by Lazer inside the AAE main hut in
1985, if maintained, would prevent significant light damage, although visitors require at least 100
lux to be able to move about safely and to see artefacts clearly. Light levels inside the
Magnetograph House, which is lined with tar paper, are very low17.
Sunshine and cloud measurements were made by the AAE during 1912 and 1913 (Madigan
19129: 47-48 and Tables XII and XIII), recording cloud cover in ‘tenths’, ten being complete
cloud cover. Winter months were clearest, 1913 was more cloudy than 1912. Mean cloud values
per month ranged between 2.4 tenths (July morning 1912) and 8.8 tenths cloud cover (morning,
February 1913) with typical values between 3.8 and 5.2 tenths cloud cover18. Blowing snow
limited the intensity of sunshine.

15

The Scottish Museums Council prescribes annual exposure limits for museum displays for robust items of 450,000
lux hours and light limits of 200 lux. Museum illumination specifications given by Thomson (1986) was 300 lux for
robust items such as unpainted timber, with 50 µwatts/lumen for UV.
16
This is due to the small amount of light penetration through the skylight, which is additionally covered with
wooden boards.
17
No repetition of the light measurements has been undertaken at Cape Denison since then but this gives sufficient
information on the level of risk and there was perceived to be little benefit in additional measurements given the
difficulty of taking delicate equipment to Antarctica on a long sea voyage.
18
Cloud cover over Antarctica since 2000 has been significantly lower (Monaghan et al, Science 11 August 2006:
Vol. 313 (5788): 827-831.
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Theoretical maximum outdoor sunshine was approximately 4300 hours per annum. Measured
hours (approximately 1700 hours per annum) were recorded by the AAE using a glass sphere
Campbell-Stokes instrument (Madigan 1929 Table XIII)19. Sunshine intensity was not measured
although the instrument required sufficient strength to burn the paper. The World Meteorological
Organisation defines sunshine20 as direct irradiance from the Sun measured on the ground of at
least 120 W·m−2.
Most solar radiation data measured in Antarctica is used to measure net energy transfer between
the earth and the atmosphere for climate change studies. There appear to be no other available
Antarctic measurements of total UV and visible illuminance in lux hours to facilitate comparison
with museum specifications. It is also difficult to convert irradiation measurements (in watts per
square metre) to illuminance (lux) since the conversion factor varies according to the wavelength
(for example, 1 watt per square meter = 6.83 x 102 lux (at 555 nm).
An approximate estimation of annual total exterior exposure at Cape Denison is included in Table
7.1 which shows that light exposure of timber is hundreds of times higher than recommended for
museum exposure, although it is difficult to relate these rates to known deterioration rates
measured outdoors in a cold climate.
Ross Island sites
Solar radiation measurements are reported by the National Institute of Water and Atmospheric
Research (NIWA) in New Zealand. Solar radiation data (irradiance) for 2003-2009 was
downloaded from their website21.
Wendler et al 1997 measured solar radiation and albedo in various sea ice conditions during the
1995-1996 USCGC Polar Star cruise to McMurdo and (unusually) reported this with albedo
observations. Data for snow-covered sea ice is comparable to snow-covered ice on land.
Maximum mean daily global solar radiation of 305 W m-2 was recorded on 10 January 1996, a
19

The instrument was “located on a ridge to the east of the [main] hut” (Madigan 1929: 15).
Solar radiation covering visible wavelengths.
21
There appear to be no light measurements reported by the NZ Antarctic Heritage Trust.
20
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partly cloudy day; the minimum (139 W m-2) was observed on 25 December 1995, a day with a
thick layer of stratus overcast and occasional snowfall.
Deterioration survey observations
The most significant visible impacts of photodegradation identified in Table 7.2 were:


Colour changes to wood, both darkening and bleaching, with the darkened areas also
exhibiting cracking ;



Bleaching and embrittlement of textiles, leather and rope22;



Various cracking, peeling and changes in colour and clarity of polymers; and



Purple colouration of glass at Cape Denison, and Ross Island sites (figure 7.23).

Rope, leather and textile artefacts are more prevalent at Cape Denison than at the Ross Island
sites, due to ‘clean ups’ in the 1960s (Quartermain 1963). 23
General observations of outdoor timber
The patterns of deterioration evident in Table 7.2 show:


Brownish discolouration of timber is extensive on original timber exposed outdoors at Cape
Denison, Mawson Station and Davis Station.



‘Brown’ colouration is patchy at Cape Adare, Cape Royds, Hut Point and McMurdo with
some patches having a ‘fresh’ golden appearance.



Exterior timbers are generally more silvery in colour at Cape Evans.



At Dumont d’Urville imber is noticeably silvery where unpainted timber is exposed on
building footings at (figure 7.15).

22

This deterioration is from several processes but photodeterioration is significant.
Many later sites, such as Mawson and Davis are subject to continuous cleaning up as part of the environmental
management of the site.
23
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Cape Denison
The author’s 1985 and 1997 observations24 noted photodeterioration was particularly evident on
timber cladding on the Main Hut, Transit Hut and Magnetograph House in areas where timber is
protected from corrasion, depicted in Figure 7.6.
The areas that were most heavily darkened were the northern walls of the Workshop, the
direction that receives the greatest total sunlight over the year. The northern quadrant of the
Living Hut roof was distinctly more greyish by comparison. There was a distinct contrast
between the grey and brown photodegraded areas and those areas with the colour of fresh timber
due to corrasion by windborne ice particles. Many timbers in locations on both the roofs and
walls had brownish lines of water staining (figure 7.8). As previously stated, it was not possible
to undertake precise colorimetric comparisons of the surface colours for logistical reasons,
however the colour differences are readily apparent in figures 7.8 and 7.9.
Figure 7.8A: AAE main hut roof water stains and colour changes (author’s photos, 1985)

24

These observations were before the overcladding of the Workshop roof with new timber in 1998.
26
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Figure 7.8B: Contrast between mostly original (1912) and replacement timbers (1998) indicate
the extent of photodeterioration processes, circa 2002. Photo courtesy of Steve Martin.

Figure 7.9: AAE main hut showing brown areas near Aurora Observatory, Project Blizzard 1985
(Dark stripes on the roof are Densotape.)
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In mid December 1985, snow covered parts of the southern quadrant of the Living Hut roof and
much of the walls. In January 1997 there was no snow on the roof and walls, which allowed
better observation of the condition of the timber. It was noted then that the areas which are
brownish and greyish in colour (ie not freshly corraded) have many longitudinal cracks which
typically run along the grain of the timber which is quartersawn25. Cracks in freshly corraded
areas were notably absent (as shown in figures 7.10 and 7.12).
Figure 7.10: Characteristics of colouration of timber cladding on AAE main hut, author’s photo
1985

'silver
wood

Photodeteriorated
wood (brown)

Corraded
wood

During the author’s December 1985 visit, colour differences were observed in the timber
cladding that had been covered by card ‘targets’ attached in December 1984 for a
photogrammetry survey. The four remaining photogrammetry targets were located near corners
of the buildings and had been stapled and taped onto the roof due to the notorious wind problems
of the site. The tags were made of thick printed paper which prevented light penetration.

25

Quartersawn timber is known to be less prone to cupping and warping, which should also reduce the tendency for
longitudinal cracking.
28
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Figure 7.11: Colour changes under photogrammetry tags
Figure 7.11A: Tags soon after application on Workshop roof in 1984 (Chester 1986: 172)

Photogrammetry tag, number not visible by 1985
Lead sheeting, 1977

Figure 7.11B: Tag 48 in situ, author’s photo, 1985

29

7. Photodeterioration

Figure 7.11C: Tag 48 removed 1985, author’s photo, 1985, note darker colour underneath

Figure 7.11D: Location of tag 84, author’s photo, 1997

Circular groove from partially detached
batten
that has been rotated by the wind

Approximate original location of tag 84 in
1985
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Figure 7.11E: Tag 33 on eastern quadrant of living hut, 1985, author’s photo

Rove used by AAE
to secure sailcloth

Original location of tag
33,
note lighter colour

Heavily corraded
batten remnant

Smooth but reshly corraded wood, oxidising to yellower colour
Tacks used by AAE to secure cloth cover
Silvery-coloured wood, corraded but not textured, cracked

Figure 7.11F: Tag 23, December 1985, author’s photo

Tag 23 in situ

Silicone rubber adhesive

Densotape, applied 1977
Lead sheeting
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Figure 7.11G: Tag 23 location on eastern quadrant of Workshop, January 1997, author’s photo

Location of tag 23, removed in 1985

Densotape remnant

Figure 7.12: Cracks on degraded timber, AAE main hut 1997
Note: deep cracks in dark regions compared to smoother appearance of eroded areas
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The photogrammetry tags at Cape Denison had been applied in December 1984 and the colour
changes were observed in December 1985. The tags were photographed in situ and then removed.
It was not possible to observe the affected timber again until 1997. The roof of the Workshop,
and later the Living hut, were subsequently overclad so these timbers are no longer exposed to
photodeterioration.
Initial hypotheses were that the colour changes were due to oxidation of an adhesive backing on
the tags or protection from light exposure by the opaque tags, however this could not explain why
some timber locations covered by identical tags were lighter while others appeared to have
darkened. These seemingly contradictory observations are discussed further in section 7.5.5.
Figure 7.13: Densotape on Mawson’s hut (author’s photo 1997)
(Note staining under the Densotape.)
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Cape Adare
Darkened photodeteriorated timbers were evident in a few protected areas26 on the exterior of
Borchgrevink’s Hut although most of the exterior had recently been extensively corraded by
windborne beach sand (figure 7.14). The roof was overclad in January 1990 with Butylclad
polymeric cladding which was pre-glued to marine grade plywood using ‘ADOS contact
adhesive’ (David Harrowfield, personal communication 2009). It was not possible to inspect
underneath it during the author’s 1993 visit.
The removal of defibred wood by corrasion above approximately one metre above ground level
on the supporting poles was discussed in Chapter 5. Corrasion rates are high (Harrowfield 2006).
Photodeterioration, defibring and corrasion all affect the buildings, and on some timber all the
processes could act synergistically.
Figure 7.14: Cape Adare photodeterioration (author’s photo 1993)
(Note triangular patches of photodeteriorated timber next to door jamb.)

26

These comprised less than 1% of total surface area, near door frames and at the top of the walls).
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Other sites
Photodeterioration of timbers at Mawson Station, Davis and Dumont d’Urville can be detected
where paint detaches from the surface so the timber is exposed to sunlight. Bare timber on
Weddell Hut and lower areas of the Old Paint Store tend to be silvery rather than brown.
Notable silvery grey colouration of timber occurs on the foundations of the Base Marret buildings
at Dumont d’Urville where the wood is immersed in meltwater during summer (figure 7.15).
Figure 7.16 shows streaky horizontal27 discolouration with areas of golden colour interspersed
with greyish and brownish tones at East Base in the Antarctic Peninsula. There are also rust
stains from vertical lines of nails.
Figure 7.15: Wooden foundations at Dumont d’Urville (author’s photo 1997)

27

The timbers are attached horizontally to the walls.
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Figure 7.16: East Base photodeterioration (Spude & Spude 1993: 20)

7.5.2 Characteristics and factors involved in exposure and damage (research question 2)
Light characteristics
The amount of visible and UV radiation reaching the earth's surface depends:


Time of day and season



Ozone layer thickness,



Weather conditions (cloud and blowing snow),



Reflections from adjacent surfaces,



Latitude and altitude.

Solar radiation intensity is generally lower at higher latitudes but in Antarctica the damaging UV
component of light can still be significant because 85% of UV is reflected from snow (Wendler et
al 1997).
Effects on materials
The main concern with photodeterioration for Antarctic historic sites is its effect on exterior
timbers, since this is the predominant building material, which is generally unpainted.
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Photodeterioration and leaching processes affecting wood
The changes in the appearance of wood exposed to sunlight in temperate conditions have been
comprehensively described by Feist (1982: 159-163). Initially yellowing or browning occurs,
then progressive greying, thought to involve iron salts. Mitsui and Tsuchikawa (2005) found that
softwoods yellow more quickly than hardwoods (as softwoods have higher lignin concentrations)
and temperatures above -20°C are required to initiate yellowing28. UV light is preferentially
absorbed by lignin at the wood surface, causing it to be decomposed to a depth of 0.05-0.5mm.
Cellulose has reflective properties and is chemically more resistant to UV damage than lignin.
Feist (ibid) states that darkening of wood occurs independently of the presence of oxygen,
although UV light exposure accelerates the weathering processes if the surface is wet. Heat is
thought to be less effective in weathering, although Infra Red (IR) light penetrates deeper than
visible light, which in turn penetrates more than UV light.
Feist (ibid) cites various research demonstrating that UV degradation of wood is initiated by
formation of free radicals beginning with oxidation of phenolic hydroxyl groups, decreasing the
methoxyl and lignin content, thus leaving a higher percentage of carboxyl groups. Xylan and
araban and other soluble wood sugars are easily leached by rain and typical decomposition
products of weathered wood are organic acids, vanillin and various aldehydes, which are also
leachable.
The result, explained by Feist, is that on weathered wood, the grey layer has low lignin content;
the brown layer under the grey layer has a lignin content of 40-60% of fresh wood and this initial
browning after several months in sunny climates only penetrates to 0.01-0 2 mm into the wood
(see figure 7.17)29. As rain leaches the brown layer, a silver grey layer develops over the brown
layer, 0.08-0.2 mm thick. Blue-staining fungi (Ceratocystis spp., Ophiostoma piceae) were stated
to be also involved in the greying appearance (ibid: 161).
28

The authors concluded that yellowing is the result of production of quinone from the photodeterioration of lignin
and that thermal energy as well as photo-energy is involved, but this only occurs above -20°C.
29
The best photographic illustration of the colour changes from photodeterioration is provided in an article by Erica
Skadsen in ‘Basic Wood Anatomy and Behaviour’ (April 2007) available on line at
http://www.organicjewelry.com/woodanatomy.html
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Feist (ibid) stated that photodeterioration of timber does not affect its structural strength, since it
is only a surface effect. However in Antarctica surface erosion (corrasion) and defibring may be
occurring simultaneously30, which can accelerate the loss of thickness, thereby reducing the
strength of timber. The cracks that are particularly evident in brownish timber may also reduce
timber strength.
This interpretation was supported by Dr KUO Mon-lin, (Department of Forestry, Iowa State
University, e-mail to the author April 2002) following a brief discussion of the author’s
observations in Antarctica. Kuo further concludes:
“Graying (or bleaching) of wood surfaces is a result of surface UV degradation of lignin, and browning may
signify advanced photodeterioration as a result of oxidation of cellulose and hemicelluloses. Photodegraded
lignin and carbohydrates are water-soluble, if not removed by rain or dew water or by windborne abrasion
[corrasion], they may protective because UV and visible light penetrate wood only about 75 and 200
micrometers, respectively”.

Figure 7.17: Depth of colour changes in wood due to photodeterioration, after Feist 1982

earlywood

Light penetration

I

latewood

1

Photo deterioration

Wood surface

UV 75 µ~

Grey layer 80- 2,000 µm
Brown layer 10-200µm

Visible 200~
Un-affected

30

In addition, Feist (1982: 160) remarks the “two most important elements of overall weathering of timber in
temperate climates , light irradiation and water, tend to operate at different times… the action of the combined
elements can follow different degradation paths, with irradiation accelerating the effect of water or the converse”.
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Cracking of timber may increase photodeterioration by increasing the surface area exposed to
light. Kaila (1988) researched formation of drying cracks in new timber:
"shrinking is concentrated in singular large cracks [within the timber]....once formed these cracks do not
grow wider with time. They are harmful only in species … which do not have a fungi-resistant heart
wood.... By contrast surface cracking is an advancing phenomenon .... caused by repeated wetting and
drying of the facade, by alternating rain and sunshine…. If wood dries very quickly the tensile stress on
surface will cause compression stress inside. This can ...[exceed] the compression strength of the cell walls,
which will be crushed. On the other hand, if saturated cell walls dry quickly, the adhesion of escaping
water can be so great that the fibrils will be destroyed.
The collapse of cells will cause microcracks, and on the southern side the cell walls are further weakened by
photo oxidation. Two types of cracks [are seen] on the surface: very small cracks in the centre of the
secondary wall of the cell, and wider cracks between cells on the surface. Especially the joint between the
late wood cells and the early wood cells opens easily31 and the surface gets a wave-like appearance, which
is caused by the rising of the year rings. The late wood cells with thick walls swell and shrink more than the
thin early wood cells, and the latter ones are too weak to resist stresses caused by this difference. Also, the
light erosion affects more the thin cells of early wood"....”Microcracks add to the ventilation of the
surface...[so] wood will dry still faster"....

Kaila thus raises the prospect that photodeterioration synergises corrasion since it preferentially
attacks the weaker earlywood cells that are also attacked by corrasion. Antarctic sites experience
strong wetting and drying cycles in summer so increasing the ventilation effects and promotion of
drying is potentially very significant at sites with high velocity, cold, dry katabatic winds.
Microscopic and chemical changes in the photodeterioration of wood
Feist (1982: 163) states that the first sign of photodeterioration visible on microscopic
examination of wood is the enlargement of apertures of bordered pits in radial walls of early
springwood tracheids. Micro-checks are produced as a result of contraction in the cell walls, then
the leaching and plasticising effects of moisture increases enlargement of the voids. This process
is evident in SEM images (figure 7.7) prepared by the author from wood samples where different
segments of the samples were exposed to photodeterioration, corrasion or defibring at Cape
Denison32.

31

Kaila’s explanation suggests a possible explanation for the author’s observation that photodeteriorated wood is
more prone to cracking. Timber that is weakened by photo oxidation, especially at the junction of the late wood and
early wood are thus more vulnerable to the different expansion/contraction of the cells due to their different wall
thicknesses.
32

The methodology and sample descriptions were provided in Chapter 5.
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Deterioration progresses to destroy the middle lamella, and various layers of the cell wall which
thus reduces the cohesive strength of wood tissue. Feist (ibid) considers that iron salts and the
presence of fungi may increase the rate at which these processes occur33. Defibring by salts also
attacks the middle lamella and destroys the lignins that bond the tracheids together but produces
characteristic bleached, furry, raised fibres which are not evident on wood affected by
photodeterioration alone.
Combination with wetting and drying effects
Dupont (1995) examined the oxidation of cellulose, identifying the coloured degradation
compounds formed when pure white cellulose (Whatman filter paper number 5) is subjected to
wetting/drying processes as typically occurs in paper conservation treatments34. The formation of
a brown line at the wet/dry interface is well-known to conservators. Analytical techniques
including TLC, FTIR and GC-MS identified the degradation products and the chemical reactions
responsible. This research did not consider temperature effects on the degradation processes35.
Dupont (1996: 159) concluded that:
"Browning is produced by the formation of unsaturated compounds with conjugated double bonds. Most
chemical systems in which browning occur contain carbonyl or potential carbonyl groups ...which are
further transformed into unsaturated coloured compounds. [The] compounds identified ... and the presence
of numerous compounds present seem to indicate that the oxidation at the wet/dry interface produces the
detachment of small cleaved fragments and occurs randomly on the glucose residue, forming numerous low
molecular weight degradation products which could additionally be further oxidised. Oxidation also occurs
randomly along the cellulose chain without cleavage since after the extraction of the brown products from
the paper, oxidised groups still were present along the macromolecule. Degradation products identified are:
monosaccharides including d-glucose, d-arabinose, d-galactose, cellobiose and various uronic acids”.

In light-exposed wood, brown colour formation could result from either of two different
processes:


Photodeterioration of lignin to produce phenolic hydroxyl compounds; and



Wetting and drying cycles that produce oxidation products of cellulose.

33

Iron salts are certainly present in the prominent rust stains from nails on the roof of the AAE main hut.
Note that this is pure cellulose with no lignin present.
35
There is no reason to expect that the same reactions would not occur in Antarctic conditions, and in any case
surface temperatures during long hours of summer daylight are within the range found in temperate climates.
34
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All of this research infers that the ‘silvery’ appearance observed at Cape Evans and Dumont
d’Urville is due to predominance of leaching of photodegradation products by moisture. The
brownish appearance retained in many exposed areas of the AAE main hut is due to
photodeterioration of lignins that have not been leached. Patches of ‘fresh-looking’ timber noted
on the AAE main hut are due to wind damage.
Given the comparative absence of rain and the relative ineffectiveness of flushing by snow melt
in Antarctica, leaching of the photodegradation products may be expected to occur at a slower
rate than in temperate climates. High UV radiation is expected to inhibit fungal growth on the
surface of external timbers in Antarctica.
At Cape Royds and at Cape Evans, darkening of the timber cladding is patchy although most of
the surfaces are greyish (rather than brownish) and many areas are also affected by defibring
from salts. At Cape Evans and Cape Denison significant snow drifts accumulate around the
building in winter and spring but significant meltwater formation occurs in summer, discussed in
Chapter 4. While snowmelt ‘rinsing’ may not be as effective as rainfall in temperate climates, the
lignin breakdown products are said to be “all leachable” (Feist 1982: 160) so this may be
sufficient to cause the grey colouration. Bleaching may be due to photodeterioration or defibring,
or both.
The colour change sequence of photodeterioration, from initial yellowing, to browning to silvery
grey observed in Antarctica is consistent with the phases described by Feist (1982). Browning
indicates degradation of cellulose whereas silvering indicates removal of lignin.
Rates of photodeterioration
Kaila (1988) measured a rate of photodeterioration of 1 mm per century for northern European
locations with low rainfall. Feist (1982: 162) cited photodeterioration rates for different timber
species from temperate Europe and North America measured by several authors. Erosion of
10 mm thick wall cladding on Norwegian stave churches was said to have been reduced by over
half over a few hundred years of weathering. Norwegian stave churches are usually built using
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Norway Spruce (Picea abies) and Baltic Pine (Pinus sylvestris), the same species used for most
of the earlier Antarctic buildings.
Feist (1982: 162) described ‘defiberization’ (sic) as follows:
"Defiberization, or loss of surface wood cells, occurs most rapidly in the thin-walled fibers of springwood
and at a slower rate in the denser summerwood…[so] weathered wood assumes a corrugated or serrated
appearance. Accompanying this loss of wood substance are the welling and shrinking stresses set up by
fluctuations in moisture contents. All these result in surface roughening, grain raising, differential swelling
of springwood and summerwood bands, and the formation of small checks or cracks. Larger and deeper
cracks may develop, and cupping or warping may result".

As discussed in Chapter 5, Kaila (1988) cites a similar reason for the serrated surface of centuries
old timber buildings in Finland. There is abundant evidence that, in Antarctica, wind is the
predominant cause of removal of early wood, although defibring by salts and ‘defiberization’
(selective raising of grain due to moisture changes) may also occur but are difficult to measure
separately from the wind effects36.
In Antarctica, the effects of photodeterioration were greatest on the northern walls of buildings37,
but all walls were affected due to the low solar angle over the annual cycle although the evidence
of its effects may be periodically erased by wind. Applying the rate of 1mm per century cited in
northern Europe for the same species suggests that tongue and groove clad buildings exposed in
Antarctica, such as those at Cape Denison, will not last more than two or three centuries without
intervention since the depth to the tongue is only 3-4 mm. The destruction of the interlocking
structure of the tongue and groove, that provides structural rigidity, would seriously affect the
ability of the building to withstand the katabatic winds. This risk is perhaps more serious for the
structures which have not, or cannot be overclad, such as the original Memorial Cross.

36

There are two possible ways to separately measure the two different phenomena: 1. Expose similar wood
specimens in comparable locations in the field where the effects of wind and photodeterioration could be separately
controlled, for example by blocking particles,which would be extremely complex. 2. Use simulated conditions in a
climate chamber, which would be expensive.
37
Because katabatic winds blow from the polar plateau and are mostly southerly, the areas most prone to corrasion
on the southern side while sun exposure is highest on the northern side. It was not possible to quantitatively assess
whether photodeterioration was greater at the more northerly sites than the Ross Island sites, but a qualitative
assessment was that at Cape Denison, areas most affected by photodeterioration near the Auroral Observatory were
significantly darker than the walls of the Discovery hut which were in turn darker than the walls of the Cape Evans
hut.
42

7. Photodeterioration

Photodeterioration is considered to be independent of temperature but dependent on the intensity
and duration of light exposure (Feist 1981). Therefore, the rate of photodeterioration at Antarctic
historic sites should be comparable to similar northern latitudes (60º-77ºN) althought this also
depends on cloudiness and wetting/drying frequency. Rain is rare in Antarctica so the leaching of
beneficial brown compounds is expected to be less in Antarctica. Using Kaila’s rate of 1
mm/century in Scandinavia, the photodeterioration rate in Antarctica is probably similar or lower.
Effects of sun angle
Walls of most historic Antarctic buildings are significantly discoloured and appear from visual
inspection to be darker overall than roofs although this is difficult to quantify without
instrumental measurements38. Darkening is, however, particularly evident on the northern wall of
the Main Hut at Cape Denison (figure 7.9) compared with the western walls (figure 7.12),
although interpretation is complicated by the significant corrasion that has occurred on almost all
surfaces, and significant meltwater affects the lower parts of the walls in late summer39. Melting
snow during summer also causes significant flow of water from the roof, which leaches water
soluble degradation products.
Light from the surrounding snow drifts is reflected onto the walls of buildings, and is less likely
to be reflected onto the roof because of the angles involved. The extent of photodegradation
evident on the underside of the Auroral Observatory on the northern side of the AAE main hut
and the verandah of the Discovery hut suggest that illumination from low light angles is
significant.
Other cellulosic materials exposed outdoors
At all sites hay, rope (presumed to be hemp) and cloth (mostly cotton canvas) exhibited evidence
of photodeterioration, mainly bleaching. Particularly severe bleaching of rope and textiles was
observed at Cape Denison, Cape Adare, Cape Royds and Cape Evans.
This due to rapid changes in light angle and intensity and the difficulties in procuring and operating fragile
instruments in Antarctica.
39
Wetting saturates the colour of wood so it cannot easily be compared with dry wood.
38
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Photodeterioration processes for cellulosic materials are similar to that of wood40 (Dupont 1995).
Some rope and textiles at Cape Denison are in locations that were protected from sunlight (eg in
gullies, partially covered by other artefacts, etc) and had blue and black spotty mould. Sunlight
generally reduces fungal growth. Salt deposition can increase the appearance of bleaching by
reflecting light from salt crystals.
The appearance of the artefacts is sufficient to indicate that general deterioration is occurring at a
significant rate and many artefacts may not survive more than another decade of further exposure
when they will have little interpretive value. Site management strategies for such artefacts are
difficult since there are examples of most items in museum collections although triage of
artefacts aims to better investigate and document the artefacts and relocate any of particular
significance.
Proteinaceous materials
Leather and wool exhibited significant bleaching, and brittleness. The dead seal at Cape Denison
retained some natural pigmentation but the hairs were stiff and brittle (figure 7.18). Pieces of
sheepskin (used to improve airtightness of the Magnetograph House at Cape Denison) exposed to
sunlight were yellowish to brownish, and embrittled. While they have deteriorated, it is
remarkable that they have survived at all.
Leather items, including a boot on the western side of the Main Hut at Cape Denison was stiff
and aged, but its location near the meltzone suggests that it may have been subjected to repeated
wetting and drying which may or may not have had a greater deterioration effect.
Bones at Cape Denison and the Ross Island huts that appear to date from the historic occupation
of the sites are all bleached in appearance. Lazer (1986) studied concentrations of penguin bones
which were all disarticulated (probably through being cooked for food, or fat rendered for fuel).
Cooking removes protective collagen and soluble calcium and may make them even more prone
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to bleaching although there was no significant visible difference in the degree of bleaching of
bones from whole penguin carcases (east of Alga Lake), which were uncooked whole carcases.
Paints and synthetic polymers
Light, especially UV, can produce both ‘chain scission’ 41 and ‘cross linking’42. The type of
photochemical action depends on the type of polymer and these reactions are extensively studied
in the polymer science literature. Fibreglass, other plastics, painted signs and labels, textiles and
leather located outdoors were significantly affected by photodeterioration at all the sites visited.
Photodeterioration causes microcracking at the surface (Davis & Sims 1983). Some artefacts,
such as the painted sign in the Transit Hut43, rope and a dead seal at Cape Denison had been
exposed since at least 1913, while the most recent materials affected by photodeterioration
included failure of adhesive ‘Densotape’44 used to repair the AAE main hut in 1977 (figure
7.13)45. Signs and exterior paints on buildings at Davis between five and ten years old (Doug
Twigg, ANARE veteran, personal communication at Davis 1992) have also suffered strong
fading without evidence of corrasion.

40

That is, UV degradation of lignin followed by progressive degradation of cellulose components and leaching of
water soluble by-products
41
Chain scission produces breaking of polymer chains into smaller units which reduces strength, clarity and other
physical properties.
42
Cross linking forms links between chains which disrupts elasticity of rubbery polymers.
43
Dr David Harrowfield (personal communication, 2009) suggested this may be the same paint used at a number of
locations including in the Magnetograph house and on the bunks in the Living hut.
44
Densotape is an adhesive-backed fibreglass tape used in 1977 as a sealant over lead seams to repair the roof of
Mawson’s Main Hut had detached by 1985 (author observation). This material had also caused staining of timber as
noted by the author and by Blunt (1985: 146).
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Figure 7.18: AAE seal at Cape Denison (author’s photo 1997)

The Transit Hut at Cape Denison contains a historically significant46 painted inscription denoting
the exact location of the astronomical observatory established by the AAE. The paints used at
that period are based on natural oils (such as tung oil or linseed oil), with a black (probably
carbon) pigment. The inscription is exposed to sunlight and this type of paint is widely known to
be vulnerable to photodeterioration. Observations of its appearance in 1985 and 1997 show it is
progressively deteriorating (diagonal striations from roughness of the timber are more evident in
the later photo) and both photodeterioration and corrasion are involved (figures 7.19 and 7.20).
Paint of a similar appearance (and likely to be of similar composition) was used inside the
Magnetograph House but this showed no evidence of flaking in 1985 and has not been subjected
to sunlight47.

46
47

It is evidence of the comprehensive scientific work undertaken at the site.
This indicates photodeterioration was the main factor, rather than temperature and RH variations.
46
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Figure 7.19: Transit Hut inscription
Left: Blunt 1985: 210 volume 2; right: author’s photo 1997
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In the Transit Hut the ‘fresh’ colouration of the timber surrounding the painted letters, ie
yellowish in colour, and not cracked, suggests active corrosion. This is the primary threat to its
survival. However, several proposals for conserving it in the 1980s included covering it with a
transparent polymeric cover, made of polymethylmethacrylate (Perspex™) or polycarbonate.
These materials are prone to photodeterioration over several years, and could become opaque
from corrasion (depending on the material selected)48.
Field testing is essential for all materials proposed for conservation treatments of Antarctic
historic buildings and should include testing of UV resistance over at least three years in
Antarctica, since artificial aging tests, normally conducted at room temperature in laboratories,
do not adequately replicate Antarctic conditions49.

Other proposals have included re-enclosing the Transit Hut to exclude snow, but this would have to be snow-tight
to prevent accumulation of drift snow and this raises the concerns discussed in Chapter 4 where meltwater could be
trapped in the building and cause other damage. Therefore the effects of one treatment method on the other agents of
deterioration must be considered. UV-stabilised versions of both polymer are commercial available but are not
suitable for long-term, high level exposure.
49
While photodeterioration is independent of temperature, synergies with other temperature-dependent deterioration
processes need to be considered.
48
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As discussed in Chapter 4, coated timber used for overcladding the Cape Denison Workshop roof
in 1998 was neither field-tested nor adequately assessed in terms of its light stability. It was
assumed that the coating would be rapidly eroded from the timber and would soon ‘patinate’ to
harmonise its appearance with the remaining original timber. However, the coating remained
orange in colour and resisted corrasion and has remained in stark contrast to the original timber
for nearly ten years (figure 7.20, compare with figure 7.1).
Figure 7.20: Overcladding of the AAE main hut, Cape Denison
Intergrain on overclad Workshop (Mawson’s Hut Foundation circa 2005)

Figure 7.21 Overcladding added to Living Hut (Mawson’s Hut Foundation, 2008)
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The originally bright red and glossy fibreglass ‘Apple Hut’ installed at Cape Denison for the
1984/5 Project Blizzard had visibly faded after only one year and the surface had a powdery
bloom (author’s observation, December 1985)50. Red painted buildings at Dumont d’Urville
(figure 7.22), were also faded although the date of last painting was unknown.
Figure 7.22: Faded paint at Dumont d’Urville, author’s photo 1997

Glass
A pile of broken glass at Cape Denison (in the rocks seaward of the Workshop verandah) was a
distinct purple colour, although it would originally be colourless (Hughes 1986). Adjacent amber
and green glass appeared to have retained their colour unchanged. Clear (colourless) glass made
before World War I changes to purplish-brown with ultra violet light exposure due to the reaction
of manganese added in the glass making process (Thomas 1979: 227-228). Thomas states this is

A faded ‘Apple Hut’ at Law Base was also observed by David Harrowfield in 2000-2001 (David Harrowfield,
personal correspondence, 2009). The cause of fading is not easy to determine without laboratory testing as this could
be due to chalking (microcracking of the surface) or photodeterioration of the red colour, which is possibly a dye.
50
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due to changes in the oxidative state of the manganese, but otherwise does not affect the material
structurally or chemically.
Figure 7.23: Purple glass (David Harrowfield, Cape Denison 2008)

The only other published observations of purple colouration of glass was at Cape Wellman
(dating from 1906-07) in the Arctic (Capelotti 1994) although Harrowfield identified similar
50
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occurrences at Cape Evans at in the historic rubbish dump at Cape Royds (Harrowfield, personal
correspondence, 2009). Purple-coloured glass may help to date artefacts51 and may indicate
whether the area is devoid of snow for prolonged periods during summer.
7.5.3 Interaction of photodeterioration with other deterioration processes (research
question 3)
Feist (1982) described how photodeterioration reduces the cohesive strength of the wood fibres at
the surface. However, his studies (in temperate climates) did not need to consider severe wind
damage. Reduction of cohesive strength of timber fibres by photodeterioration makes the surface
more vulnerable to wind effects, so photodeterioration would increase (synergise) the rate of
surface loss. Feist and Hon (1984) indicate interaction of solar irradiation and water on wood are
widely recognised as synergistic. Flushing with meltwater will leach the protective brown
compounds produced from photodegradation of lignin, and wetting/drying/sublimation can
produce chemically different brown stains from breakdown of cellulose.
Salt deposition can cause defibring of timber (see Chapter 5). Because defibring also weakens the
cohesive bonds between wood fibres, defibring may synergise photodeterioration. Salt deposition
in the vicinity of metals will produce metal corrosion products and ions. Ferric ions are known to
catalyse acid hydrolysis of cellulose (Nguyen, Leicester & Wang 2008) and cause damage to the
wood surrounding nails, so nail holes enlarge and wood can blow off, as occurs at Cape Denison.
Solar warming of darkened timber can promote fungal growth, further weakening the timber.
Solar warming will also promote wetting/drying and expansion/contraction cycles which promote
cracking, allowing moisture and possibly light (Kaila 1988) to penetrate deeper into the timber.
For paints, plastics and other polymers, yellowing and embrittlement may enhance thermal
expansion/contraction and micro-cracks in the surface may allow moisture penetration to cause
further problems.

51

Thus, purple glass should not be removed during clean ups as any sites pre-dating World War I are likely to be of
historic significance.
51
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Thus, the interaction of photodeterioration with other processes is complex and complicates the
diagnosis of conservation problems, requiring skilled observation and documentation of its
progress. The complexity of these interactions complicates the quantification of
photodeterioration rates, and thus inhibits development of conservation treatments.
7.5.4 Current conservation treatments and their effectiveness (research question 4)
Risk analysis
From Table 7.4, photodeterioration by itself was not found to be a major conservation risk for
buildings at the 12 sites studied, however, it is not known whether photodeterioration
significantly synergises other deterioration processes such as corrasion damage, in which case it
may increase risks. Table 7.5 identifies a number of processes (of which wetting/drying cycles,
defibring and corrasion are most significant) that may synergise photodeterioration, but there are
no data to qualitatively assess the effect.
No treatments have been specifically undertaken for photodeterioration and no light controls
appear to have been used for vulnerable artefacts near windows, although these could be easily
and cheaply installed as discussed in the next section.
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Table 7.5: Interaction of deterioration processes with photodeterioration of wood
Deterioration
process
Photodeterioration
alone

1. Increased
temperature due to
thermal absorption
or climate change

2. Wetting/drying
cycles

3. Defibring

Deterioration ratedetermining factors
Light penetration
Light intensity
Wavelength
Free radicals involved in
oxidation of phenolic
hydroxyl groups.
Chemical reactions
generally increase in
accordance with the
Arrhenius equation.

Effect on wood
surface
Chemical removal of
lignins in the middle
lamella by moisture.
Degradation of
cellulose by free
radical action.
Dissolution of
protective brown
phenols is increased.
Dark colours increase
heat absorption.

Rate effects
(singly)
~1 mm per century
(based on
comparision with
Kaila 1988)

Synergies with
photodeterioration

Rate effects (combined)

For many common
chemical and
biological reactions,
the rate doubles for
every 10 degree
Celsius increase in
temperature.

Climate change is predicted
to increase temperatures by
0.5°C over about 20 years,
so increase in dissolution of
phenols, etc would be only a
few per cent.

Swelling/shrinkage of cells
causes cracks in timber and
raises the wood texture
(Kaila 1988)
Wetting increases
penetration of UV.
Wetting saturates the colour
of wood, effectively
making it darker.

Increase surface area
exposes the wood to
other deterioration
processes.
Cracks allow light to
penetrate deeper into
the timber.
Darker colour
increases heat
absorption.

No Antarctic
measurements
available; 6
mm/century ([UK]
Building Research
Establishment
Digest 296) in
temperate climate.

Photodeterioration is not
temperature dependent but
darkening produced by
photodeterioration may
increase other deterioration
processes by increasing
surface temperature of
wood, or by increasing
melting.
Synergies are likely to
occur as photodeterioration
darkens wood colour which
increases heat absorption,
which may increase
melting and produce higher
MC, as in 1 above.
Increased UV penetration
on wet surface promotes
microcracking which
increases ventilation and
drying.

Chemical dissolution of
phenolic products of
degradation of lignin, then
dissolution of degradation
products of cellulose.

Leaches protective
brown colour, timber
appears more
‘silvery’.

No data for
Antarctica.

Expected to increase rate of
damage, but difficult to
quantify.

Salt deposition of chlorides,
sulphates and other ions.

Separation of wood
cells by chemical

Not quantified by
Blanchette et al

Probably temperature
dependent. Photo
degradation products are
water soluble.
Increased vulnerability to
fungi.
Crystallisation pressure of
salts.

-

Expected to increase rate of
damage, but difficult to
quantify.

Expected to increase rate of
damage, but difficult to
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Deterioration
process

Deterioration ratedetermining factors
Chemical removal of
lignins in the middle
lamella causing separation
of fibres at the surface.

Effect on wood
surface
attack and
crystallisation
pressure resulting in
breakdown of the
middle lamella.

4. Corrosion

Ferric ions from rust
catalyse hydrolysis of
cellulose.
Nguyen et al 2008 provide
a model of corrosion of
nails in wood for temperate
Australia, and identify a
threshold MC of 15% for
increased corrosion risk.

Increased localised
photodeterioration to
wood around nail
heads.

5. Wind damage

Wind speed, characteristics
of any particles including
particle hardness,
angularity, wind angle to
surface, wood orientation in
wind stream.
Damage varies according to
cube of wind speed
(Harrowfield 2006), and
varies according to
Boundary Layer flow, thus
highest at corners and edges
of building, and near snow
surface where air borne
particles occur at greater
density.
MC is most significant
factor
Potential growth hours are

Wind erodes wood
surface exposing fresh
non-photodeteriorated
surface.

On flat planes of the
roof, approx 2-3mm
over 85 years (see
Chapter 8).
On edges and
corners of
structures, rates can
be as high as 1mm
in 5 years on new
timber (Memorial
Plaque).

Fungal growth
weakens timber as the
fungus consumes

Not measured as a
rate of surface loss
but by the radius of

6. Biodeterioration

Rate effects
(singly)
2002, but cites
damaged boards at
Cape Evans
installed in 1991
needed replacing by
1999, suggesting
several mm per
decade.
Rate of damage in
timber not
measured in
Antarctica, but
expected to be
highly variable
depending on MC.

Synergies with
photodeterioration
Temperature affects
solubility of some salts and
is involving in leaching of
lignins and salt retention

The natural acidity of
timber (pH of Baltic pine
approx 4.5-5.0) increases
corrosion and hence
increases corrosion product
stains causing increased
local damage around nail
holes.
Some wood has detached
from the nail where iron
stain damage has occurred.
Wind action removes
photodeteriorated timber
and exposes fresh surface
to photodeterioration.
The texture produced by
corrasion increases the
surface area exposed to
photodeterioration.
Northern sides of AAE hut
experienced greatest
photodeteriorations
whereas wind damage
varies greatly over the
building surface.
Lignin is damaged by both
photodeterioration and by
white and brown rots- ie

Rate effects (combined)
quantify any synergy.
Photodeterioration and
defibring both attach the
middle lamella, where lignin
is concentrated so if both
processes are occurring
together then combined rate
is likely to be accelerated.
Acidity of wood increases
MC and promotes corrosion
of nail, which in turn
increases local
photodeterioration of wood.
Dark stains from corrosion
may increase temperature
effects, but effect is
localised.
Likely to synergise
photodeterioration.

Likely to increase white and
brown rot but not soft rot.
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Deterioration
process

Deterioration ratedetermining factors
T>4° C and RH>80%
MC >20% is vulnerable to
soft rot fungi.
MC>30% is vulnerable to a
greater range of fungi.

Effect on wood
surface
cellulose (soft rot) or
lignin (white or brown
rot).
Dark fungal growths
increase solar
absorption.

Rate effects
(singly)
growth.

Synergies with
photodeterioration
they attack the same
chemical component,
which is likely to increase
the rate of damage.
Soft rots attack cellulose,
so is less likely to increase
the rate if both occur.
UV light can reduce growth
of fungi at the surface.
Sunlight tends to occur
when MC is high due to
meltwater formation.

Rate effects (combined)

7. Application of
coating or
membrane

Coatings and exterior
membranes that contain
photoabsorbers will
experience less light
damage, but this protection
usually lasts only ~10
years.

May darken or
saturate the surface
and increase heat
related deterioration
as in 1 above.

Not quantified.

Photo-absorbing coatings
may reduce
photodeterioration damage.
Membranes may block
light and prevent
photodeterioration, but may
trap moisture.
Coatings or membranes
that darken, stain or
saturate the surface will
increase thermal
absorption.
Many coatings crack in
Antarctic conditions due to
embrittlement which can be
increased by
photodeterioration.

Dependent whether coating
protects against light
exposure.
Dark colours generally
increase risks.
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7.5.5 How can new and more effective treatments be developed (research question 5)
Light damage is greatest for organic materials exposed outdoors, such as wood, textiles, animal
carcases and skins, leather, paint and plastics. Where these materials are vital to the integrity of a
building (such as textile covering of Jamesway buildings at Wilkes) then treatment strategies may
consider whether it is appropriate to replace, or repair (ie replace segments which are damaged)
or use supplementary covering of the materials52. Where exposed artefacts are of particular
significance then relocation to a more protected location at the site and appropriate stabilisation
treatments may be a suitable option. Integrating light meters are expensive and generally not
practical to use in Antarctica but recently improved light sensitive strips for measurement of light
exposure may be useful since the colour changes of the strips can be correlated against lux.hours
to quantify exposure risks at vulnerable locations.53
Benefits of improved monitoring of photodeterioration
Monitoring of photodeterioration with external historic timbers requires careful inspection of
walls and undersides of roofs, because the unusually low sun angles in Antarctica cause damage
to these areas. This may not be expected by those from temperate latitudes54. The monitoring
should also consider whether other deterioration processes (especially wind effects and
debfibring) may have removed evidence of photodeterioration.
Monitoring of photodeterioration can help document wind damage rates, as it removes
photodeteriorated surfaces leaving ‘fresh’ coloured wood, thus indicating which areas are
affected and which are not55. Areas where brownish photodeteriorated wood persists indicate that
minimal wind loss has occurred for at least several years and that water leaching has not
occurred. Grey colour indicates photodeterioration has occurred but the brown lignins have been
removed by water leaching.
52

There appear to be no plans to conserve these buildings which generally date from the IGY (1957-58) or later.
See ‘Lightcheck’ technical data at http://www.lightcheck.co.uk/downloads/lightcheck-technical-data.pdf These
can be exposed at the location where cumulative exposure is to be monitored.
54
See figure 8.4.
55
Thus photodeterioration can show whether corrasion has occurred over the past ten years, and where it has
occurred.
53
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Since brown colouration appears to be protective, it should be retained by minimising leaching
by meltwater, where possible. Kaila suggests a silvery wood surface is still reasonably stable, but
if salt deposition and defibring are present the wood surface is potentially at risk of damage by
salts and flushing may reduce the problem. Meltwater may favour biodeterioration, which
literature sources suggest synergises photodeterioration. Fresh-coloured timber may indicate that
wind damage has occurred recently56, or that the surface has been protected from sunlight, for
example by snowdrifts which remain during summer.
The degree of cracking (‘checking’) of the wood surface must be assessed as cracks allow
penetration of light deeper into the wood and permit increase both ventilation and moisture
penetration, both of which may increase overall deterioration rates, especially where wood is thin
and at risk of breakage.
Information derived from photodeterioration observations of timber can thus help to monitor
conservation risks, particularly relevant where sites can only be visited infrequently.
The need for field testing and careful specification of repair materials
At Cape Denison, the rapid failure of many different materials used for conservation of the AAE
main hut during the 1980s led the author to recommend assessment of all proposed conservation
materials by field testing (Hughes 1991). Antarctic conditions are extreme and unfamiliar to the
majority of heritage professionals so risks are harder to estimate. Accelerated artificial aging tests
using higher light levels in a laboratory, commonly used in museum conservation practice,
cannot easily be applied because the effects of other factors such as cold stresses on polymers
cannot easily be simulated or accounted for in Antarctica.
Greater risks arise where a repair material is to be used extensively, such as coatings which tend
to be used over large areas. The following matters should be considered:

56

That is, corrasion has occurred within the period necessary for discolouration to occur, usually 2-3 years.
57

7. Photodeterioration



Field testing should not just assess durability of the material in severe Antarctic conditions

but also assess its impact on the historic building fabric, so it must not initiate or aggravate any
other deterioration process.


An adhesive must not only be dimensionally and chemically stable with UV and visible light

exposure, but it must not leach or exude chemicals as it ages, which could stain or damage
adjacent materials.


Plasticisers can leach from a material before the polymer becomes embrittled and thus cause

damage before its durability is questioned.


To ensure a repair material is fit for purpose field testing should replicate, as closely as

possible, the way in which the repair material is to be used. 57.
Qualitative observations at Cape Denison and Mawson Station show that new timber requires
approximately ten years to achieve a pleasing degree of patination to avoid a visual mismatch
with the appearance of original timbers. Timber to be used to repair/replace cladding should be
‘pre-exposed’. This will reduce the aesthetic impact when timbers need to be replaced, or where
major over-cladding is necessary. When exposing timber for this purpose a location should be
chosen that will have as few wetting/drying cycles as possible to prevent leaching of beneficial
brown compounds, and a low salt deposition rate.
Control of exposure inside buildings
While it is not feasible to control light outdoors, exposure affecting indoor artefacts could be
effectively, sensitively and inexpensively controlled at the Ross Island historic sites by covering
the windows with a UV-absorbing film, preferably containing a neutral density filter58. UVprotective window films are widely available commercially, and are generally barely visible
when applied correctly and last for several decades.

Thus if a polymer is to be used as a timber glue, it should not just be tested as a coating 57and the risk of failure of
adhesion of two joined timbers should be assessed.
58
This will reduce glare and reduce total amount of penetration of both visible and UV light.
57
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Window glass at Cape Evans has been affected by corrasion (Harrowfield 2006: 304). If the glass
is original59 testing is required to judge its suitability. Protective films can reduce corrasion
damage to the glass60. If adhesive films are found unsuitable, then lightweight removable panels61
could be used to cover windows from inside when visitors are not present. These are easily
removed by tour guides before visitors enter. This would reduce the damage of windowsills noted
by Blanchette et al (2002: 314) attributed to sun drying that exacerbates defibring.
At Cape Denison the AAE main hut has exterior wooden skylight covers which protect the glass
from wind damage. UV-absorbing film on the window glass in the skylights could provide
additional UV protection when the wooden covers are open and would reduce risks of glass
breakage. The skylight covers were replaced in 1999, so the colour changes and rate of corrasion
of these timbers could be used to measure photodeterioration and corrasion rates over time
without the need for visually obtrusive test racks.
While reducing sunlight exposure inside the buildings is important, lighting must be adequate to
ensure visitors can see adequately to prevent accidental damage such as slipping and tripping,
reduce use for camera tripods and to enhance visitors’ experience. Batteries could be used to
power low wattage lighting with no fire risk to easily control illumination levels62.
Use of exterior protective coatings
For buildings that were originally painted, such as Platcha Hut, the Old Paint Store and other
early building at Davis Station, and some buildings at Mawson Station, regular maintenance
painting provides simple and effective protection63. Original paint schemes should be
documented, taking paint samples where required. Modern paints can be matched to the type and
colour of the original, and the addition of UV protecting agents may help to reduce maintenance
costs.

59

The southeast window glass at Cape Evans appear to have been replaced in the 1960s as the originals were cracked
or broken (David Harrowfield, personal correspondence, 2009).
61
62

Foamcore™ or similar materials cut to fit within the window surrounds would be suitable.
Batteries suitable for polar conditions should be disconnected and taken away when visitors leave.
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For buildings whose timbers were never originally painted, application of clear lacquers is more
risky since most coatings that meet ethical requirements (such as ‘re-treatability’) are not
sufficiently durable in Antarctic conditions. As discussed in Chapter 7, the author field-tested
some coatings (applied to Baltic Pine samples) that are commonly used by conservators (eg
Paraloid B72) to quickly determine their performance in Antarctic conditions during 1984-85. All
failed within short periods ranging from several weeks to several months. ‘Drying’ (contraction)
cracks occurred within days, followed by blanching and detachment of the small fragments from
the wood surface.
However, development of sacrificial coatings of cellulose ethers could be beneficial64, subject to
suitable performance and meeting conservation criteria, for protecting the inscription inside the
Transit Hut at Cape Denison from both corrasion and photodeterioration. While permanent
transparent coating containing UV absorbers are often not effective because the absorbers break
down over time, a sacrificial coating that is not intended to be permanent and can be regularly
reapplied may be more effective65. The difficulties of using transparent physical barriers alone to
prevent corrasion were discussed in Chapter 7 and similar concerns apply for control of light
exposure due to the risk of opacity and breakage. Testing of coatings on wood is ongoing at Hut
Point by Roberta Farrell of Waikato University (Chaplin & Barr 2004: 35).
Site management practices
Since there are many effective conservation strategies that can be used to control light exposure
inside buildings there should be little need for relocation of artefacts within the huts. Outdoor
artefacts that are damaged by photodeterioration could be relocated indoors under certain
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Shackleton originally intended to paint the exterior of the Cape Royds hut (David Harrowfield, personal
communication 2009), but since this was not carried out at that time it would not now be appropriate to paint the hut.
64
Applying a coating of lignin is unlikely to be suitable as a treatment since the placement and bonding of the lignin
within the wood structure provides the adhesion between cells that is necessary to preserve its strength and integrity.
Lignin destruction occurs in both defibring and photodeterioration.
65
Davidson et al (2008) describe current developments in use of free radical scavenging compounds in clear coatings
that are suitable for application on wood. These may help to overcome many of the previous disadvantages of UV
absorbers in clear coatings by novel incorporation of the compounds with monomers before polymerisation. These
enable production of water based coatings with stable, homogeneous dispersions of UV absorbers. Other new
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circumstances but relocation en masse of vulnerable artefacts (eg the haybales66 at Cape Royds in
figure 7.24 or bones at Cape Denison) and materials (eg external timbers) is not a practical or
desirable option. Selective relocation of vulnerable artefacts that are not represented in museum
collections or which are of particular interpretive or research interest (eg biological samples) may
be appropriate67. Relocation protocols are required to guide site management practices.
Nevertheless, general preventive site management practices such as minimising touching by
visitors can reduce risk by preventing fresh surfaces being exposed to light damage68.
Figure 7.24: Haybales at Nimrod hut are silvery grey where photodeteriorated and brighter
coloured where the surface is disturbed (author’s photo 1993)

Overcladding of timbers, used extensively on the AAE main hut, will reduce photodeterioration
of original historic timbers. However this needs to be balanced against needs for historic
authenticity and aesthetic concerns. Reduced ventilation and raised temperatures from
overcladding may promote other deterioration, such as fungi, as has occurred at Kizhi Pagost
(Kelley et al (2000) discussed also in Chapter 9.
The problems of the Intergrain coating (figure 7.25), staining from Densotape and from
photogrammetry tags indicates that the use of all adhesives and coatings must be carefully
developments include the use of lignin-stabilisers with UV absorbers that allow thin, water-based emulsion coatings
with good aesthetic properties.
66
There are also hay bales at Cape Evans.
67
This was done at Ross Island huts in 1986.
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considered before use. The requirement for field testing before use should be made an explicit
requirement in the Conservation Management Plan.
Figure 7.25: Deterioration of Intergrain coating, (Berry 2010)

Further research requirements
Quantifying the rates of photodeterioration of various materials in Antarctic conditions would
require several decades. Measured wood specimens would need to be exposed in Antarctica with
selective removal at regular intervals to monitor deterioration effects69 taking account of other
deterioration processes occurring simultaneously and standardising factors such as angle of
exposure, orientation of sawing and density of the timber (Feist 1982). Nevertheless this method
could quantify the rates at which a number of deterioration processes occur at the historic sites,
68
69

For example, to minimise the damage to the hay bales.
Including the depth of ‘browning’ and ‘silvering’.
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and with appropriate test methods, the synergising factors could be measured, enabling
optimisation of preventive strategies. Sacrificial coatings containing UV absorbers and lignin
stabilisers could be field tested on contemporary timbers of the same species as those used in
historic huts, although this would require at least five years to evaluate all risks.
An alternative approach, suggested by Kuo70, is to concentrate on researching factors known to
prolong the survival of original timbers in situ, particularly retaining the protective effect of
brown photooxidised lignin. This can be preserved by minimising leaching from wetting and
drying cycles, although this would reduce flushing of surfaces that minimises salt damage. This
research could have broader application in management of historic buildings in a range of
climates.
7.6 SUMMARY OF CONCLUSIONS


Photodeterioration by itself was not a major conservation risk for buildings at the 12 sites
studied but qualitative evidence was found that it synergises corrasion and defibring.



Erosion of timber thickness by photodeterioration, the prime concern, is probably about one
mm/century71.



Photodeterioration of adhesives and coatings used to conserve buildings has caused problems
indicating a more rigorous assessment of proposed repair materials is required.
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8. WIND DAMAGE TO SURFACES OF TIMBER AND OTHER MATERIALS
Figure 8.1: Extreme wind damage affecting the Absolute Magnetic Hut, 1985 (Project Blizzard)
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8.1 INTRODUCTION AND AIMS
8.1.1 Introduction
Wind has caused two main types of conservation problems for Antarctic historic sites:


structural damage and



damage to surfaces of buildings and artefacts, often attributed to windborne particle impacts.

A striking feature of the Cape Denison huts are the strongly textured timbers where wood is
exposed to wind (figure 8.1). It is commonly agreed this arises due to differences in the strength
of the denser latewood (whose cells have thicker walls) and the comparatively thin-walled
earlywood cells and the effects of particles. While the extent of damage to buildings has been
reported, the exact nature of the process of damage and the role of ice particles has received less
attention. The main treatment used at Cape Denison to prevent and ameliorate effects of previous
wind damage has been overcladding of the roofs and walls of the AAE main hut. Although this
has been generally effective, it cannot be readily applied to some historic buildings and structures
because of various aesthetic or structural constraints.
This chapter therefore:


Provides a meta analysis of research on processes by which wind causes surface damage to
buildings to clarify the factors involved at Antarctic historic sites and how these affect the
rate of damage ; and



Considers the effectiveness of current treatments, and the scope for alternatives.

8.1.2 Scope
Although surface damage by wind has been reported at many Antarctic historic sites, this study
focuses on Cape Denison and Cape Adare which both experience severe conditions1.

1

Structural damage at Cape Denison is only briefly discussed as architects and engineers have considered these
matters in detail (Marshall (1987), Blunt (1985, 1991), Ashley (2001). Harrowfield (2006) studied the process of the
destruction of Campbell’s hut at Cape Adare.
3
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8.1.3 Definition of terms
Various terms have been used in the literature to describe the erosive effects of windborne
particles on diverse materials, including 'aeolian erosion' and ‘deflation’ and the less specific
term 'abrasion’. ‘Corrasion’ is used in this thesis to describe damage to surfaces by windborne
particles. ‘Erosion’ is used to describe surface loss by wind whether or not particles are
involved.2
The terms 'snow particle' and 'ice particle' are used interchangeably. 'Snow crystal' is used
specifically to describe the well-known hexagonal plates (‘snow flake’) as distinct from
amorphous ice particles where the crystalline form has been degraded during wind transport.
8.2 LITERATURE AND GAPS IN KNOWLEDGE
Relevant literature sources include:


geomorphology research on blowing sand and dune behaviour (relevant to windborne ice
particles and snow drift formation), including the classic study of desert sands by Bagnold
(1941);



multidisciplinary research on wind transport of snow/ice particles, including detailed studies
of lifting and suspension of particles and boundary layer formation which determine the
behaviour of wind with respect to topography;



glaciological research on dimension, density and hardness of snow particles; and



materials research on effects of particle impacts.

The key factors that determine the rate of snow transport and corrasion are well established:
1. particle mass (Wendler 1987)
2. particle roughness (Wendler 1987)
2

The US Navy Hydrographic Office publication ‘A Functional Glossary of Ice Terminology’ (HO Publication No
609, Washington, DC 1952) provides a polar context for the term:
"Corrasion: The wearing away of the surface of ice or other material through the friction of solid material transported
by water or air."
Kaila (1988) described a similar surface texturisation process whereby photodeterioration selectively removed the
thinner walled early wood fibres, see Chapter 7.
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3. particle hardness (Butkovich 1954)
4. wind velocity (Madigan 1929 for Cape Denison, Bernacchi 1901 for Cape Adare)
5. angle of impact (Maeno and Nishimura 1979)
6. height of the material being corraded above ground surface (Budd 1966)
7. threshold velocity required to dislodge a particle from the snow surface (Wendler 1987)
8. the hardness, density, internal structure and elasticity of the material being corraded ((Kloot &
Bolza 1977).
Marshall (1979) developed a mathematical model to analyse the relationships between some (but
not all) of the eight factors involved in particle impingement on a surface. Models have been
developed to quantify the rate of snow particle transport over various terrains (Schmidt 1982).
Three Antarctic historic sites suffer extreme winds: Cape Denison with mean annual wind speed
of 19.1 ms-1 ( Wendler et al 1997, Parish and Walker 2006; Port Martin3 with mean annual wind
speed of 17.9 ms-1 (Wendler and Radok 2000); and Cape Adare (Bernacchi (1901)4.
While some data is available from an Automatic Weather Station (AWS)5 established at Cape
Denison in the 1980s there are gaps in the record due to frequent wind damage to the sensors
(Parish and Walker 2006) so the AAE wind record remains the most continuous data available, as
one hour average measurements. AAE data published by Madigan (1929) was corrected to
account for some known instrumentation problems, particularly wear of the bearing. In figure
8.2, Madigan compared the wind data for Cape Denison with that for Cape Royds and stated (ibid
1929: 54) stating “the calms of Cape Denison are the storms of Cape Royds”.
Harrowfield (2006) investigated surface damage by windborne beach particles at Cape Adare to
derive empirical relationships between particle characteristics, wind speed and timber damage.
3

It was not possible to visit Pt Martin, and the site is largely buried in ice (Dr Jean-Francois Le Mouël, personal
communication, Bourges, France 2008).
4
No standardised meteorological measurements have been made in recent decades. Bernacchi (1991: 304) reported
that over 11 months of recording during the Southern Cross expedition, “41.1% of winds were between S and SE,
41% calm, 17.9% other directions. Strongest winds are SE. Gales were 20% of the time. Often over 90mph (although
the Robinson anemometer was frequently destroyed)”. Harrowfield (2006: 298) noted that the winds have katabatic
episodes which thus differ from Cape Denison which has steady katabatic winds.
5
See figure 11.3.
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Harrowfield (ibid) applied the fundamental research of Bagnold (1941) and his own wind tunnel
studies to produce a model for particle transport and corrasion damage at Borchgrevink’s hut. He
analysed the rate of corrasion damage over time considering wind speed, particle characteristics
and surrounding topography. Measurements of surface losses by wind damage have been made at
Cape Denison by Blunt (1985), Ashley (2001), Godfrey (2002) and Berry (2010).
Figure 8.2: Comparison of wind velocities, Cape Denison and Cape Royds, from Madigan 1929.
[Solid line Cape Denison, broken line Cape Royds]
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Figure 8.3: Structural damage to Campbell’s Hut at Cape Adare
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Overcladding has been used to treat surface damage by wind at Cape Denison as reported by
Ashley (2001) and Godfrey (2002). Harrowfield (2006) described the use of overcladding
membranes and other timber repairs to replace losses and protect from further damage at Cape
Adare. While some research on protective coatings has been proposed or undertaken (Farrell et al
(2004), Hughes (1992)) but results have not been promising due to technical issues covered in the
discussion section of this chapter.
8.3 METHODOLOGY
8.3.1 Research questions
The following research questions were identified from the initial field studies and the literature
review:
1. Is particle hardness the most important factor in causing corrasion or does wind velocity have
greater effect? What does this imply for preventing damage? Are particles necessary to
produce the damage observed?
2. What is the rate of damage at Cape Denison? How frequently do damage events occur? Does
the rate of damage increase over time?
3. Are the treatments such as overcladding effective and what alternatives are possible?
8.3.2 Site observations of wind damage
While observations were made at the 12 sites discussed in previous chapters, only two sites (Cape
Denison and Cape Adare) are discussed in this chapter because of the exceptionally severe effects
observed, and to enable more detailed comparison between the two sites. As previously
mentioned, time constraints prevented use of grid surveys and limited the number of
measurements that could be made. Utilising the approach of Harrowfield (2006) at Cape Adare,
comparative information on wind speed, formation of wind scours, sources and types of abrasive
material, wind direction, materials affected, locations and types of surface damage (including
height above ground) were collated for Cape Denison.

7
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Theoretical directions of boundary layer air flow around the buildings were determined from the
publications in the literature review based on the geometry of the building, nearby terrain and
wind direction and speed, discussed further in section 8.5.
8.3.3 Measurement of rates of surface damage by wind
The rate of surface loss of timber is important since this can indicate the time remaining until
breakage is likely. Field exposures of timber samples were made in 1985 and 1997 at Cape
Denison and in 1992 at Mawson Station to measure surface loss and test various experimental
removable coatings (Hughes, JD 1992). Funding and logistical difficulties and the problems in
measuring the slow rate of damage observed prevented significant progress although useful
qualitative information was derived from the problems encountered, briefly discussed in 8.5.3.
After field exposure for three years failed to produce measurable surface, the complexity of all
the factors involved became apparent. The author decided to more thoroughly investigate the
literature and apply published data on snow transport and timber behaviour to elucidate
behaviour at Cape Denison, particularly regarding frequency and severity of corrasion events,
discussed in section 8.5.2.
In situ measurement of surface damage profile of buildings
The rate of surface loss affecting historic materials in situ can be determined by various means.
Calliper measurements of remaining timber thickness were used where the affected timber was
easily accessible (figure 8.4).6 A profilometer (figure 8.5) can be used to record the shape of
timber (to within one mm) to estimate volume of timber removed by wind action although scaled
photographs were found to be faster and more effective (figure 8.17) as the scale was too coarse
to accurately distinguish peaks and troughs in the corraded surfaces. Harrowfield (2006: 296)

6

Measurement of the depth from outer surface to the tongue of tongue-and-groove cladding can be made with a
vernier calliper for measuring thickness of the roof plane away from the edges.
8
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made surface casts using dental wax or alginate to record surface detail of corraded surfaces but
this could not be undertaken at Cape Denison due to permit and time restrictions7.
Figure 8.4: Calliper measurement of SW corner of AAE main hut (author’s photo, 1997)

Figure 8.5: Profilometer (author’s photo, 1997)

7

This is particularly useful for recording peak to trough differences on timber due to different hardness of latewood
9
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Each method is prone to different measurement errors, discussed in section 8.5.2.
Estimation of strength and hardness of wood after effects of surface damage by wind
Extensive literature research reported in the literature (eg USDA 2010) shows timber strength
varies according to cell orientation and MC. The most important factor is tensile strength. In
general terms, a wooden board will fail when the wind force exceeds the timber’s tensile
strength. Tensile strength and density8 measurements were made on samples of Baltic pine milled
timber used by the Australian Antarctic Division for repairs to the AAE main hut. The wood had
been procured in 1976 and was stored indoors in Hobart for over 20 years.
Scanning electron microscopy (SEM) of surfaces
Two samples of historic timber that had been dislodged from the AAE hut were collected during
the author’s first site visit in 1985. From these, small sections approximately 5 mm long were cut
with a scalpel and were mounted and coated with gold in vacuo at the SEM facility at the
Australian Antarctic Division as previously described in Chapter 59. The naturally exposed
samples were compared with Pinus sylvestris samples that were artificially corraded in an air
abrasive chamber using round polyethylene beads, and with air without beads. Various beads
were tried including glass (density 2.6 gms/cm3, diameter range 0.050 to 0.075 mm10) and
polymer (acrylic, density 1.1- 1.2 gms/cm3, diameter approximately 150 microns) to achieve an
appearance visually similar to the naturally eroded timbers with approximate peak-valley
distance (PVD) of 2 mm. All surfaces of the wood were corraded so no original machined surface
remained. The acrylic beads produced the most visually similar appearance and were used for the
SEM tests11. It proved too complex to measure the speed of particles used to produce the
‘synthetic corrasion’.

and earlywood.
8
These factors are known to determine resistance to corrasion.
9
These samples included areas affected by corrasion, photodeterioration and defibring.
10
Glass is usually considered to have a Mohs hardness of 6-7, equivalent to the silica which is its major constituent.
11
It had been proposed to measure the velocity profile of the particles in air abrasive chamber used to produce the
artificially corraded samples, but this proved technically too difficult.
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8.3.4 Assessment of conservation treatments
A qualitative review of the effectiveness of the treatments was made from site visits and using
information on materials properties of the repair materials.
8.3.5 Risk assessment for wind damage
Table 8.4 was prepared for the Cape Denison site using the AS 4360 template as described in
Chapter 3.
8.4 RESULTS
8.4.1 Site surveys
Since detailed observations of surface damage have been presented previously (Hughes 1986,
Hayman et al 1998), these are summarised and supplemented with annotated images to compare
the key characteristics observed at Cape Denison and Cape Adare.
Figure 8.6: measurements and key observations of the AAE main hut
Figure 8.6a: Wind flow around AAE main hut
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Figure 8.6b: measurements of rate of surface loss by various researchers and image references
Hughes 1997 0.0S- 0.007 (w.11)
Ashley 19n
0.08 (top of wall)

Fig8.13

Fig 89 wavy profile

Godfrey 2001: < 1mm in 3 yn; on ov,rdadding

Fig 8.11

Blunt 1985:
0 .068 (wall)

Nate: measurements of rate of damage

are in mm per year

Hughes 1985:
0.027 (roof)
Fig8.9
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Table 8.1: Summary of observations of surface damage by wind, Cape Denison and Cape
Adare by the author and others12
AAE main hut:
Materials: Wood (original, 1912), cloth (original, 1912), lead (repair, 1977), Densotape (adhesive repair, 1977)
December 1985
General
No deflections of roof surfaces were evident.
Corners and edges more eroded than centres of roof planes and walls.
Recent surface losses were visible as fresh-coloured wood on south wall and southern roof quadrant of Living hut,
apex of Workshop, consistent with exposure to katabatic winds but areas on the western and eastern wall and roof
quadrants are also affected as detailed below. Extensive texturing effects (ie difference between peak of latewood
and valley of earlywood) occur greatest where the wind flow is at a shallow angle to the wood (see figure 8.6).
Darker stripes of photodeteriorated wood are generally (although not consistently) more apparent along the edges
(rather than the centres) of boards, possibly due to cupping of boards that deflect wind (see figure 7.12).
Snow drifts (figure 8.10) extended to the top of the southern wall of the living hut and eastern walls, although
lower on the western side (consistent with predominant SSE wind direction).
Remnants of ridgecapping are also corroded and fragile or absent (eg missing sections on both SW and SE
sections of living hut) but not polished (suggesting metal is too hard to be removed by particles).
Living hut roof did not flex when two people (combined weight ~140 kg) moved slowly near the apex, whereas
12

Observations are those of the author unless otherwise stated.
12

8. Wind damage
slight flexing could be felt on the Workshop roof apex.
Living hut
An eroded profile is evident even on the pole atop the Living Hut with visible loss of wood surface on all surfaces
and texturing. North roof quadrant: circular scored line (approximately 2 mm deep) on eastern side of skylight
(figure 7.12) where a batten has spun around in the wind, indicating high wind velocity even at leeward locations.
East: Surface of eastern roof of both living hut and workshop is generally less textured and darker than west side
(possibly due to partial protection of rocks upwind and consequent shape of drift formation. Measurement of
remaining thickness was difficult but there was little texturing of earlywood although some areas were protected
by battens and sailcloth. Parallel lines of tacks on roof indicate use of canvas or other cloth covering (‘Densotape’)
now gone, suggesting damage occurred after it was applied in 1977.
South: Several wall boards of the verandah appear fractured (the adjacent remaining wood thickness was
approximately 12 mm). Vestigal cloth remains under some battens (figure 8.12) and roves indicating the extent of
sailcloth used by the AAE to reduce snow ingress.
Workshop: Damage was particularly severe on south face of Workshop roof where one 1977 repair batten on
southern quadrant has PVD approximately 2 mm deep (appears plain sawn). Lead repairs were pierced by
vibration against raised nail heads (figure 8.15) and some edges were lifted. Silicone sealant had detached in
places. Densotape eroded away (leaving only stains) on eastern quadrant and remnants appear on more sheltered
locations such as the northern quadrant of the living hut.
North quadrant workshop: Significant areas of photodeterioration particularly on the walls, implying wood is
exposed in summer but covered by snow in winter (figure 7.9).
West: Eroded profile around bolt on ‘window’ frame in verandah (figure 8.13). Longitudinal cracks in timber
were particularly evident (figure 8.11). Boards on living hut roof are distinctly quartersawn, usually better for
durability . Wavy profile (figure 8.9) of roof edge and adjacent battens suggests localised streaming of wind flow
along the wall parallel to the ground. Tongue and groove joins have v-shaped notches suggesting microvortex
wind flows caused by the gaps in the boards. Hangar entry board thickness measured from 20.8 to 24.4 mm thick
although surface was bleached and textured (figure 8.4). Vestigal hessian remains under some battens (figure
8.12) indicates AAE attempts to exclude wind.
January 1997
General
No visible deflection of roof surfaces.
The general pattern of wind damage is similar to the 1985 pattern. The darkened stripes along the boards and the
persistence of areas of photodeterioration was similar to 1985. (See figure 8.6).
Snow drifts were generally lower than 1985 although eastern side drift is higher than western side, and there is a
more pronounced wind scoop (figure 8.10).
Living hut now flexes very slightly with two people (combined weight ~150 kg) but significantly on the
Workshop roof apex.
The main differences from 1985 were the loss of battens on the both Workshop and Living Hut. Again, some
timbers had a fresh colour, while extensive photodeterioration remains, some timbers were wet by melting snow
as expected later in summer.
Living Hut: North quadrant surfaces were relatively smooth (ie low PVD, see figures 8.8, 8.12.
North quadrant: circular scored line on eastern side of N quadrant is still visible (figure 7.11) with no apparent
change in depth of scoring (imlying no damage since 1985).
Workshop: Remaining lead sheeting is torn and silicone polymer is almost all detached (figure 8.25).
PVD is approximately 1-2 mm deep and wood is generally more bleached in appearance than other areas of the
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roof. Densotape remnants are less evident, staining is generally diminished although some timbers were wet by
meltwater, making interpretation of photodeterioration and eroded areas difficult in places.
Memorial Cross
Materials: Wood with ferrous fittings, during 1977-85 bronze box covered the Memorial Plaque
1985
Cross bar has blown off, Blunt (1985: 211) reported this has occurred twice since erection in 1913 (1931, 1978).
Enclosed plaque was textured in places, stained blue by copper corrosion products and defibred.
Splitting and splintering evident on detached cross bar, longitudinal cracks on upper parts of upright. Pronounced
‘necking’ of the upright next to where the plaque box which deflects air around the upright with significant losses
on all sides (see figure 8.15 and measurements in Table 8.2). The wood in the vicinity of the necking is fresh in
colour, indicating recent removal of surface yet other parts were significantly photodeteriorated.
Salts evident at the base of the upright post (whitish deposits, salty taste), can be easily rubbed off, suggesting
these would be easily removed by wind, so may have formed recently. Reddish colouration (figure 8.15) possibly
penguin guano from nearby nesting birds.
January 1997
Replica plaque (installed in 1986) already exhibits significant PVD and surface loss more so at the back and side
rather than the front (figure 8.15), with fresh losses in the necked area of the upright post. Salts apparent at base of
plaque in areas which are photodeteriorated (suggesting no removal of surface in past 3-5 years).
Transit hut
Materials: Wood, originally covered with hessian and tar paper, patched with battens, iron nails.
Cement sheet lining on interior of E wall.
Inscription: Paint on wood, canvas strip at base between block and floor.
1985
No significant deflection of the structure by the wind was visible. Cladding was variously blown off, broken or
severely eroded with moderate to severe texturing of the surface, most evident at the roof on north side (figure
8.16) although the greater loss of thickness was on the southern wall which is smoother (ie lower PVD) compared
to the northern face (large PVD).
The historically significant painted inscription has progressively deteriorated although it is shielded from direct
winds. It is readable at the first line but less readable towards ground level, although timber milling marks are still
visible on both the painted and unpainted surfaces (figure 8.16), implying weathering of the paint rather than
surface damage. Water stains at base (indicating periodic wetting by melting snow).
1997
More boards have blown off since 1985 with many more gaps in the walls.
Corrosion visible on metal brackets at the roofline (ie not polished off by any particle impacts).
While surface loss is a significant, structural disintegration was a far more serious issue. Vibration of the structure
was felt and heard). Inscription still bears mill marks.
A striking visible change is the extreme PVD at the end of timbers on N wall (figure 8.25).
The Magnetograph and Absolute Magnetic hut observations are not extensively discussed for space
reasons- see figure 8.17.
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Borchgrevink’s hut, Cape Adare, February 1993
Site location
General
observations

Borchgrevink
living hut

Item affected
(material)
All walls

General

Eastern side

Observation
Colour differences between photodeteriorated and corraded surfaces 13
are less distinct than AAE main hut.
Bruising by larger beach pebbles and ‘micropeening’ by smaller
particles is prevalent over most walls. ‘Polishing’ of timber is much
rarer than at Cape Denison.
Surface loss is greatest just above the ground 14 at Cape Adare whereas
at Cape Denison there are significant effects on the roofs.
Surface loss was evident up to one metre above ground level, with
defibring above that height (figure 8.19) implying that timbers are
affected by high salt deposition which loosens surface fibres (probably
over several years) before winds were sufficient to cause loss of fibres.

NE corner timbers

The rounding of the ends of the NE corner timbers is particularly
evident, as is the increasing gap between the horizontal boards (see
figure 8.19).

Carpenter’s bench

Severe localised losses affect the carpenter’s bench between the living
hut and the stores hut and the NE living hut wall. The bench is
particularly damaged on the eastern end, attributed to “higher wind
speed at the base of a standing vortex system, identified by wind tunnel
tests, field measurements and other observations” (Harrowfield 2006:
296). Adjacent structures, often presumed to be protective, instead
focussed the wind flow, which increases corrasion and can also cause
damaging wind pressure changes (Harrowfield 1985).

Figure 8.7: SEM images of AAE timber sample damaged by wind with textured, ‘silvery’ surface
(0001: general appearance of textured surface, note loose fibres in valley; 0019: detail of 0001 at
higher magnification.)
[following page]
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This is possibly due to impregnation of the wood with guano (Harrowfield, email correspondence with the author,
2009)
14
See table 8.2c
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Figure 8.8: Artificially corraded wood samples
(4001, 4003 and 4004 show general view and detailed SEM images of wood ‘corraded’ with
plastic beads at various magnifications. Note the bordered pits are not degraded.)
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8.4.2 Measurement of surfaces losses
Table 8.2: Summary of surface loss measurements by various researchers
Table 8.2 a: Cape Denison measurements
Note: the historic cladding of the AAE main hut is Baltic pine (which can be either Pinus
sylvestris or Picea abies). The density of Pinus sylvestris is 0.530 kg/m3 (Harrowfield 2006: 291).
Site/location

Date of
measurements
1977
(Ledingham)

Method

Dimension loss

Not stated.

Living hut
south wall
cladding

1984-85
(Blunt)

Living hut
south quadrant
roof cladding

December 1985
(Hughes)

Not stated in Blunt
(1986: 64) but in
Blunt 1991 v2: 78
he stated he deduced
it from comparison
with height of nails.
Measurement of
height of nails
above timber
surface, see figure
7.13.

“Only ½” remains” [~12.5 mm]. This
measurement appears to be based on
assumption that the height of some
nails above the surface indicates the
loss of thickness, which is erroneous.
“Previously 25 mm thick,
approximately 20 mm remain”…
“exact measurements are difficult to
obtain” Blunt (1986: 64).

Living hut
(location not
specified).

Approximately 2 mm loss based on \
measurement of about six randomly
selected nails in the middle of the
southern quadrant of living hut (where
overall rate is lower than corners and
edges) Hughes 1986.
The PVD is not as highly textured as
locations at the edge of the roof.

Calculated
rate of loss
12.5 mm in
65 yrs =
0.192 mm/yr
5 mm in 73
years = 0.068
mm/yr

2 mm in 73
years = 0.027
mm/yr
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Living hut
verandah walls

1984-85
(Blunt)

Not stated.

Living hut SW
wall boards

1997
(Hughes)

Vernier calliper, on
exposed boards (see
figure 8.4).

Living hut roof

1997 (Ashley)

Measured at the roof
edge
(Ashley 1997: 11)

2001 (Godfrey)

Not measured but
image suggests <1
mm.

Workshop

1984-85
(Blunt)

Not stated

Workshop

1997
(Ashley)

Not stated

Memorial Cross

1984-85
(Blunt)

Blunt (1986: 211)
provides
measurements of

Loss not stated but noted original
cladding was V tongue and grooved
joint, single dressed 7/8” (22-23 mm)..
Roof: V tongue and grooved joint,
originally single dressed 7/8” (22-23
mm) (Blunt 1991: 77)
Four measurements on Hangar entry
were 20.8 to 24.4 mm, thus surface
loss was 4.2 to 0.6 mm over 85 years.
Peak-valley distance = 1-2mm in most
locations on western wall
Extensive loss around bolt on door
frame (figure 8.13)

Not available.

S wall junction of wall and roof,
“down to 15-16 mm (worst case) but
heavy damage to tongue & groove
joint”. If originally 23 mm, then 7 mm
was lost in 85 years.
East side: 20-21 mm remain at bottom
edge from 7/8” (22-23 mm) board,
some cladding is still 25 mm thick (ie
no surface loss) (Ashley 1997: 9).
In protected locations “1 mm
[removed] every 26- 46 years” (Ashley
2001).

7 mm in 85
years = 0.08
mm/yr

Reported weathering of Intergrain
finish on Workshop: “most
deterioration has occurred near the
ridge capping and at other places
where either moisture retention is
enhanced or physical abrasion has been
greatest”… “ southern workshop
….[has] developed small ridges and
troughs due to loss of wood substance
form the less dense earlywood” (ibid:
17). Slight changes also reported in
the Intergrain finish on the
Magenetograph House roof.
“Originally 16 mm thick, only 11-12
mm remain” [referring to roof] (Blunt
1986: 64).
Auroral observatory: originally 16 mm
(Blunt 1991: 80)
“Some boards are only 8 mm thick”
(Ashley 1997).
“Edges and corners [of Main hut] have
weathered at approximately 1 mm/10
years” (Ashley 2001: 113) [0.10
mm/year]
Loss was 33 mm on southern face of
the upright immediately above the
plaque. [0.452 mm/yr]

0.6 to 4.2 mm
in 85 years =
0.05 to 0.007
mm/yr

1 to 2 mm
lost in 85
years = 0.01
to 0.02 mm/yr
1 mm in 26
yrs = 0.038
mm/yr
1 mm in 46
yrs = 0.022
mm/yr
<1mm in
three years (ie
<0.3 mm/yr).

4 to 5 mm in
73 years=
0.055 to
0.068 mm/yr
14 mm in 89
years = 0.157
mm/yr

S: 0.452
mm/yr
E & W: 0.274
19
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four cross sections
on the upright in the
vicinity of the
plaque.

Loss of ~20 mm at E and W sides of
the upright at the same height [0.274
mm/yr]
Loss from rear of plaque (N side) by
30-50 mm [0.411 to 0.685 mm/yr] (see
figure 8.14 )
Southern face immediately above
plaque: ~35 mm lost
At upper rear edges of plaque,
originally 12 mm thick in 1986, 5 mm
remained in 1997 (ie 7mm gone in 11
years = 0.636 mm/yr).
Peak-valley distance on N side of
upright behind plaque is ~1 mm.
Board under cowl of ventilator is
severely affected (Blunt 1991 v2: 173).
Not measured by Blunt, photographs
indicate ~2mm loss in 75 years.
Door jamb damaged, probably not due
to wind (Blunt 1991 v2: 170).
Ashley (1997: 15) states boards
originally up to 20mm thich are now
10mm, ie 10 mm loss in 85 years
(1912-97).
Blunt (1991: 96) original thickness 5/8
“ (15.875 mm). Very variable rate of
loss and breakage with most cladding
gone. See figure 8.1.

Memorial Cross
and replica
plaque

January 1997
(Hughes)

From scaled
photographs (see
figure 8.15).

Magnetograph
House

1984-85
(Blunt)

Not measured.
Estimated from
Blunt’s photographs
by Hughes.

Magnetograph
House

1997 (Ashley)

Not stated

Absolute
Magnetic hut

1984-85
(Blunt)

Not stated

Absolute
Magnetic hut

1997
(Ashley)

Not stated

Cladding “once 12mm thick” (Ashley
1997: 15).

Transit hut

1984-85
(Blunt)

Not stated

Transit hut

1997 (Hughes)

Scaled from
photograph (figure
7.16)

Partial lining of cement sheet (Blunt
1991: 100). The hut appears to be
made of various timber scraps of
different widths and thicknesses so it is
difficult to determine thickness lost.
Peak-valley depth on N side of roof
2-3 mm
Peak-valley distance on northern wall
is 4-5mm.
Southern wall: completed eroded
through in places but overall smoother
texture with less ridging, smaller peakvalley depth (barely discernable)

mm/yr
N: 0.411 to
0.685 mm/yr

0.636 mm/yr

2 mm in 75
years = 0.027
mm/yr

10mm in 85
years = 0.012
mm/year.
Not stated but
not rate is
obviously
very nonuniform.
Not stated,
rate is
obviously not
non-uniform.
Not specified,
but notes as
very high on
southern face.

5 mm in 84
yrs =
0.059524
mm/yr

Measurement errors: Numerous measurement errors arise due as wood swells and shrinks with
changes in MC. Parallax errors complicate visual estimation of peak-valley depth. Profile comb
measurements are limited by the number of pins per mm and require at least one pin per mm to
measure the characteristic peak-valley depth.
Dates are approximate, as months and days were not reported.
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Table 8.2 b: Cape Adare measurements (Harrowfield 2006)



Timber cladding is 40-70 year old Norway Spruce (Picea abies), tongue and groove boards 60-70 mm thick,
density 368 kg/m3 (Harrowfield 2006: 293).
The nearest particle source is coarse basalt sand and gravel (B-axes 12-44 mm) and dried guano.

Site/location

Measurement
date
Jan 1982- Jan
1990- Jan 2003

Method

Dimension loss

Vernier calliper
measurement of end of
boards (these are easily
accessible). See figure
8.18.

Carpenter’s
bench

1990-1993

East side of
stores hut

2003

Vernier calliper, easily
accessible for
measurement. See
figure 8.17.
Vernier calliper, profile
gauge See figure 8.19.

East side of
stores hut

2003

Originally 60-70 mm thick. By
2003, total loss varied from an
average of 7.78 mm (around 1.59
m above ground) to an average
of 23.15 mm (around 0.44 m
above ground).
See further detail in Table 8.2c
below.
At 54 cm above ground level,
dimensional loss was 55 mm
reduced to 19 mm (Harrowfield
2006: 296).
Largest indentation at 93.5 cm
above ground level, depth 1.5
mm, surface area 220 mm2.
Greatest concentration of impact
points at 50- 200 cms above
ground level.

NE corner of
stores hut

Vernier calliper, profile
gauge

Rate of surface
loss calculated
7.78 mm in 104
yrs = 0.075
mm/yr.
23.15 mm in 104
yrs = 0.22 mm/yr.

36 mm in 104 yrs
= 0.35 mm/yr.
Not applicable
(indentation
measurement).
Not applicable
(indentation
measurement).

Table 8.2c: Measurements of NE wall of Borchgrevink living hut (from Harrowfield 2006)
Board
No.
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1

Jan. 1982
Ave.
loss, cms
2.48
2.22
1.6
1.36
1.54
1.68
1.84
2.54
2.56
2.5
3.06
3.02
4.28
4.28
2.5

Jan. 1990
Ave.
loss, cms
0.08
0.2
0.16
0.1
0
0.3
0
0.2
1.6
0.14
0.42
0.3
0.24
0.2
0.28

Jan. 2003
Ave.
loss, cms
0.08
0.22
0.3
0.4
0.06
1.3
0.46
0.58
0.46
0.6
0.28
0.16
0.18
1.2
0.2

Ave.
loss since
1982, cms
0.12
0.22
0.46
0.42
0.04
0.56
0.46
0.62
0.46
0.74
0.7
0.46
0.42
0.4
0.48

Total loss since
hut built, cms
13.4
12.4
10.3
8.9
7.9
11.2
11.5
15.6
16.8
16.2
18.8
17.4
23.5
23.4
14.9

% wood lost on board
ends over 105 years.
13.3
12.21
10.14
8.76
7.78
11.03
11.33
15.36
16.55
15.96
17.14
17.14
23.15
23.05
14.67
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8.4.3 Treatments (research question 3)
Table 8.3: Treatments for wind problems undertaken at Cape Denison and Cape Adare
Cape Denison- AAE main hut treatments
Location, date
Roof of main hut,
1912

Treatment description
Sailcloth was applied over
southern wall, patches of
sheepskin and various items
stuffed into gaps to prevent
snow ingress (Lazer 1986).
Densotape was applied over
gaps between wood planks
(synthetic fibre cloth with unspecified petroleum-based
adhesive),
Lead sheeting was applied to
Workshop roof using acidcuring silicone sealant to adhere
wood battens on top.

Results of treatment
Sailcloth and other materials failed progressively during the
AAE and before BANZARE.
By 1977 vestiges of the cloth and sheepskin remain only
where protected by battens (Ledingham 1979).

Roof of
Workshop,
1997/98

Overclad with timber coated
with acrylic Intergrain coating
(Ashley 2001: 84) including
new flashings and other repairs
to prevent snow ingress.

January –
February 2002

Split battens were repaired and
re-attached with screws and
some silicone polymer.
Overclad with new timber with
Proctor Roofshield underneath
(DEWHA 2008).
The plaque had been enclosed in
a bronze box in 1977 to protect
it from further wind damage

Intergrain was supposed to corrade away within a short
time but has persisted to present (2010). It is an
inappropriate orangey colour. New ridgecapping applied
over compressed “closed cell foam rubber’ to prevent snow
ingress (Ashley 1997). Snow ingress is reduced but was
still occurring (Godfrey 2002).
Has prevented further loss of original building fabric.
Surface loss and texturing reported by Godfrey (2002).

Roof of
Workshop, 1977

Roof of living hut,
2006
Replacement of
original Memorial
Plaque (1986).

Lead and Densotape all failed by 1985 (Hughes 1986).
Densotape adhesive adhered to the wood but the synthetic
fibres appear to have broken due to flexing or tearing by the
wind; caused stains on timber.
Silicone sealant formed lead acetate, leading to detachment
from the lead.
Lead sheeting perforated due to vibration against nail
heads, thence ‘torn’. Remaining lead removed in 1998.

Photos presented at 2009 Mawson’s Hut Foundation
workshop show icicles evident inside ceiling, some snow
ingress still occurring (possibly via walls rather than roof)
The box caused severe defibring and staining with blue
corrosion products. The plaque was repatriated to Australia
and a replica was installed at the site in 1986.
The detached cross bar of the AAE Memorial Cross was
reinstated and secured with a stainless steel bracket to
prevent crushing of wood fibres at the joint caused by
rotation although it is not clear whether the original steel
bolt was used, in which case galvanic corrosion may occur.

Cape Adare- Borchgrevink hut treatments
Location,
date
1899
1900
1924
1961
1982

Treatment or observation

Results of treatment or observation

Huts constructed in February
Roof of stores hut removed
Observations by whaling ship
Ice cleared from living hut, flue
opening and windows sealed.
New Zealand work party
undertakes measurements and

Severe winds reported by Bernacchi (1901).
Reported to appear intact.
No report of wind damaged surfaces at this stage.
Damage to timber surfaces by appears not to have been
reported by work party. Photo taken in 1982 show (presented
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maintenance.

in Harrowfield 2006) showed minimal surface loss of corners
and other surfaces.
Harrowfield (1984) reported measurements of snow drift and
wind velocity: 8 ms-1 to 24.4 ms-1, wind scoop formation.
Installation of a snow fence was considered but did not
proceed.

1990

Ice removed, synthetic rubber
Butylclad and plywood cladding
attached to Living hut (Harrowfield
2006: 293).

By 1993 Hughes observed some tears in the butyl rubber
cladding. Roof battens applied over the cladding were
severely corraded. Defibring appears on some timbers above
about 1 metre from the ground but not visible to Harrowfield
in 1996 suggesting the loose fibres may have been removed
by corrasion in the intervening period.

1999

Inspection of site by NZ
government party.
Repairs to roof covering.

Butyl cladding reported to be punctured by windborne stones.
Corrasion affected edge of roof.
NZAHT repaired roof edges with a strip of Butylclad glued
with ADOS contact adhesive (Harrowfield, email
correspondence with author, 2009). Harrowfield (2006: figure
4) reports extensive corrasion and major losses at corners.

2003

Source: NZAHT website, chronology of Cape Adare site, downloaded November 2009; unless
otherwise stated.
8.4.4 Risk review
(following pages)
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Table 8.4: Risk assessment for Cape Denison
Risk
The Risk
Consequence
No.
What can happen
and How it can
happen
1
Historic timbers are
Surface loss results in
damaged by
thinning of timbers
progressive loss of
making them at greater
wood thickness.
risk of flexing and
breaking. Damage to the
[Note- Roof of main
tongue may increase gaps
hut is now protected
between the timbers and
from further damage
allow increased ingress of
on the roofs of the
wind and ice particles.
AAE main hut by
overcladding. Wall
timbers are
progressively being
covered.]

2

Corner and edges of
walls are damaged by
wind.

Loss at corners and edges
occurs at a faster rate than
the centre of wall planes,
This increased risks of
flexing and breaking
which would then allow
wind into the building.
Changes in air flow from
repairs may deflect wind
or create damaging
vortices in unexpected
locations.

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Conseque
nce
Rating
(b)
3-5

Overall
Risk
Level
(a+b)
8-10

Risk
Priority

Treatment
controls

Rates of loss are
monitored periodically.
Losses are variously
stated to be 1 mm/ 10 yrs
to 1 mm/ 26-46 yrs
depending on location
(collated by Harrowfield
2006: 291).
Overcladding with new
timbers of the same type
of wood, including use of
pre-coated timbers on
Workshop prevents
damage to the original
timbers underneath
although altering the
appearance; other
potential risks (eg
increased RH inside wall
spaces) have not been
assessed.
Rate of damage to
replacement timber is
monitored periodically.
Ridgecapping applied to
roofs appears to protect
vulnerable locations
although further detailed
monitoring is advisable to
ensure no unintended
deflection of windflow
onto other locations.

5 (original
timbers)

Extreme

2-3
(overclad
timbers)

6-7
(overclad
timbers)

High

Over- cladding
of remaining
exposed
historic
timbers for
physical
protection.

5 (original
timbers)

4-5

9-10

Extreme

4 (overclad
timbers)

1-2
(overclad
timbers)

5-6
(overclad
timbers)

Medium

4 (overclad
timbers)

i. inspection
and
maintenance to
manage risks.
ii. overclad
remaining
timbers on
walls?

Risk rating
after
treatment/
controls
Risk of
damage is
eliminated but
other problems
may arise,
including
condensation
problems.
Intergrain
appearance is
inappropriate.
Risk of
condensation
from
membrane
should be
investigated.

Ridgecapping
appears to
remain secure.
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Risk
No.
3

The Risk
What can happen
and How it can
happen
Memorial Cross

4

Surfaces of high
significance outdoor
materials/ artefacts
are damaged by
wind.

5

Other wind damage.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Overall
Risk
Level
(a+b)
7

Risk
Priority

Treatment
controls

3

Conseque
nce
Rating
(b)
4

Losses from the upright
timber may eventually
compromise its ability to
support the crossmember.
Replica plaque (1986)
becomes unreadable.

Monitoring identifies
progress of the problem
so appropriate
intervention can occur
before breakage is likely.
Replica plaque can be
replaced when required.

High

3

1

4

Low

Deflection of
particles by the
plaque onto
the upright
requires
monitoring.

Wind action on metal
artefacts increases the
corrosion rate (‘erosion
corrosion’) - affects stove,
fuel tins, etc.
Surface damage degrades
appearance & historic
value for site
interpretation.
Wind causes movement
or loss of vulnerable items
(eg items blown into Boat
Harbour).
Structural damage to
buildings from thinning of
structural timbers.
Breakage of timbers due
to extreme wind loads.
Objects blown by the
wind strike buildings or
artefacts and cause
damage.

Nil. Snowdrifts that cover
artefacts during winter
may protect the items
from wind damage, but if
the snowdrifts melt then
this may cause other
problems such as
corrosion,
biodeterioration.
Relocation of selected
items is a current strategy
for managing these
problems.
Overcladding of the roof
is the primary treatment
strategy of MHF.
Loose items upwind of
the hut are appropriately
secured.

4

2

6

Medium

3

2

5

Medium

Monitoring to
identify items
of particular
interest or
significance.
These can then
be relocated or
given specific
protection or
allowed to
remain in situ.

Risk rating
after
treatment/
controls
Low

Low
Low (ie
reduces risk of
high
significance
items being
lost)

No foreseeable Medium
further
practical
control for
artefacts.
Regular
inspection of
roof and wall
cavities to
quantify risks.
Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain. Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6,7 high risk – needs specific management
attention, >7 extreme risk – detailed action plan required.
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Table 8.5: Summary of key wind data at Cape Denison and Cape Adare (after Harrowfield
(1996: 17) incorporating data from (Simpson 1919), Borchgrevink (1901), Madigan (1929),
Parish and Walker (2006)15.
Mean velocity (year)

Mean velocity (month)

Highest daily mean
velocity
Absolute maximum
velocity measured in
one hour
Highest hourly wind
velocity
Gusts recorded
Wind type
Summary of wind
characteristics
Wind
direction/frequency

Cape Adare
12 kph= 3.3 ms-1
<16km/hr (from 2600 observations),
for 72% of time velocity<8 km/hr
(Harrowfield 2006).
Max 26 kph= 7.2 ms-1 (May)
Min not available

Cape Denison
69 kph16= 19.2 ms-1

Not available

Max 55.6 mph =89.5 kph = 24.2 ms-1 (July
1913)
Min 26.2 mph = 42.2 kph = 11.7 ms-1
(February)17
130 kph = 36.1 ms-1 (August)

Not available

80.6 mph = 129.7 kph = 36.6 ms-1

Not available

41.6 ms-1 on 24 March 1912

145 kph= 40.3 ms-1 (Harrowfield 1996:
5)
252 kph= 70 ms-1 (Harrowfield 1984)
Orographically forced katabatic
Significant periods of calms
interspersed with severe gales which
typically last more than 24 hours.
ESE, 41.1% of time (Bernacchi 1991)
Calms 41%
Other direction winds 17.9%
Violent gales occurred on 22% of days
measured.

320 kph18 (88.9 ms-1)
Katabatic flow from large area of polar plateau
Wind was remarkably steady in velocity, often
the same for hours on end.
% time of wind direction for all hours of the
day and night, and average velocity at greatest
frequency:
N= 3.4%, 10.0 mph
SSE= 85.1% at 51.3 mph
S= 6.1% @ 15.0 mph
NW = 1.2 % @ 5.0 mph
(Madigan 1929: 131)
Any wind stronger than 20 mph blew from
between SE and S, strongest winds almost due
south, veering to SE as the blizzard fell.
“it was only in comparative calms that other
directions were recorded when the wind was
usually variable to northerly airs and breezes”
(Madigan 1929: 20).

15

Parish and Walker (2006: 107-108) analysed frequency histograms for wind speeds at Cape Denison using both
‘corrected’ data by Madigan (1929), original uncorrected AAE data and some data from the modern AWS at the
same location as the AAE instruments. They concluded that the uncorrected AAE data is statistically similar to the
AWS data and concurred with other studies that Madigan’s corrections may have underestimated the actual wind
speeds. Maximum wind speed (10 minute average) measured by the Cape Denison AWS was>57 ms-1 in 1995
(Parish and Walker 2006).
16
Wendler et al (2000) measured mean annual wind speed of 22.4 ms-1 (80.64 kph), 17% higher than the ‘corrected’
AAE records.
17
During summer 1994-95 Wendler et al (2000) found each of four months recorded a mean monthly wind speed
greater than 25 ms-1 (90 kph): June 27.7 ms-1 (99.72 kph); March 27.2 ms-1 (97.92 kph); eight other months had
monthly means over 24 ms-1 (86.4 kph).
18
Wendler et al (2000) reported for five months, maximum wind speeds exceeded 50 ms -1 (180 kph) with hurricane
speed (>32 ms-1, 115.2 kph) during 19.9% of time in summer and 29.2% of winter.
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8.5 DISCUSSION
The rate of surface damage by wind has long been a concern at Cape Denison. Chester (1986:
186) stated that “some planks [on the AAE buildings] are a fraction of their original thickness"
and several reports in the 1980s (see Appendix F) presented dramatic images of raised nailheads
similar to those in figure 8.9 that were interpreted to indicate extensive loss of timber thickness
had occurred. “Clear potential for imminent failure” was reported for the Workshop (Ashley
2001: 78).
Treatments proposed during the 1980s and 1990s ranged from covering with new structures such
as plastic domes, use of synthetic coatings (Hughes, JD 2000) and overcladding or replacing
timbers. Ellyard & Burch (2006) have continued to propose removal of outer boards for
repatriation to a museum. Overcladding of the original roofs with new timbers was adopted as the
treatment strategy and was carried out on the Workshop in 1998 (figure 7.21), the Living Hut
(2006) and the south wall in 2009-10, as discussed in Chapter 4. While overcladding of the AAE
main hut has prevented further loss affecting the original timbers, understanding of the process
and rate of damage to the timber surfaces is important in devising treatments for other structures
(eg Transit Hut) especially where overcladding is not feasible (eg the Memorial Cross and at
Borchgrevink’s hut at Cape Adare).
Figure 8.9: Heights of nails above surrounding surface, southern wall (Project Blizzard, 1985)
(Katabatic wind directly impact on this wall from SSE)
Note cmved profile of corraded
wood including board end

Nails remaining where
batten has blown off

Raisedprofile ofwoodremaining

.....,.;...;.+--rlr---

Vi/here batten has blown off

These nails are only a few mm
above wood surface
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8.5.1 Qualitative site observations of extent of wind action on surfaces (research question 1)
Building design and boundary layer flow
Mawson designed the main hut with a square pyramid design “to ensure stability in heavy winds”
(Mawson 1915: 84) and boxed provisions were used to continue the pyramid shape to ground
level.
Mawson also observed:
“Snow eroding the flag pole, wireless masts, and box stencils” (Jacka & Jacka 1988: 70)
and
“wind abrasion is very marked. It has in five days cleared the label off a Sunlight soap
box and abraded the wood, unequally, now in ridges about 1/32 inch [0.793 mm] off the
hardest parts and 1/8 [3.175 mm] from softer” (ibid: 74, 11 April 1912)19.
Extensive wind damage to timber surfaces was reported by Ledingham (1979). Blunt (1986,
1991), Ashley 2001 and others (listed in DEWHA 2008) also significant structural damage and
detachment of cladding of the Transit hut and Absolute Magnetic hut, detachment of the cross
arm of the Memorial Cross, surface losses by wind action on all the historic buildings and the
Memorial Cross, summarised in the site management plan (DEWHA 2008).
Wind flows from locations with high atmospheric pressure to areas with lower pressure.
Boundary Layer Theory describes how airflow encountering an obstacle, such as a building,
becomes turbulent. The volume of airflow upward of an obstacle approximately equals that
downwind. The shape and size of the building determines the dimensions and characteristics of
the air flow around the building (Strub 1996) which determines where wind and particles may
impinge on the building. Where the airflow splits around a building high pressure zones develop
immediately upwind of the building and if wind flow regroups on the far side of the building an
area of low pressure will form downwind (ie pull away from the building, see figure 8.6).
19

This loss, if it occurred at the same rate on the hut timbers, would indicate a high proportion of surface loss
occurred soon after the hut was built, or the box wood may be of a less dense timber or it was located at a more
vulnerable location. Compare this rate of loss with those given in Table 8.2.
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Increasing the number of obstacles on the ground (eg buildings, hills) reduces the air speed close
to the ground. This allows snowdrifts to accumulate where windspeed falls in the lee of the wind.
Drift formation is complex and is known to depend on multiple factors including wind direction,
wind speed, topographic roughness, the location, size and shape of adjacent buildings and
quantity of snow particles in the airstream (Strub 1996). The windward drift is smaller than the
leeward drift and forms upwind of the building at about equivalent to the height of the first
obstacle creating a localised area of high windspeed, and a windscour and snowdrift like a
breaking wave with densely packed snow. The leeward drift is longer, less densely packed and is
typically ten times the length of the height of the last obstacle. The observations at Cape Denison
are consistent with Boundary Layer Theory.
Mawson’s pyramidal design, developed from his experience at Cape Royds, in addition to
reducing wind resistance, used roof skylights to allow access and avoid blockage by drifts. If
Mawson had had the benefit of contemporary design knowledge, he could have aligned the hut
with the diagonal axis to the prevailing katabatic wind20 to decrease wind resistance and reduce
drift formation. Wind tunnel studies, and more recently computational fluid dynamics software,
are now used to design buildings to avoid these problems.
The height of the snowdrifts varies from year to year and from month to month during summer:
along the southern wall of the AAE hut these reached near the apex during the AAE, halfway to
the apex in 1985 but barely covered the wall in 2002 (see figure 8.10 and other images in this
chapter). Deep wind scours21 were observed around the hut in January 1997, were barely evident
in 1985 and were somewhat evident in January 1999 and 2007 (from photos on Mawson’s Hut
Foundation website). Drifts are a potential source of particles that can erode surfaces when
windborne, but drifts can be beneficial in providing thermal insulation and streamlining of wind
flow may reduce damage.

20

The AAE design has the southerly wall at 90° to the katabatic wind.
These form as a result of boundary layer flow around the building but the extent of wind scouring will depend on a
range of factors such as upslope snow.
21
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Figure 8.10: Summer snowdrift formation around AAE main hut
Upper left: 1985 (Project Blizzard), upper right: 1995 (R Summerson)
Lower left: wind scour, February 1997 (author), lower right: south wall main hut 2002
(Ian Godfrey)
Bottom: summer 2010 (Mawson’s Huts Foundation)

Boundary layer theory predicts the corners of the building will receive more damage than the
centre of roof planes, as was observed. The edges of roof timbers mostly have a wedge-shaped or
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wavy profile (figure 8.9) due to localised air flows. The shiny, smooth ‘polished’22 appearance of
some timbers on the eastern quadrant of Living hut suggests possible particle action. Similar
polishing is evident on the eroded wooden board from Moore Pyramid23 (figure 4.9). This
contrasts with Cape Adare where bruising and crushing are prevalent (Harrowfield 2006: 296 and
figure 8.20).
The katabatic air flow over the building exterior appears to be influenced by the arrangement of
even relatively small projections from the building surface such as battens, as evident in figure
811. This could also account for the v-shaped erosion affecting the tongue and groove joins
documented by Blunt (1991: volume 2: 71), also evident on the repaired skylights. Airflow over
the battens has shaped them into ‘aerofoils’ while the underlying timber is relatively smooth
(figure 8.8).
Surface damage by wind observed at Cape Denison
Main hut
The author’s observations in 1985 and 1997, summarised in Table 8.1, showed that the exterior
cladding of the four AAE huts were affected by both surface loss from wind action and
photodeterioration24. The brown and grey colour produced by photodeterioration occurs where
the wood surface has been exposed to sunlight for at least three years (as discussed in Chapter 7).
This implies these surfaces have not been eroded during that period. Areas with a fresh golden
colouring imply the surface has been eroded recently. This is particularly evident on corners and
on battens but also occurs on almost all of the western side of the main hut and northern walls of
the Transit hut. Some locations affected by photodeterioration were protected from the wind,
such as northern walls and roof planes and leeward areas of battens (figure 8.8), although colour
of individual boards tend to vary in ‘stripes’ running along the board (figure 8.3) and not always
in accordance with height above the ground. Figure 8.11 shows fresh wood in the centre of the
22

The surface becomes smoother (less textured), more shiny and reflective. Both Baltic pine species are known to
polish readily (with sanding) and are used for furniture and flooring.
23
Weather data was collected at Moore Pyramid during 1972-74 and the timber likely dates from that period, so the
exposure period is at most 20 years (see http://www.bom.gov.au/climate/how/antarctic_catalogue.shtml
24
See chapter 8 for a detailed discussion of photodeterioration factors and effects.
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board with photodeterioration at the margins, (ie recent damage in the centre with aged surface at
the edges of the board25). In other locations surface erosion is more evident at the margins of the
board.
Figure 8.11: western quadrant of workshop (apex is at bottom of image), showing stripes of
eroded wood and photodeterioration running along the board, 1997.

25

No cupping (ie convex or concave distortion across the board surface) was evident.
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Figure 8.12: Vestiges of cloth remaining beneath battens, Living Hut, (Project Blizzard 1985)
The rope is approximately 20mm diameter.
Cloth remnant

photodeterioration

Rope- surface appears as if fibres have been torn or rubbed off
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Figure: 8.13: Eroded profile of timber frame, SW corner of AAE main hut 1997, author’s photo

Figure 8.14: Wood exposed at Moore Pyramid (author’s photo, 1993)
(General view, detail view showing textured surface, view of end grain on the right hand end.)
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The widespread assumption that the height of the nails above the timber surface represents the
amount of timber lost by wind action is a misinterpretation of the history and construction of the
hut (discussed in Appendix F). Battens, roves and rope were used by the AAE to secure sailcloth
over part of the southern side of the roof of the Main Hut to try to exclude windborne ice particle
ingress, which was a problem even when the hut was first erected (Stillwell 1918: 17)26. Over the
years the sailcloth has been progressively lost except for vestiges protected beneath the battens
(figure 8.12).
The circular channel worn in the original timber of the northern quadrant of the Living Hut is due
to the batten detaching at one end and spinning around in the wind like a propeller (figure 7.11B).
Where the timber detached at both ends, nails protrude at the height of the original batten. Many
raised nails occur at locations where the wood is relatively darker (ie more photodeteriorated, not
eroded). Detachment of battens leaves raised dark ‘shadows’ of the lost timbers (figure 8.9).
Nails may also be lifted by movement of timbers by the wind.
Figure 8.15 shows one row of nails standing about 2 cm above the timber yet an adjacent row of
nails is raised only 2-3 mm. The less protuberant nails more accurately reflect the rate of surface
loss of the timber as the more raised nails secured the battens, not the cladding. The original
timber thickness of the living hut roof cladding was stated to be ¾” in the voyage manifest
although Blunt (1991: 77) states inspection showed it was 7/8” (22-23 mm). Being tongue and
groove, if even one third of the thickness was worn away the tongue would be exposed and be
rapidly stripped out by the wind. During the author’s 1997 visit this had not occurred over most
of the Living hut although Blunt’s 1985 observations (1991: volume 2: 71) found some v-shaped
erosion along the grooves of the Workshop cladding and to a lesser extent on the Living hut27.

26

The timbers had been deck cargo on the overloaded Aurora and were frequently soaked with sea water on the
voyage south. It is thus not unexpected that they should warp and not fit together well (Pearson 1992).
27
The cladding was generally well-secured to the framing and the nails are fairly flush with the surface.
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Figure 8.15: Nails on S quadrant of living hut (Blunt 1985 vol 2: 70)

Whilst the rate of loss (apart from edges and corners) is not as severe as suggested by the height
of the nails that secured the battens, loss of timber thickness reduces its strength and increases
risks associated with timbers flexing in the wind.
Memorial Cross
The cross, located on a hill about 35 metres above sea level, is directly exposed to the katabatic
winds. Vibration of the upright timber was felt in moderate winds during both visits. The crossmember had blown off at least four times (Blunt 1986) since it was erected in 1913 and in 1998 a
prefabricated stainless steel assembly was used to reinstate the cross-member. The progressive
surface damage to the cross is evident in the series of photos in figure 8.16. Crushing of wood
fibres on the upright post where the cross arm has rotated around the single fixing bolt was noted
by Blunt (1991), Hughes (1986) and others.
If particle impact is the primary cause of damage to wood surfaces then the greatest loss of
surface would be expected at the front (windward) of the plaque. However, greater surface loss
occurred at the back (leeward) of the plaque, especially at the upper back edges. There was little
loss and no visible texturing on the face of the replica plaque (figure 8.17). Although windentrained particles could strike the back of the plaque these would be expected to be fewer in
quantity and of lower velocity than those striking the front.
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On the upright, the location with greater loss of timber thickness is on the windward side just
above the upper edge of the plaque, where air (and possibly particles) are deflected by the
boundary layer flow. Photos show the extent and volume of loss between 1985 and 1997 was
minimal on the windward, southern faces of the cross and plaque. However, the leeward sides
(east, west, north) of the upright post is strongly textured (PVD approximately 1 mm) and the
timber colour is fresh, suggesting recent losses.
Thus, more loss has occurred on leeward faces of the plaque and upright, (where lower pressure
occurs according to boundary layer theory), and not where any particle impingement are
expected. The observed effects cannot be due to the grain exposure of the wood, since the grain is
the same orientation at the front and back of the upright and at the front and back of the plaque.
Losses are greater in the areas where low pressure occurs, inferring plucking of fibres rather than
particle impact and this is also associated with greater texturing (ie high PVD) which is
associated with differing density (and possibly cohesion) of latewood and earlywood. This
observation is discussed further in 8.5.2 when comparing the measure of rates of surface loss.
Localised ‘notch’ damage as occurs just above the plaque creates a weak point that is more
vulnerable to breakage.
Figure 8.16: Memorial Cross (following page)
(Clockwise from below: during the AAE, replica plaque, detail of upright showing surface losses above the plaque
but smooth surface of the plaque, detail of rear with losses around the bolt with fresh appearance and high PVD)
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Figure 8.17: Memorial plaque

Upper left: original plaque, stained blue by corrosion in 1985 (author’s photo)
Upper right: side view, 1997, (author’s photo)
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Transit Hut
This hut is built on a slight rise exposed to the katabatic winds, shown in figure 8.18. The
remaining timbers on windward surfaces are generally smooth and worn thin while extreme
texturing28 affects the north side of the roof opening (figure 8.25). Air flow on the roof is at a low
angle to the timber surface, parallel to the timber grain. The remnant latewood has become like
separate parallel ribbons (see the right side of figure 8.18d). The time series of photos in figure
8.18 indicates significant texturing of the surface between 1985 and 1997 and later photos (eg
Berry 2010) suggest the rate may be accelerating. Once texturing begins to form from loss of
early wood, this could direct the air flow pattern along the grooves, especially where the grain is
parallel to windflow as the surface would offer less resistance to the wind. Thus, orientation of
the wood surface in the boundary layer flow appears to influence erosion rate and the PVD.
Treatment options proposed for this building (Welke 2009) are briefly discussed in 8.5.3.
Figure 8.18: Transit Hut, windward (southern wall), 1997

Top left: 1912-13 (AAE), top right 1985 (Chester 1986), bottom left and right 1997 (author’s photos)

(following page)

28

The peak-trough difference was significantly greater than evident on all observed surfaces of the Main Hut. The
observations of Marshall regarding air flow over a roughened surface such as this are discussed in 7.5.2 regarding
behaviour of the target material.
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Magnetograph House
Severe surface losses affect the southern wall where it is exposed above the surrounding rocks
placed by the AAE to protect the building. Repairs were undertaken (Ashley 2001) to prevent the
wind and snow entering the building, which would otherwise prevent visitor access and
occasional scientific measurements.
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Absolute Magnetic hut
Figure 8.19: Absolute Magnetic hut (upper images 1997, Mawson’s Huts Foundation photo 2010

In 1985 many boards had blown off the structure and remaining boards were very thin. Some
timbers were so thin they were translucent and boards were in varying stages of disintegration
(figure 8.1) which had significantly worsened by 1997. The building is now being conserved as a
‘standing ruin’ (Ashley 2001). A photo in Blunt 1991 volume 2: 199 shows the endgrain of a
piece of timber of the Absolute Magnetic Hut with strong texturing where the air flows at a low
angle across the cut end of the wood. If particles were involved, smoothing of the timber would
be expected through either peening impacts or breaking of the fibres. The strong texturing
implies that fibres may have been plucked from the cut end rather than particle impacts.
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Comparison of Cape Adare with Cape Denison
At Cape Adare the beach provides abundant rock fragments and guano. Harrowfield (2006: 294)
described how denser beach particles require higher wind speeds to lift particles from the ground.
The greatest rate of surface damage affecting Borchgrevink’s huts occurs around half a metre
above ground. While this damage is still present at the top of the walls, the rate generally
decreases with height albeit unevenly, discussed further in 8.5.2.
While wind damage could also be caused by snow from drifts that form around Borchgrevink’s
huts in winter (Bernacchi 1901), beach particles are known to be involved since they can be seen
embedded in the timber whereas at Cape Denison the ice particles melt or evaporate. There is
generally less distinct colour differences on Borchgrevink’s hut between photodeteriorated and
corraded surfaces29. There is prevalent bruising and ‘micropeening’ but less ‘polishing’. This
infers that surface damage events occur frequently over most surface locations on the hut walls
since photodeterioration does not have time to occur. The particles are sufficiently hard, heavy
and angular to readily cause surface damage.
Figure 8.20 illustrates the remarkable corrasion affecting the carpenter’s bench between the
living hut and the stores hut and the NE living hut wall. The bench (discussed in detail in
Harrowfield 2006) is particularly corraded on the eastern end, attributed to “higher wind speed at
the base of a standing vortex system, identified by wind tunnel tests, field measurements and
other observations” (Harrowfield 2006: 296). Adjacent structures, often presumed to be
protective, instead produce vortices, which increase corrasion and can also cause damaging wind
pressure changes (Harrowfield 1985).
A time series of photographs of the NE walls by Harrowfield, with the author’s photo from 1993,
illustrate the progression of damage from 1982 to 2003 (figure 8.20). This show greater
deterioration in the 10 years from 1993 compared to the decade from 1982. Although corrasion is
greatest just above the ground30 the height at which damage has occurred is still remarkable.
29

This appears due to impregnation of the wood with guano (Harrowfield, email correspondence with the author,
2009).
30
See table 8.2c.
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Rounding of the ends of the timbers is particularly evident, as is the increasing gap between the
horizontal boards (marked in figure 8.20). On the eastern side of the living hut corrasion was
evident up to one metre above ground level, with defibring above that height (figure 8.20)
implying that timbers are affected by high salt deposition which loosened surface fibres
(probably over several years) before winds were sufficient to remove the fibres. Loose fibres
could easily be removed by wind alone, without particle involvement.
Figure 8.20: NE corner walls of Borchgrevink living hut (following page)
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1982 (from Harrowfield 2006)
1993 (author’s photo, at right and general view at lower right)
2003 (Harrowfield 2006, below)
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Figure 8.21: Surface damage occurred up to 1m above ground level with defibring above that
height (author’s photo 1993)
Note: the timber is approximately 10 cm thick.

8.5.2 Particle factors and rate measurements (research question 2)
Factors governing behaviour of windborne particles are reviewed to facilitate discussion of the
rate measurements, then behaviour of the target material is described. An extensive explanation
of boundary layer air flow and katabatic wind physics is not possible for space reasons.
Velocity and flux of windborne particles
Models for windborne particle transport have been derived empirically (Bagnold 1941),
mathematically (Anderson 1989) and in combination (Budd 1966, Schmidt 1982, Wendler 1987).
While there is some disagreement, it is generally accepted that:
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a. The threshold velocity (minimum speed at which a particle is lifted from the ground) is
generally described by the Bagnold equation31 and depends on the density of the particle
compared to the density of air32.
b. Under steady conditions, mass transport is proportional to the third power of the excess of the
wind speed (at any fixed height over the ground) over the minimum wind speed (the ‘shear
velocity) that is able to activate and sustain a continuous flow of particles.
c. Key factors which influence particle velocity are shape and mass of the particles, ground
topography (particularly surface roughness) and frictional effects of the wind.
d. Saltation (‘jumping’ of the particles in the wind) is important and depends on the elasticity of
collisions between particles and with other surfaces.
Wind transport factors relevant at Cape Denison are now analysed.
Wind velocity
Wind velocity data measured at Cape Denison for two years during the AAE (Madigan (1929) is
summarised in Table 8.5. The mean annual wind speed at Cape Denison of 19.1 ms-1 contrasts
with typical temperate Australian annual average wind velocities of 3 - 5.5 ms-1 (5 ms-1= 18
km/hr)33. The AAE data was revised when the instrument was returned to Australia after the

31

The Bagnold equation (Bagnold 1941: 66-67) is:

Where q= total sand flow, weight of sand which moves across a lane of unit width
C= empirical coefficient
d= sand grain of the particles in question
D= standard grain size
ρ= density of air
g= local gravitational acceleration
U*= wind gradient, essentially a measure of shear velocity
32
Harrowfield (2006: 302) found differences between ‘Bagnold predicted’ threshold velocities and those measured
in a wind tunnel with particles approximating those at Cape Adare but notes these arise due to particle shape. If
corrasion is caused by particles (rather than plucking by wind) then theoretically corrasion cannot occur below the
threshold velocity whereas plucking could occur when wind is stronger than the cohesion of the wood fibres.
33
Derived from Australian Bureau of Meteorology website data.
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expedition but later evidence suggests this may have been an overcorrection (Parish and Walker
2006: 106)34.
Madigan’s report frequently reported "Wind 80 [knots]. Dense drift”. This occurred for weeks on
end (ibid: 19) and the wind was remarkably steady often hour after hour, hence the men were
able to lean on the wind. “The top of the 60 foot radio mast was never out of the drift. There was
practically no drift in November, December, January, February. Drift reached a maximum in
May when 1/3 of the annual total was recorded. This was the first attempt at systematic
measuring of drift snow”.
The AAE recorded extraordinary quantities of drift snow in their pioneering measurements using
an improvised snow gauge (figure 8.22). This measured the drift which passes the hut at height of
2’6” above ground in equivalent feet of water. Madigan considered the snow gauge measurement
of 6246 feet (1903.8 m, during 14.3.1912- 14.3.1913) was “probably an underestimate”35.
Figure 8.22: AAE snow gauge (Madigan 1929)
Note: Madigan (1929: 50) states the box is “3 ft high” (approximately 90 cm).

•

34

See notes in Table 8.5.
It is not easy to correlate this measurement with other snow flux density data because of different measurement
techniques, although this suggests the rate at Cape Denison is in the upper range of Maeno and Nishimura estimates.
35
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It is only comparatively recently that conclusive evidence has been produced that the exceptional
winds arise because cold air from about one tenth of the Antarctic continent flows downslope
funnelled by the terrain and discharges in a small part of the Terre Adelie coast (Wendler and
Radok 2000: 251, Parish and Walker 2006).
Threshold velocity36
Threshold velocities of 8 ms-1 were measured in coastal Terre Adelie (Wendler 1987). Threshold
velocity decreases in winter as the surface cohesion decreases. So a lower threshold velocity (say
6 ms-1) would be assumed during winter when drift occurred most commonly (Madigan 1929), so
any corrasion is more likely to occur then.
Snow flux density
Maeno and Nishimura (1979) reported most researchers concur that the numbers of particles
(snow flux density) is highest just above the snow surface and decreases exponentially with the
height above the surface37. They measured snow flux density between 10-4 to 10-2 kg/m3,
indicating large numbers of particles are airborne when wind speed exceeds threshold velocity.
Particle shape, size and mass
Falling snow is crystalline with a well-known six-armed pattern, while ice particles found in
snow storms are amorphous, as the arms are broken off the snow crystal from tumbling during a
blizzard, when it strikes a surface or from partial melting and refreezing38. The snow particles at
Cape Denison originate on the polar plateau and blow for hundreds of kilometres in the katabatic
36

Threshold (or shear) velocity is the windspeed required to dislodge a particle from the surface.
3
Budd (1966) measured snow flux density at 1 cm above ground level was about 1 kg/m at Byrd station and 0.4
gm/m3 at 1.0 m above the surface; 0.2 g/m3 at 2 m; 0.1 g/m3 at 4m. Takahishi, S 1985, 'Characteristics of drifting
snow at Mizuho Station , Antarctica', Annals of Glaciology, vol. 6:71-75. Takahishi (1985) found a seasonal change
in drift flux due to temperature change and seasonal change in particle shape (round in fine weather in summer when
saltation prevails over suspension). Wendler (1987) found a linear logarithmic relationship between flux and wind
2
speed: flux is about 700 particles per cm for a particle size range of between 150 and 250 nanometres.
38
"Although blowing snow particles are not ice spheres, abrasion of fallen snow crystals during the initial stages of
transport by the wind rapidly reduces the particles to near spherical shapes” (Schmidt, 1982).
37
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winds before reaching the coast (Madigan 1929). Onshore winds bring falling snow on occasions
but katabatic winds are associated with blowing snow. Katabatic winds blow from the SSE (see
Table 8.5) and are overwhelmingly associated with blowing snow (ie spheroidal particles, which
are less likely to erode surfaces).
Mawson (Jacka and Jacka 1988: 61-62) noted the drift snow particles exhibited “very regular size
practically all between 0.1 and 0.4 mm diameter. Mean 0.25mm. All beautifully rounded like
desert sands…. Specific gravity of drift-blown snow is 0.511”. These diameters are consistent
with the measurements of Budd (1966), who reported particle size ranges of 0.04- 0.8 mm with
mean diameters of 0.1 to 0.3 mm in most cases.
Few measurements of the mass (rather than diameter) of individual particles are reported from
Antarctic field measurements due to technical difficulties39. Zhang and Huang (2008) found
surface grains become smaller and more elastic and the bulk density increases in time as the
particles blow about. Ice density varies slightly with temperature, from 0.9167 g/cm³ at 0°C to
about 0.920 g/cm³ at -45°C40. The weight of a blowing snow particle is tiny, so kinetic energy
will be small except at very high velocity, whereas at Cape Adare the density of the basalt
particles (2.65 g/cm3, Harrowfield 2006: 300) is four times higher, and particles are larger and
more angular. Harrowfield (2006) found smaller, angular particles are more likely to be involved
in corrasion whereas larger particles became embedded in wood or compressed the timber cells
causing bruising and indentations rather than eroding the surface.
Particle hardness
Ice particle hardness varies according to its density and temperature (Butkovich 1954) 41.
Hardness of ice is anisotropic with respect to the orientation of the ice crystal but these effects are
equalised at -10°C. Butkovich's work confirmed earlier measurements that give ice a Mohs
hardness of 2 to 3 at -15°C (Moor 1939), and a scale for lower temperatures.
39

Most particle characteristics are measured by high speed photography rather than particle capture since it the
numbers of particles affect wind speed due to saltation and collisions between particles. Climate scientists are more
interested in aggregate mass of blowing snow and few are interested in measuring mass of individual particles.
40
On-line Water Encyclopedia at http://www.waterencyclopedia.com/Hy-La/Ice-at-Sea.html
41
Hardness increases with decreasing temperature.
50

8. Wind damage

Madigan (1929: 38) reported a mean average temperature of -6.4°F (-21.33°C) for June (the
coldest month). The lowest 6am temperature occurred on 23 May 1912 (-28.3°F, -33.5°C), so
particle hardness during winter would be in the range Mohs hardness 3 to 4 (equivalent to calcite
to fluorite). The minimum temperature recorded at Cape Adare (-41.94 °C, Bernacchi 1991)
would produce equivalent to Mohs hardness 4 (US Hydrographic Office 1950, section 2542)
although Harrowfield (2006) found other sources giving a Mohs hardness of 6 (feldspar) at this
temperature.
The author detected no suspended solids in the outdoor snow samples collected at Cape Denison
in 198543 that might account for surface damage observed. In contrast to Cape Adare, the rocks at
Cape Denison are bare with no significant sources of minerals nor small rock fragments upwind
of the main hut, apart from small patches of guano. Any particle damage to surfaces at Cape
Denison is thus unlikely to be due to minerals, although this work was not exhaustive.
If particle impacts are the main cause of damage, this would be expected to occur when winds are
strongest in winter, which is also when particles are harder. However, greater losses observed at
the sides and back surfaces of the Memorial Cross and other parts of the Transit Hut do not
coincide with the locations where particle impacts are greatest, requiring further consideration
below.
Behaviour of the target material: surface hardness, fibre effects, angle of wind and particles
Dietrich (1977) conducted an experiment using irregular shaped ice crystals at temperatures
between -10° and -25°C (producing ice hardness equivalent to Mohs 2-3.3) blown against blocks
of calcite (Mohs hardness 3), fluorite( 4) and periclase (5.5) using wind velocity of 6.2-10.3 ms-1.
Abrasion of the (harder) targets was readily apparent in a few minutes. Dietrich (ibid) concluded
that the relative hardness of the missile and target do not determine whether or not surface
damage will occur. He cited research showing the action of dust particles in the production of
42

At 32° F. ice has a hardness of 2 on Moh's scale; this increases to 4 at -50° F [-45.6°C] and 6 at about -80° F [62.2°C].
43
However none were collected near the Memorial Cross where guano may contribute to corrasion.
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ventefacts44 where the surfaces of the rocks are polished in places where particles cannot reach
according to the calculations using the Bagnold equation. He concluded the kinetic energy of the
missile and the bond strength of the target material determines the result.
Dietrich’s research contradicts Teichert (1939) whose earlier studies concluded:
"erosion [by snow] only occurs at temperatures below which the hardness of snow (ice) is
equal to or greater than the hardnesses of the abraded constituents of the target rocks...
Such snow projectiles may be effective even when impelled by only moderate winds".
Dietrich (1977b) proposed the concept of ‘effective mass’ which takes the surface area of
collision into account. Collisions between snow particles are inelastic (Maeno and Nishimura
1979) and collisions between snow and timber are also likely to be inelastic since the wood cells
can be either crushed and compressed or fractured and separated from the original mass.
Dietrich’s research implies ice particles could produce surface damage to materials such as wood
in short periods of time even at modest wind velocity.
(Whitney 1979) produced surface erosion on fluorite samples using air, both with and without
particles45. He studied the surfaces using SEM and found that low angle impact of particles
produced significant surface pitting whose location coincided with formation of vortices.
Negative pressure produced by vortices loosened cleavage plates and various forces including
electrostatic effects contributed to significant surface erosion. Detailed descriptions of wind
tunnel studies and analysis of vortices were given, including evidence that lee surfaces were more
eroded than windward surfaces, which was confirmed with field evidence from ventefacts46.
Whitney’s research suggests fracturing of wood by vortex formation and ‘plucking’ of surface
fibres by low angle air flow may be implicated in timber damage observed at Cape Denison,
indicating the importance of understanding how damage is caused.

44

Ventefacts are rocks that are shaped by prolonged wind action.
This infers that particles are not necessary to produce corrasion, even air flow can corrade.
46
A large amount of evidence is provided by Whitney (1979: 933) who concluded: surfaces of very hard materials
can be eroded even at moderate velocities but when the quantity of particles is increased the rate of erosion also
increased. The mass of particles plays a role, so heavier softer projectiles can erode harder targets.
45
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Lemaster, Shih & Yu (2005) examined windborne particle damage to wood using a blasting
gun47 and found greatest peak-valley distance was produced at an impact angle between 30-60°
although he did not examine effects of air only (without particles), nor whether plucking of fibres
might occur48.
Marshall (1979) found surface damage by particles varies as the cube of the windspeed above
threshold velocity, so doubling wind velocity above the threshold will produce an eight fold
increase in the rate of damage. Small increases in wind speed could produce large increases in
damage, whereas lower temperature at most produces only a linear increase in hardness of
particles. Whitney (1979) and Dietrich (1977) provide empirical evidence that softer particles can
corrade harder surfaces and that the kinetic energy of collision (ie stronger winds or larger mass)
is a more important factor than hardness. If damage is due solely to particle impacts it is therefore
more likely to occur during May to September when winds are strongest (so pressure differences
and plucking can occur), drift snow is most frequent and snow flux density is high49.
Applying the combined inferences from Dietrich (1977), Whitney (1979) and Lemaster et al
(2005) to interpret the reasons for the greater surface loss observed on the leeward sides of the
(replica) Memorial plaque suggests that:


Areas of greatest surface loss coincide with low pressure due to boundary layer flow rather
than particle impacts;



Observations of the Transit Hut, Memorial Cross and the limited data presented in Table 8.2
show that the highest PVD occurred where the wind direction is at a low angle to the wood
surface.



It is not necessary for ice particles to be harder than wood for particle impacts to cause
surface damage, but is more likely to occur if particles travel at high velocity, which can
occur during short periods of exceptional wind with long intervening periods.

47

This test appears to be based on ASTM G76-83 (Reapproved 1989), an American standard test method for
conducting erosion tests by solid particle impingement using gas jets.
48
This research concerned new timber so plucking of deteriorated fibres was not really relevant in his research.
49
At identical windspeeds and particle mass, it is presumed that harder particles may cause greater corrasion than
softer particles, but the relative importance of hardness, particle mass and windspeed in determining corrasion rate
has not been established for ice particles on wood due to the difficulty of establishing a test regime. Corrasion of the
target is highest when the particle is angular (Dietrich 1977a). At Cape Denison the particles are spheroidal and
relatively small.
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Thus high PVD is associated with plucking of EW which occurs on leeward sides of
structures whereas any particle impacts occur on the southern side of structures and are
associated with smoother thinning and low PVD.

It was not feasible to conduct quantitative field measurements of the pressure difference involved
in typical winds at Cape Denison, and this would even be difficult to replicate in a wind tunnel.
However, if plucking is the dominant factor rather than particle impact, then it is not necessary
for wind velocity to be above the threshold needed to lift particles above the ground and impinge
on the surface. Furthermore, conservation treatment should aim to prevent plucking of surface
fibres, such as by consolidation of surfaces.50. This would simpler suggesting the use of thin,
coherent films (such as cellulose ether) rather than the thicker elastomeric films needed to absorb
particle impacts. Barriers on the windward side of structures may not be effective and may cause
damage elsewhere by deflecting wind flow.
Minimum wind velocity required to pluck fibres from timber surfaces has not been determined in
previous research51. If wind velocity is the key rate-determining factor for surface damage then
occasional extreme winds could explain the observation that photodeterioration is prevalent on
much of AAE hut exterior, indicating damage events occur relatively rarely since
photodeterioration takes several years to develop its characteristic colour. Thus, extreme winds
occurring less than once per year could produce the kinetic energy required to cause damage, in a
relatively short period (minutes rather than years, as implied from Dietrich 1977). Weakening of
the lignin (by chemical or physical deterioration processes) that bond wood cells could also
increase vulnerability to plucking.52
A wind frequency diagram (figure 8.23) was produced from the one hourly data collected by the
AAE anemometer located some 160 m from the SE corner of the Living Hut. Parish and Walker
(2006) measured 10 minute average wind velocity of >57 ms-1 at Cape Denison. Noting Whitney

50

Plucking is more likely to occur on weathered surfaces where lignin cementing the fibres is degraded. Vibration
could also help to remove loosened or damaged wood cells.
51
The only references found were Marshall (1979: 168), who was able to produce ‘frosting’ (ie initial stage of
corrasion) of quartz via bombarding with 710-840 mm quartz particles for 1-2 seconds at 20 ms-1 and Whitney
(1979: 918) was able to produce corrasion effects at 23 kph (6.4 ms-1).
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(1979) was able to produce surface damage in a few minutes at high wind speeds, this suggests
that short bursts of high velocity could be much more damaging than longer exposure at lower
speeds, particularly since the damage produced is proportional to the third power of wind speed.
There may also be a ‘threshold’ value below which the wind velocity causes no damage.
Winter winds exceeding an average of over 100 mph for one hour (44.7 ms-1) occurred only once
during the two years of the AAE. If the frequency of surface loss events is less than once a year,
this suggests that extreme winds with a one hour average over 44 ms-1 may be required to
produce damage, although this could be an underestimate of the threshold value. Guichard et al
(1996) provided a frequency diagram for other Antarctic locations including Dumont d’Urville,
which also has a katabatic regime, and found two-minute averages were above 30 ms-1 for less
than 1% of the time although a record two-minute average of 90 ms-1 has been recorded.
The normal (Gaussian) distribution describes the probability of events in which most elements in
a group are clustered near an average value with an equal number of elements being greater and
less than this average value, ie a symmetric probability distribution. However, extreme events
(such as storms) have an asymmetric probability distribution and the Weibull model is often used
since it closely matches the actual distribution of hourly wind speeds at many locations.
The Weibull distribution function is
f(x) = c/b*(x/b)(c-1) * e[-(x/b)^c],

for 0 = x < 8, b > 0, c > 0

where
b

is the scale parameter

c

is the shape parameter

e

is the base of the natural logarithm.

52

Removal of lignin may increase vulnerability of the less dense early wood so they are more easily removed than
latewood.
55

8. Wind damage

The Weibull distribution53 can be used to calculate the frequency of extreme events (such as
storms) using mean and mode data to produce a probability distribution. Empirically, the Weibull
‘shape’ factor is often close to two (Guichard et al 1996), enabling the simpler but less accurate
Rayleigh distribution to be used. Note, when the shape factor is c=1, the Weibull distribution
reduces to the exponential distribution.
To assess the frequency of severe wind speeds at a particular location, the probability distribution
function needs to be fitted to the observed data using a frequency histogram as shown in figure
8.23. Figure 8.23 used only the two years of wind data collected by the AAE whereas most
analysis of Weibull and Rayleigh distributions uses long term meteorological data to produce
more accurate curve fitting. The most frequent wind speed is the highest point in the probability
distribution. It would thus be possible, with longer run AWS data to estimate from a Weibull
analysis the minimum wind speed required to produce wind damage to timber surfaces54.
Figure 8.23: Frequency plot for winter winds at Cape Denison during the AAE55
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This distribution shows that windspeeds lower than the mean are more common with fewer exceptionally high
values. An explanation of the application of the Weibull and the Rayleigh distributions (used for calculating rare
events, such as exception wave height in storms is provided at http://www.vos.noaa.gov/MWL/aug_05/nws.shtml
54
This was not done due to time constraints.
55
Professor Tom Parish (University of Wyoming) generously provided the AAE one hour average data transcribed
into an Excel spreadsheet, which was used to generate wind frequency plot for the months of May, June and July (the
windiest months) for both 1912 and 1913.
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If damage events occur relatively infrequently, then field testing of the durability and
effectiveness of treatments would require many years, as the author found with exposures of
wood samples at Mawson Station where no measurable losses occurred after three years of
exposure. This suggests that to test potential treatments would require accelerated laboratory
simulation to measure durability, combined with Antarctic field testing, discussed further in
8.5.5.
Wood hardness
Hardness (ie resistance to impacts) of new timber partly depends on the way the timber is sawed
as well as density; toughness and the size and arrangement of the wood fibres (USDA 2010)
including ‘knots’56. Some woods tend to compact and wear smooth (ie polish) while others
remain splintery and rough (Garratt 1931: 47). Thus standard timber surface indentation tests,
such as the Janka method, must take account of these differences in making comparisons. The
original cladding used for the Main Hut at Cape Denison is ‘Baltic pine’ with a density of 0.550
kg/m3 (Harrowfield 2006: 291). ‘Baltic Pine’ can refer to either of two species, Pinus sylvestris
or Picea abies (also known as ‘Norway Spruce’), which have similar appearances as milled
timber57. The walls of Borchgrevink’s hut are Norwegian spruce (Picea abies) timber (density
368 kg/m3) that interlock at the corners and are held down with vertical bolts which provide good
rigidity (Harrowfield 2006: 293-294, based on various other studies).
At low temperatures, the Wood Handbook (USDA 2010: 4-35) states there is little loss in
strength and hardness tests58, for wood at moderate MC. For wood at high MC these properties
are typically enhanced at low temperatures reflecting “the presence of ice in the wood cell
cavities”. This Handbook also collates evidence that various creep and fatigue test results show
no adverse effects from low temperatures (ibid: 4-37 to 4-40) and that ageing has little effect on

56

Ashley (1997: 9) noted the Workshop timber is more knotted.
It is usually Pinus sylvestris but both timbers grow in the same region and are difficult to distinguish without a
Scanning Electron Microscope (Chris James, Australian Paper Mills, personal communication).
58
At 12% equilibrium moisture content (ie seasoned timber) the Janka hardness measured by BS 373 (1957)) given
by Kloot and Bolza (1977) are:
Pinus sylvestris 2850-3550 (newtons)
Picea abies
1800-2200
57
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mechanical properties of wood (ibid: 4-41)59. Ageing of timbers by itself is unlikely to decrease
mechanical strength and hardness (although effects of photodeterioration on the surface of timber
must be considered, see Chapter 7). Most mechanical properties improve (ibid: 4-34) as timber
MC decreases (ie timber usually becomes stronger as it dries and becomes weaker at high MC)
although some species reach a critical value at which further drying does not improve its
strength60.
Hardness is clearly important when considering impacts by particles, especially the large
particles that are embedded in the timber surface at Cape Adare. Janka hardness tests (BS 373
1957) are widely used to measure resistance of timber to indentation by an 11.28 mm steel ball61.
Modified ‘micro-Janka’ testing were undertaken at the University of Tasmania using a 1 mm
steel ball, using the same method to test samples of Baltic Pine acquired by the AAD for the
repair of Mawson’s huts. Using the smaller ball diameter enabled separate measurements of
earlywood and latewood to compare their hardness within the same piece of wood. These
unpublished tests found that timber hardness of early wood was approximately half that of
latewood, although it is very difficult to take account of such factors as the effect of latewood
earlywood when measuring on the tangential face62.
Resistance to wind plucking of un-weathered wood is a function of the cohesion of the wood’s
cellulose fibres in the matrix of lignin. For un-weathered wood this may correspond to the cross
section strength perpendicular to the grain, however limited data is available (USDA 2010: 5-8)
and in practical terms the cohesion of the wood fibres will be significantly reduced as lignin is
removed during weathering when the wood (cellulose) fibres begin to separate, making them
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“Test results for very old timbers suggest that significant losses in clear wood strength occur only after several
centuries of normal aging conditions. The soundness of centuries-old wood in some standing trees… also attests to
the durability of wood”.
60
While historic wood may be more vulnerable when wet from meltwater, meteorological data shows wind speeds in
most of Antarctica are much lower in summer, presenting lower risks.
61

The test involves measuring the force required to embed an 11.28 mm steel ball into wood to half its diameter so
that the result would leave an indention 100 mm² in size. The testing is done on the surface of a plank, perpendicular
to the grain, ("side hardness"). The results are stated [In Sweden it is in kilograms-force (kgf), and in Australia, either
in newtons (N) or kilonewtons (kN). Sometimes the results are treated as units, e.g., "660 Janka".]
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Microscopic examination showed that wood fibres snapped abruptly close to where the ball was pushed into the
wood.
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more vulnerable to plucking. Resistance to plucking would thus vary with time of exposure, and
orientation of the fibres to the surface exposed to weathering.
8.5.2 Surface loss rate measurements
AAE main hut
Surface loss rates reported at Cape Denison (Table 8.2) varied considerably. Some measurements
appear to be based on the height of nails above the timber surface (eg Ledingham 1979), and
some measurements were made at the edge of timbers (eg Blunt 1991) while others measured at
the centre of a roof quadrant (Hughes 1986). Apart from Ashley’s measurements of losses at
corners, the highest rates reported were by Ledingham et al (ibid, 0.192 mm/yr, unstated
location) and Ashley (1997) measuring the Workshop (0.157 mm/yr). Most researchers noted
greater losses at the corners, and the localised v-shaped erosion of the tongue and groove joins
was considered to be very serious because it diminished stiffness of the roof planes, increasing
fracture risks. The absence of detailed reports on measurement locations makes it difficult to
consistently assess the measurements to determine rate changes over time. There is less interest
in understanding the wind damage following the overcladding of the main hut although Godfrey
(2002) noted the formation of texturing on the overcladding of the southern plane of the
Workshop only 3 years after installation. The overcladding can be monitored and replaced but
decisions on replacing the Memorial Cross upright is more complex.
Memorial Cross
The original plaque was replaced with a replica installed in 1986, and photos available since that
date enable the rates of damage to be monitored on an ongoing basis. The pattern of damage of
the leeward face of the replica plaque is very similar to that of the original plaque, now kept in
the historical collection of the Antarctic Division Library at Kingston, Tasmania (figure 8.24)63.
However, the rate of loss of the upright (which is the AAE original) measured by Blunt indicated
a loss of 0.452 mm/yr during 1913-85 but little subsequent loss by February 1995 (when
63

Unfortunately its dimensions were not able to be measured.
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photographed by Summerson) and in January 1997 (author) with relatively small and
comparatively uniform loss at the front of the plaque but visible loss from the upper rear of the
replica plaque evident in comparing photos from 1995 and 1997 which indicated that, of the
original 12 mm thickness in 1986, 4 mm was lost by 1995 (0.444 mm/yr) and 7 mm lost by 1997
(overall rate of 7 mm loss in 11 years = 0.636 mm/yr, but represents 3 mm lost in 2 years or 1.5
mm/yr). This suggests the rate of damage was greater in these two years.
Figure 8.24: Leeward face of the original AAE Memorial plaque, exposed 1913-1978
(author’s photo)
Note: the original upper edge of the plaque is at the top of the picture; the upper edge is
approximately 1 metre.

The katabatic wind (with any entrained snow or guano particles) hits the face of the plaque at
approximately 90° and almost parallel to the ground (as indicated by the necking which is nearly
level with the top of the plaque). The pattern of the surface loss on the original plaque is
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remarkably similar to that of the replica plaque: there is little loss of the upper southern corners64)
with much greater loss on the leeward (northern) side of the plaque.
Transit hut
The extreme loss of earlywood in 1997 is very marked by comparison with images from 1985
(Blunt 1991). By contrast, comparison of images from 1985 with those from 1997 show wood at
the southern face of the hut was relatively smooth (ie low PVD) but much reduced in plank
thickness65, suggesting particle damage may be more significant here and that plucking is more
prominent in the lee of the wind especially where timber grain is aligned parallel to the wind. The
extent of surface loss has resulted in plank becoming so thin they have broken.
Figure 8.25: Transit hut, comparison of low PVD surface damage on windward in 1995 (left,
Rupert Summerson photo) and high PVD damage on leeward (right) sides of the building, 1997
(author’s photos).

64

The minimal loss on the windward side suggests particle damage is not very extensive.
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Rates of surface damage at Cape Adare
Harrowfield (2006) concluded that total corrasion losses affecting the NE corner of
Borchgrevink’s hut were greatest on the second and third boards above ground, because the high
density of the particles required strong winds to lift the particles above the surface. Indentations
from pebble impacts mostly occurred between 1.15 to 1.75m above ground level.
Figure 8.17 indicates greater corrasion of the carpenter’s bench occurred between 1990 and 1993,
implying the rate of damage is increasing.
The density of Baltic pine used for the AAE hut (0.530 kg/m3, Harrowfield 2006: 291) is higher
than that of the Picea abies used for Borchgrevink’s hut (368 kg/m3, Harrowfield 2006: 293).
However, the effect of lower wood density appears somewhat offset by the use of thicker walls
and the interlocking construction which means greater dimensional loss can occur before surface
loss risks become critical.
SEM studies
Naturally eroded samples from Cape Denison
All the examined regions of the two samples showed appearance similar to figure 8.7. It is
difficult to draw conclusions because many of the surfaces are affected by general weathering
rather than fresh surface damage, whether by particle impacts or plucking. The surface
irregularities in image 0019 and 0003 of figure 8.7 are suggestive of plucking (ie cells pulled
from the surface) but more historic samples with fresh surface damage would be required to draw
meaningful conclusions.
Synthetically corraded samples

65

See also Blunt 1991 vol 2: 208.
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The typical appearance of damage produced by artificial corrasion in an abrasive blasting
chamber using plastic beads (figure 8.8) shows a rougher surface than figure 8.7 and there a fine
fragments jutting at an angle from the separated fibres where the wood cells appear to have
fractured. Using medium pressure and a low feed of the plastic beads produced a textured surface
in a few minutes. Even with the bead supply turned off, some texturing was produced although it
was difficult to ensure all beads were removed from the air supply. The cumbersome nature of
the available equipment made it practically impossible to test different angles of impingement.
Harrowfield (2006: 297) used a stereomicroscope to observe indentations in a sample of timber
from Cape Adare and reported “slight tearing along the edges of autumn wood and also
subsequent abrasion by fine particles”. The overall pattern at Cape Adare was indentations
(‘micropeening’), shattering and bruising of the timbers in addition to texturing by selective
removal of earlywood by finer particles.
8.5.3 Treatment of eroded timber surfaces (research question 3)
At Cape Adare synthetic rubber ‘Butylclad’ sheeting was installed in 1990 to protect the roof66
from damaging wind gusts, corrasion and water/snow ingress but the walls are as yet untreated
(Table 8.3).The thickness of the walls and the Norwegian-style interlocking corners and tiedowns mean the walls should be less prone to flexing than the plank construction of the AAE
huts. Harrowfield (2006) concluded the corners of the buildings are being corraded at a rate that
may require intervention within the next 10-20 years to avoid potential breakage of timbers.
However, application of new timber over the existing external timbers, as used at Cape Denison,
would be particularly difficult to fit around the interlocked corners and would be aesthetically
and historically undesirable to obscure the distinctive construction details of the building. It is
challenging to develop treatments that allow retention of original timbers and original
appearance.
The main treatments for wind damage at Cape Denison has been overcladding of exterior timbers
with new timber. At Cape Denison the rapid rate of surface loss, failure of lead sheeting and
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adhesive-based repairs used in 1977 (figure 8.23) and concerns about vapour transmission
problems from use of polymer were the rationale for use of wood to overclad the AAE main hut.
Advantages included its ability to anchor more securely to the building and being thicker and
stiffer it is potentially more durable, although there has been significant aesthetic impact67.
Figure 8.26: Lead sheeting, Workshop roof (author’s photos except where indicated)

Top left: 1985, overview of roof from east showing lead repairs installed in 1977
Top right: detail of lead repairs, eastern side 1985
Middle row left: northern quadrant, upper lead repairs torn off by wind, 1994 (R Summerson)
Middle row right: northern quadrant 1997, upper batten covering the lead has gone
Bottom: 1997, detail showing bending of the lead

66

The roof was originally bare timber. Nordenskjold’s hut was built with a cladding of felt over the external timbers
which appears to have protected it from corrasion (Harrowfield 2006).
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The site management plan (DEWHA 2008: 61) states:
“Overcladding of the workshop roof was completed in 1998 on the basis that structural
failure was likely due to the abrasion of the original timber boards, from a thickness of 16
mm to less than 10 mm. This work preserved the structure, provided additional diaphragm
bracing and reduced snow ingress. It also produced some unintended consequences. The
first was visual: the new boards could only be installed with the acrylic coating on the
exposed side, and since the coating was more durable and visible than expected, this had
an impact on the appearance of the workshop roof. This is beginning to lessen, as it
slowly abrades”.
Prior to the 1998 conservation work program overcladding of the AAE main hut was considered
by a group of building scientists, conservators, architects and archaeologists convened by the
Australian Heritage Commission. A range of options was considered and plywood and coated
timber were advised against because these may reduce the vapour permeability of the building
and increase risks of condensation in the building. Timber for overcladding was nonetheless
procured and was coated on the ‘underside’ with ultra violet-curing ‘Intergrain’68 before
departure from Australia but was installed with the coating outermost. The expedition report
(Ashley 2001: 84) stated:
“A decision was made to expose the new finish and accept the short term visual impact from the
coloured boards in exchange for doubling the life of the new boards69. This experience
highlighted the need for careful consideration of any use of protective coatings.”
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Promotional material for Mawson’s huts frequently uses images taken before overcladding.
According to the manufacturer’s website this is a UV curing acrylic polymer. The website
http://www.woodart.com.au/a_intergrain08.htm notes “the UV absorber system in UVC will impart a golden brown
tint to light coloured timber species: Test for colour suitability before use”.
68

69

How the ‘doubling’ of durability of the boards was estimated is not mentioned .
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This acrylic coating, “applied to stabilise the new boards, will have a short-term impact on the
visual appearance of the Workshop roof, but will weather off” (Ashley 2001: 116). Some 10
years later, the bright colour of the coated boards remained (figures 7.21, 7.25).
High logistics costs for conservation work in remote locations such as Cape Denison and Cape
Adare favour treatments such as overcladding since it is relatively quick to install and can be
‘reversed’. Investigation of alternative options have been limited. Although protection of the
exterior is extremely important, overcladding reduces the visual and historical appeal of the
building exterior and focuses greater importance on making the interior of buildings accessible to
visitors which then requires interventions where the long-term effect on interior conditions is not
yet conclusive, especially with expected higher temperatures.
Overcladding remains essential for structures such as the AAE main hut but development of
suitable protective coatings may offer some advantage at Antarctic historic sites, such as Cape
Adare, where particles are the demonstrated cause of damage. Elastomeric coatings can absorb
impacts (or spread the impact area) of particles and reduce embedding and fracturing of wood
fibres. Even paint can provide some protection, evident in the case of a piece of timber recovered
from Moor Pyramid where the paint is about 2 mm above the surrounding eroded wood (see
figure 4.11). Similarly, rubbery adhesive-backed tape (similar to ‘gaffer tape’) was routinely used
at Australian Antarctic stations for a range of repair and protective purposes, popularly known as
“100 miles an hour tape” to protect field equipment exposed to blizzards and other windborne
particles. However, development and testing would require substantial time to develop and
evaluate. The advantage of a coating system, if a suitable material could be developed, is that it
could be used on structures where overcladding is unsuitable, such as the exterior of
Borchgrevink’s hut and the Memorial Cross at Cape Denison.
Welke (2009) discussed ten options for the Transit hut ranging from no action to complete
enclosure. The recommended option was to secure wooden or clear polymer panels over the four
walls (excluding the roof) to protect the building from the wind70. While there is clearly a need to
protect the structure from the extreme winds, t air flow around the structure must be considered
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to avoid turbulent flow which may produce unexpected results although increased drift formation
in the lee of the building may provide some protection but would make visitor access (a desired
outcome of the treatment) more difficult. Ice accumulation between the panels and the original
timbers when removing the panels (as intended) must also be considered. Use of Computational
Fluid Dynamics (CFD) to model airflow around the hut and trial different treatment options may
help refine design options and improve outcomes.
Factors in treatment effectiveness
The adoption of the 2001 Conservation Management Plan ended consideration of highly intrusive
treatments that were proposed in the 1980s for the AAE huts, such as repatriation of original
cladding and installation of a protective plastic dome. Removal of the original cladding conflicts
with Burra Charter principles, which favours retention in situ. The installation of a dome would
have been technically complex and unlikely to be effective as most lightweight transparent
polymers would trap moisture and cause condensation problems while failing to deal with
meltwater problems and other risks.
Conservation ethics requirements of ICOMOS and the Burra Charter require treatment risks to be
assessed and effectiveness of treatments to be evaluated. Some risk information is provided in the
CMP (DEWHA 2008: 84-92). Although overcladding has protected the original cladding
underneath, no assessment of the condition of the effects of overcladding on the original timbers
have been undertaken to assess whether there have been any impacts from melting of trapped
snow, or growth of fungi due to reduced ventilation or condensation.
All treatment materials to be used in historic buildings should be assessed to minimise risks of
unanticipated adverse effects, as illustrated by the failure of materials such as the lead sheeting
applied over the Workshop roof in the 1970s and the bronze boxes enclosing the historic AAE
plaques. Field testing for durability of repair materials would avert these problems, but this takes
time and money when many have desired rapid action to ‘save’ the huts. Furthermore, durability
testing of materials alone is not sufficient as it is important to assess whether the repair material
70

The approach appears to be aimed at protecting from both the buffeting of the wind as well as the surface damage
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itself may cause other problems as illustrated by the condensation problems often caused by
vapour barriers/retarders commonly used to prevent surface loss or ice ingress (discussed in
Chapter 4).
The aesthetic disadvantages of overcladding are rarely discussed, although tour operator Don
McIntyre at the 2010 MHF seminar said visitors often requested that the remaining west wall of
the main hut remain unclad because tourists like to photograph the aesthetic appearance of the
original timbers.
8.5.4 Interactions of wind erosion with other deterioration processes
Weathering processes remove lignin from wood at the middle lamella where it bind fibres
together, thus weathering can make the timber surface more vulnerable to surface damage.
Repeated wetting and drying in conjunction with sunlight and salts accelerates loss of lignin and
increases cracking, exposing more surface area to weathering. This will synergise any the surface
damage by wind, whether by plucking or particle corrasion. Climate change studies for Terre
Adelie predict strengthening of westerly winds in coming decades (Ian Goodwin, personal
communication, MHF Workshop Sydney 2008), which may increase the risks of both particle
impingement and plucking although the evidence presented above implies that plucking will
remain the greater risk.
8.5.5 Further research required
The adoption of overcladding of the AAE main hut as the primary treatment strategy for wind
erosion has reduced interest in other treatments although overcladding is unsuitable (or difficult
to apply) for some buildings (eg Borchgrevink’s hut) or other structures (eg AAE Memorial
Cross). The accelerating rate of damage requires treatment within a decade.
Use of physical barriers (eg snow fences) raises issues of whether drift formation would obscure
the structure or create meltwater problems. However, snowdrifts caould be beneficial if kept
effects.
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frozen and ablation is minimised (eg by ‘sintering’71 the surface). Use of computational fluid
dynamics software72 to model air flow around structures could improve treatment development
and risk management, for example, to ensure beneficial replenishment of snow in the AAE main
hut verandahs. Snow deflectors are sometimes used in Arctic Canada for directing snow drift
formation away from buildings (eg figure 8.27) but these would require extensive design and
field tests before use at historic sites, in addition to consideration of aesthetic issues. Vortex
generators installed at Cape Evans were said to not be effective73.
Figure 8.27: Snow deflector used in Arctic Canada (Strub 1996: 99)

Repatriation and replacement of original timbers with ‘replicas’ is an option of last resort in
heritage conservation. This suggests reconsideration of reversible or sacrificial protective
coatings if the previous technical difficulties can be overcome. Coatings could be considered
where overcladding is not suitable and where repatriation is undesirable. If a clear, vapourpermeable, UV-absorbing elastomeric coating could be developed this could reduce ‘plucking’ of
fibres (at Cape Denison) or absorb the impact of particles (Cape Adare) and minimise
photodeterioration and other surface weathering. The intermittent nature of damage at Cape
Denison during exceptional winds implies that laboratory testing would be required to test
effectiveness before field testing to avert any unanticipated problem from the use of the coating.

71
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This involves allowing the surface to partly melt then refreeze, which consolidates and hardens the surface.
This is less expensive and more convenient that wind tunnel studies.
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Equipment devised by Dietrich (1977) may be feasible for laboratory simulation of Antarctic
conditions using air flow and ice particles at controlled velocities in a chamber, although this
would be expensive.
To be suitable the coating must be:


durable and protective in Antarctic conditions;



clear, colourless and visually unobtrusive;



able to be applied in a thin layer;



not produce staining or moisture problems, not support biodeterioration or other adverse
effects;



not exacerbate other problems such as defibring or photodeterioration and



be removable without damaging deteriorated historic materials (for example by peeling or
steam removal).

A dual layer system with a basecoat of cellulose ether or starch-based material (easily removable
with steam) and a ‘peelable’ elastomeric topcoat may be the best option for further
investigation74.
Improved documentation of surface damage by wind over time would facilitate better estimation
of the condition of remaining timbers. This requires:


Standardisation of measurement techniques for recording of remaining timber thickness;



Recording the location where thickness measurements are made, particularly position relative
to boundary layer air flow around structures; and



Recording of other deterioration occurring at that location, especially defibring and
photodeterioration, using detailed, colour-scaled photographs;



Measurement techniques should build upon the methods used by Harrowfield (2006) to
improve consistency of measurement and facilitate accurate longitudinal analysis of erosion

73

See Chapter 4.
As outlined in Hughes 1992. After passing these tests, the coating would require exposure testing for about five
years (eg on overclad buildings) for ethical assurance before it could be applied to original historic timber.
74
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rates. Rapidly advancing Laser profilometry equipment may soon be sufficiently robust and
cost-effective to enable field use in Antarctica.
Ten minute average wind data from the AWS at Cape Denison (to replace AAE hourly data)
would enable better estimation of the frequency of extreme winds using the Rayleigh or Weibull
distribution. This data, combined with improved recording of damage would improve
understanding of the threshold conditions for wind erosion, enabling better treatments to be
developed.
8.6 SUMMARY
While overcladding of the AAE main hut provides physical protection for the original historic
timbers, it remains important to understand how surface damage occurs, and for developing
treatments for other buildings and structures where overcladding is not feasible or aesthetically or
historically undesirable.
Photographs of damage at diverse locations at Cape Denison showed while there is evidence that
windborne ice particles cause surface damage, greater losses occurred at locations in the lee of
the wind where low pressure arises from boundary layer flow. Locations directly facing the wind
tend to wear smoothly with low PVD, while locations in the lee of the wind have high PVD. This
infers plucking of fibres from weathered surfaces is a greater risk, in contrast to Cape Adare
where larger, denser beach particle impacts produce peening and hammering damage.
Time series photographs suggest rates of surface damage by wind are generally accelerating at
both Cape Denison and Cape Adare however, the presence of substantial areas of
photodeterioration, which takes years to form, suggests winds strong enough to produce surface
damage only occur every few years.
The extreme PVD produced by plucking at northern end of Transit Hut suggests that differences
in cohesion between early wood (EW) cells is more important in leeward locations. At windward
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locations of the hut low PVD implies that differing density of EW and LW is less important
where particle impacts appear to be occurring.
If plucking of fibres is a greater risk than particle damage, then treatments to consolidate the
surface or to reduce weathering may help prolong survival of original timbers.
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9. BIODETERIORATION
Figure 9.1: McLean at his microscope (Mawson 1915: 136)
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9.1 INTRODUCTION: OBJECTIVES AND SCOPE
9.1.1 Objectives
This chapter aims to:
a)

Consider the extent, and where possible, the rate of various types of biodeterioration (from
fungi, bacteria, algae and wildlife) affecting Antarctic historic sites;

b)

Briefly assess interactions of wildlife with historic sites;

c)

Review treatments for controlling biodeterioration; and identify the implications for
developing successful conservation treatments.

9.1.2 Scope
The term ‘biodeterioration’1 used by conservators usually includes damage by microorganisms
(fungi, algae and bacteria) and ‘pests’ (such as insects, rodents and birds). While wildlife are not
‘pests’, they can cause deterioration problems or management issues at historic sites (figure 9.2),
so their impacts are included in this chapter2. Few insects are found in Antarctica (McGonigal &
Woodworth 2002:194) and these do not damage historic materials. There are no rodents.
Limited logistics and research funding prevented collection and analysis of biological samples
from Cape Denison and other sites visited. Without this support, and without training in
microbiology, the author reviewed research undertaken by specialist microbiologists, assessed
information gaps from a materials conservation viewpoint and applied this information to guide
development of holistic conservation strategies for Antarctic historic sites using risk management
analysis since biodeterioration presents a potential risk for Antarctic historic sites.

1

Biological deterioration.
Wildlife is a natural and inherent feature of the Antarctic environment but their effects are essentially biological, so
a balance it required to manage conservation of both wildlife and historic sites.
2
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Figure 9.2: Adelie penguins nesting in artefacts at Cape Adare (author’s photo 1993)

9.2 LITERATURE AND GAPS IN KNOWLEDGE
As discussed in Chapter 1, many early expeditions were established next to penguin colonies due
to the shortage of suitable land for building3; scientific opportunities for observing wildlife and as
an emergency food supply. Large groupings of penguins can damage outdoor artefacts due to
their size4 (figure 9.2) and nest-making activity. Guano accumulations can damage timber
buildings and outdoor artefacts. There is no evidence that the limited growth of mosses, lichens
and grasses found near some Antarctic Peninsula historic sites (Naveen 2005) cause any
significant deterioration problems5.
Before the author’s initial visit to Antarctica there was a widespread belief that biodeterioration
was absent or minimal in Antarctica due to the ‘dry cold’. These views persisted despite evidence
from a range of sources (Appendix F). For example, Ashley and Mackay (2004: 47) state “the

3

All penguins except Emperor penguins need to breed on land, not ice and only a small percentage of coastal land is
ice-free.
4
Emperor penguins are approximately 900mm high and can weigh up to 50 kg and seals can weigh several hundred
kilograms (McGonigal and Woodworth 2001).
5
Vegetation may, for example, cover some whaling and sealing archeological sites, as is common at Subantarctic
sites, but this is considered outside the scope of this thesis. Lichens (a symbiotic association of alga and fungus)
grow in Antarctica and may colonise wood, Lichens (a symbiotic association of alga and fungus) grow in Antarctica
4
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cold makes it impossible for the usual organic timber threats to survive”. Detailed proposals for
collection and analysis of samples, and testing of prospective fungicides were presented to ASAC
for Australian Antarctic sites from 1991 onwards on a regular basis. The author in conjunction
with microbiologist Liz Kerry6 proposed identifying fungi using the methods of Sun et al (1978).
The methodologies proposed included measurement of growth rates at low temperatures to
identify risks for timber7, generally similar to methodologies of Blanchette et al (2004). It proved
impossible to obtain research funding and permission to collect samples since analysis of
microorganisms was considered to be not a priority for conservation of Antarctic historic sites.
The most detailed information relevant to biodeterioration of Antarctic historic sites is a PhD
thesis by Duncan (20078) conducted at the Ross Island historic sites including measurement of
growth requirements and risks of development of cold tolerance. Research has been undertaken
by a US-NZ team on historic timber buildings in the Antarctic Peninsula (Arenz, BE &
Blanchette 2009) and the Arctic (Blanchette, R, Held & Jurgens 2008). This research is referred
to briefly below and more extensively in the discussion section of this chapter.
9.2.1 Identification of micro organisms causing deterioration
It is widely known that bacteria, fungi and algae damage organic materials such as wood, textiles,
leather, fur, paper and animal remains (Allsopp, Seal & Gaylarde 2004). Sulphate-reducing
organisms are known to cause corrosion of metals through formation of sulphuric acid and these
have been found in Antarctic saline lakes (Rea, Bowman & McMeekin 1995). Unusual
microorganisms occur in niche environments in Antarctica.9
A history of early Antarctic microbiological studies is given by Fogg (1992) including studies by
Deutsche Südpolar-Expedition (1901-1903), Charcot’s two French expeditions (1904-07,

and may colonise wood. The lichen retains moisture, allowing wood fungi to establish and produce enzymes that
damage wood.
6
Formerly of the University of Tasmania and Australian Antarctic Division.
7
Previous research had focussed on foods and often used medical (physiological) media whereas the condition of the
wood in the buildings was the key concern for materials conservation. Similar issues with media selection are
discussed in Duncan et al (2008: 464).
8
Available on-line at http://adt.waikato.ac.nz/public/adt-uow20070501.175007/index.html
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1908-10), Nordenskjold’s Swedish Antarctic Expedition (1901-04) and by McLean (1919) for the
AAE at Cape Denison (figure 9.1). Other unusual microorganisms found in Antarctica include
snow algae (Fogg 1992: 358). These occur where snow undergoes freeze-thaw cycles and can
affect the albedo of snow10. Duncan (2007: 18-27) discussed how historic studies assessed
whether the microbes are indigenous or introduced to Antarctica, which was a key focus of
biological research by early expeditions.
Figure 9.3: Microbes cultured by McLean during the AAE (Mawson 1915: 168)

More recent studies examined microbes affecting historic materials from the Arctic and
Antarctic. Meyer et al (1963) isolated and grew viable organisms from fifty year old yeast
preparation as well as faeces and foodstuffs from early Antarctic expeditions, although only a
small number of moulds were found. Nedwell et al (1994) studied aseptic samples from Cape
Evans and Cape Royds including pony dung, chaff, hay, dried peas and pearl barley and found
bacteria have survived in a frozen state for over 80 years. The major survivors were spore
forming Bacillus species.

9

Greenfield (1980) found bacteria in Antarctic mud that contain magnetite and are capable of orientation in the
earth’s magnetic field.
10
Thawing provides moisture which allows algae to grow and their darker colour promotes heat absorption
promoting further melting. Their effect in reducing albedo is important in climate studies.
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Fox (1979) studied tinned food of historic interest from Arctic sites, some of which contained
toxic microbes, including those that cause botulism and gangrene. Risk management strategies
for handling hazardous items have been presented for some Ross Island sites (Blanchette et al
2004). Sea mammal fats (particularly from seals and walruses) are known to cause serious
allergic reactions in humans (Hett 1987: 69).
Grimmond et al (1980) collected food, dust, papers, faeces, ice equipment and mould specimens
from the AAE main hut to determine their viability and to compare with those studied by
McLean in 1912, and to monitor microbial impact of human habitation. From the presence of
various viable yeasts and moulds they concluded that human-induced microorganisms persist in
the Antarctic environment for at least 70 years. However, only an abstract was published and it
appears that no further research was undertaken due to difficulties in culturing the samples,
possibly due to the use of physiological media11. No studies of the timber were undertaken and
no subsequent microbiological studies have been published regarding Cape Denison.
Greenfield (1982) identified thermophilic12 microbes in pony fodder at Cape Royds, concluding
they were exotic since the bales of fodder had been in dry conditions and low ambient
temperatures since 1909. Sun, Huppert and Cameron (1978) reviewed the considerable range of
species of microorganisms and provided identification methods. Kerry (1990) listed fungal
species found in Antarctica that have the potential to degrade wood and noted at least one species
(Phialophora fastigiata now called Cadophora fastigiata) can survive on wood.
Duncan (2007: 2) notes much initial research on historic sites focussed on food and artefacts
rather than risks to the timbers of the buildings. There is now greater interest in study of coldtolerant fungi and Duncan’s thesis demonstrates the benefit of research on historic material in
understanding broader scientific questions about the processes of development for cold tolerance
and survival strategies of microorganisms.

11

The authors primarily had medical backgrounds which may have influenced the availability of choice of media,
rather than selecting culture media relevant to wood.
12
Thermophilic organisms grow at high temperatures (40-100°C) and generally die or fail to grow at temperatures
below 25°C so it is surprising to find these in Antarctica.
7
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Blanchette et al (2004) applied molecular biology techniques to improve identification of
microbial species and have identified a number of previously unknown species, many unique to
Antarctica. Blanchette et al (2004: 1334) concluded that the soft rot fungi found in the historic
huts probably were not brought to Antarctica by the early explorers. Cadophora species occur in
temperate regions of the world, but they are not common wood decay fungi and are not often
found in wood used for buildings. The great diversity of Cadophora species found in the historic
woods, including several undescribed species, and their presence in soils from remote areas with
little human interference and on dead moss and lichen thalli strongly suggest that these fungi are
endemic to Antarctica (Farrell et al (2011), Blanchette et al (2010), Duncan et al (2008), Arenz et
al (2006)).
9.2.2 Biodeterioration rates in cold climates
Antarctic field and laboratory studies (Greenfield 1982, Duncan 2007) documented cold
tolerance of various bacteria. In the Ross Dependency, Greenfield (1981) studied pathogenic
microbes13 on the under-surface of a mummified seal and found they can survive in cold
conditions and can grow in summer conditions when temperatures and moisture content are
higher.
Marion (1995), referring to soil processes, noted that:
"both bacteria and fungi are capable of growth at subzero temperatures. Decomposition
rates increase with increasing temperature between 5°C and 20-30°C and overall
decomposition rates increase by 20% per year for every 1000 degree days above 0°C"….
"Extracellular enzyme activities have been detected in soils at temperatures as low as 20°C ... these low temperature activities are believed to be occurring in the un frozen
water at surfaces of soil particles." … "It appears that the number of freeze-thaw events,
rather than the duration of any one event, is the principal factor determining total enzyme
activity”.

13

The species identified are known human pathogens.
8

9. Biodeterioration

Kelley et al (2000) compiled various studies on conservation and repair of historic timber
buildings, particularly seventeenth century timber buildings at Kizhi Pagost and Scandinavian
buildings14. Fungal growth rates and the role of moisture was a key focus of this publication.
Kaila (1988) examined effects of the blue stain fungi Pullularia pullulans, potentially involved in
the formation of the characteristic grey colour developed by wood exposed to light in cool
climates (see Chapter 8). Kaila researched the factors favouring and inhibiting growth and
impacts on timber strength. Larsen in Kelley (2000: 107) also states that weathering by light
exposure makes wood more vulnerable to decay fungi.
Measurement of MC is used to monitor biodeterioration risks in wooden buildings. A useful MC
survey method and fungal growth rate estimation for historic timber buildings is given by
Mattson in Kelley et al (2000: 79-94). Fungi can grow on air-dry wood in atmospheres with RH
above 80%. Research undertaken by the previously mentioned US-NZ team including Blanchette
et al (2004), Held et al (2005) and Duncan (2007) is however the most relevant and detailed
current information linking temperature and RH, MC and other factors on biodeterioration
affecting timbers of the Ross Dependency huts.
9.2.3 Biodeterioration treatments at polar historic sites
Most reports from Arctic historic sites reviewed in Chapter 2 concerned either post-excavation
stabilisation of organic materials, since the excavation usually involves melting of permafrost
with consequent high moisture levels, or treatment of artefacts relocated to museums. These are
of limited application to in situ preservation in Antarctica. Hett (1987: 69) explained the use of
cold pits dug in the permafrost to maintain low temperatures to protect excavated objects from
biodeterioration while awaiting transport. Snow banks are also used as cold storage where the
bank is north facing and otherwise protected. Blanchette et al (2008) studied biodeterioration of
wooden huts in the Canadian High Arctic, identifying environmental factors and approaches to
reduce the damage.

14

See also Appendix G.
9
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Schweger and Kerr (1987) studied fungi found on textiles collected during the temporary
exhumation of a crew member, Torrington (figure 2.6) from the third Franklin Expedition.
Microfungi on the wool cloth covering Torrington's face were identified as Geomyces pannorum,
a soil fungus also found at Antarctic historic sites (Duncan 2007). Some wool fibres from the
casket cover were highly fibrillated, inferring the textile had deteriorated as a result of post-burial
fungal activity.
In Antarctica, fungal outbreaks during 1984 inside Borchegrevink’s hut at Cape Adare and during
the 1980s on Ross Island were treated by spraying with thymol solution on advice from a
conservator (Harrowfield 1990). Concentrations used were not stated although 10% w/v in
ethanol is the typical concentration used by conservators. Thymol is no longer widely used due to
its toxicity and staining risks. Potassium permanganate was used at Cape Royds during 1908,
possibly to control odours and decay from the surrounding penguin guano although there is no
evidence of its use, eg staining.15
Many typical treatments for fungi in historic timber involve chemicals, UV radiation, or removal
and replacement with new timbers, each of which present potential problems (Larsen in Kelley et
al 2000). These include toxic residues, incomplete treatment leading to resistant organisms or
failure to address the cause of the problem, usually moisture (Duncan 2007). Accordingly,
Duncan et al (2008: 469) state:
“it is important to create conditions in the hut which are not conducive to fungal growth
so that continued degradation of the historic [materials] is reduced”.
Wildlife impacts on Antarctic historic sites
While bears and foxes have significant impacts on Arctic historic sites (Chapter 2.3) and present
serious risks for field personnel, Antarctica’s land wildlife are gentler creatures. There are only
passing references to impacts on sites by Antarctic wildlife, mainly penguins, but Harrowfield
(1990 ) provides a more detailed analysis of the problems arising from nesting and guano

15

This chemical is deep purple. Dr Harrowfield provided the reference from Dr Eric Marshall’s diary entry for
25.2.1908 “Afternoon boarded up window and stained our section [of hut] with Pot Permang. Great.”
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accumulation surrounding the Cape Adare huts. This has caused drainage of malodorous water
inside the buildings.
Despite the emphasis of the Antarctic Treaty on the importance of protecting wildlife and historic
sites there has been no systematic review of management issues arising from their close
proximity to one another at many locations such as Cape Adare and Cape Royds.
9.2.4 Information gaps
Despite the substantial work by Duncan (2007), Held et al (2005) and Blanchette et al (2004) on
growth rates, temperature and RH conditions and types of microorganisms affecting materials at
particular polar locations:
1. It is not clear whether the approaches proposed by Held et al (2005) for reducing moisture
ingress in the Ross Island huts would be effective for the AAE main hut given the different
climatic conditions at Cape Denison.
2. Despite the importance of the environmental issues involved, there is little information on
improving management of the coexistence of wildlife and historic sites for sites in the
Antarctic Peninsula, Cape Adare and Cape Royds.
3. No risk assessments for biodeterioration has been prepared for the AAE main hut, without
which it remains difficult to communicate these risks to site managers.
9.3 METHODOLOGY
9.3.1 Research questions:
From initial visits to Antarctic historic sites and literature research the following specific research
questions were developed:
1. What are the impacts and severity of biodeterioration at Antarctic historic sites? Are the
problems worsening over time?
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2. What changes to temperature, RH and MC conditions in buildings are required to reduce the
biodeterioration risks?
3. How can these changes be implemented without risking other problems?
4. How can interactions between wildlife and historic sites be appropriately managed?
9.3.2 Methodology for field observations
To address research question 1, visual surveys were conducted at the twelve sites listed in
Chapter 3 that are representative of all Antarctic historic sites except those in the Antarctic
Peninsula16. As in previous chapters, a check list (Table 3.2) was used to guide the observations
and assist comparisons between sites17. Wherever possible, types of materials damaged by
biodeterioration were identified visually, characteristics of the damage were recorded and
evidence of interactions with other causes of deterioration were noted. The observations were
collated in Table 9.1. Where biocidal treatments have been proposed or known to have occurred,
information on the effectiveness is considered and implications for long-term management are
examined.
Visual examination is known to be of limited effectiveness in detecting early damage to organic
materials caused by fungi, algae and bacteria although staining, sponginess, odour and hyphae
can often characterise particular fungi species on wood, although by the time these are evident
damage may be well-advanced18.
9.3.3 Identification of microorganisms
Identification of the species of microorganisms requires microscopic examination of spores or
hyphae characteristics cultured from a sample collected from the material where the microbes are
growing. Particular difficulties arise in Antarctica since it is necessary to send live organisms to

16

Duncan (2007) and Arenz and Blanchette (2009) made much more detailed observations than the author could
because of her limited logistical and funding opportunities. Their observations are supplemented with analytical data.
17
As previously explained, the surveys could not be systematically arranged on a grid system due to time constraints
and varying snow cover.
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culture for identification and cold, desiccation and salts may make it more difficult to culture if
required for further research. Quarantine regulations for Australia and New Zealand require
special exemptions from routine fumigation. Light microscopy and SEM were used to examine
two samples of timber collected with permission from Cape Denison in 198519.
9.3.4 Wildlife impacts
Visual observations, literature sources and advice from wildlife biologists were used to evaluate
the impact of wildlife, for example to estimate the quantities of guano and qualitatively assess
issues of behaviour, chemical effects of guano and effectiveness of management strategies.
9.3.5 Risk analysis
As discussed in Chapter 3, a review of biodeterioration risks identified from site observations and
the literature was prepared using Australian Standard AS 4360 for selected sites. In this chapter
this was limited to Cape Denison and Cape Evans20. This also collated available information on
temperature, RH and MC information from Chapter 4, presented in Table 9.3.
9.4 RESULTS
9.4.1 Site observations

18

It should be noted that well-established monitoring, identification and growth measurement methods were
provided in Duncan (2007) and in a range of other publications referred to in the literature reviewed in 9.2. These are
a much better superior methodology than used by the author who faced logistical and resource challenges.
19
This was part of the same two samples mentioned in chapter 5.
20
There is a significant amount of information for the Cape Evans hut, but not for the AAE huts so the risk analysis
can be used to compare the risks.
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Table 9.1: biodeterioration observations at sites visited and literature references for other
Antarctic sites
Site and
date
observed21

Location
observed

Microclimate

Bio-deteriorated
items and
materials

Cape
Denison,
December
1985

Artefact scatter
outside main hut
Seal carcase
Magnetograph
House
Transit hut
Absolute
Magnetic Hut
Inside main hut.
See also figure
9.6.

Severe winds
may produce
periodic
desiccation.
Meltwater
pool not
present, but
tidelines on
building
indicate past
melt levels.
Saturation RH
inside hut with
extensive
meltwater.

Outdoors: spots of
mould on wood,
leather in artefact
scatter; scraps of
wood around
Transit hut, spots
on sheepskin on
Magnetograph
House.
Inside main hut:
staining on socks
crammed into
wall spaces to
prevent snow
ingress;
stains on pillow
(Mawson’s room,
fig 9.5), food in
tins (fig 9.6),
flour, canvas
scraps on floor,
paper labels,
magazines,
staining on
western wall near
Hodgeman’s
bunk. These
observations are
consistent with
Blunt 1985: 110113).
Outdoors: similar
to 1985, no
apparent
difference from
photos although
different artefacts
were visible due
to changes in
snow drift cover.

In main hut
Blunt (1991)
found
MC>20% in
lower walls
and >30% in
Mawson’s
cubicle.22

January
1997

21
22

Artefact scatter
outside main hut
Magnetograph
House

ditto

Biodeterioration
treatments and
management
strategies used
Nil reported.
No regular
fungal
inspections or
monitoring are
undertaken.
Samples have
been collected
by attempts to
culture and
identify the
fungi failed in
1979, 1985 and
1998.

Wildlife types and
populations at/near the
site

Nil reported.

One penguin entangled
in AAE antenna wire.

Several thousand Adelie
penguins breed on
adjacent areas of
Memorial Hill and
Azimuth Hill but there
are no major clusters or
nests near the huts.
Potential risk from
explosives [since
removed] and broken
glass in rocks seaward of
the Workshop verandah.

All are author observations unless otherwise indicated.
Blunt (1991: vol 2: 115), measured MC in main hut but no measurements given for Magnetograph Hse.
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Site and
date
observed21

Location
observed

Microclimate

Bio-deteriorated
items and
materials

Cape Adare
February
1993

Artefact scatters
outside
Borchegrevink
hut

Severe winds.
Meltwater
pooling in
some
locations,
periodically
awash from
storms
(Harrowfield
2006); high
guano levels.
High RH
apparent,
some water on
floor (possible
seepage).

Staining of some
wooden barrel
staves, lower
walls appear to be
stained with dark
mould but
uncertain in poor
light conditions.

Inside
Borchgrevink hut

Cape Royds,
February
1993

Campbell Hut

Localised
strong winds.
Salt deposits.

Inside hut

High RH (as
measured by
Held et al
2005 ~80%
RH in
summer,
periodically
>0° C). Some
salt runs on
ceiling and
upper walls.
Salts on
windows
(inside) and
windowsills.
Salt deposits
on ground.
Some
meltwater
streams near
hut.

Outside hut

Biodeterioration
treatments and
management
strategies used
Nil

Wildlife types and
populations at/near the
site

Several spots of
mould on timber
upright in centre
of hut (fig 9.8).
Mouldy smells
(but also penguin
smells!)
Not visible but
many surfaces
obscured by
dust/guano.
Ham had fuzzy
appearance, odour
of decay.
Spots of light
colour on skin
sleeping bag
appear to be
mould.

Some guano
tracked in on
visitors’ boots.
Dust caked on
window.

n/a

Some guano.

Nesting and ‘resting’
birds favour this area.

Potassium
permanganate
used in 1908.

n/a

Hay bales appear
to have spotty
discolouration
that may be
mould. Mouldy
odour from dried
peas inside rusted
can outside hut,
no hyphae seen.

No references
found.

Adelie Penguin rookery
(~10,000 pairs)
immediately adjacent to
hut.

Penguin guano and
nesting birds.
One penguin trapped in a
barrel. Rusty barrel
bands have sharp edges.
Algae in some ponds.
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Site and
date
observed21

Location
observed

Microclimate

Bio-deteriorated
items and
materials

Cape Evans,
February
1993

Inside hut

High RH,
periodically
>0C). Some
salt runs on
ceiling and
upper walls.
Salts on
windows
(inside) and
windowsills.

Outside hut

Some salt
deposits on
ground.
Meltwater
streams and
residual snow
around hut,
wet along all
lower walls.
Appears
relatively dry
with no
evident wet
patches on
walls. Minor
salt runs near
stove.

Mouldy odour in
the entry area and
dampness evident.
Spots of mould on
southern wall and
floor of lab and
galley, dark room.
No fungi evident
on Emperor
penguin on
Scott’s desk.
Some defibred
timber near entry
was a spotty grey
colour, which
may indicate
mould.

Hut Point,
February
1993

Other sites23
Pt Lockroy

Inside hut

Outside hut

Some
meltpools
were around
the hut but
away from the
walls.
Meltwater
runs down
outer walls.

1940s British hut
known as Base A.

No detailed
reports but UK
AHT reports

Biodeterioration
treatments and
management
strategies used
No references
found.

Wildlife types and
populations at/near the
site

No references
found.

No significant
populations

Relatively few
artefacts of
organic materials,
no discoloured or
blotchy areas
were evident on
walls but difficult
to see due to poor
light. Mouldy
odours from
carcases, seal
blubber and in
entry area.
No artefacts
outside the hut.
Verandah posts
appear stained
(Vince’s Cross
site) which may
indicate fungi.

No references
found in
Blanchette et al
2004 nor
Duncan 2007.

-

No references
found.

No significant
populations

No problems
reported but some
guano is evident

No reports by
UK AHT or
Arenz and

Blue-eyed shags,
significant Gentoo
penguin colony (Naveen

n/a

23

Not visited by the author. Information collated from literature sources, especially Arenz and Blanchette 2008 and
Arenz and Blanchette 2009. See figure 2.29 for locations of these sites. Further information on British Antarctic sites
is available at http://www.antarctica.ac.uk//about_bas/our_history/stations_and_refuges/index.php
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Site and
date
observed21

East Base
(US 1940s
building)
Base E (UK
building,
1940s-1961).

Location
observed

Documentation by
Spude and Spude
(1993) and Arenz
and Blanchette
(2008) has
concentrated on
the US buildings
noting extensive
problems with
vandalism,
hazardous
materials and
corrosion.

Adelie penguin
Emperor penguin
Gentoo penguin
Blue-eyed shag

Microclimate

Bio-deteriorated
items and
materials

regular
maintenance
and photos
indicate
generally good
condition,
suggesting
there are no
significant
damp
problems. Hut
may be
periodically
heated.
No monitoring
data available
but Arenz and
Blanchette
2009: 49)
report
significant
water ingress
and dampness.

in photos of the
hut (fig 9.8)

Pygoscelis adeliae
Aptenodytes forsteri
Pygoscelis papua
Phalacrocorax atriceps

Broadbent (letter
to the author
24.11.1992) stated
“Little or no fungi
were observed, at
least nothing
obvious”. The
building was at
the time filled
with snow over
one metre deep.
Arenz and
Blanchette (2008)
found numerous
areas of dislodged
and biodeteriorated
timbers.

Biodeterioration
treatments and
management
strategies used
Blanchette
(2009) although
routine ‘housekeeping’ may
occur due to
tourist visits but
is not mentioned
on UKAHT
website.

Wildlife types and
populations at/near the
site

Not reported.
Spude and
Spude (1993)
recommended
detailed
assessment by a
conservator.
Arenz and
Blanchette
(2009) infer
repairs are
urgently
required to
prevent water
ingress from
roof.

Pathways installed to
manage visitors.
Adelie penguins
surround the site (Spude
and Spude 1993)

2005).
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Figure 9.4: Biodeterioration in AAE main hut (author’s observations 1985)
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Figure 9.5: Fungi on Mawson’s pillow, AAE main hut (author’s photo, 1985)
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Figure 9.6: Fungi growing on an open can of food, AAE main hut (author’s photo, 1985)

9.4.2 Microorganism analyses
No fungi were found on the AAE hut sample except for an isolated hypha on one stub (figure
9.7), noting this does not necessarily mean fungi were not present.
Figure 9.7: SEM image of hypha from degraded timber sample from Cape Denison
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A further sample of wood visibly affected by fungus collected inside the hut 24by Estelle Lazer
was provided to Gary Johnson, microbiologist at CSIRO Forest Products in Melbourne. Johnson,
in a letter to the author (15 January 1999) stated:
"Most of the growth was of a dark coloured fungus. By gross appearance and the
microscopy carried out, it would appear that one fungus predominated. After four
attempts I have given up as I have not been able to observe anything fungal except dark,
thick-walled vegetative structures probably of an imperfect fungus. Neither spores nor
the spore producing structures needed to identify the fungus by morphological keys were
seen.
I attempted to isolate the fungus but nothing grew. This failure may be due to NZ
quarantine authorities having fumigated the sample25."
No other microbial studies appear to have been made at Cape Denison (personal communication
with Dr Ian Godfrey, Sydney 2009) despite recent photographic evidence that fungi are evident
throughout the hut.
Microorganisms that have been identified at relevant Antarctic sites are listed in Table 9.2
including available information on known propensities for damaging various materials.
Table 9.2: Microorganisms identified at relevant Antarctic sites. (see next page)

24

Collected in 1998 from the floor below Hodgeman’s bunk. It has more recently become possible to identify fungi
by DNA forensic techniques even if they cannot be cultured, as shown in Duncan 2007.
25
Lazer states the sample was not fumigated.
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Table 9.2: fungal species identified at selected cold climate historic sites
Site26

µmax hottest
month

µmax
coldest
month

Mawson
Station

+2.6° C
January

-21.7° C
August

Davis
Station

+3.1° C
January

-20.7° C
August

Cape
Denison

-0.9° C
January

-21.3° C
June

Climate27 and
environmental
growth factors,
data source
Some heritage
buildings are
occupied.
Australian
Bureau of
Meteorology
website

Meltwater
occurrence in
summer

Some heritage
buildings are
occupied.
Australian
Bureau of
Meteorology
website
Mean annual
average
-12.83° C;
(Madigan 1929).
Severe katabatic
winds may
periodically
desiccate
outdoor
microbes.

Growth hours
per year (when
(T>0° C and
RH>80%)
No hourly data
available.

Precipitation
(mean, annual)

Microbial species reported

Data not
available. It is
difficult to
separate blowing
snow from
falling snow

Meltwater occurs
within and
around buildings
in summer
(author’s
observation).

No hourly data
available.

71.1 mm
(Australian
Bureau of
Meteorology
website)

Line 1988 (cited by Arenz et al 2006) found
Cladosporium spp, Geomyces pannorum,
Phialophora fastigiata (synonymous with
Cadophora fastigiata) in soils near Mawson
Station.
No microbiological analyses reported in
buildings although some unidentified
mould observed (Hughes, JD 1992).
Same species as found at Mawson (Line
1988 as above) in soils.
No microbiological analyses reported in
buildings although some unidentified
mould observed (Hughes 1992).

Meltwater occurs
within and
around buildings
in summer
(author’s
observation).

175 (from
Ganther et al
2002)

Difficult to
separate blowing
snow from
falling snow but
drift snow
quantity is very
high, approx 61”
(1.55 m) during
Dec 1912 to Dec
1913 (Madigan
1929: 49)

Meltwater occurs
within and
around buildings
in summer
(author’s
observation).

During the AAE IMcLeanI (1937: 7) found
“the hut was infested by spores of moulds”
and (ibid: 76) “fungi grew luxuriantly along
the rime-filled cracks between the inner
lining boards of the hut”. “Most attention
was directed to the bacteriorology of ice,
snow and soil” (ibid: 9). Species not
identified.
Grimmond et al (1980): various bacteria,
yeasts and moulds not classified at species
level.
Hughes (1986): observed fungi on food,
pillow, paper and wood and noted mouldy
smell, proposed further microbiological
studies since 1985.

26

There are no detailed observation regarding Rumdoodle Hut, Platcha Hut, Base Marret and surrounds.
The climate data do not necessarily match temperatures when the biological studies were undertaken. Long term (40+ years) meteorological data was available
for Mawson, Davis, Scott Base, McMurdo Base and some stations in the Antarctic Peninsula. Historic data is published for Cape Denison, Cape Adare and Ross
Island sites but some was not available to the author.
27
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Site26

µmax hottest
month

µmax
coldest
month

Climate27 and
environmental
growth factors,
data source

Meltwater
occurrence in
summer

Growth hours
per year (when
(T>0° C and
RH>80%)

Precipitation
(mean, annual)

Melted snow
equivalent to
1.437” = 36.5
mm during 11
months from Feb
1899- Jan 1900,
mostly in
summer
(Bernacchi 1991:
304).
Data not
available

Cape Adare

+9.2° C in
January
1899
(Bernacchi
1901)

-41.9° C in
August
1899
(Bernacchi
1901)

Extensive guano
around the
buildings which
combines with
meltwater and
seeps into hut
(Harrowfield
2006). .

Meltwater occurs
around buildings
in summer
(author’s
observation)

Data not
available

Cape Bird,
Ross
Island28

Data not
available

Data not
available

Similar to other
Ross Island sites.
Extensive guano.

Melting
observations not
available. Not an
historic site.

Data not
available

Cape Royds

No exterior
data
available.
Warmest
location
inside hut
was +2.5° C

No exterior
data
available.
Coldest
location
inside hut
was
-35.1° C.

Exterior
temperatures are
periodically
above 0°C and
80% RH (Held et
al 2005.
Climate is
similar to Scott
Base29.
Extensive guano.

Nil evident
around the hut.
Salt runs evident
inside the hut
(figure 5.5)

2001: 0-5530
2002: 0-12

28
29

Microbial species reported

No subsequent detailed investigations of
fungi have been carried out.

Falling snow,
equivalent to 241
mm rain
(Shackleton
1909)

No microbiological analyses reported in
huts.
Observations by Hughes (in 1993) and
Harrowfield (in 1985, 1990) noted fungi
present inside hut on various surfaces
including wood (figure 9.6).

Greenfield (1981) found fungal mycelium
on the under-surface of a mummified seal
near Cape Bird, under-surface temperature
> 20°C. Isolates from the sample grew on
potato dextrose agar: Phialophora species,
P. gougerotii, P. dermatitidis, P. fastigata
and P. verrucosa. P. gougerotii and P.
dermatitidis are pathogenic, causing deep or
superficial lesions in human tissue.
As for Cape Evans below.
Arenz et al (2006: 3062) cited research by
Marshall who found keratinophilic31 fungi
such as Geomyces pannorum, which can
also colonise wood, straw, biscuits, fur,
flour and paper.

Various sites in the McMurdo region were found to have soil moisture around 5%, often very localised to meltwater streams (Campbell and Claridge 1987).
Scott Base: mean annual temperature is -19.6°C, mean temperatures: January -4.5°C, July -29.7°C (NIWA website).
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Site26

µmax hottest
month

µmax
coldest
month

Climate27 and
environmental
growth factors,
data source
High levels of
airborne salts
deposits.

Meltwater
occurrence in
summer

Growth hours
per year (when
(T>0° C and
RH>80%)

Precipitation
(mean, annual)

Microbial species reported

Cape
Evans32

No exterior
data
available.
Inside hut:
Maximum
recorded
+9.4° C in
the middle
of the hut; In
galley
average in
Dec-Jan was
+3.7° C

No exterior
data
available.
In the
middle of
the interior
of the hut
the
minimum
recorded
was
-35.1° C

Exterior
temperatures are
periodically
above 0°C and
80% RH (Held et
al 2005.
Climate is
similar to Scott
Base (see
footnotes).

Meltwater runs
down the walls
in February
(author’s
observation
1993), Mason
1991, Held et al
(2005: 48):
hoarfrost cycles
inside the hut
and some
moisture
pooling.
Salt runs evident
inside the hut.

2001: 185-569
2002: 83-462
(Held et al
2005: 49)

Not available,
probably similar
range to Cape
Royds and
McMurdo, ie
between 190 mm
and 240 mm.

Arenz et al 2006 Table 2 lists all species
found at various Ross Sea locations, 164
samples from both huts and soils.
Most common genera in Ross Island huts:
Cadophora (21%), Geomyces (14%),
Cladosporium (13%), Cryptococcus (12%),
Rhodotorula (3%), Hormonema (3%),
Exophiala (2%). The same genera were
found in soils and artefacts but in differing
percentages implying these species have the
‘opportunity’ to infest huts.
Soft rot Cadophora species were identified
by ribosomal DNA and morphological
characteristics including C. malorum, C.
luteo-olivacea, and C. fastigiata.

McMurdo

-2.8° C
January

-27.5° C
July

Mean average
temperature
-17.5° C.
Nutrients from
past oils spills
and human
activity.

Data not
available

Exterior data
as for

Exterior
data as for

High salts due to
proximity to sea,

190 mm annual
precipitation
(International
Station
Meteorological
Climate
Summary,
Version 4.0)
As for McMurdo

Greenfield cites Sun et al (1978) who
reported finding pathogenic organisms in air
and soil at McMurdo Base, concluding the
source was human, that they can survive in
cold conditions and can grow in summer
conditions.

Discovery
Hut

Pools of
meltwater
around mess
buildings,
chapel, NSF
(author’s
observation
1993)
The hut is on
relatively high

2000: 8-11
2001: 0

Duncan et al (2008) reported:
29 out of 156 filamentous fungi found at 30

30

Held et al 2005: 49. The number depends on the exact location inside the hut, the floor was not always coldest, nor was the ceiling the hottest as might be
expected.
31
Keratinophilic microbes are inferred to be important in nutrient cycling at sites with penguin colonies due to shedding of feathers during moulting. This infers
similar species may occur at Cape Adare which has a warmer and more humid climate with possibly higher growth rates.
32
All Cape Evans data sourced in Held et al 2005.
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Site26

µmax hottest
month

µmax
coldest
month

(data from
Held et al
2005: 50)

McMurdo.
Inside hut:
Centre of
floor:
+6.6° C
Physical lab
shelf:
+8.2° C, av
Dec-Jan
+2.0° C.

McMurdo.
Inside hut:
Centre of
floor:
-39.0° C;

Antarctic
Peninsula33

Mean
summer
temperatures
around 0°C
(Signy) to
+1° C
(Rothera).

Mean
winter
temperatur
es from 9° C
(Signy) to
-12° C
(Rothera)34
.

Climate27 and
environmental
growth factors,
data source
close to
McMurdo Base.

Meltwater
occurrence in
summer

Mean annual
temperatures
range from
-3.6° C (Signy)
to -6.4° C
(Rothera).
Guano at some
sites may favour
keratophilic
species.
Salt deposition is
high at some
sites eg Jubany
(Rosales &
Fernandez 2001).

Extensive
meltwater visible
at East Base
(Sprude and
Sprude 1993),
and Port
Lockroy.
Details not given
for other sites
but are expected
to occur.

ground,
surrounded by a
verandah that
keeps meltwater
away from the
foundations.

Growth hours
per year (when
(T>0° C and
RH>80%)
2002: 0
(Held et al 2005:
49)

Precipitation
(mean, annual)

Data not
available but
Blanchette and
Arenz 2008: 55
stated Antarctic
Peninsula
“conditions
appear more
conducive to
wood decay than
…the Ross Sea
region and decay
rates are likely to
be much
greater”.

Precipitation is
higher at more
northerly sites
(up to 900
mm/year) and
more likely to
occur as rain
(McGonigal &
Woodworth
2002).

Microbial species reported

locations in the hut could grow on cellulose
substrates at low temperatures, indicating a
significant fungal risk.
Cladosporium oxysporum and Geomyces
spp grew on various synthetic cellulose
substrates, use cellulose as a nutrient and
are capable of growing at low temperatures.
Low amount of visible fungal growth and
presence of relatively inactive fungal
colonies compared to C Evans and C
Royds.
Arenz and Blanchette (2009) studied 186
samples from 9 sites.
Predominant species and percentage of all
isolates: Cadophora (18%, found at all sites
except Snow Hill Island); Penicillium
(14%), Geomyces (11%). There was a close
correspondence with species found in soils
and similar phyla to those found at Ross Sea
sites.
At least one Cadophora isolate was found at
all sites except Snow Hill Island.
There was a close correspondence with
species found in soils and similar phyla to
those found at Ross Sea sites.
Main factor that increased biodeterioration
was poor condition of the roof since this
allows water ingress.
Good condition:Base Y and Nordenskjold.

33

The sites were Pt Lockroy, Hope Bay, Base E (Stonington Is), Wordie House, View Point Station, Base W (Detaille Island), Base Y, Snow Hill Island, East
Base.
34
Climate data for UK bases available at http://www.antarctica.ac.uk/met/jds/weather/images/fig12.htm
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Site26

µmax hottest
month

µmax
coldest
month

Climate27 and
environmental
growth factors,
data source

Meltwater
occurrence in
summer

Growth hours
per year (when
(T>0° C and
RH>80%)

Precipitation
(mean, annual)

Poor condition: Station W, Base D at Hope
Bay and East Base.

Snow Hill
Island

Data for
Snow Hill Is
not
available,
closest met
station is.
nearby
Marambio35.
-1.5 °C

−15 °C

Penguins nest
nearby

Not stated.

Not available

362.75 for 2008

Canadian
High Arctic,
19th century
(Fort
Conger,
Canadian
High Arctic,
19th century
Northumberl
and House).

Closest met
station is
Alert,
+6.1° C July

-37.4° C.
February

annual mean
-18° C

Not stated

Not available

154 mm, highest
in summer.

Closest met
station is
Resolute,
July +6.8° C

-36.7° C in
February

annual mean 16.6° C

Not stated

Not available

Mean annual
precipitation is
139.7mm

35

Microbial species reported

See also comments for Antarctic Peninsula
above.
Nordenskjold's expedition at this site found
yeasts and three Actinomyces species and
an unidentified fungus. (McLean 1919: 95).
Arenz and Blanchette (2009) found the hut
to be in good condition. Species included:
Alternaria tenuissima, and two
Cladosporium spp but no Cadophora spp.
Excavations, maintenance and possible
fungicidal treatments have occurred since
early 1980s (Comerci 1983).
Blanchette, Held and Jurgens 2008
Cadophora spp were the main species
found. Visible and significant damage was
caused by fungi at this sites.
Blanchette, Held and Jurgens 2008
Cadophora spp were the main species
found. Visible and significant damage was
caused by fungi at this site.

Data for precipitation for 2008 was obtained from http://www.tutiempo.net/en/Climate/BASE_MARAMBIO/12-2008/890550.htm
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9.4.3 Factors affecting microbial growth at Antarctic historic sites
From monitoring data discussed in Chapter 4, growth times (temperature >0°C and RH>80%)
were calculated using Excel spreadsheets. The effect of small temperature increases on growth
times was also estimated. These data were collated in Table 9.3 to consider the effect of
environmental factors on growth rates.
Table 9.3: Growing times for fungi at selected huts

Building
Nimrod

Terra
Nova

Discovery

AAE main
hut

growing
time
2000 +
0.5°C

growing
time
2000 +
1.0°C

n/a
n/a
n/a

32
127
n/a

39
168
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a
n/a

n/a

n/a

n/a

n/a

growing
time
1999
n/a
n/a
n/a
n/a
n/a

growing
time
2000
0
13
n/a
n/a
n/a

growing
time
2001
33
0
55
3
0

growing
time
2002
6
0
12
0
5

Floor, S wall under bunk
Middle of hut (1.7 m)
Shelf near entrance (2 m)
Darkroom, ceiling (2.2 m)
Stables, stores (0.2 m)
floor, centre of hut
Stove pipe hole, false
ceiling, galley (2.0 m)
Shelf, physical lab (1.6 m)
Stores, E wall (0.2 m)

n/a
n/a
n/a
n/a
n/a
n/a

79
268
n/a
n/a
n/a
8

269
157
569
257
185
0

433
83
461
120
138
0

n/a
n/a
n/a

11
n/a
n/a

0
0
0

0
0
0

exterior (TRH 1)
near apex (TRH 8)
workroom (TRH 5)
bunk near south wall
(TRH 6)
Hurley's dark room (TRH 3)
Mawson's bookshelf
(TRH 4)

n/a
n/a
n/a

21
96
0

n/a
n/a
n/a

n/a
n/a

0
0

n/a

0

area in building
floor, S wall
Shelf, N wall
Floor N wall
Behind acetylene generator
Shelf, Shackleton's room

9.4.4 Risk analysis
Table 9.4: Risk analysis for Antarctic historic sites (see next page).
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Risk
No.
1

2

The Risk
What can happen
and How it can
happen
Historic exterior
timbers are damaged
by biodeterioration.

Interior timbers are
damaged by
biodeterioration.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)
a. 3

Conseque
nce
Rating
(b)
a. 3-436

Overall
Risk
Level
(a+b)
a. 6-8

a. Damage to structural
timbers, particularly the
footings of the building
could cause sagging and
splitting of timber, which
would allow destructive
wind penetration.
b. Damage to exterior
cladding could allow
wind penetration and
destroy the building.

a. It is difficult to replace
damaged structural timber
especially while
meltwater is present and
the site is only accessible
in summer.
b. Replacement of timbers
reduces original building
fabric.

b. 3

b. 2-4

b. 5-7

Fungi inside wall, floor
and roof spaces are
difficult to monitor and
fungi could spread undetected.
Damaged timber cannot
be treated in situ and
would need to be removed
for treatment, possibly
requiring replacement.

Deteriorated timber can
be removed and replaced
but this is intrusive,
expensive and risks loss
of original material.
Fumigation or chemical
controls would not be
permitted and would not
be effective because many
areas cannot be treated
allowing resistance to
develop.

3

2

5

Risk
Priority

Treatment
controls

Medium

i. Inspection to
quantify
risks37,
ii. period
monitoring of
temperature
and moisture
risks,
iii Consider
feasibility of
removal of
moisture or
temperature
controls (as
per Chapter 4).

Medium

i. inspection
and
monitoring to
manage risks
as above.
ii. removal or
control of
moisture.

Risk rating
after
treatment/
controls
Unknown.
While it is
easy to inspect
and monitor
biodeterioration,
controlling
sources of
moisture is
extremely
difficult.
Increased
temperature
could
considerably
increase risks.
As above.
There are no
proven
methods to
reduce
moisture that
are likely to be
practical.
Control of
temperature is
also
problematic.

36

Since fungal growth is slow or intermittent then there would be time to assess the status of the timber and develop treatment plans. Rapid deterioration or
failure is unlikely, but the risk of undetected deterioration is currently significant.
37
This should include standard fungal monitoring and sampling procedures modelled on those documented by Duncan (2007).
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Risk
No.
3

4

The Risk
What can happen
and How it can
happen
High significance
indoor
materials/artefacts are
damaged by biodeterioration.

Biodeterioration acts
in conjunction with
other processes to
accelerate
deterioration.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Overall
Risk
Level
(a+b)
7-8

Risk
Priority

Treatment
controls

5

Conseque
nce
Rating
(b)
2-3

Progressive deterioration
of cloth, paper etc of
items that are already
affected.

Radiation (UV) treatment
may control surface
infestation but not fungal
penetration within the
material. Offsite
fumigation or other
treatment is possible (but
expensive) and return of
artefacts to unfavourable
conditions may allow reinfaction

High

3

2

5

Medium

Inspection.
Treatment on
site or off site
depending on
type required
but this is
unlikely to be
effective if the
item is
returned to the
hut if T&RH
conditions
allow growth.
No current or
foreseeable
practical
control.
Regular
inspection of
roof and wall
cavities would
quantify risks
by determining
whether wooddamaging
fungal species
are present,
whether
conditions in
these locations
permit fungal
growth, etc.

Some fungi can increase
deterioration from other
causes- eg
photodeterioration,
corrasion.

This is relevant to exterior
locations only. While
overcladding will protect
original timbers from
corrasion,
photodeterioration and
wetting/drying effects,
overcladding may favour
fungal growth by
increasing exposure to
moisture, decreased
ventilation and elevated
temperatures.

Risk rating
after
treatment/
controls
Unknowneffective
control of
moisture is
uncertain.
Long term
removal of
artefacts is
undesirable.

Unknown- risk
rating will
depend on
whether
effective
strategies can
be devised to
control
conditions that
favour fungal
growth, esp
control of
condensation
and melting.
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Risk
No.
5

The Risk
What can happen
and How it can
happen
Biodeterioration
affects materials and
treatments used to
conserve buildings
and artefacts or acts
to increase
biodeterioration risk
by increasing
temperature or
moisture risks.

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Materials such as
membranes used to
control ice particle ingress
may increase
condensation risk or
significantly reduce
ventilation, or may act as
favourable sites for fungal
growth or act as nutrient
source.

Field testing of
conservation materials has
not been routinely
undertaken. Monitoring
of condensation risks
appears not to be
undertaken in roof spaces
where membranes were
installed. Wood is a
potential source of
nutrients for microbes.
Roof membrane was
selected for high vapour
transmission and is stated
to be both resistant and
unfavourable for fungi but
accumulation of
windblown ice particles
may clog the drainage of
condensation within the
roof spaces and
monitoring of roof and
wall cavities is advisable.

3

Conseque
nce
Rating
(b)
2-4

Overall
Risk
Level
(a+b)
5-7

Risk
Priority

Treatment
controls

Medium
to high

Field testing
protocol must
be established
to identify
potential risks
for all repair
materials.
Inspection is
required in
vulnerable
areas. If biodeterioration is
found then
control options
should be
investigated.
Fumigation of
all new repair
timber before
despatch to
Antarctica to
prevent
introduction of
exotic fungi.

Risk rating
after
treatment/
controls
This depends
on ability to
reverse the
impacts of any
unsuitable
repair
materials- eg
introduction of
exotic fungi
from repair
timbers may
be very
difficult to
control. Fixing
problems
arising from
roof
membranes
would be very
difficult.

Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6,7 high risk – needs specific management
attention, >7 extreme risk – detailed action plan required
Risks not considered in detail are: Damage to exterior artefacts- since other forms of deterioration are much more significant and significant artefacts that are at
risk can be relocated or repatriated, subject to appropriate management controls.
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9.5 DISCUSSION
9.5.1 Fungi, bacteria, algae
What are the impacts and severity of biodeterioration at Antarctic historic sites? Are the problems
worsening over time? (Research question 1)
Of 15 Antarctic sites for which observations are available seven have visible biodeterioration and
12 have significant climatic risk or condition factors conducive to biodeterioration (Tables 9.1,
9.2). These sites cover the full range of Antarctic climatic conditions from the coldest (Ross
Island) to the warmest and wettest (Antarctic Peninsula).38
Table 9.1 shows that many artefacts are affected and they are on display in high RH conditions
that are conducive to further deterioration. While many of the affected artefacts at the Ross Island
huts can be moved into a laboratory for conventional conservation biocidal treatments, they
remain vulnerable to further damage if they are placed back into high RH conditions and reexposed to fungal spores. Many other affected artefacts, eg haybales, cannot easily be moved
without risking further damage. However, the most serious risks are damage to the structural
elements and cladding of the timber buildings.
At Ross Island sites, Duncan et al (2008) thoroughly evaluated the artefacts and timbers affected,
the environmental context and the microbial species present. She demonstrated that these species,
summarised in Table 9.2, can live on a wide variety of cellulose substrates at temperatures that
can and do occur inside the huts in summer, when moisture is abundant.
The ‘damaging’ species at Ross Island sites (Duncan 2007) and at Antarctic Peninsula sites
Arenz and Blanchette (2009) were not brown or white rot that are familiar elsewhere, but soft rot
fungi. Fungal diversity is low with only five dominant genera: Cladosporium, Geomyces,
38

While visual observations are of limited benefit in measuring biodeterioration risks, it is apparent that the
observations during 1985 and in the 1990s of meltwater and discolouration of wood and artefacts do give a general
indication of potential problems. These are consistent with the more detailed evaluation subsequently undertaken at
Ross Island sites by Duncan (2007) which showed greater fungal problems in the Cape Evans hut, which also has the
highest growth hours (Table 9.3).
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Cadophora, Penecillium,and Thelebolus. The fungi are growing actively, producing viable spores
and the necessary enzymes for degradation of wood. The key species of concern are: Cadophora
malorum, C. luteo-olivacea and C. fastigata and some previously undescribed Cadophora spp.
Blanchette et al (2004) reported these fungal species are widespread in Antarctica. Arenz et al
(2006) found that the same species infest both soils and historic buildings at Ross Island sites;
Arenz and Blanchette (2009) reported them at Antarctic Peninsula sites; and Blanchette, Held and
Jurgens (2008) and Jurgens, Blanchette and Filley (2009) reported finding them at Canadian High
Arctic sites. Line (1988) found some of these same species grow in soil at Mawson and Davis
Stations. Similar climatic and soil conditions suggest these may also exist and could grow at
Cape Denison.
McLean (1915) observed fungi growing inside the hut during the AAE occupation suggesting
that fungal infection has been present since construction in 191239. Fungi exist naturally in the
soils at Cape Denison. The damaging species identified by Duncan (2007) are widespread in
Antarctica and have colonised timber at Ross Island sites. They may exist at Cape Denison and
could colonise timbers of the AAE huts in locations where fungi (whose species are not
identified) already grow.
Duncan (2007) provides evidence that once biodeterioration visibly affects the surface, hyphae
will have already substantially penetrated the material and may have already caused substantial
damage by weakening the structure of timber. Thus, even where no fungal growths are visible on
the surface, fungi can still be present and may be a significant risk. Methods such as the
‘penknife’ test previously considered as reliable indicators by Ashley (1997: 20) will only detect
severe damage when removal and replacement of damaged wood is the only remaining option.
Unidentified fungi have been observed growing inside the AAE main hut since 1979 (Grimmond
et al 1980), by the author (Hughes, JD 1986) and others (personal correspondence from recent
visitors to the huts, Anne McConnell, Dr Estelle Lazer, Dr David Harrowfield, 2009).
39

McLean (1937: 7) noted the “hut was infested by spores of moulds” and “fungi grew luxuriantly along the rimefilled cracks between the inner lining boards of the hut” (ibid: 75), suggesting moisture was available at that location.
The hut was heated during its occupation by a coal-burning stove.
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Photographs40 suggest that these problems may have increased in extent since the author’s
observations in 1985, although this may be because the presence of ice in 1985 covered locations
where fungi are now evident. It is possible that fungi grew when the hut was heated during the
AAE occupation and have since died, possibly explaining the inability to culture fungi although
this is contrary to observations that they were ‘growing’. It should be possible to measure
growth41 on particular well-documented items, for example on Mawson’s pillow since 1985 as
part of a microbial monitoring strategy. Temperature and RH monitoring in the huts shows that
growing times in the hut is zero in areas where fungi are found, even using thermocouple
measurements42 suggesting that reliance of hygrothermal monitoring to estimate risk may be
insufficient. The conditions used to estimate growing times are based on mesophilic organisms
and may not apply to cold tolerant or cold-loving fungi, thus the hours estimated may understate
biodeterioration risks.
The Mawson’s Huts Historic Site Management Plan (DEWHA 2008: 89) states the temperature
and RH conditions inside the AAE main hut have remained substantially unchanged since the
removal of the ice commenced in 1997. The impacts of ice removal were discussed extensively in
Chapter 4 and all the issues identified are relevant to biodeterioration risks43. Duncan (2007: 43)
provides evidence that microbes frozen in ice remain viable on thawing and that seasonal
dormancy may help fungi survive as much as cold tolerance and re-establish each year from a
cold-stable spore (ibid: 40).
Since the most serious biodeterioration risks are decay of structural elements of the AAE main
hut, it is therefore important that sampling is undertaken where these risks are greatest, ie where
ground contact occurs, under the floor, where ventilation is reduced inside walls, where leakage
of water occurs and where temperatures are higher (eg the roof apex). These are also the most
difficult to inspect due to access problems and the presence of ice and meltpools in summer.

40

See the Mawson’s Hut Foundation website at http://www.mawsons-huts.org.au/cms/conservationexpeditions/seminar/
41
For example, by measuring any increase in the diameter of mould spots. The pillow appears to have been treated
or wrapped in protective material but no reports appear on the AAD or MHF website for this item.
42
These should not be affected by the formation of hoarfrost.
43
Certainly, the removal of large quantities of ice has not substantially reduced the high RH and large quantities of
meltwater form inside and under the AAE main hut for at least several weeks in summer. Removal of ice increases
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Many other Antarctic historic buildings have similar vulnerabilities. Those with lower walls that
are in direct contact with soil are particularly vulnerable since this provides a direct route for
infection (Duncan 2007). The lower walls of Borchegrevink’s hut are additionally vulnerable due
to the high levels of microbes in guano-rich soil which also favour keratinophilic species
including some such as Geomyces spp which can also grow on cellulose (Arenz and Blanchette
2009: 49). While no detailed assessment is available of biodeterioration at Cape Adare, the
author’s brief observations noted that fungi were visible on several timber surfaces (figure 9.8).
Figure 9.8: Unidentified fungi on wood inside Borchegrink’s living hut (author’s photo 1993)

Arenz et al (2006) noted the importance of the roof condition in preventing water ingress at
Antarctic Peninsula sites, as this leads to high moisture levels that favour biodeterioration. The
importance of preventing condensation moisture damage is not so widely stated although
Kairamo in Kelley (2000: 135) reported fungal decay in a wooden church at Sodankylä in
Finnish Lappland due to use of repair materials that reduced vapour transmission via the roof:

the local air circulation, and may reduce some microbial growth but this may not be sufficient given the hut is
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"the bitumen felt, which was laid on the roof in 1926 or 1950, had caused the shingles to
rot. The felt prevented moisture evaporation through the roof construction and kept the
underside of the shingles wet. Although the upper surface of the shingles looked good,
they appeared to be rotten and soft on the underside."
Repairs subsequently undertaken at the church incorporated the reinstatement of traditional birch
bark, which had previously lasted for long periods. The improved ventilation reduced the
condensation processes that kept the shingles wet and successfully reduced biodeterioration.
Blanchette et al (2004: 1328) conclude that “the presence of Cadophora species, but only limited
decay, suggests there is no immediate threat to the structural integrity of the [Ross Island] huts.
These fungi, however, are widely found in wood from the historic huts and have the capacity to
cause extensive soft rot if conditions that are more conducive to decay become common”44.
Furthermore, “soft rot commonly occurs in wood exposed to extreme and adverse environmental
conditions that inhibit other types of fungi from becoming established and causing wood decay”
(ibid: 1331). Many of the species of concern have adaptations to low carbon, high salt, low water,
high UV or produce antibiotics (Duncan 2007: 43).
The main factors affecting deterioration in the huts are summarised in Table 9.1. Duncan (2007)
concluded Terra Nova hut is the only one with visible fungal blooms inside, and Terra Nova hut
and Discovery hut had greatest number of samples that contained fungi compared to Nimrod hut
which had least. This pattern was related to design factors that discourage moisture. (Duncan
2007: 52-53) found that soft rot fungi are the prevalent type and noted that these have different
environmental preferences than the brown and white rot fungi that conservators commonly
encounter in other climates45.

substantially enclosed, and RH is so high and many surfaces are wet.
44
Blanchette et al (2004: 1328) noted that particular timbers of the Terra Nova hut have significant fungal damage
but these are not structural components.
45

Soft rot produces soft and spongy wood, preferentially attacking the secondary wall of wood fibres with hyphae
growing in the direction of microfibrils leading to cavities in the cell wall and destruction of cell walls in proximity
to hyphae whereas brown and white rots generally attack cellulose or all cell wall components respectively (Duncan
2007: 52-53).
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Arenz and Blanchette (2009) found significant damage to Antarctic Peninsula sites, impacts
being largely dependent on the ability of the roof to prevent water ingress. Fungi are evident in
the AAE main hut but the species have not been identified and measurement of MC has not been
repeated since 1985.
External temperatures at Cape Denison are intermediate between these Ross Island and the
Antarctic Peninsula46, and many of the biodeterioration risk factors (presence of meltwater,
ground contact, etc) at Ross Island also apply at Cape Denison. Risk assessments in Table 9.4 for
Cape Denison indicate a need for investigation.
For all Antarctic historic sites there is insufficient long term data47 to determine whether fungal
risks have increased, particularly whether this has increased since ice was removed at Cape
Evans, Cape Adare, Hut Point and Cape Denison.
What temperature, RH and MC conditions in buildings must be changed to reduce the
biodeterioration risks? (Research question 2)
Museum conservation practice for preventing fungi growth generally prescribes RH below 65%
(Thomson 1986) and MC below 20%48. Duncan (2007: 2) however, provides convincing
evidence that the ease of development of cold tolerance in Antarctica necessitates stricter controls
since some microbes were capable of growth at low temperatures and some “soft rot fungi have a
wider range of favourable conditions while bacteria favour saturation and white and brown rots
favour 40-80% MC (ibid: 51)”.
Regarding the Ross Island huts, Blanchette et al (2004: 1332) note:
“If fungal growth occurs for a few days or weeks each summer, years may pass before
appreciable soft rot is evident. In the 9 to 10 decades since the huts were built, enough

46

See Table 9.1. The internal temperatures at Cape Denison, however, appear to be lower, discussed in Chapter 4
and this may affect the relative risk.
47
The initial samples from the AAE main hut were unable to be cultured and the first monitoring of the Ross Island
huts have only been conducted in the last few years.
35

9. Biodeterioration

time had passed for advanced decay to occur in some woods. The isolation of Cadophora
spp throughout the Cape Evans and Cape Royds huts indicates fungi capable of causing
soft rot are well established. If conditions change within the huts (increase in temperature,
increase in humidity, addition of nutrients, etc to become more conducive to decay,
extensive soft rot could develop in many areas”.
The moisture content of timber is generally considered the most critical ‘limiting’ factor since
they cannot grow without a source of moisture, but they can survive in dormancy until the
moisture is available. Indeed there is evidence of strong seasonal growth ability in Antarctica
(Blanchette el al 2004: 1331). Moisture content was measured by Mason (1999), by Held et al
(2005) and Duncan (2007) at the three Ross Island huts, and by Blunt (1986, 1991) at Cape
Denison. At all these sites MC was sufficient (>20%) at many locations within the buildings to
support biodeterioration49. Moisture content varies throughout the summer season as melting
takes place depending on solar warming, orientation, insulation, condensation cycles within
building and other factors such as ventilation. MC will also vary from season to season
depending on the volume of snow drifts around the building that cause meltwater flows into and
under the buildings.
Duncan (2007: 168) measured MC in three Ross Island huts but this appears to be based on
weight loss on drying of small samples removed from the buildings rather than in situ
instrumental resistance measurements made by Blunt (1991). The data is probably not directly
comparable although Duncan’s measurements identify high MC especially in the Terra Nova and
Discovery huts. The latter case is unexpected since it is relatively dry and cold with fewer fungi.

48

Various publications including Kaila (1988), Larsen (2000) note that moulds can grow on air dry wood at
RH>80% and MC of 20-30%. Erhardt and Mecklenberg et al (1994) proposed revised limits of 21 ± 2°C and 45 ±
8% RH.
49
Blunt (1991: vol 2: 115) measured moisture content at approximately 120 points outside and inside the hut in
summer 1984/85, ranging from 7.9% on the northern face of the living section, to over 30% inside Mawson’s
cubicle. Timbers near the ground were affected by meltwater that flowed outside and inside the hut especially
outside along the eastern and western walls (as observed by many summer visitors including Ledingham 1978, 1979,
Blunt 1985, Hayman, Lazer and Hughes 1998, Ashley 1998, and by Mawson’s Huts Foundation personnel in 2002,
2007 and 2008).
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The publications of Blanchette et al (2004), Arenz and Blanchette (2009) and particularly
Duncan (2007: 15) state the following conditions can minimise microbial growth:


Low temperatures combined with low moisture for as long as possible reduce growth rates
and promote dormancy, although cold shock can induce production of cold shock proteins
and antifreeze proteins that facilitate cold tolerance (Duncan 2007: 40).



Reduction or removal of sources of moisture by historic design features such as verandahs50,
efficient drainage and/or well-maintained roofing (Arenz and Blanchette 2009).



Increased ventilation rates may help to reduce moisture51.



Limiting nutrients, especially nitrogen, can minimise wood decay. Soft rot fungi have a
remarkable ability to translocate nitrogen (Duncan 2007: 13) and the large number of soft rot
fungi at Cape Royds and Cape Evans may be due to the abundance of nutrients there. This
implies a need to remove guano (the most common source of nitrogen) and historic sources of
previous occupation such as ponies and dogs and from adjacent latrines and keeping penguins
away, which is highly problematic, as discussed later. Historic foods are another source of
nutrients and deterioration of wooden storage crates and metal cans has resulted in them
spilling their contents around the huts (Blanchette et al 2004:1332).

Moisture from condensation and melting hoarfrost may increase biodeterioration risks. As
mentioned in 9.2, vapour retarders or other membranes that reduce ventilation may cause
moisture formation where it is hard to detect (eg inside walls and roofs), and is difficult to
mitigate.
Table 9.2 shows that exterior temperatures are above 0°C and RH exceeds 80% at many sites for
significant periods in summer, potentially supporting fungal growth in some parts of most of
historic huts at those locations. Potentially damaging species identified by Duncan (2007) and
other researchers have also been found at Mawson and Davis (see Table 9.1) but no investigation

50

Blanchette et al 2004: 1332) state: The oldest hut, Discovery, built in 1901, had no evidence of soft rot, and only
one isolate of Cadophora was found at the site. Discovery hut was built with a wide veranda around three sides, and
the ground around the hut is well drained. The veranda reduces the amount of moisture near the hut and shades the
ground present around the hut so that ground ice melts little if at all. These conditions apparently have helped to limit
the duration of suitable conditions for fungal growth in wood in contact with the ground.
51
However, this may not be effective in climates where RH is frequently high, and it may increase salt and dust
ingress.
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has been undertaken at two very significant early sites, Cape Denison and Cape Adare although
the climate and availability of moisture suggest significant risk.
Table 9.3 collates calculated potential ‘growing times’ for various locations inside the Ross
Island buildings and the AAE main hut. To control biodeterioration would require substantial
reduction in RH as typical summer values in the ‘growing season’ at Ross Island are over 80%
(Held et al 2005: 50) and over 90% at Cape Denison (see Chapter 4). Ice removal, as shown in
Chapter 4, cannot reduce RH significantly unless temperatures are raised or ventilation is
increased, raising other risks such as increased salt and dust ingress.
Duncan (2007: 45) used the Arrhenius equation to deduce that “a decrease in temperature by
10°C will cause a decrease in the reaction rate by a factor of 2 to 3”, and that chemical reactions
in organisms living at 0°C would have growth rate depressed by a factor of approximately 10”
compared with temperate conditions52. This infers significant advantage from ensuring low
temperatures to control biodeterioration rates since below 0°C liquid water is not readily
available for growth processes, so RH of air (which cannot be practically controlled) becomes
immaterial. Obviously, the most important times to maintain low temperatures are in summer,
when locations near the apex of the AAE main hut have reached +8°C53.
Table 9.3 shows the annual growth hours (ranging from 79-569 hours) in the Terra Nova hut are
high by comparison with both the Discovery (0-11 hours) and Nimrod huts (0-55 hours)54.
Curiously, although Cape Denison has a warmer outdoor climate, the potential growth hours
inside the AAE main hut are generally low (0-21 hours/year), except near the apex (96 hours).
This may be due to the presence of ice in the verandahs or the effects of hoarfrost on the sensors
as discussed in Chapter 4.

52

The Arrhenius equation was developed from studies of reaction rates of simple chemical reactions, mainly in the
gas phase but may not apply in complex enzyme reactions where the reaction rate coefficient may not be constant
but vary with temperature. Even if low temperature does not reduce buideterioration,, the lack of liquid water below
0C may inhibit biological growth.
53
This was the temperature measurement according to Vaisala combined sensor (T8), the highest thermocouple
measurement was +2.3°C (TC6).
54
There may be some minor differences in the algorithm used to calculate growing time.
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Global warming may increase biodeterioration risks as higher temperatures will increase
precipitation and promote decomposition and nutrient cycling in the Antarctic environment
(Duncan 2007: 23). Table 9.3 collates estimated growth hours produced by average temperature
increases of 0.5° C and 1.0° C, which are within the range anticipated from climate change in the
next few decades. The increased growth hours at the apex inside the Living Hut would increase
from 96 hours/year to 127 hours/year (32%) if annual average temperatures increase by 0.5°C.
How can these changes be implemented? (Research question 3)
Two options are considered: removal of sources of moisture (favoured by Blanchette and others
for the Ross Island huts), and control of temperature and RH.
Moisture control
Blunt (1991) and Duncan (2007) identified many locations in the AAE main hut and the Terra
Nova hut where MC exceeds 20%, mostly from meltwater along the lower walls. To reduce MC
in these locations implies removing sources of moisture, primarily snow banks around the hut.
‘Vortex generators’ were recently installed to reduce snow accumulation55.
The Terra Nova hut is on a slope so meltwater can more easily be drained, whereas the extreme
winds and location in a hollow of the AAE main hut make it impossible to prevent formation of
snowdrifts around the hut’s walls. Although it produces meltwater in summer, retaining snow in
the verandahs provides thermal stability for the AAE main hut and reduces wind loads. Snow
insulates the ground and walls from large temperature variations (Duncan (2007: 14). Given the
warm summer temperatures outdoors at Cape Denison it is important that interior temperatures
do not rise.
By contrast, at Cape Evans interior temperatures are already above 0°C for significant periods in
summer and the presence of meltwater can therefore provide adequate conditions for growth.
Konkol et al (2008: 564) stated “Restricting moisture remains the most practical option for
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limiting … microbial effects”, so preventing water ingress by removal of snow drifts along the
exterior walls is pragmatic at Cape Evans but may not be practical at Cape Denison56.
Since fungi can cause damage before their presence is visible to the naked eye, air and material
sampling methods and DNA identification techniques57 should be undertaken to minimise risks
and costs of treatment. Particularly important locations for inspection and sampling are those
where RH is high, or where meltwater and condensation cause high MC. The presence of
membranes and vapour barriers and factors identified by Duncan (2007) such as ground contact
and poor ventilation may indicate needs for additional monitoring. Improving detection of
moisture by using leak detectors or gold grid detectors (see Chapter 6) may supplement
temperature monitoring. Conducting these investigations at Cape Adare and at Cape Denison
would complete the assessment of biological risks at all the early (and most vulnerable) Antarctic
historic sites and could facilitate international conservation cooperation as promoted by the
IPHC.
In addition to identifying species present at Cape Denison, their growth rates at summer
temperatures and ability to degrade wood should be determined since biological growth rate data
helps conservators to determine how quickly the need for treatment will arise and how often
maintenance must occur.
Biocides
Blunt (1985: 240) recommended fumigation58 to “arrest the growth” of fungi observed inside the
AAE main hut, noting that because quantities of ice and snow would remain the hut may require
“respraying”. However, conventional biocidal treatments are not feasible at Antarctic historic
55

A presentation was given by Nigel Watson for the Mawson’s Hut Foundation seminar in Sydney on 30 April 2009,
results will be available at http://www.mawsons-huts.org.au/cms/conservation-expeditions/seminar/
56
The high winds at Cape Denison would require rigorous assessment of snow deflectors including whether these
would lead to increased ablation of beneficial snow accumulation inside the verandahs and whether the vortex
generators would be effective given the hut is located in a hollow. Aesthetic issues would also be an issue. The
volume of drift at Cape Denison is also extremely high and the snow particles are carried high in the air, so the
vortex generators may not be effective in diverting the drift formation. Assessment of the effectiveness of the snow
deflectors at Cape Evans
57
Researchers from the Universities of Minnesota and Waikato provided these techniques. Arenz et al (2006: 3063)
demonstrated the need for molecular analyses to precisely identify the fungi.
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sites because of environmental risks especially where wildlife are adjacent59. Biocides may not be
effective unless microbes are actively growing60, and surfaces that are occluded by ice or other
barriers may leave untreated areas allowing resistant organisms to develop. Heat treatments are
sometimes used by conservators to inactivate fungi and bacteria but thermal inactivation
temperatures for Antarctic isolates are 28°C (Duncan 2007: 38) which would be difficult to
achieve. Soft-rot fungi can often tolerate high concentrations of preservative chemicals and these
would be ineffective.
Other controls
Russian research (Kundrajavtseva and Litvintseva, in Kelley et al 2000) found particular
microbes can inhibit biodeterioration and suggest these could be used for conservation
treatments. In Antarctica this would be limited to indigenous microbes as the Antarctic Treaty
prohibits introduced microbes. UV radiation can inhibit fungi and bacteria on surfaces but cannot
kill hyphae inside wood and does not prevent re-infection. Experience from northern Europe
(Larsen in Kelley et al 2000) shows many recent actions such as installing heating systems (eg in
Norwegian stave churches) and overcladding (at Kizhi, Kelley et al 2000) have increased fungal
damage. These now threaten timber buildings that have survived with minimal intervention for
centuries.
Other management strategies inferred or stated by Duncan (2007) include:


Avoiding interventions that decrease competition from potentially beneficial microbes.



Instituting ‘hygiene’ to prevent re-infection from locations with damaging species,
particularly areas with penguin guano.61



Avoiding introduction of salts and carbon nutrient sources (including new wood62).

58

The fumigation agent was not specified but ‘respraying’ infers a surface treatment.
Strict environmental management requirements of the Antarctic Treaty severely (and wisely) limit use of biocides
and bans the use of microbes even for bioremediation of soils which may kill indigenous microbes and disturb fragile
natural environmental processes.
60
This implies treatments can only be undertaken at the height of the growing season but this coincides with wildlife
breeding, visitors and meltwater.
61
Research on drying Australian marine archaeological timbers proposed at Davis Station using the drying properties
of the Antarctic climate and a venture (Ambrose and Godfrey 1998) would pose potential risks from exotic microbes.
59
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Held et al (2005: 52) recommended continuation of established maintenance methods including
vacuuming off surface mould using HEPA63 filtered vacuum cleaners and surface cleaning.
Five key risks were identified using AS4360 and are described in Table 9.4. All of the risks
currently have no effective treatment controls nor there is sufficient information to assess the
risks.
9.5.2 Wildlife impacts
Can interactions between wildlife and historic sites be more appropriately managed? (Research
question 4)
Table 9.1 indicates Cape Adare suffers the most significant wildlife impacts, with moderate
impacts at Cape Royds, Port Lockroy, Paulet Island and Deception Island and minor or negligible
direct impacts on the other historic sites (figures 9.7- 9.10). Warren (1989: 270) notes the
Nordenskjold cairn at Penguin Bay on Seymour Island was deeply embedded in guano although
stone is not easily damaged. At all sites visitors to historic sites may encounter and disturb
wildlife, most commonly penguins. Visitor interaction with wildlife must be managed, and will
be discussed further in Chapters 10 and 11.
Penguins’ breeding strategies require them to congregate in large numbers on the limited ice-free
areas. They can interrupt archaeologists’ work as they ‘limbo’ under grid tapes64 and move small
items for nesting (Lazer: personal communication, 2002, regarding Cape Denison). Penguins
often nest in artefacts such as boxes (figure 9.11) and barrels.
Elephant seals are rare on the Antarctic continent but small congregations land at Davis Station
and several other locations in the Antarctic Peninsula (figure 9.7). Their size and wallowing

62

New wood should be treated to ensure new fungi are not introduced to the Antarctic environment.
HEPA means ‘high efficiency particulate air’ filtering which will remove the finest particles, including fungal
spores.
64
Penguins also trip over and disarrange grid tapes used to mark out archaeological excavations, Michael Pearson,
archaeologist, Canberra 2007, referring to Antarctic Peninsula sites.
63
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habits have caused damage on Subantarctic islands such as Heard Island65. There are no easy
means of controlling elephant seals.
Figure 9.9: Elephant seals, Antarctic Peninsula (Stehberg et al 2008)

Figure 9.10: Gentoo penguins at Port Lockroy (G Gillie UK Antarctic Heritage Trust website at
http://www.ukaht.org/portlockroy.htm )

65

One large male (estimated to weigh about four tonnes) caused considerable damage to the radio station by rubbing
again the walls to relieve skin irritation during moulting (Robert Reeves, former Australian Antarctic Division
photographer, personal communication 1999).
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Figure 9.11: Penguin guano on wall and boxes at Cape Adare (author’s photo 1993)

The ingress of malodorous water inside the Cape Adare buildings (Harrowfield 2006) caused by
surrounding guano accumulations can exacerbate corrosion and fungal damage. The combination
of water and nutrients together with relatively higher temperatures increases biodeterioration
risks.
Removing the guano is not a straightforward solution as digging would disturb artefacts that
penguins use as nests (figure 9.2) and it can only take place outside the summer breeding season.
Access to the site is difficult even in summer due to sea ice. Digging out guano may have limited
effectiveness since storms can re-distribute beach deposits and penguins will re-colonise areas
that provide shelter. Other controls that might be practical elsewhere, such as building a barrier
fence, would be ineffective, even if it survives the winds and storms, since beach sands will
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accumulate in the lee of the fence allowing penguins to climb over66. Recently there has been
controversy about a fence installed at the remains of a stone shelter used by the Nordenskjold
expedition site at Paulet Island to keep out penguins to protect the historic site. The fence was
later removed.67
Fencing wire can also blow about in high winds and can entangle and kill wildlife. Risks to
wildlife from archaeological artefacts/rubbish have sometimes been suggested as a reason for site
‘clean ups’. For example, at Cape Denison one penguin was alleged to have cut its feet on broken
glass (in 1985) and another required rescue from entanglement in remnant wire from the AAE
aerial (1997)68. One fledgling penguin was trapped in a barrel at Cape Adare69. Removal of
significantly hazardous items should be done where possible although these problems appear to
be infrequent compared with high natural mortality70. Total removal of all materials71 that are
likely to be hazardous could result in many early sites being significantly stripped of significant
artefacts such as cans, barrels, wire, glass, or anything that can be blown in the wind. A
consideration of both natural and cultural heritage is required.
Rates of damage
Guano contains many micro organisms from the regurgitation of krill and fish to feed chicks
(Duncan 2007) as well as high concentrations of nitrates and phosphates, which ‘fertilise’
microbial growth. The author observed many carcases which also decay and release nutrients72.

66

While fencing has been used for research on Adelie penguins (for example, by Knowles Kerry, AAD) but this was
for a limited period until constant monitoring to measure diet and chick growth rates and would not be appropriate
for broader use as it could limit penguins’ abilities to access food and damage to the fence could cause injuries.
67
Fritzsche, D.(2005). Paulet Island (63°35'S, 55°47'W) - landscape in conflict of tourism with conservation of
nature and historical monuments, Poster, 22. Internationale Polartagung, 18-24 Sept., Jena, Germany available on
line at http://epic.awi.de/epic/Main?puid=23058&lang=de
68
Author’s observations on site.
69
Author’s observation on site, 1993.
70
Natural morbidity of chicks can be as high as 50% in one season at some sites (eg Emperor penguins at Taylor
Glacier) whereas mortality from hazards at sites Cape Adare observed at a single visit in one season was one chick
and total season mortality is probably no more than ten chicks, out of over one hundred thousand chicks, so this is a
negligible risk.
71
Total removal was proposed by some visitors to Cape Denison in 1997.
72
These are common due to high natural mortality and attacks by birds such as giant petrels and skuas.
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Guano contains chitin from krill digested by the birds. This is abrasive to wood when blown
about by high winds73. Duncan (2007: 41-44) described the nutrient cycling in the Antarctic
environment and theorised adaption strategies whereby fungal species adapt to use the copious
nutrients available from the breakdown of keratin proteins at penguin rookeries. As mentioned
previously, keratinophilic fungi (eg Geomyces spp, Arenz and Blanchette 2009: 49) can also
utilise cellulose, thus presenting a risk to historic timbers, particularly where there is extensive
contact with the ground, as at Cape Adare.
It is difficult to estimate the rate of accumulation of guano since there are few photos of Cape
Adare taken regularly from the same position. The guano piled around the hut is nearly 90 cm
deep in places (figure 5.11, 9.2, 9.11) and removal of tonnes of materials (including artefacts)
would be needed annually to manage the drainage problem, although redistribution by wind may
negate the effort in short time.
Management strategies for wildlife impacts
The only known control to manage wildlife impacts was a fence at Paulet Island, since removed.
To control adverse visitor impacts for both wildlife and historic sites visitor numbers are
specified by national managers and controlled ashore by tour operators and/or site managers; site
boundaries are defined and signs are used; and visitors are supervised by guides. During the
author’s 1993 visit to Cape Royds, small signs used to prohibit entry to the SSSI were ignored by
some visitors, possibly because most penguins had left at the end of the breeding season.
Educational publications sold to visitors or made available on tourist ships (eg Naveen 2005).
Naveen (2005, figure 9.12) provides a best practice model for visitor information by presenting
maps that identify both wildlife and historic sites at popular locations (eg figure 9.13) and
drawing attention to crowding risks and the need for avoidance of particular location.

73

McLean (1937: 14) noted the “faeces of penguins are pink from Euphasia [krill] or green from biliverdin” and he
cultured many coliform bacteria from an extraordinary range of animal excreta.
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Visitor management requires consideration of both wildlife and heritage issues, discussed further
in Chapter 10. While there is no readily apparent solution, these should build upon existing
successful methods and must be sufficiently robust to cope with increasing visitor numbers.
Figure 9.12: Co-located historic and wildlife sites at Pt Lockroy (Naveen 2005: 100)
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9.5.4 Recommendations for further research
Researchers from the Universities of Minnesota and Waikato have identified damaging fungal
species, explained the progressive stages of fungal damage (Duncan 2007: 52-58), and described
monitoring and analysis techniques (Blanchette et al 2004).
The risk assessment in Table 9.4 based on evidence from the Ross Island and Antarctic Peninsula
huts by these researchers implies a thorough microbiological sampling and analysis program
modelled on those conducted at the Ross Island sites is urgently needed at Cape Denison to
establish the current biodeterioration status. This should:


Assess the extent of existing decay in the wood
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Identify the species present, and thus whether they are known cellulose degraders;



Measure their growth rates with respect to temperature; and



Establish baseline data for long term evaluation of biodeterioration risks.

Use of leak detectors or grid moisture sensors would improve data on moisture events in the huts,
given the difficulties in measurements using temperature sensors.
For all Antarctic historic huts, practical methods are needed to reduce MC, maintain low
temperatures and control nutrients to limit biodeterioration risks but few existing methods are
successful. There are risks in using vapour retarder membranes to reduce water ingress if these
promote condensation or reduce ventilation. A holistic approach is required to avoid
counterproductive interventions.
Duncan’s (2007) research on endemism and fungal species diversity demonstrates the value of
scientific studies of historic materials, a matter discussed further in Chapter 11. Her investigation
of cold tolerance mechanisms of microbes will benefit conservators wanting to reduce
biodeterioration of historic timbers and her study of growth rates and fungal diversity will benefit
a broad range of scientists. Hopefully, studies like this may engender greater interest in
cooperation of scientists and conservators in understanding materials deterioration in extreme
conditions.
9.6 SUMMARY OF CONCLUSIONS
1. A risk assessment based on AS 4360 shows that biodeterioration risks, especially from soft
rot fungi, may be significant at Cape Denison so further evaluation of fungal damage and
potential risks is essential.
2. Biocidal treatments are not feasible and control of MC and RH are extremely difficult at Cape
Denison so it is important to keep temperatures low to reduce overall biodeterioration risks.
3. It is crucial that biodeterioration risks are communicated clearly to conservators, architects
and site managers to ensure the need for appropriate control strategies is understood and to
facilitate support for research and intervention.
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10. HUMAN IMPACTS ON ANTARCTIC HISTORIC SITES
Figure 10.1: Visitors waiting to enter Shackleton’s hut (author’s photo 1993)
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10.1 AIMS AND INTRODUCTION
10.1.1 Objectives and scope
Objectives
This chapter aims to:


examine visitor impacts on Antarctic historic sites;



compare, where possible, site management policies and practices for managing visitors; and



identify the principles for effective management of human impacts on historic buildings and
artefacts at the sites.

Scope
The following types of visitors to historic sites were considered, where data is available:


Fare-paying ‘tourists’ travelling by ship or (rarely) by air (excluding ‘overflights’);



National expeditioners on recreational visits;



Crew of ships chartered by national expeditions and tourist operators; and



Independent adventurers (including NGOs such as Greenpeace and those travelling by yacht).

All impact types were considered including:


Unintentional damage (eg trampling, touching or by indirect disturbance such as by aircraft
turbulence at landing sites);



Deliberate damage (eg vandalism, unauthorised removal of material); and



‘Clean ups’ and issues relating to ‘rubbish’ or environmental threats from historic material,
including fuel.

The study concentrates on the early historic sites in the Ross Sea area and Cape Denison using
references to the literature to draw more general conclusions about visitor impacts throughout the
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continent. A brief review is given of visitor impacts at abandoned bases whose historic
significance has not been assessed1.
10.2 Literature and gaps in knowledge
While visitors of every type may potentially impact on Antarctic historic sites, most Antarctic
tourism research focusses on fare-paying ship-borne ‘tourists’. Although some case studies have
been done at particular sites on impacts of national expeditioners who visit historic sites (eg
Clark & Wishart 1991) during recreational (or work) visits, these are rarely examined
systematically. The majority of Antarctic tourism publications concern human impacts on
wildlife, particularly the ‘cumulative impacts’ of repeated visits to popular sites. Considerable
scholarly effort has been expended in defining the term ‘tourist’ (Hall & Johnston 1995) which
do not always match the categories of interest in assessing impacts on historic sites2.
Key issues identified by the author from a review of existing research are:


risks of increased impacts from growing visitor numbers;



debate on whether self-regulation of tourism by International Association of Antarctic
Tourism Operators (IAATO) and permit requirements for ASMAs are sufficient to manage
tourism impacts (Richardson 2000); and therefore whether additional regulation of visitors is
required.

Tourism has occurred in the high Arctic since the mid-19th century when ships regularly visited
Svalbard (figure 2.4) and parts of Greenland. Visitors have been cited as a major cause of damage
to sites at Kellett’s Storehouse and on Svalbard (Capelotti 1994) and Barents Hut (Hacquebord
1995) as cited in Chapter 2 and discussed in Chaplin and Barr (2004). Some visitor management
strategies include use of visitor guidelines (eg figure 10.2). Regulation of visitor impacts at Arctic
1

This information is included in the chapter since these issues are most closely linked with visitors, because tourists
have strong views on what is historic (or not) and tourists have been strong proponents of their removal.
2
For this thesis, visitors are categorised as follows: a tourist visiting a historic site is a recreational, fare-paying
visitor or adventurer, contrasting with an expeditioner who is in Antarctica for work or research but who may go to a
historic site for work or recreational purposes. Crew and tourist voyage staff are identified as separate categories of
visitor.
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sites is generally complicated by generally greater ease of access, and is the responsibility of
sovereign governments, contrasting with Antarctica.
Figure 10.2: Extract from trilingual notice from Fossil Forest (courtesy of Dr David Grattan,
Canadian Conservation Institute).
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The modern era of Antarctic tourism is widely considered to have begun with the luxury cruises
organised by Eric Lindblad to the Antarctic Peninsula in 1966 (Codling in Hall and Johnston
1995: 167-178) and to the Ross Sea the following year. These have a distinct business model
involving use of small inflatable boats for shore visits, guest lectures from qualified naturalists
and other specialists and strong interdictions aiming to protect the Antarctic environment. Selfregulation by the Antarctic tourism industry and arrangements (whereby some Antarctic Treaty
5
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nations only allow station visits by IAATO member tour operators) were stated to be successful
tools for managing environmental impacts of Antarctic tourists (Richardson 2000: 83-84).
The literature review showed the most significant information gaps on human impacts at
Antarctic historic sites are3:


Insufficient information is available on factors influencing visitor attitudes and behaviour that
may help to reduce impacts;



Inadequate resolution of issues associated with management of ‘historic debris’;



Little comparative assessment of the effectiveness of site management regimes in coping with
increases in visitor numbers and evolving visitor trends; and



Inadequate information on protection of sites of historic interest that are not yet investigated
or listed by the Antarctic Treaty.

10.3 METHODOLOGY
10.3.1 Research questions
The following research questions were developed to fill the data gaps above:
1. What are the types, causes, extent and severity of impacts of visitors on Antarctic historic
sites?
2. Is the information provided to visitors effective in ensuring understanding and respect for the
site?

3

Information on polar tourism relevant to historic sites includes:
Annals of Tourism Research special volume (Volume 21(2) 1994) on polar tourism focussed on policy and
management issues;
Hall and Johnston (1995) examined economic effects of cruise tourism in both the Arctic and Antarctic, including
environmental concerns and regulation regimes;
The IAATO website3 publishes visitor statistics and ATCM papers on Antarctic tourism;
Websites of the New Zealand Antarctic Heritage Trust, UK Antarctic Heritage Trust and Mawson’s Huts Foundation
consider some aspects of tourism with periodic updates of visitor numbers;
The IPHC website and publications (eg Barr and Chaplin 2004) include several papers on visitor impacts on historic
sites; and
The website of the Secretariat of the Antarctic Treaty3 provides Conservation Management Plans for historic sites
registered under the Antarctic Treaty, detailed in Table 10.3.
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3. Does the visitor attitude towards the value of historic sites influence their behaviour? In
particular, does the ‘messy’ nature of some sites reduce visitor respect for management
guidelines?
4. Are current site management practices effective in minimising adverse visitor impacts?
10.3.2 Field surveys (research question 1, 2, 3)
Observations of visitor behaviour and impacts were made during the time available (Table 3.1) at
sites visited on four voyages to Antarctica using a check list (Table 3.2). The four voyages cover
three voyage types that occur in Antarctica:


A non-government organisation (NGO) visit with Project Blizzard to carry out conservation
activities at Cape Denison (1985) aboard the 322 tonne Southern Quest (20 passengers, 6
crew),



A scientific and provisioning visit by ANARE (1992), to Mawson, Davis and Heard Island in
1992 aboard the Antarctic re-supply ship Icebird (100 passengers);



A tourist voyage aboard the Russian icebreaker Kapitan Khlebnikov to Cape Denison, Cape
Adare and Ross Island sites in 1993 (14,900 tonnes displacement tonne, 112 passenger
capacity, 70 staff + crew); and



Another ‘tourist’ cruise aboard the ice-strengthened Russian ship, Academician Shokakskiy
to various Subantarctic islands and to Cape Denison and Dumont d’Urville in 1997 (48
passenger capacity, 30 staff + crew).

The observational data for the early historic sites was collated in Table 10.1.
The author attended visitor briefings given by voyage personnel and national Antarctic
administration staff (eg briefings by NZ Antarctic staff before landing at the Ross Island sites
during the Kapitan Khlebnikov visit). Site management issues were discussed with tour guides,
ships’ crews and tourists and station personnel. These observations were supplemented with
updated information on management plans and observations provided by recent visitors to the
sites.
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Figure 10.3: Itinerary of the author’s four voyages
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10.3.3 Visitor questionnaire (research question 2, 3)
A questionnaire (Figure 10.4) was used to collect information on:


The interests of visitors at historic sites



Time spent on different activities;



Demographic data; and



Visitors’ views on guidelines, facilities and attitudes to preservation of the site.

Figure 10.4: Visitor questionnaire

1. What are your reasons for going on this cruise?

no special interest
bird watching
general interest in wildlife
scenery
historic interest
novel experience
wilderness experience
general interest in Antarctica
other: ........ .... .... .............. ........ ......... .
2. What is your main interest in visiting Mawson's Huts?

general interest only
interest in Antarctic history
more interested in wildlife & getting ashore

3. Arrival by Ship: .......... ..............................Date of arrival: ................................. .
Time of arrival ashore: ............................ Time ashore (in hours): ...................... .
Did the weather shorten your visit? yes
no
What transport method was used for landing?helicopter
zodiac
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4. Were you happy with the amount of time allocated to visit the site?
yes · no
How much time do .you feel would be sufficient? ..................................... ......... .
5. Did you attend a pre-landing lecture?
Yes
No
Was the briefing adequate?
interesting
adequate
inadequate
Why? .. ..................................... .......... .. .............. ... ......... . ... ...... .. ........ .
6. What precautions were made.by )'.Q1! before landing. to protect the site?

not aware they were necessary
if aware of precautions did you:
take no special arrangements
go to the toilet before landing
emptying/vacuuming out pockets
washing boots
other ......................... .................................................... .
7. Did you read the Mawson's Huts Minimum Impact Code?
yes
Was the pamphlet:
too authoritarian and does not acknowledge commonsense?
too wordy?
used too much jargon?
too brief?
not enough explanation of reasons for restrictions?
interesting and informative?

no

8. Which would you choose to supplement your photographic souvenirs of your visit?
map
a brief inexpensive pamphlet
a full colour glossy coffee table book
none of these
Would you be prepared to pay for this type of souvenir
yes
no
Acceptable approximate price (A$): ................................ .
Any other information you would be particularly interested in? ............................ .
9. Do you think there was too much shepherding?
yes
no
Would you prefer guides to be closer at hand to answer questions? yes
Would you prefer guides to be closer at hand to help you physically?
Comments:

no
yes

no

10. Do you think that there should be visitor facilities ashore?
yes
no
If yes:
toilet facilities? yes . no
Other: .................................. ............ .
no
Would visitor facilities decrease aesthetic/ historic/ wilderness value? yes
Comments: .... ..................... .. ............................... .. ....................... .......... .
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11. How would you rate the information given by lecturers/ guides while you were at Mawson's
Huts?

good

adequate

inadequate

history
geology
vegetation
wildlife
other
Suggestions:

12. Di~ you visit the following locations (tick box and insert approximate tiine spent there)?
Main Hut ......... .................. ............. (mins)
Magneto graph House ................... ................... .. (mins)
Memorial Cross ................... .............. ....... (mins)
Transit Hut .................. .............. ........ (mins)
Absolute Magnetic Hut .................. ................ (rnins)
Proclamatio n Pole ...... :....................................(rnins)
Other: ... .... .............. .... ... ............... (mins)
13. What are your views on the conservation of the Huts site?

interesting but not worthy of preservation effort
leave to deteriorate naturally
clean up rubbish but preserve significant parts
should be preserved on site
remove completely
return to Australia and preserve in museum
restore exterior with new timber
Comments:

14. How important is it for you to be able to go inside the Main hut?
very important
important but only if it can be done without jeopardising the building
depends on what there is to see inside
not important
Comments:

15. If you couldn' t enter the Main Hut would you be satisfied with entry to the Magnetograph
House?

yes

no

Comments:

16. What did you enjoy most during your visit?
17. What did you enjoy least during your visit? .................... .................... ............... ..

18. What did you spend the majority of your time doing/ looking at (wildlife, historic items,
rocks, etc)?

19. Do you believe that artefact scatters should be preserved?

yes
no
Comments: ...... .. ................. ...... . .. ......... ..... ..... .. ...... ... . ... ...... .... ... ........ .. ... .
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We would like to ask a few questions about you to provide comparison with other surveys.
We hope that you will not find them intrusive since they will be very helpful in evaluating the
survey.
20. Your nationality: Australian
NZ
Russian
US
Other: .............. .. ....... .
21. Gender:

male

female

Age (years): .......... ................. (discretion assured)

Are you travelling with your:
spouse

family members

friends

by yourself

22. Highest educational level completed:

high school

university / college degree

higher degree

23. What is (or was) your occupation: ..... ...............'..................... .
Are you retired? yes
no
24. Have you visited Antarctica before this voyage? yes

no

If yes, please give place and year (eg. Antarctic Peninsula 1992/3) ........................ .
Thank you for your assistance in completing this form. Your responses will provide data of unique
value to us since visits to Mawson' s Huts are so rare. Please give your completed questionnaire to
Estelle who will forward it to us in a sealed envelope, or post it to us directly. We would
appreciate any extra comments you would like to make about your visit, or about this survey, so
please attach them to this form. If you would like to receive a report of the results of the survey
please provide contact details or write to us at:
Prof. Colin Pearson & Ms. Janet Hughes, National Centre for Cultural heritage Science Studies
University of Canberra, PO Box 1 Belconnen, ACT 2616, Australia. Fax: (61) 6 201 5419

Details of the survey methodology and responses are available in Hayman, Hughes and Lazer
(1998). The questionnaire required approximately 10 minutes to complete and was distributed to
the visitors within a couple of hours after their return from visiting the site. Data from the
questionnaire responses were collated in Table 10.2 for all three voyages surveyed: the author’s
voyage in early 1997 and two voyages by archaeologist Dr Estelle Lazer in December 1997 and
February 1998.
Some particular issues for visitor management were identified regarding Cape Denison:


There are high operational risks due to remoteness and severe weather and the site has limited
refuge and safety facilities;



The site is relatively rarely visited (compared with Antarctic Peninsula and Ross Island sites),
although up to 100 tourists land at one time;
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At the time the survey was conducted Cape Denison was the least disturbed of all early
Antarctic exploration sites so protection of the archaeological values of the site was a critical
issue.

Many questionnaire surveys have been undertaken of tourists in the Antarctic Peninsula, but few
evaluated both visitor attitudes and their impacts on historic sites. Harrowfield evaluated visitor
attitudes and impacts at Ross Island sites but field observations of the impacts were fairly brief
due to lack of time for preparation (Harrowfield, e-mail communication to the author, 2009).
10.3.4 Management issues (research question 4)
Site management information and visitor guidelines were obtained from tour operators and
national Antarctic management organisations to analyse the effectiveness of site management
plans for selected historic sites based on the requirements of the Antarctic Treaty and Madrid
Protocol and issues identified in previous work (Hughes & Davis 1995, Appendix C). A risk
assessment template based on AS 4360 was used to analyse risks of visitor impacts (collated in
Table 10.4).
10.4 RESULTS
10.4.1 Visitor impacts
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Table 10.1: Observations of visitor impacts
Site

Cape
Denison

Cape
Denison

Cape
Adare

4

Author’s
observations:
Date, number of
visitors present
during
observations,
visitor types
1985
Independent
expedition for
conservation
purposes with
some financial
contributors and
relatives of AAE
expeditioners.
Approximately 8
entered the hut.

1997
46 ‘tourists’
including 3
heritage
professionals
conducting
conservation site
assessment and 4
voyage staff.
Yacht and crew
(Don McIntyreoccupants of
Gadget Hut).
1993
~90 tourists + 6
ships’ crew, 3
voyage staff, 3
national observers

Behaviour patterns,
impacts and risks
observed during
author’s visit

Normal visitation
patterns4

Severity of
‘accumulated’
impacts (since the
site was occupied)

Other known or
potential impacts

Trampling of outdoor
artefacts (accidental
due to difficulty
walking around the
windscour around the
main hut).
Some touching and
moving of animal
carcases.
Aluminium plates
commemorating
Project Blizzard donors
considered visually
obtrusive and later
removed.
Trampling of outdoor
artefacts (accidental
due to difficulty
walking around the
windscour around the
main hut).

Average 100-200
visitors per
annum, with
none in some
years. Occasional
visits by US
Polar Star to
maintain AWS
and by French
ship l’Astrolabe.

Minor. Most
impacts were
transitory. Mostly
trampling of
outdoor artefacts
in proximity to
main hut.

Souveniring
previously occurred.
Some previous
visitors smoked
ashore. Some items
left inside hut during
1960s visits. US
AWS is considered
visually obtrusive by
some (see further
discussion in
Chapter 11).

As above

Mostly trampling
of outdoor
artefacts in
proximity to main
hut. Visual impact
due to proximity
of Gadget Hut to
Magnetograph
House- since
removed.

See above.

Crowding, some beach
sand tracked in, some
visitors showed
indifferent attitude to
outdoor artefacts
including trampling,
stumbling. Congestion
in some parts of hut
due to photographers.
Some objects had been
touched and displaced,
and test samples on a

Visitor numbers
are variable from
year to year,
from <200 to
>800 per annum.
Mostly tourists,
some national
expeditioners.

Moderate. Some
abrasions on floor.

Problems with
cameras on tripods,
scoring of floor
boards, artefacts
picked up by the
registration tags.
Previously
souveniring was a
problem, in 1990 the
hut was used for
expedition
accommodation and

Normal visitation patterns where the information is known, for example from logbooks, known station activities,
etc. The information is for the year in which the author’s observation occurred.
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Author’s
observations:
Date, number of
visitors present
during
observations,
visitor types

Behaviour patterns,
impacts and risks
observed during
author’s visit

Cape
Royds

1993
~90 tourists + 6
ships’ crew, 3
voyage staff, 3
national observers

As above plus track
formation around the
building, wandering
into adjacent SSSI,
little supervision of
visitors away from the
building. Those inside
building were closely
supervised.

Cape
Evans

1993
~90 tourists + 6
ships’ crew, 3
voyage staff, 3
national observers
and ~20
Greenpeace
visitors who were
ashore inspecting
former ‘World
Park’ base

As above, plus track
formation around the
building, little
supervision of visitors
away from the
building. Those inside
building were closely
supervised.

Hut
Point

1993
~90 tourists + 6
ships’ crew, 3
voyage staff, 3
national observers
and national
expeditioners from
McMurdo

Crowding in particular
parts of the hut due to
keen photographers,
scoring of floorboards,
indifferent attitude
shown to outdoor
artefacts including
trampling, stumbling

15

Normal visitation
patterns4

Severity of
‘accumulated’
impacts (since the
site was occupied)

table were bumped out
of position.

Other known or
potential impacts

cooking.
Visitor numbers
are variable from
year to year,
from <200 to
approx 600 per
annum, typically
<500/year.
Mostly tourists,
some national
expeditioners.
Typically 200400 per annum

Access requires
permission from
authorities at
Scott Base but
national
expeditioners can
walk around the
building.
Typically <500
visitors/yr.

Moderate.
Significant
rearrangement of
original material
has occurred,
many objects
moved, damage to
haybales.

Primarily problems
with cameras on
tripods, difficulty in
moving around the
hut due to some
visitors wishing to
linger or take photos
without crowds.

Moderate.
Significant
rearrangement of
original material
has occurred,
many objects
moved. Some
scoring of
floorboards (some
by clearing snow
and some by scoria
tracked in on
boots.
Moderate.
Significant
rearrangement of
original material
has occurred,
many objects
moved. Some
scoring of
floorboards (some
by clearing snow
and some by scoria
tracked in on
boots.

Primarily problems
with cameras on
tripods, difficulty in
moving around the
hut due to some
visitors wishing to
linger or take photos
without crowds.

Primarily problems
with cameras on
tripods, difficulty in
moving around the
hut due to some
visitors wishing to
linger or take photos
without crowds. Fire
risk from smokers or
adjacent base
activities.
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10.4.2 Results of questionnaire used at Cape Denison
Table 10.2 Visitor survey summary for visitors to Cape Denison
Issue
Total number of
respondents (not all
questions answered)
Visitor age & gender
(Qu21)

Visitor nationality,
language (Qu20)
Visitor education
(Qu22)
Occupation (Qu23)*

Visitor interest in
Antarctic (Qu1)*

Visitor interest at C
Denison (Qu2)*
Total time spent
ashore (Qu3)
Happy with time
ashore (Qu4)
Optimal time
available to go
ashore **
Attended pre-landing
briefing (Qu5)
Read visitor
guidelines (Qu7)
Locations visited
ashore, time in
minutes (Qu12)
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Response category

Voyage 1 (Jan
1997)
21

Voyage 2 (Dec
1997)
15

Voyage 3 (summer
1998)
15

Gender
Mean
Standard deviation
Age range
Not stated
Australian
Other

M=15, F= 6
51.2
12.99
29-66
2
16
5 (English, Swiss,
Belgian)
1
13
7
12
5

M=12, F=3
44.1
12.03
25-70
2
13
NZ, Japan

M= 9, F= 6
58.7
8.89
43-76
0
14
2 (Canada, US)

5
6
4
10
5

7
5
3
11
5

3
15

2
11

4
13

12
7

3
9

7
11

4
3
9
9
5
4-10 hours

5
5
0
12
4
3-12 hours

6
5
2
10
1
1.5- 6 hours

15 satisfied

15 satisfied

4-10 hours

4-25 hours

10 satisfied
5 wanted more time
4-10 hours

Yes= 19
No= 2 (1 sick, 1
conducting
professional work)
Yes= 21,
No = 0

Y=15

Y= 15

Yes = 4
No= 10
Not stated 1
15 (10-120m)
15 (5-90m)
9 (10-45m)
15 (5-40m)
13 (5-30m)
10 (30-600m)

Yes= 5
No= 7

Higher degree
Bachelor degree
High school
Professional
Non-professional
Retired
General interest in
Antarctic
Wildlife
Main interest in historic
sites
Wilderness main interest
Other
Wildlife
Historic
other
Range of hours given in
the responses
Yes

Yes
No
Not stated
Main hut
Magnetograph Hse
Memorial Cross
Transit Hut
Abs Magnetic Hut
Other

19 (range: 5-60 m)
11 (1-45 m_
16 (10-120m)
11 (1-45m)
10 (1-30m)
8 (not stated)

15 (5-60)
10 (2-20m)
Closed access due to
birds
7 (<1-10m)
8 (<1- 10m)
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Issue

Response category

Voyage 1 (Jan
1997)

Voyage 2 (Dec
1997)

Preservation options
for the site (Qu13)*

Clean up rubbish but
keep significant items
(including huts) on site
Preserve all historic
items on site
Allow to deteriorate
naturally
Remove and return to
Australia to a museum
Remove (and not retain)
Restore exterior with
new timber
Want preservation
Not preservation
Not stated

13

13

Voyage 3 (summer
1998)
9 (10-120m)
9

7

3

2

4

0

1

2

0

3

1
1

0
1

0
3

10
9
2
12 comments, 7
noted dangers to
wildlfe

11
2
2
10 comments, no
comments re
wildlife dangers

Y= 4, N= 17

Y= 6, N= 9

4
9
2
Several noted hazards
to wildlife, most want
removal of non-AAE
material
Y= 4, N= 12

19
4
13

14
1
12

15
1
14

1

-

Artefact scatters
(Qu19)

Prior Antarctic visits
(Qu24)
Need for on site
facilities (Qu10)

Yes, want facilities

No- not wanted
No view either way

* indicates question where multiple responses are possible.
** the pattern of visitation allowed visitors to go to and from the ship multiple times during the
period the ship was at Cape Denison.
10.4.3 Analysis of site management plans (following page)

17

10 Human impacts

Table 10.3: Analysis of site management plans for visitors at various Antarctic historic sites
Site

ATCM
Management
Plan, date

Conservation
Management Plan,
date

Responsibility for
authorising
treatment

Mawson
Station

Not applicable
(not a ATS
historic site)

Mawson Station
Management Plan
(1991)
http://www-newnettas.aad.gov.au/Me
diaLibrary/asset/Medi
aItems/ml_37536452
6273148_Mawson%2
0Station%20Managm
ent%20Plan%20Draft
%201993.pdf
Davis Station
Management Plan
(1991)
Davis Station
Heritage Study 1996

Australian
Antarctic Division
Indicator AATH05 on State of the
Environment list*

Davis Station (1991)
Platcha
http://www.aad.gov.a
u/default.asp?casid=1
727
Commonwealth
Heritage List
(indicative place);
Registered on
Register of the
National Estate.

Davis
Station

Not applicable
(not a ATS
historic site)

Platcha
(Old)

Not applicable
(not a ATS
historic site)

18

Professional
heritage
advice
incorporated
Yes
(Clark and
Wishart 1993,
(Rando &
Davies 1996)
Conservator
managed
restoration of
Biscoe Hut.

Visitor limitation specified

Comments

Not limited as it was an
operational building within
the station limits.

Details of Biscoe Hut restoration
available at
http://www.aad.gov.au/default.asp?
casid=36104&source=28&rank=2
Mawson Station Supplementary
Heritage Study prepared 1996.

Australian
Antarctic Division
Indicator AATH07 on State of the
Environment list*

Yes
(Rando and
Davies 1996)
Entered on
Register of the
National
Estate in
October 1999
as ‘indicative
place’

Not limited as it was an
operational building within
the station limits.

Australian
Antarctic Division
(in scope of
AATH-07 above)

Yes
(Rando and
Davies 1996:
79-82)

Not specifically limited but
its small size and
provisions in the Station
Management Plan limit
occupancy at New Platcha
implying similar
restrictions for the old hut.

List of buildings:
http://www.environment.gov.au/soe
/2006/publications/drs/pubs/307/ant
/aath_05_mawsonstation.doc
Of 37 station buildings assessed,
three were identified as
‘exceptional cultural significance’,
and 19 had some level of cultural
significance.
http://www.aad.gov.au/default.asp?
casid=1729
List of buildings:
http://www.environment.gov.au/soe
/2006/publications/drs/pubs/309/ant
/aath_07_davis.doc
Management Plan (p 79-82)
describes the condition of the
building and changes made since its
construction.
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Site

ATCM
Management
Plan, date

Conservation
Management Plan,
date

Responsibility for
authorising
treatment

Wilkes

Not applicable

Registered as an
‘indicative place’ on
the Register of the
National Estate.

Dumont
d’Urville
Base
Marret

Not able to be
determined,
ATCM HSM
47, 48

Not able to be
determined

Australian
Antarctic Division
Indicator AATH06 on State of the
Environment list*
French
Government
agency TAAF

Pt Martin

ASPA 166
Plan x
ATCM HSM
46
http://www.en
v.go.jp/earth/n
ankyoku/db/jy
ouyaku/aspa/a
spa_pdf_en/16
6.pdf

No further
information

Cape
Denison

ASMA No 3
ATCM HSM
12, 13, 77
Proclaimed by
ATCM in
2004 available
at
http://www.sc
ar.org/publicat
ions/bulletins/
156/bulletin15
6.pdf

The Management
Plan specifically
includes the scattered
artefacts and
identifies their
archaeological value.
Mawson’s Huts
Historic Site
Management Plan
2007-2012 **
(Australian
Government

19

Professional
heritage
advice
incorporated
Yes
(Wishart and
Clark 198990)

Visitor limitation specified

Comments

No information found on
limits.

~8km from Casey Station, visited
by national expeditioners, past
history of damage.

Not able to be
determined.

Used as accommodation
during summer.

‘Restored’ in 1992 apparently by
replacement of original timber that
had “rotted away due to moisture”,
some photos of former
expeditioners (former expeditioner
Guillaume Dargaud, email
correspondence to the author, 2009.

French
Government
agency TAAF

The content of
the plan
suggests that
professional
heritage
advice has
been provided,
but the source
is not stated.

No specific interdiction on
tourists, no limits
specified.

Australian
Government
agencies
Australian
Antarctic Division
and Department
of Environment,
Water, Heritage
and Arts both
have
responsibilities.
Listed on the

Yes- since
1985.
Previous work
in 1977-78
undertaken
without
specialist
input.

No limits on numbers
ashore listed on
Management Plan which
states (p39): “Tourists may
only enter the hut if they
have a permit”, must be
accompanied by a guide,
“no more than three
tourists plus a guide in the
Main Hut at any time” and
no more than two tourists
plus a guide in the

Goals and Objectives section of the
Management Plan notes the need to
control access until “specialists
formulate appropriate investigation
methods for its development and its
opening to the greatest number”.
Management activities permitted
include provision for ongoing
monitoring of weather data via the
American AWS and remote sensing
of snow stratigraphy.
Map includes Global Positioning
System references that enable tour
operators to identify exact location
of site boundaries.
Management plan specifies a visual
protection zone to protect the
landscape setting within the ASMA
and identifies approach distance
from wildlife to address both
natural and cultural heritage
requirements.
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Site

Conservation
Management Plan,
date

Responsibility for
authorising
treatment

Legislative
Instrument F2008L00141)

National Heritage
List,
Commonwealth
Heritage List and
Register of the
National Estate).
Indicator AATH02 on State of the
Environment list*

ATCM HSM
22,23
ASPA 159 x
http://ciencia.
micinn.fecyt.e
s/ciencia/com
Polar/files/fich
ero-aspa-mod159.pdf
ATCM HSM
15
ASPA 157
2002
http://www.ns
f.gov/od/opp/a
ntarct/aca/nsf0
1151/aca2_spa
157.pdf

Implementation plan
is developed to
provide a detailed
work plan.

NZ Antarctic
Heritage Trust
manages the site

Yes
NZAHT

Implementation plan
is developed to
provide a detailed
work plan.

NZ Antarctic
Heritage Trust
manages the site
(ATCM 25, Sept
2002)

Currently yes
but major
previous work
in 1960s was
undertaken
without
professional
conservation
advice.

Cape
Evans

ATCM HSM
16, 17
ASPA 155 x
2005

Implementation plan
is developed to
provide a detailed
work plan.

NZ

Yes

Hut Point

ATCM HSM

Implementation plan

NZ government,

Yes

Cape
Adare

Cape
Royds

20

ATCM
Management
Plan, date

Professional
heritage
advice
incorporated

Visitor limitation specified

Magnetograph House at
any time.
ASMA No 3 protects the
whole headland, with
additional protection in
ASPA 162 (covering the
four huts- historic,
aesthetic, educational,
environmental and
scientific values).
Total in ASPA = 40
In hut = 4
Cumulative total in one
year = 2000

Total in ASPA = 40
In hut = 8
Cumulative total in one
year = 2000
Average visitation was
approximately 1000/yr
Max 100 persons ashore at
any one time, permit
required for entry. Guide
required.
Total in ASPA = 40
In hut = 12
Cumulative total in one
year = 2000
Average visitation during
1998-2004 was 1489/yr
Max 8 people in hut

Comments

Helicopter landing prohibited
within ASPA.
All NZ representatives acting as
guides at all Ross Dependency
historic sites are trained in aspects
of conservation and management of
visitor impacts.
Visitors must not enter ASPA 121
(penguin breeding area).
ASPA 159 site guidelines notes
known impacts including
disturbance of artefacts, track
formation and ground compaction.
See above re training of guides.

Helicopter landing prohibited
within ASPA. Landing sites
identified. See above re training of
guides.
Control of helicopter landings due
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Site

Deception
Island

21

ATCM
Management
Plan, date

Conservation
Management Plan,
date

Responsibility for
authorising
treatment

18, 19
ASPA 158
http://www.an
tarcticanz.govt
.nz/downloads
/environment/
ASPA158mg
mtplan.pdf

is developed to
provide a detailed
work plan.

site management
by NZAHT

ASMA 4
http://www.de
ceptionisland.
aq/documents/
asma.pdf
ATCM HSM
71 Whalers
Bay, Historic
site 76
(Chilean
station)

Deception Island
Management Package
was agreed by
ATCM meeting
XXVIII in 2005 to
manage the ASMA.
http://www.deception
island.aq/package.ph
p
http://www.deception
island.aq/documents/
cover.doc
Notes known impacts
including graffiti,
removal of artefacts,
erosion of footpaths.

Deception Island
Management
Group which
comprises
representatives
from ATCM
parties Argentina,
Chile, Norway,
Spain, UK and
USA with
advisors including
the Antarctic and
Southern Ocean
Coalition and
IAATO and ad
hoc contributors.

Professional
heritage
advice
incorporated
NZAHT

Not stated in
the
management
documents as
no authors or
consultation
list is
provided, but
heritage
knowledge is
apparent in the
content of the
documents.

Visitor limitation specified

Comments

including guides. Annual
maximum visitor numbers:
2000 (total visitation
inside building).
Visitors must be
supervised by “an
experienced guide
nominated by the [tour]
operator”. Crowding
recognised as an issue:
“The effects of current
visitor levels (average
1033 per year between
1998 and 2004) suggest
that an increase of more
than 100% could cause
significant adverse
impacts”.
For commercial cruise
operators, no more than
100 passengers may be
ashore at a site at any time,
accompanied by a
minimum of one member
of the expedition staff for
every 20 passengers.

to risk of particles being blown
against the hut. Vince’s Cross also
part of the same management plan
(only 75 m away). “The designated
Area consists solely of the structure
of the hut”.
See above re training of guides.

Includes scientific, historic and
aesthetic and wilderness values.
Norwegian whaling station, British
base and Chilean base are
recognised historic sites. Safety
matters are specified due to
volcanic risks, danger of collapse of
corroded oil tanks.
“Graffiti considered to be of
historic importance should not be
removed. New graffiti should not
be added” (Management package
App 3 p4). New graffiti have been a
particular problem, examples are
provided in the ATCM
Management Plan. Major ‘clean up
of debris including asbestos was
undertaken in 2004.
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Site

ATCM
Management
Plan, date

Conservation
Management Plan,
date

Responsibility for
authorising
treatment

Port
Lockroy,
Goudier
Island

ATCM HSM
61
Historic site
number 61

Annual work plans
are produced and
forward plans
consider issues such
as need for separate
accommodation (ie
not accommodated in
the historic building).
Management plan
focuses on avoiding
disturbance to
wildlife (deemed
successful thus far).

United Kingdom
via UKAHT.

Snow Hill
Island
(Nordensk
jold’s hut)

ATCM HSM
38
http://www.ats
.aq/siteguideli
nes/documents
/SnowHill_e.p
df

ATS site guidelines
states it is managed
“as a living
museum”.

Argentina and
Sweden

Yes- ongoing
consultation
between
Argentina and
Sweden via
ATS

Stonington
Island
including
East Base
and UK
Base E

No ATCM
management
plan.
East Base is
ATCM HSM
55, Base E is
ATCM HSM
64

Yes- Detailed
recommendations for
East Base were made
by Spude and Spude
1993.
Antarctic Treaty
Visitor site guide
available at
http://www.ats.aq/site
guidelines/documents

East Base-US
Government, as
proponent of
historic site
Base E- UK
Antarctic Heritage
Trust

Yes (Spude
and Spude
1993).

22

Professional
heritage
advice
incorporated
Professional
architectural
advice
incorporated
(Cochran and
Collinge
1994).

Visitor limitation specified

Comments

One ship at a time, max
three ships/day. Max 60
people on island at one
time, Max 350
persons/day, 1 guide to 20
visitors, Max 35 visitors in
base at one time,
“Where practicable,
expedition leaders are
requested to invite at least
one member of the Pt
Lockroy staff to ..brief
passengers and staff prior
to visit”.
Landing area is specified,
One ship at a time, max
500 passengers, visit
notification required, no
more than 100 visitors
ashore at a time inclusive
of guides and leaders, one
guide per 20 visitors.
Visits inside hut require
approval of ‘head of the
hut’, in groups of 5 max.

One of the most visited tourist sites
in Antarctica
(http://www.ukaht.org/downloads/P
Ldocs/UKAHTPLAccommCons.do
c
Operated as a living museum,
functions as a post office used to
fund conservation operations.

No more than 100 visitors
ashore at any time,
exclusive of expedition
guides and leaders. No
more than 12 visitors are
allowed inside any single
building at any one time.
Visitors must be closely
supervised.
Prior notice of visit

Antarctic Treaty visitor site guide
states “some acts of vandalism in
the hut’s interior have been
recorded”. Potential impacts are
identified as trampling causing
erosion of ground around hut, fire,
fuel leaks.
Free-roaming area outside near
landing site, guided pathway near
hut.
Two closed areas are specified near
hut to reduce erosion.
Risks stated on visitor guide as
‘Fire. Disturbance to historic
artefacts. Minor fuel spills’.
Visitor guide includes Visitor Code
of Conduct with specific mention of
issues such as respect for graves, no
naked flames, prohibited access
areas, etc.
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Site

ATCM
Management
Plan, date

Conservation
Management Plan,
date
/Stonington_island_e.
pdf

Responsibility for
authorising
treatment

Professional
heritage
advice
incorporated

Visitor limitation specified

Comments

required to managing
agency.

* The State of the Environment Report managed by the Australian Government Department of Environment, Water, Heritage and the
Arts provides a framework for monitoring condition of Antarctic cultural heritage sites and related collections outside Antarctica to
provide indicators for management and reporting purposes. Details are available at
http://www.environment.gov.au/soe/2006/publications/drs/indicator/450/index.html
** Mawson’s Huts Historic Site Management Plan 2007-2012 is available at
http://www.comlaw.gov.au/comlaw/Legislation/LegislativeInstrument1.nsf/0/9DF12AC085C610A1CA2573D400026DBE?OpenDocu
ment
10.4.4 Risk analysis (following page)
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Table 10.4: Risk analysis for human impacts at selected Antarctic historic sites
Risk
No.

The Risk
What can happen and
How it can happen

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Conseque
nce Rating
(b)

1

Historic exterior
could be damaged by
visitors via:
Climbing on hut or
wanton damage such
as fire, graffiti etc
(prohibited)
Accidental fall
against the hut
Items dislodged from
visitors, from other
structures and strike
the hut
Accidental damage
during conservation
work including fire
from fuel spills or
chemical usage.

Timbers broken allowing
wind and ice ingress and
damaging the appearance
of the hut.
Battens damaged or
dislodged.
Graffiti or scratches,
inappropriate attachments.
Fire could destroy the hut.

Site management plan
restricts numbers ashore.
Visitors are briefed before
landing to reduce risks of
deliberate or inadvertant
damage.
Fire- Smoking is
prohibited ashore. Fuel
handling and usage are
controlled. Cooking is
located away from the
historic buildings. Use of
chemicals is regulated by
AAD.
Climbing on the hut is
specifically prohibited.
Ropes are installed before
visits to guide visitors
away from artefacts and
hazards such as snow
drifts.
Conservation staff are
professionals and secure
tools and avoid work
during hazardous weather.
Loose items in proximity
to the hut are minimised
to minimise risk of then
being blown onto the hut.

Fire (2)
Other
damage (2)

Fire (5)
Other
damage
2-4
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Overall
Risk
Level
(a+b)
Fire 7
Other
damage
4-6

Risk
Priority

Treatment
controls

Firehigh.
Others
medium
.

Fire fighting
equipment is
available.
Fire plan is
established for
any work
involving heat
or chemicals
that generate
vapour risks.

Risk rating
after
treatment/
controls
Low
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Risk
No.

The Risk
What can happen and
How it can happen

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Conseque
nce Rating
(b)

2

Highly significant
outdoor artefacts are
removed, relocated
damaged or
contaminated.

Historic resources and
values of the site are
diminished by:
Artefacts removed by
visitors intentionally.
Accidental damage
through trampling or
falling, tripping.
Accidental damage during
conservation work.
In the case of scientific
buildings, future
geomagnetic or
astronomical observations
would be compromised.
Touching dateable
biological artefacts such
as the mummified seal
could be contaminated by
human touching.

Site management plan
restricts numbers ashore.
All visitors going ashore
receive briefing.
Removal of artefacts is
prohibited under the
Antarctic Treaty.
Artefacts and their
locations are documented
and monitored.
Trampling and falling are
minimised by delineating
the areas where visitors
can walk.
Risks and consequences
of touching and moving
artefacts are explained to
visitors.
Conservation work
program provides specific
risk management plan
incorporating appropriate
supervision and
management.
Incremental damage due
to touching is difficult to
manage but can be
monitored by
photographing vulnerable
items and using photos to
explain rationale for
prohibition of touching.

Removal 2
Other
damage 2-3

2-3
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Overall
Risk
Level
(a+b)
4-6

Risk
Priority

Treatment
controls

medium

Pre-landing
briefings
inform visitors
that outdoor
artefacts are
documented,
indicating any
damage may
be detected.
Improving
information on
how artefacts
are used for
historical
research could
improve
visitor support
Conduct
visitor survey
to measure
visitor
understanding
and support for
protection.
Identify
vulnerable
artefacts and
monitor their
location and
condition by
photographs.

Risk rating
after
treatment/
controls
Low.
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Risk
No.

The Risk
What can happen and
How it can happen

Consequence

Description and
Adequacy of Existing
Controls

Likelihood
Rating
(a)

Conseque
nce Rating
(b)

Risk
Priority

Treatment
controls

2-3

Overall
Risk
Level
(a+b)
4-6

3

Significant indoor
materials or artefacts
could be removed or
damaged.

Historic resources and
values of the site could be
diminished by:
Artefacts removed.
Artefacts damaged
accidentally or
intentionally such as by
being picked up, touched
or moved or by visitors or
staff slipping or tripping
inside the hut.

Numbers inside the hut
are limited and supervised
by an authorised and
trained guide.
Permission to access site
& enter the hut is limited
to guides authorised by
the AAD.
Walkways are established
inside the hut with mat to
reduce risk of slipping on
ice.

2-3

Lowmedium

2

4-5

Low

Investigate
improvements
to walkway
inside hut.
Continue
investigations
and utilise
photographic
recording of
vulnerable
items to
monitor any
cumulative
impacts
Continue
investigations.

4

Human impacts in
conjunction with
other processes of
deterioration.

Visitors affect
temperature and RH
conditions inside the hut,
increasing deterioration
from corrosion,
biodeterioration and
melting or phase change
of ice.
Touching of exterior
timbers and artefacts can
exacerbate corrasion.

Numbers inside the hut
are limited and supervised
by an authorised guide.
Monitoring of
temperature and RH with
visitor numbers to
determine any effects.

2-3

Risk rating
after
treatment/
controls
Low

Low

Likelihood Rating: 1 rare, 2 unlikely, 3 possible, 4 likely, 5 almost certain
Consequence Rating: 1 insignificant, 2 minor, 3 moderate, 4 major, 5 catastrophic
Level of Risk: <5 low risk – manage by routine procedures, 5 medium risk – specify management responsibility, 6,7 high risk – needs
specific management attention, >7 extreme risk – detailed action plan required
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10.5 DISCUSSION
10.5.1 Characteristics of impacts
Type, cause, extent and severity of impacts (research question 1)
Antarctic visitor numbers and trends
Table 10.5: visitor numbers at selected Antarctic sites
Site

2001-02

2002-03

2003-04

2004-05

2005-06

2006-07

2007-08

2008-09

2009-10

Mawson

0

0

0

0

0

0

0

0

0

Davis

0

0

138

0

0

0

76

0

0

Casey

0

78

0

0

0

0

0

0

0

Dumont d'Urville

66

0

0

0

347

167

342

562

0

Pt Martin

32

0

0

0

0

0

0

308

0

Cape Denison

198

0

0

0

292

110

213 *

116 **

242

Cape Adare

0

55

389

546

855

181

164

479

372

Cape Royds

0

235

307

586

458

456

176

284

316

Cape Evans

0

228

202

377

278

445

171

272

404

Scott Base

156

74

315

213

213

0

123

97

182

156

74

329

316

423

19

133

382

192

(Snow Hill Is)

1589

516

72

1223

591

1396

372

900

0

Paulet Island

3357

1916

1561

4198

5419

6431

6093

9805

2869

1442

6928

9656

10069

13,119

17,183

18,533

15677

14621

Base and Base E)

1148

n/a

100

107

n/a

389

519

1265

1136

Deception Island

6972

8934

471

2543

2573

16221

25,668

12013

16602

Total

15116

19038

13540

20178

24568

42998

52370

42044

36936

McMurdo Base
(appears to include
Hut Point)
Nordenskjold Hut

Port Lockroy
(Goudier Island)
Stonington Island
(including East

Source: http://www.iaato.org/tourism_stats.html
Notes: * The Mawson's Huts Foundation reported 450 visitors in this period.
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** IAATO data states 1029 passengers landed at for Commonwealth Bay, which may not be the
same as Cape Denison.
Total numbers of seaborne tourists visiting Antarctica each year, although small compared to
other global tourist destinations, has steadily increased from several hundred in the late 1960s
(Hall and Johnston 1995: 9-10) to 36,875 (in summer 2009-10)5. Numbers declined slightly in
2009-10 from the previous two years to the global financial crisis. Table 10.5 shows that, on
average, only around 500 tourists per year visit the Ross Sea area6, and the vast majority of shipborne tourists visit the Antarctic Peninsula. Even fewer visit Cape Denison7 and other east
Antarctic sites and their numbers are more variable from year to year.
Tourists travelling to Antarctica have exceeded national expedition personnel since the early
1990s (Logan 1990) although the number of ‘person-days’ on land for national programs far
exceeds the number for tourism since tour operations are ship-based and landings are limited to a
few hours at selected locations.
Typical itineraries for the Antarctic Peninsula often include visits to South Georgia including the
historic whaling stations and typically include visits to historic sites such as Port Lockroy, which
is one of the most frequently visited places in all Antarctica, receiving 18,533 visitors in 2007-08
(IAATO statistics from their website). Voyages to the Ross Sea area usually also visit
subantarctic islands such as Macquarie Island and the Auckland Islands and typically take three
weeks, due to the greater distances and risk of ice, including about six days each way from either
Australian or New Zealand ports. Antarctic Peninsula tours may be as short as seven days.
Small numbers of yachts also visit Antarctica, particularly the South Orkneys and Antarctic
Peninsula (IAATO visitor data). Some NGOs (eg Greenpeace) and special purpose expeditions

5

This is the number of landed sea and air passengers and does not include staff and crew who land.
Mason (1991: 153) noted that some national expeditioners do not sign the ‘visitor logbook’ and he recommended
re-naming it an ‘occupancy logbook’ to facilitate counting of these visitors.
7
Ashley (personal communication to the author, 1997) considered that conservation of Mawson’s Huts would draw
visitors to the site, but visitor numbers have been less than 300/year and there are none in some years.
6
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(eg Project Blizzard in 1984-85) have operated or chartered ships. Greenpeace operated its own
base next to the Cape Evans historic site during 1987-92 after transfer from the Footsteps of Scott
expedition.
National expeditioners from the US and New Zealand fly to Ross Island from Christchurch and
can readily visit Hut Point, which is within the McMurdo station limits. Cape Evans and Cape
Royds are accessible by helicopter, tracked vehicles or by skiing over the sea ice. A site of
historic interest (but not listed by the Antarctic Treaty) is the former IGY base at Wilkes, 8.4 km
by road8 from Casey, which ANARE expeditioners can easily visit.
Thus the highest visitor numbers and greatest rate of increase (and thus total potential impacts)
occur at historic sites in the Antarctic Peninsula, although visitors at historic sites on Ross Island
and Cape Denison could produce significant impacts without appropriate management due to the
small and fragile nature of the buildings and risks such as fire.
Types of impacts
The most significant visitor impacts identified in Table 10.1 during 1985-1997 were:


cumulative damage from touching (eg hay bales at Cape Royds, figure 7.24);



visitors moving artefacts to take photos, both indoors and outdoors (observed by the author at
several sites, reported by the New Zealand Antarctic Heritage Trust9);



floor damage by visitors tracking in scoria and sand10;



scraping to remove snow has damaged floors (Ross Island sites);



visitors stumbled in poor light conditions on uneven flooring disarranging artefacts; and



tracks worn in the ground at Cape Royds by visitors11.

8

The direct distance is 2.8 km.
In article by Mark Sabbatini, reprinted from the ‘Antarctic Sun’, undated, available at
http://www.oaea.net/Volume2,Issue1.pdf
10
The site management plans require visitors to clean their boots before entering and a brush is available to reduce
ingress of scoria, but this requires good supervision to ensure effective use.
11
This may sometimes be beneficial by confining foot traffic and limiting areas affected if the path is in an
appropriate location.
9
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All these impacts are amenable to control by appropriate site management methods but are
dependent on compliance by visitors, tour managers and Treaty nations (see Table 10.4).
Impacts at sites not visited by the author but documented in the literature included:


Vandalism at Antarctic Peninsula sites (Hacquebord, L 1992: 91), broken windows, graffiti
(figure 10.5) and unauthorised souveniring at Wilkes (Clark and Wishart 1991);



Unauthorised removal of buildings and artefacts at a registered historic site (Harrowfield 19
July 2011: personal communication by e-mail regarding magnetic buildings and depots).



Disturbance of a sealing site by scientific studies (Pearson 2007)



Clean ups of sites by well-intentioned but unauthorised people in the Antarctic Peninsula
where historic material may have been destroyed (Monteath 1992) and at Ross Island during
the 1950s;



Erosion of paths and building foundations at Snow Hill Island, Deception Island (described in
ATS site guidelines) and Wind Vane Hill (Cape Evans) from the 1970s.

In the past, artefacts were allegedly removed from Antarctic historic sites for sale (Ader Picarde
Tajan 1982) or were taken for personal use and later were given to museums. These incidents
occurred before the signing of the Antarctic Treaty and no incidents were identified since that
time. Sponsorship signs were erected at Cape Denison (Murray-Smith 1988: 61), since removed.
These would not be permitted under current management plans.
Figure 10.5: Vandalism at Deception Island (http://www.deceptionisland.aq/graffiti.php )
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Past high risk human activities included:


Smoking next to wooden buildings, including members of an environmental organisation
(observed by the author at Cape Evans 1993)12 and an Australian writer smoking his pipe at
Cape Denison (Murray Smith 1998: 61), albeit during a rare rain event.



Use of historic buildings for high risk flammable storage (Old Paint Store at Davis),
subsequently rectified.

Figure 10.6: Smoking a pipe near AAE hut (Murray-Smith 1988)

Outdoor artefacts
At most sites supervision of visitors was almost solely focussed on those inside the buildings13.
Visitors are generally allowed to walk freely within areas either described at briefings, identified
on maps provided for the visit or delineated by signs (eg boundaries of protected areas such as at
Cape Royds). Table 10.1 shows that some disturbance of artefacts occurred even on wellmanaged visits. Disturbance or damage to artefacts is often difficult to detect after the event
especially where the artefacts are already disarrayed by wind or in deteriorated condition. Some
artefacts at Cape Denison are in locations where there they are inherently vulnerable to
12

Smoking is prohibited ashore by most site management plans (including that for Cape Denison) and by IAATO.
There were few visitors to the hut before 1985 (Blunt 1985) and the greater impact during that time would be the
excavation undertaken in 1978.
13
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inadvertent damage by trampling since they are near the huts where visitors congregate and
where they may be obscured by snow. Some visitors may not attend or comply with briefings, or
may disagree with the protection of these items, discussed further below. More proactive controls
(either limiting numbers or increasing supervision) outside buildings within historic precincts
may be required.
Effects from proximity to contemporary buildings
Proximity to modern bases can be either advantageous or problematic depending on aesthetic
impacts, visitor attitudes and effectiveness of management controls. At some sites, adjacent
contemporary bases provide beneficial security or oversight that protects early buildings (eg staff
at Ukraine’s Vernadsky base brief visitors to Wordie House and provide access to the hut)14.
Older timber buildings still in use for current operations may present fire hazards. Staff may not
support preservation of historic buildings, eg many Mawson expeditioners in 1992 opposed the
retention or protection of the 1950s and 1960s buildings although after fire damaged Biscoe Hut
in 2003 ANARE expeditioners were very supportive of the conservation of the building15.
At two early sites visitor-initiated developments occurred that were very close to historic
buildings, although both were later removed by the owners16. During the late 1990s Gadget Hut
at Cape Denison was located within 30 metres of the Absolute Magnetic Hut (figure 10.7)17.

14

Antarctic Treaty site visitor site guidelines for Wordie House, undated, available at
http://31atcm.ats.aq/31atcm/Documents/ATCM31/wp/Atcm31_wp002_e.pdf
15
Discussed on page 204 at http://www.environment.gov.au/about/publications/annual-report/06-07/pubs/vol1full.pdf The change in attitude may be due to greater appreciation of ANARE history, nostalgia for the era of huskies
and good communication of conservation issues by Michael Staples, conservator, who undertook conservation work
at the site.
16
Resolution 3 (item 5b) of the 2009 ATCM meeting states: “To the extent possible, seeking to achieve coherence
through all the steps leading to historic commemoration such as the design of commemorative monuments, cairns or
plaques, and any place-names attached to Historic Sites or areas of historical significance, including buffer zones”,
thus buffer zones can be established to protect from such problems.
17
The presence of the metal building in close proximity to the geo-magnetic buildings is undesirable for repeating
scientific measurements, requiring thorough removal of every ferrous item to prevent interference with future
geomagnetic measurements.
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Figure 10.7: Gadget Hut in the background of Magnetograph House (author’s photo 1997)

The ‘Footsteps of Scott’ hut (later used by Greenpeace as their ‘World Park’ base) was located at
Cape Evans during 1984-92. During their occupation of the site one expeditioner slept in Scott’s
bunk (Mear & Swan 1987) and there was allegedly some emergency consumption of historic
foodstuffs18. Post-removal inspections by Greenpeace in 1993 identified some fuel contamination
impacts at the site from their base (Roura 2004).
The proximity of the Discovery Hut to McMurdo Station presents a visual contrast from the
small early twentieth century to the modern infrastructure (figure 10.8). The importance of
maintaining the aesthetic values of historic sites is acknowledged in the management plans for
Cape Denison and the Ross Island sites by placing modern facilities away from the hut and
instigating a visual protection zone. Visual protection of the Discovery Hut is not now possible,
but Antarctic Treaty System Resolution 3 (2009) 5a recommends “the establishment when
appropriate of buffer zones to guard buildings and monuments against damage” which may
reduce future problems at other sites19.

18

Harrowfield in email correspondence to the author (2009) noted consumption of historic foodstuffs has occurred
since the IGY particularly affecting Nimrod Hut where onions, cocoa and hams were consumed. Biologists lived in
the hut in 1959.
19
In some cases, the contrast of modern and old buildings does not detract and may even be beneficial in
demonstrating changes in Antarctic building design and the history of science. For example, an expeditioner (writing
in the Platcha logbook) noted the pleasing characteristics of old Platcha Hut because of the visual contrast with the
adjacent new Platcha hut. However, former fuel tanks and pumping equipment adjacent to Hut Point can only be
considered a detraction.
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Figure 10.8: Time series of images showing development around Discovery Hut (Lyons 1993)
Top left: Discovery in winter quarters, 1902
Top right: McMurdo station, February 1960. Buildings (B) are single storey, rubbish is bull-dozed into the water.
Abandoned Tractor (T). Discovery Hut is derelict.
Bottom left: February 1962. Abandoned Tractor (T) is still in the same location. A large fuel tank has appeared (F).
Bottom right: January 1989. Buildings (B) are now 3-4 storeys. Large ship (S) is at floating ice dock. Hut is
cordoned off and conserved.

Visitor impacts reported at sites not visited by the author
Antarctic Peninsula
The literature indicates significant human impacts occur at sites in the Antarctic Peninsula. The
damage described by Pearson (2007) from geological drilling immediately adjacent to a
nineteenth century sealing site is of particular concern since these sites are still being discovered,
34
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there is little historical information about them and they are vulnerable due to close proximity to
large concentrations of scientific bases and tourist activity in the South Shetland Islands. While
arguably also at significant risk from beach erosion these sites this occurs over decades whereas a
careless drilling team can inflict massive damage within a few hours.
(Spude & Spude 1993: 75-79) documented visitor-related problems at East Base, including
systematic wrecking by some visitors during the 1940s and later years. The damage is
particularly problematic due to the volume of material, biohazards associated with food, dog and
human excreta, and other hazardous materials including asbestos, chemicals and sharp items
(figure 10.9). The quantity of hazardous items and extent of aesthetic impacts are particularly
challenging compared to the smaller scale debris plumes at Cape Denison and other early sites.
East Base was cleared of hazardous materials in 1992-93 and interpretation was improved,
discussed further in section 10.5.5 as a good example of sensitive site management.
Figure 10.9: East Base visitor management strategy diagram
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The International Polar Heritage Committee20 reported concerns by visitors to Nordenskjold’s hut
particularly risks to the building from its use for accommodation. Images shown in the 1994
Annals of Tourism special issue on polar tourism illustrate examples of inappropriate tourist
behaviour, including sitting on historic whalebones at Actowski Station (figure 10.10). The
remoteness of many locations and legal issues make it difficult to act when problems arise
although it appears that discreet action by the IPHC with ATCM officials can help rectify
problems, with time (Barr, email correspondence with the author, 2009).
Figure 10.10: Tourists at Arctowski Station rest on a whalebone (Donachie 2004)

Various research by Enzenbacher (1992) identified track formation, touching and accidental
damage as noticeable impacts at many Antarctic Peninsula sites. Enzenbacher (1994: 109) noted
significant visitor numbers at sites such as Port Lockroy (2,139 visitors) and expressed concerns
regarding the increased number of landing sites, and more vessels over 250 passengers. Most
historic site management plans now restrict access to ships with less than 500 passengers and
with limits on numbers ashore, typically around 100 persons (table 10.3).
20

The IPHC website http://www.polarheritage.com/index.cfm downloaded November 2007) stated the work at the
site was of concern because the hut was being used as accommodation for the work party, which increased fire risks
from cooking and smoking. “Other questions were raised about establishing the hut as a museum as, because of the
small size of the hut, it is unsuitable for display of objects, photos and texts which take some time to interpret. With
tourists clad in bulky polar clothing only a few can be admitted at one time without unavoidably bumping into things
(and each other)”. ATCM discussions identified the need to find alternative accommodation for scientific parties to
reduce the risks ((Barr, email correspondence with the author, 2009).
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Arctic comparisons
Hacquebord (1995, figures 2.13 and 2.14) graphically documented the history of Barents’ Hut,
where uncontrolled visitation combined with climatic effects has resulted in only a few timbers
remaining at ground level after 500 years. Removal of artefacts in the nineteenth century has at
least preserved them for later study in museums in the Netherlands. Excreta from visitors has
fertilised growth of vegetation, whereas in Antarctica, the relative absence of soil and vegetation
(along with various Antarctic Treaty and IAATO management controls) reduces such effects.
Unauthorised excavations at Svalbard sites have damaged burials that were otherwise in a good
state of preservation and from which much useful historic and scientific information has been
derived (see Chapter 2). Norwegian authorities have limited the publication of information that
could identify site locations and increased controls on voyage destinations for tour ships (Barr,
personal communication, Oslo 2002) whereas Antarctic historic sites must be publicly notified
and listed under the Antarctic Treaty to ensure their protection.
The damage by visitors to Kellett’s Storehouse (see Table 2.1) shows that even educated visitors
are capable of disrespect for history21. Construction of an insulated floor protects artefacts from
further souveniring (and from wildlife), and also allows visitors reasonable access to the building.
National laws protect Arctic sites, but detection and prosecution of offences is difficult due to
limited resources. The Arctic therefore does not provide a successful model for visitor
management although case studies in various IPHC publications can guide improvements. The
greater extent of visitor impacts at Arctic sites implies the importance of mandating preservation
rather than relying on isolation and suggests that self-regulation of tour operators in Antarctica by
IAATO has been more effective than limited government controls in the Arctic22.

21

Members of the Canadian Arctic Expedition (1913-18) stopped at the site in 1917. They removed the roof which
hastened the destruction of the storehose contents by exposing them to the elements ( described on the Prince of
Wales Northern Heritage Centre website at http://www.pwnhc.ca/exhibits/nv/kellet.htm ).
22
IAATO self-regulates Antarctic tourism but such regulation does not occur in the Arctic except where voluntarily
enacted by operators who run tours in both polar regions.
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Visitors as ‘environmental ambassadors’
Stonehouse (1990) advocated Antarctic tourism stating tourists become ‘environmental
ambassadors’ for the preservation of Antarctica. A contrasting view is given by Naveen (1993)
who cited various violations by (non-IAATO) tour operators landing large numbers of tourists
who made unauthorised incursions into Kroner Lake SSSI on Deception Island near the historic
site at Whalers Bay. Naveen has previously published unflattering comments on visitor behaviour
considering some visitors to feel they have entitlements to visit anywhere they please due to the
high costs of Antarctic voyages. A French government observer cited an incident at Cap Jules
(Terre Adelie) where Australian tourists from allegedly laid rocks on a moss bed forming the
word ‘Australia’ (confidential personal communication with the author 1993 [details available on
request]). This action will damage the site for decades due to the slow rate of vegetation growth.
The environmental group Antarctic and Southern Ocean Coalition (ASOC) has been critical of
IAATO’s effectiveness in managing tourists’ environmental impacts23. ASOC questioned
IAATO’s recommended guide to visitor ratio (1:20-25) stating its effectiveness has not been
tested, nor has the effectiveness of guides in managing visitor behaviour been quantified. Some
environmentalists have personally opposed preserving IGY-era historic buildings although there
are no policy statements that define their views.
Antarctic tourists have been strong environmental advocates and generous financial supporters of
conservation of historic sites, but the limits of their experience and expertise must be considered
and their views are not always consistent24. Previously some visitors to Cape Denison had argued

23

ASOC confines its comments to natural environment issues, it did not consider historic sites. See
http://www.asoc.org/AntarcticAdvocacy/CampaignstoProtectAntarctica/RegulatingAntarcticTourism/tabid/70/Defau
lt.aspx
24
During the author’s visit to Cape Royds in 1993, visitors were observed to ignore the boundary signs of the
protected area and wander inside. When this was pointed out by another visitor, the ‘accused’ visitor justified this
because there were few penguins left in the rookery area and he felt he can wander by without causing harm.
However, the protected area serves a range of requirements, including minimisation of transmission of diseases from
visitors to birds (eg Newcastle disease). Disease transmission risks from one Antarctic site to another are also high
(since tourists go from one site to another often in the same day) so visitors should not enter the protected area at any
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that repatriation was the only option to preserve the AAE main hut25 and others proposed
covering the AAE main hut with a dome. These opinions have diminished recently and broader
support is evident for on-site conservation from tourist participants in the Mawson’s Huts
Foundation seminars.
Visitor impacts on temperature and RH inside huts, and on corrosion rates
As discussed in Chapter 4, studies at Ross Island huts (Mason 1999, Held et al 2005) found that
visitors do not substantially affect temperatures and RH. Conditions during visits at Cape
Denison are being monitored but are not yet published26. Mason (1999: 21-22) raised concerns
that increased levels of salt aerosols arising from open doors and from breaking of sea ice by
tourist ships adds to corrosion risks at the huts, recommending these ships should anchor further
out. While he was right to raise concerns on the basis of available information, subsequent
information discussed in Chapter 5 suggests that salt deposition from windborne ‘ice flowers’ on
the sea ice may be a greater risk. Thus it is difficult to justify this restriction without further
evidence.
10.5.2 Characteristics of visitors and their activities (research question 2)
Visitor demography
Visitor demographic data is helpful in anticipating their behaviour (and hence risks) and their
interests (to determine interpretation requirements). This has been presented by several
researchers (notably Enzenbacher 1992) identifying their high socio-economic status, mature age
and high levels of education, implying these visitors pose low risks to sites, especially when

time. It is now IAATO policy for tour operators to report any sign of disease or other strange behavior in a wildlife
colony to the proper national authority, and also to inform all operators through the IAATO office that that particular
site should not be visited until the apparent problem is evaluated and corrected (John Splettsoesser, e-mail
communication to the author, 1 October 2011).
25
Such views are collated in the submissions to the 1989 House of Representatives enquiry in the literature survey.
26
According to discussions at the 2009 Mawson’s Huts Foundation workshop.
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managed in controlled excursions with guides who are anxious to maintain strong environmental
credentials.
A survey of tourists on a voyage in the Ross Sea area by Smith (1994: 228) identified a fairly
even gender balance (males 33, females 39) but highly represented by ages over 60 age (39 of 72
passengers, or 54%), many were accompanied by spouses, and a very high numbers of repeat
visitor to Antarctica (51 of 72, 71%). The Kapitan Khlebnikov passengers in 1993 ranged from 5
to 87 years (estimated mean 57 years), at least two in three were university educated and over
60% had previously visited Antarctica (Hughes 1995: 284)
Data collected from the surveys on three voyages in 1997 and 1998 in Table 10.2 indicated:


Mean age on three voyages was predominantly middle age (51, 44, 59) with few under 30
years



There were more males (15, 12 and 9 on the three voyages) than females (6, 3, 6 respectively)
on the voyages



Most are university-educated professionals (57%, 67% and 73% on the three voyages)



Few had visited Antarctica previously (19%, 40%, 26% on the three voyages)



Antarctic history was the second most prevalent interest in visiting the site on the first voyage
surveys, and the most prevalent interest on the second and third voyages, which is perhaps
unsurprising since most were Australians visiting Australia’s most famous Antarctic historic
site and perhaps inspired by visiting sites first hand and with expert guides.



Most passengers are from Antarctic Treaty nations, which is important in reinforcing respect
for Treaty provisions such as the protection of the environment and historic sites27.

General demographic data on national expeditioners is collected by the ATCM but not in a form
useful for analyses on historic site visitation although qualitative conclusions can be drawn that
they are younger and more likely to be male. Data on national expedition visitors at historic sites

27

IAATO data includes passengers’ nationalities indicating the following composition of the 33,054 IAATOmember passengers in 2007-08: United States 30.3%; United Kingdom 16.8%; Germany 14.7%; Australia 9.2%;
Canada 3.5%; Switzerland 3.2%; Netherlands 3.0%; France 2.6%; Others 16.7%.

40

10 Human impacts

lacks disaggregation by demographic factors and no corresponding attitudinal or behavioural
survey data could be found. Official visitor books at locations such as McMurdo Station in 1993
included entries from tourist passengers and tour staff but no ships’ crew ashore. Observations
from the Kapitan Khlebnikov and Akademician Shokalskiy indicated crew ages range from the
20s to around 60, mostly 30s. There is limited demographic data on ships’ crew. Data on visitors
from adventure travel expeditions and NGOs are also difficult to obtain, but may be expected to
be young due to the nature of these expeditions.
Visitor briefings and supervision
IAATO guideline 1A5 stipulates that “expedition leaders and passengers are aware of the
location and special regimes which apply to …[protected areas] and of Historic Sites and
Monuments and, in particular, relevant management plans”28. Tourists visiting Antarctic historic
sites typically receive a pre-landing briefing by either a government representative or a lecturer
travelling with the voyage. During the author’s tourist voyages in 1993 and 1997 the lectures
before landing at historic sites (except Dumont d’Urville) were given by various historians and
some conservation personnel. The briefings lasted approximately an hour and included
audiovisual materials and question and answer format. Attendance was compulsory due to safety
and environmental issues and nearly all passengers attended. Survey results (Hayman, Hughes
and Lazer 1998) indicated most found the briefings helpful and interesting29 and were apparently
heeded. Books, maps and scholarly journals regarding historic sites available in the ship’s library
of the Kapitan Khlebnikov and the Academician Shokalskiy were seen in use by tourists.
Conservation team members at Cape Denison provided interpretation for visitors in recent years
(Anne McConnell, personal communication 2008). Since the 1990s visits to Cape Denison have
been supervised by tour operators authorised by the Australian Antarctic Division (Tom Maggs,
AAD, personal communication 2009) to ensure site management and safety standards. Previously
visits to Cape Denison by tourist ships were unsupervised by government-authorised personnel.
28

The guidelines are available on the IAATO website at http://www.iaato.org/guidelines.html
For example, they consulted the visitor guidelines, studied the map, planned where they wanted to go, took surplus
items from pockets, cleaned tripod, etc.
29
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Substantial visitor charges are made for visitors to many Subantarctic islands (eg Macquarie
Island, (around A$400/person in 1997) to fund visitor management operations such as installation
of boardwalks but no charges are applied at Antarctic sites30.
New Zealand government representatives supervise tourist visits in the Ross Dependency. During
the author’s 1993 voyage this comprised a pre-landing briefing, communication with tour
operation staff and supervision of visitors in the vicinity of the hut. This practice appears to
continue (Harrowfield, e-mail correspondence with the author, 2009). Conservation workers
provide interpretation for some tourist visits at the Ross Island huts 31.Tour operators visiting
Ross Dependency historic sites meet costs of providing government representatives (Macfarlane,
personal communication, 1993). These costs are minimised where a government representative
can be collected and returned to Scott Base, but for voyages to Cape Adare, or where the itinerary
is not conducive, this would add substantial costs. No such cost recovery arrangements are
known for Antarctic Peninsula sites (John Splettstoesser, e-mail correspondence with the author,
2009). The museum at Port Lockroy is funded from philatelic sales and donations (UKAHT
website, downloaded October 2009).
Visitor interests
Table 10.2 shows that the visitors surveyed on three voyages to Cape Denison were strongly
interested in the historic site. Several visitors had family connections to the AAE and several had
professional interests in either photographing the site or writing about its history. While this level
of interest is probably not typical of many other voyages, qualitative evidence from visitors’
interest in historic lectures and films on the author’s other voyages and from observations ashore
at Cape Adare and the Ross Island huts indicated strong interests in polar history. Smith (1994:

30

Chaplin & Barr (2004: 24) state management plans are carefully constructed “to avoid any suggestion of
ownership by a particular nation” thus averting political sensitivity regarding sovereignty. Charging visitor fees
could be construed in that light.
31
Tourist ships tend to visit late in the season since sea ice persists until late January whereas conservation crews
arrive by air earlier in the season.
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228) found interests in polar exploration (presumably extending to include historic sites) ranked
second in six categories of visitor interests, after wildlife.
Photography is a key interest of Antarctic visitors and there were several professional
photographers on both the author’s tourist voyages. Comments by visitors indicated the most
difficult photos to obtain were interior views of the huts, without people. The use by some
visitors of tripods caused some irritation as this blocked access and these people tended take more
time thus reducing the photographic opportunities of others32. Observations suggest that visitors
may move artefacts both inside and outside huts for photographs. Better lighting would remove
the need for tripods, reduce the bulk of items carried inside, reduce risks of accidental damage
and improve ‘throughput’ of visitors.
On a 1990 visit to Cape Denison by the Frontier Spirit one of the most popular features
photographed by tourists was the corraded cladding of the Main Hut and of the ruined Absolute
Magnetic Hut (Lawes, Lumsden personal communication to the author). This is consistent with
the author’s observations in 1985 and 199733. After overcladding of the roofs, corraded wood is
now only visible at the walls although much promotional material (such as tour promotions and
the 2009 Mawson’s Huts Foundation calendar) depicts the hut before overcladding. At the 2010
Mawson’s Huts Foundation Workshop, adventurer and tour manager Don McIntyre strongly
stated tourists’ preferences not to overclad the remaining unclad original timber on the walls of
the verandah because this is a favoured photographic subject.
Visitors’ understanding of human impacts and attitudes to sites

32

The interests of tourists are revealed by the subjects they photograph and the questions they ask guides. During
visits to the Ross Dependency huts the author observed that the most frequently photographed items included: pony
snow shoes (Cape Evans); the dark room (Cape Evans); the Emperor penguin on Scott's desk (Cape Evans); seal
blubber (Hut Point), biscuit tins (Cape Evans and Cape Royds); ham (Cape Royds); rusty stove (Cape Adare);
ammunition cartridges (Cape Adare); and Memorial Crosses (Cape Evans, Hut Point). The author’s qualitative
observations of photographs by national expeditioners from Australia, Chile, France, New Zealand, Russia, UK and
US showed many took images of historic sites they visited (along with landscapes, wildlife and fellow
expeditioners).
33
Visitor comments indicated there were other items of interest at the site even if the visit was too short to be able to
gain access to the hut.
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If visitors can’t understand the impacts they can cause at historic sites it may be difficult to
reduce adverse impacts. This is particularly important where visitors can move independently
over a site and may encounter outdoor artefacts, considered by some visitors to be ‘rubbish’ that
despoil ‘untouched Antarctic wilderness’.
Indoor impacts
During the author’s visits to Ross Island sites, visitors were closely supervised inside the huts and
numbers were strictly controlled. At the Ross Dependency huts visitors demonstrated
comprehension of briefing and generally complied with guides’ directions although visitors were
not required to remove bulky items such as backpacks and were permitted to use tripods for
photography, which would be best avoided (Table 10.1)34.
Outdoor impacts
Briefings by voyage staff and New Zealand government representatives during the author’s 1993
and 1997 tourist voyages presented images of artefacts likely to be seen, emphasised the need to
of avoid trampling artefacts and specified areas not to be entered (such as the SSSI at Cape
Royds, dangerous cliffs at Cape Denison, wildlife, etc). Visitors were specifically told not to pick
up artefacts, nor to remove anything35. The author observed generally good compliance, implying
comprehension of the briefing with only a few exceptions (see Table 10.1) by the passengers
ashore (92 in 1993, 46 in 1997). The exceptions were comparatively minor, some possibly
unintentional, and with less than 500 visitors per year the cumulative impacts are likely to be
moderate, although visible in examples such as the progressive damage to hay bales at Cape
Royds (figure 8.24).
To improve communication about cumulative impacts (and thus reduce these problems) it is
important to understand why visitors touch, move, walk over or otherwise damage or remove
34

Harrowfield (e-mail correspondence to the author, 2009) observed an instance where bulky clothing and
equipment resulted in historic glassware being knocked off a bench and broken.
35
As required by both IAATO guidelines and Antarctic Treaty requirements.
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artefacts. An innovative study by P Davis (1995), which included tourists visiting historic sites in
Ross Sea area, assessed what tourists know about visitor regulations in Antarctica but also how
they might behave in hypothetical situations and what might lead them to break the regulation36.
Davis (ibid) found a higher percentage of passengers felt that taking a map was more justifiable
(13%) than touching a chick (4%) or harassing a seal (11%) and offered several views on how
passengers justify these violations. In both taking a map and a photograph there is a material
gain, something tangible, a prize despite the violation (ibid: 330). Women were significantly less
inclined to be tempted to harass a seal for a photo or to take a map than men" (ibid: 331). Visitors
with postgraduate education were found to have contravened the guidelines more often, for
unknown reasons, perhaps because they are generally less inclined to follow rules they believe
are unnecessary (ibid: 331).
Davis (ibid 1995: 332) disputed the view of Headland and others that small groups cause less
impact. She cited a New Zealand Department of Conservation study which found small groups
are harder to control because of their mobility. Knopf (1987) noted that "devising rules for
visitors in a wilderness area is an anathema; rules and rigidity of behaviour are one of the aspects
of human culture that people wish to rid themselves of when they visit a wilderness”.
These studies infer that briefings alone may be insufficient to prevent damage track formation,
trampling and touching damage by free-roaming, independent-minded visitors where artefacts are
scattered outside buildings.37. Methods for assessing and reducing these problems are discussed
further below.

36

Davis posed questions such as: Qu 27 "You enter a base built in the 1950s and notice that there are many maps of
the base and island lying around. You have had an interest in this base because your friend was stationed here.
Since it's not really historic and the map is one of many, would you be tempted to take one for your friend? (possible
responses yes/no" ....
37
Many human impacts are cumulative, ie an individual incidence, such as touching an artefact, may not produce
any immediately visible effect, but many repeated touching incidents do produce visible results, as evident to the hay
bales at Cape Royds.
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10.5.3 Visitor views of the value of historic sites and effects of site appearance (research
question 3)
In survey responses in Table 10.2 and comments made to the author during voyages, many
visitors and tour guides suggested that sites that appear poorly managed will not encourage
visitor respect thus increasing the risk of removal of artefacts and damage. This is particularly an
issue at Cape Denison which, being one of the least-disturbed sites, has greatest potential value
from archaeological study of these in-situ artefacts, despite their untidy and deteriorating
appearance. Interestingly AAE expeditioners carried out a clean up when departing Cape Denison
in 191338.
Analysis of the survey responses (Table 10.2) and verbal comments at the site revealed that
outdoor artefacts at both Cape Denison and the Ross Dependency sites were generally regarded
as less significant than indoor artefacts, and 6 of a total of 51 respondents (12%) considered them
‘rubbish’, warranting removal. Some visitors considered they present unacceptable risks to the
‘pristine wilderness’ and to wildlife. For example, most (12 of 21) visitors to Cape Denison
aboard the Academician Shokalskiy in 1997 considered that all wire from the AAE radio antenna
(evidence of the pioneering use of radio communications in Antarctica) should be removed
because an Adelie penguin was found ensnared in a loop of wire. Similarly, broken glass (figure
8.23) near the AAE Main Hut was held responsible for cutting penguins’ feet (six responses of
21), although the author observed that most glass is no longer sharp-edged and is not close to
areas frequented by penguins39. Reduction of hazards to wildlife is strongly supported by heritage
38

"Mawson who was ashore superintending the getting on board of every little thing, charged round the winter
quarters all yesterday, tearing down and gathering together all the most frightful rubbish, so that nothing should be
left behind! Bickerton and Madigan who were running the launch, left all this stuff, which was fit for nothing else
but the scrapheap till the very last load, and then taking advantage of Mawson's absence from the ship, spread
themselves- they arrived alongside the ship going dead slow and took a sweep round the ship at the same solemn
pace- with every ridiculous piece of rubbish hung out all around the launch. A broken foot scraper was hoisted in the
bow, and an old kerosene lamp without any burners, pumps without any valves, etc and high above all on an old
coffee grinder that they never used because it wouldn't work properly, and which is now rusted beyond recognition".
(Grey 1913, unpublished diary entry on 13.12.13, AAD library). Much material was removed to Australia and is now
in museums (Ferguson 1995).
39
At Cape Adare a very small number of penguins have caught their feet in barrel hoops prompting some tourists to
call for their removal although skuas kills many more birds. Removal of the barrel hoops may worsen the problem by
allowing the staves to blow free. If all artefacts that are potentially hazardous were to be removed very few artefacts
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professionals (including the author) but removal of all hazards is neither feasible nor desirable
and a risk management approach, discussed in Chapter 9, is appropriate.
Coleman (1996), a journalist with the Canberra Times voiced some common misconceptions that
post-BANZARE material at Cape Denison is ‘protected’, which is incorrect40. Most of this
material was removed in 2001. A contrasting view, supporting the value of historic debris around
Mawson’s Main Hut, was given by adventurer Don McIntryre41:
"We were amazed by the quality of the artefacts, but they are deteriorating faster than the hut"
Don said. "There's a strong case for bringing them back to Australia. Their position, scattered
outside the huts in the snow, is of no historical significance. To leave them there seems an
absolute waste".
McIntyre’s view, however, raises the problem of finding a suitable museum to care for any
artefacts that are removed from the site since nearly all of these would require extensive
conservation treatment. In addition, the AAE gave samples to museum many items they
repatriated from Antarctica, so AAE artefacts already exist in museum collections within
Australia (Ferguson 1995), usually in better condition. Artefacts such as Webb’s lantern (used in
geomagnetic research, figure 6.6), original plaques and proclamations from Cape Denison and
items including a goblet from Cape Evans are high-significance artefacts that were at risk of both
souveniring and physical damage if left in situ and were repatriated.

would remain. Appropriate risk management strategies are required to ensure both environmental and heritage
protection requirements are achieved.
40
Adjacent to Mawson's Hut.... next to a big penguin rookery is ANARE junk. There are two old huts looking, for
all the world, like abandoned packing cases, a pile of rusting drums.....
What about cleaning up the old junky field huts and replacing them with the space age "tomato cabins"? Well, it
seems that like Mawson's Hut, these are historic, or likely to become so. And hence they are protected, and will be
left there to collapse in situ.
With tourism and the environment also within the same portfolio as ANARE, it might be sensible to plan for a
special effort to clean up the Commonwealth Bay junk just before it becomes historic." (Coleman 1996).
41
Don & Margie McIntyre, ‘Two Below Zero’, Australian Geographic, 1993.
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Archaeologists including Pearson (2004) and Lazer (1986)examined the value of archaeological
studies of debris42. Many of the items are interesting in their own right as evidence of the
activities undertaken at the site. Lazer investigated the artefact distribution at the site and believes
there is historical significance in the patterns of artefact distribution (Hayman, Hughes and Lazer
1998). The wind is a major threat to exposed artefacts but there is strong evidence that some
apparently random piles of artefacts (eg disarticulated seal bones, glass, etc) were deliberately
arranged by AAE personnel, possibly for future re-use. Ongoing archaeological work is
comparing field artefacts with museum collections holding AAE and BANZARE artefacts to
identify important classes of artefacts that may only be represented at Cape Denison, so that
appropriate management (whether repatriation or conservation in situ) of threatened artefacts can
be proposed to the appropriate authorities. With appropriate communication strategies, visitors
can understand the reasons why they may be retained even when they are deteriorated or ‘ugly’
but it is essential that the evidence is communicated clearly via good supporting case studies and
by an authoritative archaeologist or historian43.

42

The debris can provide information about aspects of Antarctic expeditions that were often not considered worthy
of note at the time, eg re-use of materials, but later become significant.
43
The following passages illustrate the strongly contrasting reactions to ‘debris’ and the difficulty of reconciling
these views. Quartermain (1961), the historian who carried out early ‘clean ups’ at Ross Island wrote:
"The useless rubbish was drawn by sledge to the fast ice, where it either went down a tide crack or disappeared when
the ice broke out some weeks later”.
[Cape Royds was] "practically free of ice, but untidy inside and out, with a thick layer of seal blubber on the floor at
the stove end. The main task here, therefore, was spring cleaning. Obviously useless rubbish was burnt, while spare
foodstuffs and other objects were carefully stockpiled and listed. The hut was practically a shell but the original
canvas partitions may eventually be restored. A careful selection and distribution of the material found inside and
outside made it possible to re-create something of the original atmosphere." 43
Neider (1974: 205) visiting Cape Evans after the major clean ups by Quartermain states:
"I was surprised by the amount of junk the warm summer had revealed around the outside of the hut and that the
snow and ice had hidden from me during my visit of the previous year. Even the front of the hut was littered with
broken bottles, rusty wire, wooden splinters, burlap and various odds and ends which were not only an eyesore but a
foot hazard, and in the vicinity were foul, fishy smells of decaying ancient birds and seals. It seemed to me that this
might be a case of carrying scholarly respect too far, to the point where it approached desecration. It would be an
easy matter to deposit the litter in a shack built in the hills, where it could be saved for interested scholars, if any.
Scott was a sensitive, orderly, aesthetically inclined man, and I imagined that he would be distressed to know that so
much offensive stuff lay all around his last home, stuff moreover which nobody could with certainty claim had been
part of the camp during his time. Aesthetically there's a marked contrast between this hut and the Shackleton one.
The Shackleton one also has litter but not in the front, and it is mild- packing cases, fodder, some rusty tin cans- and
there are no smells of putrefaction in its vicinity. The Shackleton hut leave a very pleasant impression, which tends
to inspire visitors with respect, whereas the ugly appearance of the immediate environs of the Scott hut may
encourage visitors to take a casual attitude towards its contents. The poor impression was strengthened by a large
pool of meltwater on the hut's southern side ... in which junk was richly decaying.
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Similar ‘debris’ is evident at many early polar historic sites, particularly Virgohamn in Svalbard,
Kellett’s Storehouse, East Base and later sites such as Wilkes and numerous abandoned bases in
the Antarctic Peninsula. The hazards mentioned can be managed by sensitively located walkways
and prohibition of entry to particularly vulnerable locations (eg roping off). Site ‘clean ups are
frequently advocated but if conducted without trained personnel these present risks of damage to
historic materials and structures through failure to recognise their potential value.
Monteath (1992: 361) describes intervention by tourists to clean up debris found in the South
Sandwich islands:
"Inspired by Stonehouse's comments the Molchanov passengers spontaneously decide to begin
removing man-made objects found at each landing spot. It is amazing just how much junk fills
the Zodiacs each time we set off back to the ship. Abandoned science equipment, bottles, barrels
and rusty metal dating from the bygone whaling-era are all fed into the Molchanov's hightemperature incinerator".
While these tourists’ actions are obviously well-intentioned and frustrated by lack of action by
those responsible it is possible that the barrels and rusty metal allegedly from the whaling era
may actually be rare artefacts from the earlier sealing period, since shore-based whaling was not
common in this region (Headland 1989). It is important that waste removal is conducted and
properly documented by professionals who can identify and safely manage hazardous materials 44
and so future impacts of the wastes are subject to appropriate ongoing environmental monitoring.
Some national expeditions, NGOs (eg Greenpeace (Roura 2004), (Swan 2000)) and tourists have
been involved in ‘clean ups’, particularly at IGY bases such as Bellingshausen, in the Antarctic
Peninsula (ANAN Newsletter 63/03 2002). Although no historic materials appear to have been
moved or damaged in these two expeditions, definitions of ‘rubbish’ and appropriate procedures
need to be developed and incorporated into site management plans to ensure awareness and
management of the risks of removal of artefacts near historic sites. Such approaches may have
44

Various hazardous materials including asbestos have been identified at many historic sites including Ross Island
huts (Blanchette et al 2004), Wilkes (Wishart and Clark 1991), Cape Denison (Hughes 1986) and East Base (Spude
and Spude 1993).
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prevented the authorised and regrettable removal of artefacts at a historic cache at Butter Camp
(Harrowfield 2004).
Dodd (1999) described abandoned whaling stations on South Georgia (similar to Deception
Island), enthusiastically:
"There's a chilling beauty in the sepia colours, the way the buildings fuse into the landscape, in the hulks of
sailing ships and whaling boats beached in the back sheds, the way the old cinema building- which
collapsed in a gale a few years ago- has just been left in a crumpled heap in the snow.
"There's a plan to clean all this mess up," says Tim. "We get 100 knot winds here and it's dangerous with
all this stuff blowing around." What a shame if it were to become spruced up and sanitised …. but the real
history is all around us- unprocessed, tangible, alive."

Broadbent, an American archaeologist (Parfit 1993) has suggested that the clean up of old bases
and their historic preservation can go hand in hand. "While sites like East Base are cleared of
hazardous materials," … "a valuable record of scientific research is revealed. Protection of these
historic resources is as important as the protection of the natural environment."
If visitors can be shown that artefacts are managed to minimise adverse environmental impacts
and can produce useful historical and scientific information research they may be more careful of
them during their visit thus aiding their preservation.
10.5.4 Visitor management issues (research question 4)
Recommendation IX at the first Antarctic Treaty Consultative Meeting, held in Canberra in July
1961 established provision for the protection of historic sites and a list of sites has been
progressively developed45. The 1991 Madrid Protocol established a revised protected area system
that integrates the previous categories of protected areas into Antarctic Specially Protected Areas
(ASPAs, entry to which requires a permit) and Antarctic Specially Managed Areas (ASMAs).
Most Antarctic historic sites are ASMAs. Management plans apply to both categories and these
45

Discussed further in Chapter 11.
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specify controls on entry to protected areas, including visits by tourists and national
expeditioners. Article 8(4) of Annex V specifies that “Listed Historic Sites and Monuments shall
not be damaged, removed or destroyed” although Article 5a of Annex III requires the removal of
any abandoned base, unless it is historic (discussed in Chapter 11).
There was no protection of archaeological ‘debris’ around the designated historic buildings until
Resolution 3 (2009 ATCM meeting) agreed on ‘Guidelines for the designation and protection of
historic sites and monuments’. This clarified the protection of artefacts associated with
designated historic sites as well as other useful guidance, including long-anticipated guidance on
qualities required for nomination, interim protection of pre-1958 sites and requirement for risk
assessment to guide site protection. ATCM meetings have progressively adopted stricter controls
on recreational visits to a range of sites including some historic sites. The Antarctic Treaty
Secretariat website provides 'Site Guidelines for Visitors' for specific sites as well as general
guidance46.
Resolution 4 (2007 ATCM meeting) states vessels carrying more than 500 passengers should not
conduct landings and established that only one vessel should visit a landing site at a time, that
only 100 tourists should be ashore at a time (unless a site guideline indicates that fewer are
appropriate) and that there should be at least one guide accompanying every 20 tourists ashore.
National government expeditioners are subject to visitor guidelines at least as strict as those for
tourists although graffiti at Deception Island (figure 10.5) suggests some have not complied.
Site management plans
Requirements for visitor management by national governments, tourism operators and NGOs
were identified in Hughes and Davis (1995), bound as Appendix C, and similar recommendations
now appear in many ATS management plans.

46

Available at http://www.ats.aq/e/ats_other_siteguidelines.htm
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Table 10.5 shows that ATS management plans exist for less than 20 historic sites of over 80 sites
listed by the Antarctic Treaty (of which perhaps 30 are major sites) although several plans for
these sites have been in place for over 10 years and some (eg Cape Denison) have been updated
since 2000. All the existing plans are compliant with the format specified by the ATCM although
they vary in level of detail according to the amount of information about the historic values
available from site investigations47.
Visitor management is an important element of these plans, specifying any permits that may be
required, identifying numbers permitted and detailing the extent and features of the protected
area48. Additional requirements for visitor management are provided in more extensive
documents devised by the nominating nation. For example, the 192-page conservation
management plan for Cape Denison (DEWHA 2008) includes a detailed ‘interpretation and
promotion plan’.
Johnston (1998) provided criteria for visitor regulation in polar areas: comprehensiveness,
enforceability, outcomes and appropriateness. Most plans are now comprehensive and
appropriate, ie plans identify boundaries, values to be protected and limits on numbers ashore and
identify desired outcomes and indicator measures (for example, outcome measures for protection
of Australian Antarctic historic sites are identified in the national State of the Environment
report). Enforceability is widely considered to be well-managed by IAATO self-regulation at
historic sites, noting ASOC concerns regarding environmental impacts of tourism, although legal
actions under the Antarctic Treaty are problematic and managing controls on yachts and
independent expeditions in remote locations is difficult.
Key issues arising in applying Johnston’s criteria are:

47

For example, Pt Martin has limited information due to limited work at the site but provisional information
establishes the case for protection.
48
Boundaries are variously defined using GPS coordinates (Cape Denison), signs (most sites) or natural boundaries
such as cliffs. In some cases minimal signs are used (eg Deception Island) to limit adverse aesthetic impacts where
landscape or natural values are important, but are used outside buildings where there are safety issues (eg risk of
collapse). Areas where visitors may roam are frequently distinguished from areas where guides must supervise
visitors.
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whether the limits on numbers ashore are effective in protecting the sites;



how visitor impacts can be measured and managed;



whether all visitors receive the information; and



whether information provided is accurate, informative and effective in ensuring protection of
the site.

Effectiveness of information provided to visitors
The questionnaire survey and site observations collated in Table 10.2 identified that:


Crew who go ashore at historic sites are sometimes neither briefed nor receive visitor
guidelines (noting that IAATO visitor guidelines are now more translated into more
languages (John Splettstoesser, email to the author 1 October 2011);



Some information provided by guides is inaccurate on conservation issues of the sites
(Hughes 1994: 285-86); and



Better targeted pre-visit information may improve outcomes.

Despite excellent brochures provided for visitors by the NZ Antarctic Heritage Trust (NZAHT)49
(figure 10.11) visitor responses indicated that many did not understand some of the information
presented about the problems of conserving the buildings and artefacts as a guide stated they are
in a 'near perfect state of preservation', which visitors understood as having no conservation
problems, thus conflicting with the objectives of NZAHT to inform visitors about the
preservation requirements and to seek funding for conservation work.

49

Maps and brochures are available for Ross Island, Cape Adare and Cape Denison. Sales of maps and books are
appreciated by visitors and help to fund conservation work.
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Figure 10.11: Tourism brochures for Ross Island historic sites
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A large proportion of tour ships operating in Antarctica are Russian ships that operate in alternate
seasons in both polar regions. Since the collapse of the Soviet Union in 1991, many of these
icebreakers (eg Kapitan Khlebnikov) and ice-strengthened ships (eg Academician Shokalskiy)
found Antarctic tour charters to be profitable. Tour operators chartering these ships could
penetrate ice conditions that other cruise ships could not enter and could deploy helicopters
which enhanced visitor access to difficult sites (eg Cape Royds) and added to sightseeing
opportunities. While some of the Russian ships’ officers speak excellent English, most crew do
not. They work long hours and have few recreational opportunities to go ashore. Some crew
members are well-educated, interested in polar history and want to visit historic sites and would
appreciate more information (personal communication Captain Peter Golikov, Kapitan
Khlebnikov 1993). Visitor guidelines for the historic sites in the Australian and New Zealand
sectors are generally not available in languages other than English although it is possible to
translate this information to other languages for visitors and crew at little cost. Signs designating
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historic sites are in the four Antarctic Treaty languages (English, French, Spanish and Russian,
figure 10.12) but these contain only basic identification details50.
Figure 10.12: Sign at Observation Hill (author’s photo, 1993)

It is important that guides understand and communicate how touching artefacts can cause
damage: eg food tins that are already corroded could break up from handling, especially when
wearing thick polar gloves. Scratches from zips and clothing (and from natural acids on bare
skin) encourage corrosion and spoiling of contents of canned foods. It is also important that
guides understand and communicate how outdoor artefacts, including the animal carcases and
hay bales contribute to the historic and scientific values of the site.
Guides should be able to answer honestly questions commonly asked by tourists, particularly:


How much of these buildings (on Ross Island) are original? 51



Are the interiors of the huts just as they were left? 52

50

Such a sign was installed at Cape Denison (in the early 1980s) but are absent at many sites.
While the main structural elements of the building are intact there are significant visual differences. Some of the
cladding is relaced, the grey roofing material is butyl rubber installed during the 1980s to replace earlier Rubberoid
and some features are reconstructions.
51
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Can the 'museum presentation' approach used at Cape Evans be carried out at Mawson's
Huts? 53

Enzenbacher (1992) estimated that 70-80% of Antarctic tourists travel with IAATO member
companies, which have a strong focus on minimising visitor impacts. IAATO uses a strongly
worded visitor conduct code54 stipulating compliance with ATS requirements. Notwithstanding
these positive aspects, the continued increase of tourist numbers in the Antarctic Peninsula, and
the concentration of visits to a relatively small number of sites in the Antarctic Peninsula and
Ross Sea areas makes it vital to have good baseline data on human impacts and to establish
‘carrying capacity’55. Most ATS site management plans require monitoring of visitor impacts but
provide no information on how this should be done, nor are methods for establishing baseline
data referenced. It is useful therefore to examine how this information can be produced and used
to improve visitor management.
Improving visitor management
The risk analysis in Table 10.4.4 assessed the severity of accumulated visitor impacts as
moderate at Cape Denison, and a lower risk compared with damage from the severe climate. The
impacts on the Ross Dependency huts appear to be greater due to more visitors. Impacts by
national expeditioners on historic buildings at Mawson and Davis observed during the author’s
visit were moderate and included inappropriate usage, poor relocation technique and inadequate
maintenance. These problems have been addressed by later station management plans (see Table
10.5) and by conservation work on particular buildings such as Biscoe Hut undertaken by
52

No. When the huts were cleared of ice in the 1960s, artefacts were placed in what was thought to be an appropriate
position. No detailed archaeological documentation was done and the Cape Evans hut was reoccupied by a later
expedition. Some artefacts were repatriated to museums.
53
No. Very little food, clothing or other supplies remain in the AAE hut compared to the Ross Island huts and those
that remain are generally in poorer condition than AAE artefacts in museum collections in Australia.
54
IAATO guidelines are available at http://www.iaato.org/visitors.html
55
While tourist numbers may not increase in the near future at the Ross Dependency and Cape Denison sites because
of the high costs of travel and length of time involved, reduced travel costs may create ‘mass market’ pressures that
may require an urgent re-evaluation of visitor limits, noting that the Hut Point site management plan notes “The
effects of current visitor levels (average 1033 per year between 1998 and 2004) suggest that an increase of more than
100% could cause significant adverse impacts”.
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heritage professionals. While visitors may appreciate the historic values of the early buildings, it
is apparent that vandalism is still threatening sites such as early twentieth century buildings at
Deception Island, early sealing sites and later sites such as IGY bases.
The key issues in improving visitor management are therefore:
To prevent damage by vandalism. This does not appear to be due to ‘tourists’, but possibly



independent travellers or national expeditioners, based on the languages of the graffiti.
Investigation of anti-graffiti coatings56 on vulnerable surfaces at Deception Island may be
useful combined with education strategies.
To improve ability of national expeditioners to recognise and avoid damage to sites such as



sealing sites (Pearson 2007) and abandoned bases whose historic and scientific values have
not been assessed. This will require development of education and management strategies for
national expeditioners.
At sites with high numbers of tour groups (eg Nordenskjold’s hut, Deception Island, etc)



management of cumulative impacts, is needed particularly to control erosion.
Communication of conservation information and of the values of outdoor artefacts should be



improved by building upon successful case studies where useful or interesting scientific or
historical information has been obtained from study of this ‘rubbish’.
Management strategies for ‘cumulative impacts’ are still at an early stage of development in
Antarctica. Cumulative impacts by visitor at historic sites are known to include progressive
damage from touching (eg soiling, wear), moving (scrape marks, scratches), accidental damage
(breakages, crushing), scoring of floors from grit, as well as track formation, graffiti, etc. A
monitoring methodology should be tailored for each site to identify which items are vulnerable.
Baseline data should be compiled from photographs and measurements at vulnerable locations
within the site to produce a time series of photos to provide evidence for any interventions
required to manage the impacts. Information from the monitoring can then be used to educate
visitors to promote compliance with management strategies.

56

Products based on cellulose and starch have been developed which may be suitable.
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Communication of conservation issues by guides can be improved by ensuring they understand
that while biodeterioration is reduced by low temperatures, this and other forms of deterioration
are occurring and conserving the huts requires both funding and management controls. By
presenting visitors with the evidence of the deterioration, including that caused by visitors, they
can understand why conservation is required. Duncan (2007) also identified visitors may increase
fungal risks in huts.
Many conservation measures widely used elsewhere are impractical in Antarctica. For example,
requiring visitors to remove or change footwear inside huts is impractical as this would increase
time required to conduct the visit, posing logistical difficulties. Time ashore is often limited by
weather. At Cape Denison tour operators want to land the passengers as quickly as possible,
especially if this is the first landfall after a week at sea. While visitors may spend several hours
ashore time inside the main hut is typically five minutes (Anne McConnell, archaeologist,
personal communication at Mawson’s Huts Foundation seminar 2008). Visitors were said to be
satisfied with their visits (ibid) and attempts are being made to reduce waiting time outside the
hut and to make it easier to walk inside the hut on the uneven, ice-covered floor.
Balancing human safety and site protection requirements
Visitor safety is a particular concern at Cape Denison and Cape Adare due to extreme winds57.
Tour operators are experienced in managing safety risks and there have been few safety incidents
involving tourists throughout Antarctica but various commentators have expressed concerns
about pressures to establish shore-based facilities which may visually intrude on heritage values,
while recognising the safety concerns.

57

Warning signs of an impending katabatic wind are unfamiliar to most visitors and the significant proportion of
older visitors infers higher risks. Ferguson (1992: 5) noted the poor physical fitness of some Frontier Spirit
passengers roamed unescorted for up to two kilometres, from the landing point. John Splettstoesser noted that tour
operators routinely operate with a back-up Zodiac to facilitate return to ship in poor weather (e-mail to the author, 1
October 2011)..
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At Cape Denison it is difficult to keep in contact over hilly terrain. Snow cornices, cliffs and lake
surfaces are concealed by snow. Keen photographers wanting to take photos without intrusion
from other red-coated figures scatter across the site. The Sorensen Hut can only shelter about
10% of the 120 visitors who may be ashore at one time. It can take hours to return visitors to ship
in small inflatable boats which cannot operate safely in bad weather. There is an occasional risk
of sea ice being blown shorewards. Questionnaire responses (Table 10.2) indicated visitors do not
want site amenities, despite occasional fatigue, however these views could change should a
serious safety incident occur leading to pressure to improve refuge facilities.
To ensure visitor safety for sites with animal carcases (Cape Denison, Cape Evans) visitor
briefings must include a specific warning not to touch due to disease risks. Greenfield (1981)
identified pathogenic microbes58 on the under-surface of a desiccated seal at Ross Island and
found microbes can survive in winter and can grow in Antarctic summer conditions and can be
spread by contact.
Presentation of the sites for visitors
While there is concern about sunlight causing damage to artefacts inside the huts (Chapter 8),
visitors commented to the author on their frustrations with low lighting at each of the Ross
Dependency huts. This problem could be overcome by installing wiring in an unobtrusive manner
that can be connected to portable batteries carried by New Zealand representatives supervising
the visits. This would remove the need for use of tripods and would enable visitors to move more
easily through the building and optimise presentation of the interiors. The light levels can be
controlled to meet conservation requirements and would not be expensive if technical staff from
Scott Base can be utilised to do the wiring installation.
Chaplin (in Chaplin and Barr 2004: 26) posed the issue “is it legitimate to enhance the experience
of a visitor with controlled use of replicated artefacts?” He considered “this allows a genuine
artefact to be replaced and removed for protection in a controlled environment. Some claim that
58

The species identified are known human pathogens.
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replication sacrifices authenticity for the sake of the tourist, but could this be a legitimate
conservation tool if properly documented and protects genuine artefacts”. While this may seem a
practical approach a relative of a Scott expeditioner reacted strongly against such an approach
(described at www.savethehuts.com ) and the highly educated visitors who travel great distances
seem unlikely to favour such an approach which runs contrary to museological practice and the
‘frozen in time’ aura.
Apart from signs the multi-lingual signs required by the ATS to indicate the protected status of
the site (see figure 10.15) interpretation signs are minimised for aesthetic reasons although safety
signs at sites such as Deception Island are essential. Attaching signs to buildings is not
recommended, especially metal ones that can produce corrosion stains (figure 6.22).
10.5.5 Further research and development
1. Investigation of sites listed not protected by Antarctic Treaty recognition should be prioritised
to identify those that may require protection59.
2. Cumulative impacts by visitors should be monitored using photographs and other recording to
document the impacts, communicate the issue to guides and visitors, and facilitate support for
preventive measures.
3. Resolution of issues such as effects of visitors on temperature and RH inside buildings, salt
ingress due to ice-breaking by tourist ships offshore (at Ross Island sites) (Mason 1999: 155) and
ingress of salts on visitors’ clothing would assist development of effective conservation
strategies.
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The author estimated there are at least 50 abandoned bases within the Antarctic Treaty zone. Only pre-IGY sites
are given interim ‘historic’ protection (Resolution 3 2009) and some direction is provided on the values that may
warrant historic protection. Some of the more recent sites may not be ‘historic’ but may provide historic or scientific
information. The Madrid Protocol (Article III) requires removal of abandoned bases but provides few guidelines on
assessing the sites.
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4. To promote visitor understanding and support for protection of outdoor artefacts, case studies
demonstrating the historical information obtainable from these items could be presented to
visitors during pre-landing briefings as part of the interpretation strategy for each site to reduce
visitor impacts on outdoor artefacts. Unless visitors perceive useful information can be derived
from these artefacts they are unlikely to understand why they should be retained.
5. Repeating surveys of visitors to historic sites would provide better longitudinal data on visitor
interests, effectiveness of visitor briefings and satisfaction with their visit and would contribute to
improved management strategies. The survey could utilise an updated format of that in Figure
10.4, perhaps as a module of a broader ‘omnibus’ visitor surveys including environmental
protection issues.
10.6 SUMMARY
1. While strategies for managing visitor impacts are in place for well-known sites, some sites
such as sealing sites and abandoned IGY bases remain unprotected, and in some cases,
undocumented.
2. While significant improvements in site management have occurred since the 1990s many
significant visitor impacts at the early historic sites remain difficult to manage particularly
cumulative damage from touching and trampling of snow-covered items outdoor artefacts.
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11. INTERACTIONS OF ANTARCTIC DETERIORATION PROCESSES AND SITE
MANAGEMENT IMPLICATIONS
Figure 11.1: A selection of conservation management plans for Antarctic historic sites
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11. 1 AIM AND INTRODUCTION
11.1.1 Objectives
The objectives of this final chapter are to:


Consolidate findings from the previous chapters and link these to describe the overall
characteristics of deterioration occurring at sites;



To evaluate effectiveness of current site management strategies for deterioration problems;
and



Recommend further investigations for the future conservation of the sites.

11.1.2 Scope
This chapter examines site management issues in detail for three of the early Antarctic historic
sites1 but considers, where relevant, information and issues at later sites (eg IGY) and Antarctic
Peninsula sites, where information is available.
11.2 LITERATURE AND GAPS IN KNOWLEDGE
The preceding chapters showed:


Attempts to reduce high RH by removing ice have been ineffective as small quantities of ice
inside enclosed buildings at low temperatures inevitably produces high RH and it is
impossible to entirely prevent moisture ingress.



Since reducing RH is generally not feasible, keeping temperatures low minimises melting and
reduces the many problems that arise from melt water.



In many buildings, significant problems arise when ice within the building envelope melts,
whereas no damage has been demonstrated due to freezing processes and ice formation

1

These are: Cape Denison, Cape Adare and Cape Evans, chosen because these three of the early Antarctic historic
sites represent the most difficult and diverse conservation challenges in terms of temperature regime, wind and
visitation issues.
2
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problems from freezing of meltwater (such as that identified by Godfrey 2002: 13) could
largely be prevented by preventing melting or by improving ice-removal techniques;


There is strong evidence that salts cause defibring, not freeze-thaw cycles;



Corrosion is prevalent at all coastal sites and moisture films present on metals above -10°C
together with RH above 50% indicate corrosion can occur well below freezing;



As discussed in Chapter 7, the rate of damage by wind at Cape Denison:
o could not be measured in the field as it occurs relatively infrequently;
o literature on damage by wind indicates the rate is primarily determined by wind
velocity and boundary layer effects;
o particles are not necessary for surface damage to occur (as wind alone can pluck
wood fibres from the surface). However, if particles are present they will increase
the rate of damage; and
o observations suggest fibre plucking in the lee of the wind may be as significant as
particle impact damage in windward locations;



Photodeterioration observations (Chapter 8) indicated that at many locations on the exterior
of the AAE huts, surface erosion incidents occur less than once in five years;



Biodeterioration research from Ross Island huts applied to the AAE huts indicates increased
potential risk from soft rot fungi, which are difficult to detect and treat, although the lower
interior temperatures in the AAE hut may reduce risks;



At early huts, visitor risks are generally low and mostly concern damage to outdoor artefacts
whose cultural values are not universally recognised and which are difficult to protect; and



Inappropriate conservation treatments have caused some problems due to lack of
understanding of the deterioration processes and inadequate evaluation of impacts of
treatments.

The most significant information gaps remaining are:
a. Although there is now adequate knowledge of the range of processes occurring, information
on the interaction of the deterioration processes needs further development to help assess
treatment effectiveness;

3
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b. At Cape Denison, mass transfer studies are required on how water (in all three phases) enters,
leaves and moves within the buildings to identify optimal conservation strategies;
c. Systematic investigations of locations and reasons for condensation and hoarfrost formation
inside buildings are needed to determine whether membranes are effective for preventing
snow ingress.
d. While the interactions of defibring, corrasion, and photodeterioration processes affecting
wood have been described qualitatively, quantification would help develop more effective
treatments;
e. Protocols for testing conservation materials and methods are needed before treatments are
carried out and evaluations are required to determine their effectiveness over time; and the
present limited repertoire of treatments for building exteriors (overcladding, use of
membranes or replacement of original materials) must be extended.
11.3 METHODOLOGY
To evaluate whether current conservation strategies are effective the following questions must be
addressed:
1. Have the deterioration problems been accurately diagnosed and documented in conservation
management plans?
2. Do the treatments in the conservation management plans comprehensively and effectively
address the deterioration problems on a long-term basis?
Information from the preceding chapters relevant to these questions was collated in Table 11.1
with explanatory notes regarding the basis of the assessment. The table identifies which elements
of the Conservation Management Plan address deterioration problems and the last column
assesses whether it is likely to be successful over the long term and whether additional action can
be undertaken to improve the plan. Due to space constraints, only Cape Denison was assessed
although the approach could also be applied for other sites.

4
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11.4 RESULTS
11.4.1 Assessment of the conservation management plans for Cape Denison
Table 11.1: Assessment methodology applied to Cape Denison Conservation Management
Plan (DEWHA 2008)
Deterioration issue and
treatment strategy stated in
management plan
Damage by ice accumulation
(p88) “including collapse of
shelves and bunks caused by
the melt-freeze
cycles…producing ice that
encapsulated objects and
stressed load bearing features”.
Proposed strategy: removal of
ice and prevent ingress by
overcladding.
The plan recognised (DEWHA
2008: 64) that “the precise
impact of further ice removal
on the Main Hut structure and
its internal environment” is not
known. Continued monitoring
is stated to “assist
understanding” of this matter,
but this does not appear to
include mass transfer studies,
nor is hygrothermal modelling
proposed.
Problem: “There is only
limited evidence of salt
damage, possibly as a result of
the powerful effect of the
prevailing offshore winds that
limit the movement of saltbearing winds from the sea
onto land” p86).
Salt deposition was not
considered a risk from
deposition rate measurements.

Assessment of diagnosis
and documentation of
deterioration
Prevention of localised
melting must be a priority
since this is involved in
deterioration including
corrosion and
biodeterioration.
There is no evidence that
unsupported accumulation
of ice has caused structural
damage but it is only
problem where weight is
unsupported or where
removal methods result in
damage.
Freezing does not cause
damage but melting does,
yet melting is not measured
by monitoring system.
Hoarfrost on sensors
appears to affect accuracy of
monitoring.

Treatment
effectiveness

While salt deposition
appears less significant than
at Ross Island and Cape
Adare, salt concentrations in
snow near Boat Harbour are
high and can be carried into
the hut on visitors’ boots.
Exterior and interior salt
deposition rates should be
measured and compared to
determine rate of ingress.
Defibring of exterior timber
is easily removed by wind,

Relies on the
predominance of
katabatic winds to
assume low salt
deposition.

Ice is still entering the
building via both
meltwater (that then
freezes) and via
ingress of windborne
particles, the latter in
smaller quantities after
overcladding.
Ice removal is timeconsuming and
involves some risks of
damaging structures
and artefacts.
Temporary covers
help measure ingress
and prevent
attachment of ice to
artefacts.

Gaps in treatment
strategy and other
action required2.
Inspection is required to
ensure no significant ice
accumulation is
occurring within ceiling
and wall spaces as this
could potentially be a
source of meltwater and
thence condensation.
To minimise hoarfrost on
sensors it is necessary to
use small sensors that do
not act as a localised
‘cooling fins’. Melt
detectors at the affected
surfaces may provide
more accurate indication
of melting events than
RH measurements of the
air. The data will then
facilitate mass transfer
analysis.
As part of the risk
management plan, salt
candle measurements
should be undertaken
inside the hut and all ions
should be measured (not
just chlorides).

2

These are not included in DEWHA 2008 (p64) “4.2.6 Limited data and unknown factors” with the exception of
physical and environmental impacts of stopping snow and meltwater ingress by use of a membrane over a significant
area”.
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Deterioration issue and
treatment strategy stated in
management plan

“Structural steel and metal
objects inside the Main Hut are
largely not threatened by
corrosion.… Some metal
objects located elsewhere on
the site, such as Webb’s
Lantern, often have higher
levels of corrosion” (p86).
Proposed strategy: Recognises
risk of potential increase in salt
deposition and corrosion if
further ice is removed (p62).
Corrasion is the “greatest
single long-term threat to the
structures” and it is stated
“unlikely that coatings would
be an effective long-term
retardant to abrasion” (p84).
Proposed strategy:
Overcladding of both roofs was
undertaken as the main
treatment for AAE main hut.
Options for protection of
Transit Hut are under
consideration (Welke 2009).
Bio-deterioration.
“Fungi [in hut] do not cause
structural damage” (p86).
Assessment of fungal risks
other than structural damage
(eg localised rot, health risks,
etc) are not reported.

Assessment of diagnosis
and documentation of
deterioration
so localised salt problems
(eg in protected locations)
may easily be missed.
Some artefacts, (eg those on
the floor of the Dark Room
and those near meltwater or
recently exposed from ice)
display evident active rust.
Other outdoor artefacts are
often corroded through.
Thus corrosion is low in
many locations but locally
significant with greater risk
to metals wetted by
meltwater or humid air.

Treatment
effectiveness

Gaps in treatment
strategy and other
action required2.

Artefacts such as cans
inside the hut are
leaking, indicating
corrosion has pitted
and penetrated the
thickness of the metal.

Corrosion monitoring has
been undertaken inside
the hut but appear not yet
published.
Artefact treatments are
described in summaries
available on MHF
website.3

The intermittent nature of
corrasion and the role of
particles require
clarification. Coatings could
be a good option for some
locations where
overcladding is not
appropriate (eg Memorial
Cross). Testing of coatings
is complex and required
laboratory testing to devise
potential solutions, followed
by field tests.

Overcladding of the
Main Hut appears
effective in providing
a sacrificial barrier
against corrasion,
although aesthetic
effects of the
Intergrain on
Workshop visually
detracts. Aesthetic and
historic appearance of
aged timber is lost.

Assessment of the effect
of any ice ingress and
accumulation between
over-cladding and
original original cladding
and within wall and
ceiling spaces would be a
wise precaution as
condensation and
hoarfrost could
accumulate in these
locations.

It is not evident from
DEWHA 2008 and other
reports (eg Godfrey 2002)
whether a detailed
assessment has been
undertaken of the species
present and whether risks of
soft rot fungi (as identified
by Duncan 2007) have been
considered.

No treatment
undertaken.

A broader risk
assessment should
include risks identified at
Ross Island sites
regarding soft rot.

3

The treatments use conventional methods such as phosphoric and citric acid solutions and commercial coatings
(Ferroguard FS) and waxes.
6
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11.5 DISCUSSION
The issues evident from Table 11.1 are now reviewed in greater detail to consider the
effectiveness of conservation strategies for other Antarctic sites and to identify where longer term
research is required.
11.5.1 Need for accurate diagnosis and documentation
It is reasonable to expect that in an unfamiliar and extreme environment such as Antarctica,
diagnosis of the causes of deterioration may be difficult and investigating the exact mechanism
by which deterioration is produced may require some time4.
Many major conservation treatments have occurred at Antarctic historic sites before the processes
of deterioration were adequately understood and before the extent of deterioration was fully
documented. Before the mid-1980s there were few scientific measurements of the rates of
deterioration, and little evaluation of the effectiveness of previous conservation materials and
treatment techniques has occurred. For example, ice has been removed (since the early 1960s at
Ross Island) with the intent of reducing high RH inside buildings. Since 2000 abundant
temperature and RH data has been collected from monitoring of the AAE main hut and at the
Ross Island huts5 yet there has still been little evaluation of the effectiveness of ice removal for
controlling RH although removal of ice is still a major conservation activity at the sites. Similarly
‘freeze thaw damage’ continues to be attributed without precisely attributing the mechanism by
which the damage is caused or identifying alternative suitable possible treatments. As in other
professions, such as medicine, inadequate or inaccurate diagnosis is notorious for producing
ineffective or even harmful treatments6.
4

The ICOMOS Charter on principles for the analysis, conservation and structural restoration of architectural heritage
(2003) states:
2.6 Before making a decision on structural intervention it is indispensable to determine first the causes of
damage and decay...
3.1 Therapy should address root causes rather than symptoms.
3.6 The design of intervention should be based on a clear understanding of the kinds of actions that were the
cause of the damage and decay.
5
Data has not been collected for the Borchgrevink hut at Cape Adare.
6
Perhaps the best known recent example is the improvement in treatment of gastric ulcers due to diagnosis that the
cause is bacterial rather than due to stress.
7
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Corrosion, corrasion and defibring are now more accurately diagnosed and documented at many
sites, however, some further research would be beneficial in determining treatment requirements.
For example, the causes of the extreme defibring observed at Ross Island sites requires
clarification to determine whether sulphates (rather than chlorides) are involved (discussed
previously in Chapter 5). If sulphates are responsible then more active intervention may be
required to remove these deposits from surfaces to prevent crystallisation damage where moisture
content changes.
Regarding understanding of the mechanism of corrasion damage, quantifying conditions for
plucking of surface fibres would benefit treatment development by targeting treatment strategies.
For example, where plucking is significant and particle impacts less severe, then surface
consolidation using cellulose ethers may provide adequate protection and would not require
complex elastomeric coatings which are more difficult to ‘reverse’ (i.e. remove).
Other improvements required for diagnosis or understanding mechanisms of deterioration
includes direct measurement of melting and other phase change (eg condensation) using moisture
detectors rather than temperature and RH sensors which are too inaccurate to determine melting.
Similarly, as discussed in Chapter 4, the problems due to hoarfrost on sensors must also be
addressed to ensure monitoring of temperatures and RH represents real conditions at the surface
of materials (rather than the air inside the building), since this is where deterioration occurs.
11.5.2 Severity and rate of deterioration
At many historic sites in other regions of the world the need for accurate measurement of
deterioration rates is well-recognised and incorporated in management strategies. For example
Kundrajavtseva and Litvintseva (in Kelley 2000: 117) measured fungal damage occurring in
wooden church buildings near Murmansk in northern Russia and stated:
"It is very important to predict the speed of destruction for a monument in order to avoid
unnecessary intervention that could be dangerous for preserving authenticity."

8
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This also applies at Antarctic historic sites. Photos and measurements need to be repeated at the
same location at least every few years in order to monitor problems such as corrasion. Standards
of documentation need to be high. For example, photos should include scales and colour
reference cards (and be taken from consistent locations with the same lens focal lengths to ensure
images are comparable) and must record the exact location affected with reference to
deterioration factors involved7. Unfortunately some information collected previously cannot be
used because the location of the measurement was not recorded in sufficient detail. Nevertheless,
reference to previous documentation and development of schedules of observations would help
ensure measurements and observation occur sufficiently frequently to monitor deterioration 8.
Since the 1980s there have often been calls for emergency treatment of the AAE buildings
presuming they faced imminent destruction9. This perceived urgent need to treat perceived
deterioration threats is understandable given the rarity and significance of the early Antarctic
historic sites but after some 20 years the benefits of monitoring and technological developments
have produced better options than the rebuilding or relocation originally proposed. At many
Antarctic sites rates of deterioration were either presumed to be extreme (eg for corrasion) or
some forms of deterioration were considered not to exist (eg biodeterioration and corrosion, as
discussed in previous chapters). Where deterioration rates are found to be slow, more time can be
allowed for development of suitable treatments with greater scope for retention of original fabric.
At Cape Denison and Cape Evans some analyses of the extensive monitoring data collected since
the late 1990s have been published, although few funds are set aside to publish peer-reviewed
research. However, modelling of the data is largely undeveloped whereas computational fluid
dynamics could, with appropriate expertise, be used to guide improved understanding of thermal
behaviour of the buildings. Also, the effects of climate change scenarios could be modelled and

7

For example, locations selected to measure corrasion should be chosen to characterise the boundary layer air flow,
ie distinguish zones prone to particle impacts compared to those where more ‘plucking’ may be more prevalent.
8
These should be added to the Implementation Plan for the Cape Denison site (DEWHA 2008: 117) which includes
preparation of a “checklist of observations required during all visits to Cape Denison” for improved monitoring of
the condition of the site.
9
For example, an article titled “Monument to greatness and neglect (Weekend Australian newspaper, 26-27
November 1988, page 49) criticised the lack of immediate intervention to return the hut to Australia. Several
citizens’ submissions to a parliamentary enquiry (House of Representatives 1989) also criticised a failure to
repatriate the buildings.
9
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treatment strategies developed to control temperatures, which are more likely to be effective than
attempting to control RH10.
11.5.3 Long term effectiveness of treatments used
International conservation practice requires evaluation of the effectiveness of treatment strategies
(ICOMOS 200311). However there has been little evaluation of major treatments for Antarctic
historic sites, such as removal of large amounts of ice from under the floor at Terra Nova hut and
the use of roofing membranes at Cape Denison and Ross Dependency sites.
Evaluation is also important in comparing the cost effectiveness of different treatment options in
Antarctica, particularly because of the high logistics costs. The 2006 Productivity Commission
Inquiry into the Conservation of Australia’s Historic Heritage Places identified gaps in data
available on the sources and types of expenditure on conservation and the effectiveness of that
spending.
Few standards and practices have been established for the preliminary assessment of treatments
and materials for Antarctic historic sites, also identified as an ICOMOS principle (ICOMOS
200312). As discussed in previous chapters, durability testing of the material is not enough, but
must also consider its impact on the building to avoid problems such as condensation or moisture
retention13.
At Cape Denison in particular, repair materials previously used without durability testing have
caused problems (eg failure of silicone adhesives, staining from Densotape and persistence and
stark colour of Intergrain). Overcladding by membranes (at Ross Island sites and Cape Adare)
and by timber (at Cape Denison) raise some aesthetic issues although offering advantages by

10

Discussed in Chapter 4.
“3.21 Checks and monitoring during and after the intervention should be carried out to ascertain the efficacy of the
results”, ICOMOS Charter principles for the analysis, conservation and structural restoration of architectural heritage
(2003), the full text is available at http://www.international.icomos.org/charters/structures_e.htm
12
“3.10 The characteristics of materials used in restoration work (in particular new materials) and their compatibility
with existing materials should be fully established. This must include long-term impacts, so that undesirable sideeffects are avoided”.
11
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protecting original material underneath, provided the act of covering the original surface does not
entail risks from condensation, ice accumulation or hidden meltwater problems. As discussed in
Chapter 4, the strong reliance on overcladding or replacement of materials carried out at Cape
Denison, Cape Adare and the Ross Island sites indicates that it would be a wise precaution to
develop inspection and assessment programs particularly inside the roof space where
condensation is likely to form, or is already evident.
Criteria for effectiveness of treatment
Due to the unusual and severe conditions affecting Antarctic historic sites and risks inherent in
understanding deterioration processes discussed in the previous chapters, the following criteria
should be applied for any major treatment proposed:
a. There must be clear scientific evidence that causes of deterioration have been accurately
diagnosed;
b. Any treatment proposed must not lead to increased temperatures or trap moisture inside
buildings, which would promote deterioration such as corrosion and biodeterioration. Risks of
melting, condensation and hoarfrost should also be evaluated by modelling how (and by how
much) it may increase thermal absorption, impact on vapour transmission and changes to
insulation effects and must include regular evaluation of its effectiveness.
c. For treatments that involve significant removal of ice, the effect on the thermal balance of the
building must be considered, taking account of the natural variability of the climate.
Measurements of temperature and RH should be made before, during and after any ice removal at
sufficient locations to adequately represent microclimates inside (and outside) the building(s). Ice
may be deleterious where the weight of accumulation cannot be supported by a structure and
where the need to remove ice for visitors or inspection will risk damage. However, ice can be
potentially beneficial where it physically anchors structures, prevents meltwater ingress, provides
a thermal sink that reduces biodeterioration, etc. Ice removal may not be effective over a long

13

For example, Intergrain coating (on the timber overcladding used at Cape Denison) was not subjected to any field
testing before use.
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term if the ice builds up again, which underscores the need to ensure that the reason for the
accumulation of the ice is clearly understood.
d. Treatments that entail changes in ventilation of buildings must consider how this would affect
ingress by salts and the risks of physical damage from the wind. For example, while increased
ventilation may reduce high RH it may increase salt ingress and thus risk increased corrosion of
exposed fittings and artefacts.
e. Treatments to control corrasion must demonstrate that the rates at which timber thickness is
being lost or structures are being damaged (eg interlocking of tongue and groove) require
intervention. Treatments should determine the frequency at which corrasion events occur,
whether particle impacts or plucking are more prevalent and whether possible synergising
deterioration factors such as defibring and photodeterioration are significant. Treatments,
particularly those involving physical barriers such as overcladding, must consider potential
discussed in a-c above.
f. Durability tests for treatment materials must take account of the period over which damage is
caused. For corrasion, where events are infrequent, accelerated laboratory testing to simulate
natural conditions may be needed but field testing will also be needed to evaluate the effect of the
material on the building such as potential risks of condensation.

12
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New approaches to treatments
The unusual and complex deterioration problems at Antarctic historic sites and past treatment
problems suggests ‘new’ or unconventional approaches should be considered subject to the
precautions implicit in ICOMOS guidelines14. Chapter 4 showed that control of RH is practically
impossible so an alternative is to control temperatures inside buildings. There are several ways
this could be achieved:
o Passive refrigeration techniques
o Promote retention of ice or snowbanks where this can be demonstrated to act as a thermal
sink
o A combination of both techniques
Freezing techniques have previously been successfully used for difficult conservation treatments.
When the Ara Pacis (Roman-era ‘Altar of Peace’) was re-discovered in Rome in the 1930s, pipes
were laid under the altar and refrigerant was pumped through to freeze and consolidate the mud
foundations over several months enabling it to be safely excavated15. Passive freezing technology
has been used in the Arctic since 1960 for continuous stabilisation of pylons in permafrost that
support buildings and oil pipelines, such as the Trans-Alaska Pipeline16. Applying this
technology for Antarctic historic buildings would require some development but for the AAE
main hut this could involve laying pipes under the floor connected to a condenser located near the
Sorensen hut17. The two-phase thermosyphons used are simple and relatively unobtrusive devices
14

There is a widely-known conservation principle that experimental treatments should not be undertaken on original
historic building fabric but on appropriate non-historic samples or facsimiles.
15
Described in displays at the Ara Pacis museum when visited by the author, 2008. Further information is available
at http://en.arapacis.it/
16
See further information at http://www.arcticfoundations.com
17
The technique uses two-phase thermosyphons for the majority of projects that require cooling of foundations.
Two-phase thermosyphons are relatively simple devices that transfer heat against gravity typically consisting of pipe
closed at both ends charged with refrigerant. The condenser (above ground) portion of the unit can be bare or finned,
depending on heat transfer requirements. The evaporator portion of the unit can have almost any configuration as
long as slope remains between the evaporator and condenser. Refrigeration of the subgrade occurs when the
condenser temperature is lower than the soil temperature at a depth where the liquid portion of the refrigerant is
pooled. Condensation occurs, initiating evaporation of pooled refrigerant and, hence, subgrade cooling. Condensate
returns to the evaporator portion of the pile by gravity and re-evaporates, provided the temperature differentials still
exist.
Thermosyphon units operate during the period when the air is colder than the ground, typically during the period
from October through April in Alaska. Various refrigerants have been used including carbon dioxide. The choice of
refrigerant depends primarily on the allowable internal pressure capabilities of the thermosyphon vessel.
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with no moving parts, no power requirements and need no replenishment of working fluid.
Passive refrigeration has been used for a regional hospital in Alaska and a small unit has more
than sufficient capacity to keep the floor and verandahs of the AAE main hut in frozen condition.
Figure 11.2: Passive refrigeration system used to stablise permafrost under an Alaskan pipeline
Postcard purchased by the author in 2002.

The in situ preservation of outdoor artefacts (such as canned goods and ‘debris’, see figures 6.1,
6.6, 6.20 and 6.28) is currently considered to be impractical as they are regularly exposed to
extreme temperature and RH conditions, melting, and in some cases, high salt deposition. Current
preservation strategies have focussed on identifying significant artefacts (especially those not
preserved in museum collections) and repatriation or transfer indoors at the site (Hayman, Lazer
and Hughes 1998). Total relocation of outdoor artefacts is considered by the author (and many
others) to be neither feasible nor desirable. In the 1980s many people opposed the preservation of
these items (House of Representatives Standing Committee on Environment 1989), but recently
their value seems to have been more widely recognised to the point where active intervention is
proposed although similar items are often found in better condition in museum collections
(Ferguson 1995), as discussed at the 2010 Mawson’s Huts Foundation workshop. At Kellett’s
Storehouse in Arctic Canada artefacts are retained under a replacement floor built to protect the
remaining artefacts (Hett & Weaver 1980), effectively a ‘burial in place’ technique.
14
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‘Burial in place’ techniques have been widely used at archaeological sites elsewhere (Mathewson
& Gonzalez 1988) and were reviewed by Bilsbarrow (2004) in Arizona. A new approach may be
to encourage formation of protective permanent snow covering where these artefacts are
concentrated or at a suitable location elsewhere on site where they could be cached. Snow fences
could be designed and installed in ‘accumulation zones’18 to encourage formation of drifts to
cover the artefacts with use of sintering (partial melting of the surface followed by freezing) to
provide a wind-resistant shell. This can readily be reversed by removing the cover and allowing
sublimation to remove the ice19. Other advantages of this approach include reducing damage to
artefacts and preventing scattering, which may also be useful for environmental protection of
wildlife20 and control of hazards.
11.5.4 Comprehensiveness of Conservation Management Plans for Antarctic historic sites
Much emphasis in the Conservation Management Plan for Cape Denison is rightly given to
documenting the heritage values that must be protected at the sites (DEWHA 2008: 40-56, 93).
‘HERCON’ criteria21 have been established for Australian sites to ensure that the values to be
protected are clearly articulated and documented. A particularly important HERCON criterion for
Cape Denison is ‘potential to yield information that will contribute to an understanding of our
cultural or natural history’, although surprisingly scientific values are not explicitly listed22.
This criterion implied the need to preserve the buildings in situ despite previously popular views
that the extreme risks of destruction allowed no alternative but repatriation. Since the values of
the site were documented it has become accepted that many elements of site would be lost if

18

See glossary. Tabler (1985) provides an extensive design handbook for snow fences.
Native peoples in the Arctic have traditionally used similar techniques selecting areas of natural snow
accumulation to preserve food and equipment (Le Mouël, personal communication Bourges, France October 2008).
20
Including reducing entrapment in barrels, wire and other hazards.
21
This set of criteria was adopted by the [Australian] National Environment Protection and Heritage Council
(EPHC) in 2008. The EPHC agreed to adopt a consistent set of national criteria to identify and manage heritage
across Australia.
22
DEWHA 2008: 93: “The significance of … the site arises from a combination of elements and values. In addition
to the fabric, design and setting, the place includes aesthetic, historic, social and potential natural heritage values,
cultural heritage objects… and records.”
19
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repatriation was carried out (discussed in Hughes 1992) whereas claims of ‘imminent
destruction’ were not borne out.
Original scientific activities at the site were extensively reported in the AAE Scientific Reports
and further information has been produced from archaeological studies (listed in DEWHA 2008:
125-130). Some scope for further research has been identified, albeit briefly (ibid: 121).
Achievements of the AAE were extensively examined in subsequent scholarly studies (eg Fogg
1992, Grenfell Price 1963, Ayres 1999). Some studies (eg Wheeler (1993) and Collis (2004))
have focussed on Mawson’s role as an explorer and emphasised heroic and nationalistic aspects
of his work and considered territorial claims as a significant motivation23. Less emphasis is given
to the role of Mawson in promoting international communication and cooperation such as his
advice to the 1950s French expeditions24 and contacts with Soviet scientists which suggest a less
nationalist approach25. It would be useful to further identify any influence of Mawson’s advice
and international influence on scientific programmes and on building design by examination of
documentation and features of other Antarctic bases, particularly the French bases at Port Martin
and Base Marret.
The scientific achievements of the AAE at Cape Denison were recognised as early as the 1930s
where protracted negotiations regarding the western border of the eastern sector of the Australian
territorial claim were changed by the French government to allow the hut to be included as part
of the eastern sector of the Australian Antarctic Territory26 because of the memorial to explorers
at the site- an exceptional generosity, possibly unique in international relations.

23 Christy Collis (2004) The Proclamation Island moment: making Antarctica Australian. Law Text Culture, 8(1): 39-56, available at http://eprints.qut.edu.au/4585/
24

Le Mouël in oral communications with surviving French expeditioners such as Yves Vallette identified that
Mawson provided advice regarding weather, logistics, building design, clothing and personnel that were certainly
considered and possibly adopted by Marret and others.
25
Some scientists believed the best prospects for advancement of science were via international cooperation rather
than a national approach (Fogg 1992: 403 and elsewhere).
26
Bush, W. M. (ed.), Antarctica and International Law, Vol. 2 (London, 1982), FR13101937 (p498) describes the
diplomatic correspondence about competing claims about the border of Terre Adelie and document FR05031938 on
page 504 includes: “Toutefois, le Gouvernement français ne peut pas se refuser de prendre en considération le fait
qu’un monument commémorative a été élevé sur le Cap Denison… à la mémoire des explorateurs australiens de
l’Antarctique et …” [At all times the French government does not refuse to take into consideration the fact that a
commemorative monument to Australian explorers of the Antarctic was raised on Cape Denison and …”
16
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At Cape Denison, scientific buildings and equipment and historic activities are well-documented
and protected by heritage regulations (DEWHA 2008: 170) but previously, at other sites, the need
for protection of scientific buildings (as distinct from the ‘residential’ buildings) was not
recognised. In the 1960s the remains of two wood and asbestos sheet geomagnetic huts were
removed at Hut Point by a contractor who did not understand their significance and the potential
safety risks despite the best efforts of a conservation work party (David Harrowfield, e-mail to
the author, 19 July 2010). Other material (typically damaged, worn or deteriorated clothing and
equipment27) that would now be considered useful for archaeological or scientific study was
disposed in tide cracks to ‘tidy up’ the site (Quartermain 1963: 71).
Despite improved understanding of the scientific significance of Antarctic historic sites, in
developing the 1997 Cape Denison Conservation Management Plan it proved difficult to
communicate the need to ensure ferrous metal repair materials were not used to conserve the
geomagnetic huts, which would be scientifically and aesthetically inappropriate. Modern
techniques mean that geomagnetic studies can be conducted at sea rather than on land so the use
of the magnetic huts is no longer essential but it is certainly useful to be able to use these
buildings for informing visitors about the scientific work of the AAE. More recently awareness
has improved and the proposed treatment of the Transit Hut (Welke 2009) considers the historic
use of the building by retaining the roof opening and protecting the instrument base. Where
scientific buildings and structures exist at a site, the need for retention and protection of their
scientific function should be investigated and, if required, be made explicit in the Conservation
Management Plan.
The importance of protecting scientific resources at historic sites and promoting their valu
While historic values alone justify the preservation of Antarctic historic sites, there is significant
potential to derive ongoing scientific information from examining historic material and
comparing between sites. This should be explicitly identified in Conservation Management
Plans, in addition to the previously mentioned documentation of the historic scientific activity.
Some sites offer very unusual and quite diverse scientific opportunities. Some examples of
27

Quartermain stated: “Only obviously useless rubbish of no historic interest was sledged out to the nearest tide
17
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documentation and use of scientific resources are given below before identifying potential
benefits of more systematic identification. Similar potential value may also exist at abandoned
bases which are not considered historic and these should also be assessed before ‘clean ups’.
Several types of opportunities arise:


Analysis of historic materials of scientific interest



Baseline studies of human impacts on the Antarctic environment



Persistent of anthropogenic pollutants.

Analysis of dateable biological and other material
Dateable animal carcases exist at many Antarctic historic sites which could, with appropriate
management28, be analysed to provide information on baseline levels of radionucleides, heavy
metals and other environmental substances in remote ‘pristine’ environments areas before the
advent of atomic bombs and industrial pollution29. Some research has been done on historic
material, such as analysis of fungi (summarised in Duncan 2007) although there has not been
such comprehensive studies as in the Arctic, for example, the Smeerenburg studies (Barr 1987)
which showed the benefits of comprehensive and proactive cooperation of heritage professionals
and scientists.30
These analyses can include natural ‘baseline’ levels of heavy metals in soils, vegetation and sea
creatures and to elucidate long range transport of pollutants from outside Antarctica31. Organic
materials suitable for such research include an AAE seal (figure 11.2) and penguin cache at Cape
Denison and biological materials at other sites such as seal meat (Spude & Spude 1993: 107),

crack…”
28
This could control the taking of samples, review the scientific benefits and reporting of data and results.
29
For example, various studies in the Arctic (eg Hart Hansen et al 1985) and Antarctic (Whitehouse et al 1988,
Wolff 1990, Stuiver and Braziunas 1985) have either derived such information or identified its potential. Items
collected before 1945 are most useful particularly for radiation studies, but some later material can be useful for
studies of other environmental pollutants as part of longitudinal series.
30
Natural history collections in museums are another potential source as documented by various studies and
references in Nudds and Pettit (1997)-listed in the bibliography.
31
Poland, Riddle and Zeeb, writing in Polar Record 39(211): 369-383 (2003) stated the need for a study in the
Antarctic comparable to the Arctic Monitoring and Assessment Program 1997 which studied the long range transport
of pollutants in soils, sediments and water in areas remote from human activity which provide valuable information
on processes of bioaccumulation in the environment.
18
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‘honey bucket’ dumps32 and hay and food caches at Stonington Island in the Antarctic Peninsula
(ibid 1993: 65), Ross Dependency (Pigg 1986) and other sites, listed in Table 11.3.
Figure 11.3: Adelie penguin carcases believed to date from the AAE (author’s photo 1997)

There is a known radiocarbon anomaly in Antarctica which limits ability to date sediments and
other organic materials. Mabin (1985) conducted initial research on bones from animal remains
dating from Scott’s 1912 expedition and discussed the need for further work and more samples
noting that most previous radiocarbon research was done on samples postdating major atomic
tests in the mid 1950s33. Earlier dated material is rare and these historic artefacts should be
protected for scientific as well as historic reasons, however, aesthetic and environmental concerns
often leads to their removal (eg Spude and Spude 1993: 143).

32

Urine.
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Prohibition of touching and removing artefacts is already stated in the Cape Denison CMP and
apparently effective but is dependent on vigilance by site guides. Adoption of guidelines for
identification, recording and analysis of scientific resources of Antarctic historic sites would help
ensure more proactive management so such resources are not inadvertently lost or removed. An
initial list (developed from a basic concept raised in Hayman, Hughes and Lazer 1998) is
provided in Table 11.2 (at the end of this chapter) which shows the diverse opportunities that
may be considered.
While recognition of its scientific value may encourage requests for sampling and analysis, this
could be managed by bodies such as the Antarctic Science Advisory Committee or equivalent
bodies of other nations in conjunction with site managers34. Limited sampling of such materials
should be permitted where this may provide important information about the historic activities at
the site or scientific information that cannot otherwise be obtained. Proactive identification of
these ‘bio-artefacts’ and encouragement of research is recommended to minimise increased risks
of contamination by melting which is likely to become more prevalent due to climate change.
Some artefacts from Antarctic historic sites have been analysed to provide information about past
technology, such as analysis of motor spirit from Scott’s Terra Nova expedition (Dougherty
1985, McIntyre et al 2009). Considerable resources have been applied to find the remains of
Mawson’s air tractor at Cape Denison, which is significant as the first use of aircraft in
Antarctica35. However, analysis of artefacts have rarely been performed to study design
innovations in polar equipment such as sledges, tents, scientific equipment and clothing which
would help to understand many historical issues36. While commendable resourcing has been
provided to conserve Antarctic artefacts it is surprising no historical research strategy has been
developed to study them. Historic research questions are sometimes poorly defined although
Huntford (1979) identified many intriguing possibilities in his study comparing equipment used

33

Subsequent research by Whitehouse et al (1988, see references) identified contamination problems by microbial
uptake of modern post-bomb carbon which emphasized the need for special caution with sampling.
34
This would ensure sampling requests were bona fide and that the research is published and made available.
35
Discussed in detail on the Mawson’s Huts Foundation website in 2010.
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by Scott and Amundsen and others that showed how Amundsen adapted many Inuit technologies
while Scott used modern technologies but failed to evaluate risks of failure 37.
Historic scientific equipment and datum points
A survey of historic instrumentation would benefit scientific and historic information about the
sites by identifying any design or location factors that may have impacted on measurements
undertaken by early expeditions, since their data are still widely used38. For example, the
meteorological screen at Cape Royds (figure 5.9) differs from current standard ‘Stevenson’
designs with timber extending to the ground. While some scientific equipment at the sites has
been documented, examples of detailed research are rarer, such as that documented by Lazer on
the presence of ferrous nails in the geomagnetic buildings at Cape Denison ((Lazer 1986).
Scientists have taken opportunities to re-use historic datum points at a few sites, but opportunities
could be identified in a more systematic manner to ensure opportunities are not missed39.
A modern AWS (figure 11.3) was positioned at the exact location of the AAE meteorological
instruments to enable comparisons with the earlier measurements at the same location (Wendler
1990). The modern tower was considered to have an inappropriate visual impact by archaeologist
Anne McConnell (2008: 11) although she recognised the value of the data it provides40. The
scientific value of being able to make direct climate comparisons since 1912 is significant and

36

Two exceptions are a physiological study by Lewis and Masterton (Lancet 7289: 1009-14 , 1963), which showed a
sledge used by Scott’s expedition used twice the energy required to manhaul a ‘modern’ (1960s) sledge and a
broader study of sledge design by Pearson (1995).
37
For example, Amundsen lightened sledges whereas Scott used standard designs, Amundsen chose relatively
unprocessed energy-rich food whereas British expeditions relied heavily on canned food; Scott failure to inspect
crucial fuel tins which leaked due to high altitude at the Pole, etc.
38
For example, early climate data discussed in Headland 1995: 87-92, Solomon ansd Stearns 1999.
39
It should be noted that datum points are not always clearly marked, such as the tide gauge benchmark at Wilkes
which appears to be marked by a hexagonal steel rod hammered into rocks (Rupert Summerson, personal
communication, Canberra 2010). Datum points such as this, which are not visually obvious, may be particularly at
risk in ‘clean ups’, indicating the need for careful investigation of the site’s scientific records and discussion with
relevant experts. With the appropriate expert advice, informal datum points should be recorded with reference to a
survey benchmark, be specifically protected in the Conservation Management Plan and should be left in situ
wherever possible or replaced with a suitable alternative (such as a secondary benchmark) by a suitable professional,
in this case, a surveyor.
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there are few other Antarctic locations where such long term comparisons can be made41. The
presence of the AWS could explained to visitors as part of the interpretation of the site, showing
the value of the AAE site for current climate research.
Figure 11.3: AWS at Cape Denison (undated AAD image)

The boundaries of the Port Martin historic site (ASPA 166) are, by coincidence, defined in terms
of the locations of the 1949-1952 equipment which includes the Trombone antenna of the
ionospheric sensor, a pluviometer and other wind equipment still in situ42. A modern AWS has
also been established at the location of the historic instruments at Port Martin. The concrete pillar
erected by the First Polish Antarctic Expedition at Dobrolowski Station on the Bunger Hill to
measure gravitational acceleration is one of few Antarctic historic sites recognised for scientific
reasons. This pillar could be re-used to provide a time series of measurements. At Cape Denison
attempts in 1994 to re-install a tide gauge linked to the AAE benchmark (figure 11.4) were
unsuccessful due to loss of the tide gauge. However, recently this was successful (Testut et al
2010) enabling a comparison of sea-level between 1912 and the present, the longest such record
in Antarctica.

40

While the tower could be removed without adverse historic impacts at some future date, it would take some years
before a replacement tower could be established at a second location and be run in parallel before removing the older
one.
41
Another is the former Scottish National Antarctic Expedition base (1902-04) at Laurie Island, now maintained by
Argentina.
42
The Management Plan for Port Martin is available on line at the Antarctic Treaty website at
http://www.ats.aq/documents/recatt/Att337_e.pdf
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Figure 11.4: AAE benchmark at Cape Denison, 2008 (photos by Henk Brolsma, Australian
Antarctic Division)
Upper image: The benchmark is the small circle.
Lower image: Benchmark in use by surveying party with Geographic Positioning System antenna located on the
benchmark. The main hut is below the rocks and slightly to the right of the picture which looks towards Memorial
Hill.
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The potential benefits of scientific studies at many historic sites are sufficiently significant that
more active consultation between heritage professionals, scientists and site managers should
occur43. This will ensure these opportunities are considered in a holistic manner. Scientific
resources of historic sites should be noted and promoted as part of the Conservation Management
Plan and scientific activity should be encouraged where it will not damage or compromise
historic values. It is also important to ensure conservation methods used will allow ongoing use
of equipment and datum points, for example, iron alloy fasteners should not be used for
geomagnetic buildings and scientific advice should be sought where needed.
Pearson and Stehberg (2007) identified damage to (unlisted) early historic sites in the Antarctic
Peninsula by inappropriate scientific activity (geological drilling) which could have been
undertaken equally well further from the site without causing damage. This indicates the need for
better awareness by scientists of the potential value of historic materials. Heritage professionals
(including Pearson and others) have been strong advocates for increasing cross-disciplinary
community with scientists to address these problems44.
Some scientists already value and promote scientific opportunities from historic sites. In a report
to the Scientific Council for Antarctic Research GOSEAC (GOSEAC 1991) 45, Dingwall of the
British Antarctic Survey “stressed the archaeological value of abandoned facilities and associated
stores” and proposed advice be sought from archaeologists before any irreversible action was
taken. At the same meeting, Birkenmajer “stressed the scientific value of being able to determine
lichen growth rates on substrates of known age for applying lichen chronologies to geologically
recent events”. The convenor of the group “expressed his personal view that Antarctic history
should be respected whether or not a site was protected” noting that preservation was not always
needed, that sites were not always environmentally damaging and that “even rubbish can be
important and should be documented”. Broadbent and Lisle (2002) expressed similar views and
noted (ibid: 251) that the US National Environmental Protection Act (NEPA) applied to US
43

Site managers should be involved since it is important they understand and support the reasons for activities
proposed. For example, at Cape Denison proposals to install a new survey mark near the original benchmark were
rejected by the site manager on heritage grounds although the new survey mark was vital in maintaining a range of
information relating to AAE scientific activities, subsequently approved.
44
Pearson (2007: 3-4) notes the lack of information and guidelines to control scientific activities in/near cultural sites
even in ASPAs and promotes the importance of this information being directed to field parties.
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government activities in Antarctica contains provisions for the protection of cultural and
historical resources although “environmentalists often equate clean up with the removal of all
human traces from Antarctica".
Benefits of systematic documentation
There are potential benefits in cooperation and broader dissemination of historic information to
scientists. For example, on Macquarie Island archaeological information on sealing sites
(Townrow 1988) was used by biologists (van Klinken & Green 1992) in determining that certain
isopods had been introduced from other subantarctic islands near New Zealand as their
distribution on Macquarie Island matched the sealing sites46. Pearson (2007)47 discusses
information from Antarctic Peninsula sealing sites that documents effects of early impacts on seal
populations and the pattern of their shore-based activities. This and similar information on
distribution of historic activities may benefit environmental managers in understanding risks of
introduction and spread of exotic species, an extension to earlier years of work undertaken by
Waterhouse and Gee (1998).
Scientific resources of historic sites should be proactively identified and protected, instead of
leaving to chance that scientists will have time or resources to identify opportunities (although
these should be welcomed) as this would enable more comprehensive and rapid evaluation of the
sites. This would also assist in identifying opportunities for prospective studies which may be
dependent on future advances in technology to improve analyses.
A possible way to manage scientific resources of historic sites proactively would be to produce a
short statement suitable for inclusion in Conservation Management Plans48 identifying possible
45

Group of Specialists on Environmental Affiars and Conservation (GOSEAC)
None were found at locations not used by sealers and they were probably introduced via vegetative packing
material.
47
This summarises research conducted with Chilean and Argentine colleagues.
48
A sample statement is proposed in the following form:
Potential scientific resources of the historic site
Scientific investigations were undertaken at this site during [dates] including [list of research]. This research
produced significant conclusions regarding [list of achievements]. This research may offer further scientific
information if repeated at the original datum points which are [evident at the site and/or are recorded in the
publication [citation list]. Scientific instruments used at the site include [describe instrument] whose
46
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resources and examples of how they could provide information about both the heritage of the site
and produce broader scientific knowledge. Information on potential opportunities could be
developed to supplement Antarctic Inspection checklist C in recommendation 5 (1995) of ATCM
XIX for Abandoned Antarctic Stations and Associated Installations (published in SCAR Bulletin
in Polar Record 32 (181): 192) and in recommendation 5g of ATCM XXXII (2009)49.
Research on dated materials in the Arctic has provided benefits for medical knowledge.
Permafrost burials in 1918 in Alaska and elsewhere were used to determine the ‘bird flu’ as the
cause of the particularly high mortality rate of the Influenza Pandemic of 191850. While such
research opportunities are unlikely in Antarctica, it is apparent the value of rare datable material
may arise when least expected. Case studies of scientific resources of historic sites presented to
major journals and conferences could stimulate further research.
Waterhouse and Gee (1998) explored the value of historical information in managing present day
human impacts in Antarctica and developed a database dating back to 1960 about what field
parties did and where, including biological and geological sampling and fuel spills to provide a
historical perspective of scale and type of environ impacts and help establish priorities for
mitigation eg by limiting visitation, etc. This data could be extended further back in time, using
historical data and archaeological documentation, to examine the initial human impacts on
Antarctica.

position is recorded in [citation]. Dateable biological artefacts appear to exist at the site in the form of [list
of species and form of material, eg dismembered carcases, bones, etc]. This material is safeguarded by [list
of options: protected at site not available/ protected at site but is available for sampling for bona fide
research on application/noted but not protected/ etc]. The following material may be useful for the further
scientific studies [list of material]. Other records of potential scientific interest can be derived from studies
of vegetation at the site recorded in [citation for report]. Other historic records that may be of interest to
scientists regarding the site includes [list, which may include dateable historic photos, meteorological
records and records of sampling sites].
49

Resolution 3 (2009) Guidelines for the designation and protection of Historic Sites and Monuments 5g required:
“The inclusion of any relevant Historic Sites and Monuments in the check-lists of Inspections undertaken under
Article VII of the Antarctic Treaty and Article 14 of the Environmental Protocol”. Checklist C for Abandoned
Antarctic Stations includes historic items (3.6) and evidence of conservation (3.7).
50
See report at http://news.bbc.co.uk/2/hi/6271833.stm
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Abandoned Antarctic Stations
Annexe III of the Madrid Protocol requires that abandoned stations must be removed, where
removal does not increase the impact. While assessment of historic resources is recommended in
Checklist C, identification of scientific resources of abandoned sites should also be assessed
before removal. As noted previously, some material, while not necessarily of historic interest,
may provide useful information and if it is not environmentally damaging there may be a case
that items such as scientific instruments and datum points should be retained. Previously, some
‘clean ups’ of abandoned stations occurred without any professional evaluation of potential
historic or scientific values (for example, Monteath 1992, Swan 2000). The risks of losing
potentially beneficial scientific and cultural material could be reduced by using qualified
personnel and by publication of guidelines and ‘good practice’ case studies which should record
the nature of the materials removed so persistent environmental pollutants could be investigated
subsequently if required.
As early as the 1960s Russian scientists had identified potential benefits of comprehensively
documenting recently abandoned Soviet IGY stations for future scientific and historic research.
Dubrovnin and Petrov (1971) provided comprehensive lists of sampling points from IGY
scientific programs to enable testing to be resumed from the same datum point to produce
comparable results. Examples of research opportunities identified included study of the impact of
disturbance on lichen colonies that had previously been documented, so recovery rates could be
measured. They also recognised the risk that sites where all evidence of previous human impacts
are removed could be mistakenly presumed to be ‘pristine’51.
Spude and Spude (1993) and Broadbent (2009) provide good models for such evaluation and
documentation and management of hazardous materials at historic sites. Management
requirements for whaling remains at Deception Island, which include oil tanks and hazardous
materials, have also been included in the site’s Conservation Management Plan52.

51
52

Anecdotally some scientists claim such problems have occurred at some locations.
Available on line on the Antarctic Treaty website at http://www.deceptionisland.aq/documents/asma.pdf
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11.6 SUMMARY
The deterioration problems documented at Antarctic historic sites in this thesis indicates their
condition is far from ‘everything as left’ as Scott exclaimed regarding the re-discovery of
Barents’ hut. Indeed, the sad decline of Barents’ hut (figures 2.12 and 2.14) shows significant
problems occur in polar conditions despite the supposedly cold dry climate.
If Antarctic historic sites are to be conserved retaining their original historic fabric then it is
essential to develop a repertoire of treatments that address the causes, rather than the symptoms,
of deterioration. Treatment materials must not only be field tested for durability but also
treatment methodologies must be assessed against potential to cause problems, such as
condensation, in the future. Conservation management plans must ensure historic and scientific
information from the site can be retained, since further information may be available when new
technologies are developed.
The key conclusions from this thesis are therefore:
1. Conservation strategies which aim to reduce high RH inside huts by removing ice are not
effective since small quantities of ice and water produce high RH at low temperatures.
2. Increasing ventilation to reduce RH problems in historic huts increases other risks such as
wind damage and salt deposition.
3. Monitoring of temperature and RH inside Antarctic historic buildings provides valuable
information on deterioration, but hoarfrost formation on sensors can give misleading data, so
measurements using moisture detectors on the timber surfaces should be undertaken during
the summer when melting may occur.
4. Corrosion can, and does, occur at temperatures well below 0°C and risks should not be
underestimated where metals are exposed after removal from ice.
5. Measurements of surface damage by wind at Cape Denison is complex because it occurs
intermittently as indicated by patterns of photodeterioration on external timbers.
6. At Cape Denison, although the recent overcladding protects original timbers underneath, risks
from condensation inside walls and roofs must be assessed since soft rot fungal problems are
more likely and have previously been underestimated at colder Ross Island sites.
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Table 11.2: Potential scientific resources of selected Antarctic historic sites and related
museum collections
Site and scientific & other
activities during historic
occupation of site
Cape Denison
Harvesting of wildlife and
vegetation for scientific study
and food54

Materials remaining

Scientific potential

Management action
required / enacted53

Seal (fig 8.18) and
penguin (fig 11.2)
carcases dated to 191113.
Seal skins on east wall.

Analysis of radiation,
heavy metals, and other
environmental
contaminants for baseline
studies of unpolluted
Antarctic environment.

Imported foods, clothing and
logistical equipment including
fuel (petroleum, coal, etc)

Canned foods of known
origin and date (mainly
Australia)
Timbers imported from
Europe
Sheepskins
Dog carcase (now stored
in Workshop)
In situ datum points
include met screen,
puffometer pole, Transit
Hut, Magnetograph
House, Absolute
Magnetic hut
Tide gauge benchmark
Azimuth and survey
benchmarks

Analysis of radiation,
heavy metals, and other
environmental
contaminants for study of
early-industrial era
environmental conditions

Protected from
touching 
Minimise melting and
contact with water
(carbon contamination)
Approval required for
sampling 
Protected from
touching 
Minimise melting and
contact with water
(carbon contamination)
Approval required for
sampling 

Large numbers of
artefacts are held in the
SA Museum (Ferguson
1995) and other
collections (Wheeler
1993) including food,
clothing, biological
specimens, etc.

No assessment of
scientific potential has
been undertaken.

Two dogs (largely
skeletal, some fur
remaining) and Weddell
seal skins were found in
1982 but could not be
located in 1990- possibly
covered by beach
gravel56.
Coal

n/a

n/a

Unfortunately most of the

On site artefacts are

Dog-sledging
Scientific measurementsMeteorology
Geology
Biology
Oceanography
including tide studies
Surveying

Materials repatriated to
museums.

Cape Adare
Harvesting of wildlife,
vegetation (esp lichens)

Imported foods, clothing and

Re-use of datum points
for comparative studies of
climate change,
geomagnetic studies.
Survey markers and
azimuth marks allow
comparison of current
studies to AAE
measurements.

Ensure locations are
accurately documented
& are not disturbed. 
Applications for all
scientific projects must
assess any risks to
historic values. 
Secondary bench mark
may be worthwhile risk
protection.
No specific action is
required as part of site
protection but it would
be useful to ensure
collections are
adequately catalogued
to facilitate comparison
with on site artefacts.55

53

Actions already undertaken in the Site Management Plan are indicated with a tick 
Antarctic wildlife (carcases, eggs, feathers, etc) and plant materials (lichens, moss, seaweed).
55
Nudds and Pettit (1997) discuss the potential value of museum collections for scientific research.
56
David Harrowfield provided comments for Cape Adare and Ross Island sites, e-mail to the author, 19 July 2010.
54
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Site and scientific & other
activities during historic
occupation of site
logistical equipment including
fuel.
Scientific measurementsmeteorology, geology
No historic survey marks found.

Materials repatriated to
museums

Materials remaining

Scientific potential

Management action
required / enacted53

Timbers imported from
Europe
Limited amounts of other
materials.
Met screen possibly
located by Mabin,
requires further
investigation and
documentation.
Geomagnetic records
(Bernacchi 1901).

coal and possibly the
timbers are contaminated
by ‘modern’ carbon due
to melting or seawater.
Potential re-use of met
screen for climate
comparison and
geological studies.

protected under the site
management plan. 

Lichens and others
materials were collected
in 1898, although current
location not stated (Evans
& Jones 1974).

Analysis of radiation,
heavy metals, and other
environmental
contaminants Improved
identification of lichen
species for comparison
with present.

Ross Island sites- Cape Royds, Cape Evans, Hut Point
Harvesting of wildlife and
Penguin displayed inside
vegetation for food and/or
Terra Nova hut, seal
research.
blubber at Hut Point,
some Adelie eggs, seal
skeletons at each site.
Imported foods, animals and
supplies.

Canned foods, hams,
hay, mutton, huskies.
Some analyses of these
materials is published, eg
Duncan 2007.

Scientific measurementsmeteorology, geology, biology.

Geological collections
assessed (Moore 1981).
Various datum points
exist including met
screen, gravity pendulum,
instrument shelters, etc.
Inventory of outdoor
artefacts and datum point
survey requires
completion.
Some isolated items eg
sledges, tea, canned foods
etc are held at museums
in UK, NZ, Australia etc.
Completeness of catalogs

Materials repatriated to
museums

Ensure location is
accurately recorded and
protected from high
seas. An
implementation plan is
required and surface
survey should be
completed.
n/a

If sufficient material were
available for sampling,
analysis of baseline
environmental
contaminants would be
beneficial due to
relatively early dates.
Copious quantities of
canned foods, early
twentieth century, mostly
from UK. Little material
of this date survives in
UK and may be useful for
comparison with current
food science and
environmental
contaminants.
Similar opportunities to
Cape Denison are
anticipated although C
Evans management plan
states “No new …
scientific equipment [is to
be] installed except for
conservation activities”
(p271)..

Protected from
touching 
Minimise melting and
contact with water
(carbon contamination).
Approval required for
sampling 
Protected from
touching 
Minimise melting and
contact with water
(carbon contamination)
Approval required for
sampling 

Total scope of scientific
potential is not yet
assessed. Similar
opportunities to AAE
collections are

n/a

Datum points are
included in CMP. 
Specific and explicit
additional protection of
datum points may be
required where these
are not easily
recognisable.
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Site and scientific & other
activities during historic
occupation of site

Materials remaining

Scientific potential

is not known.
anticipated.
Granite House, Cape Crozier (Shroeter, Green, Seppelt 1993)
Various studies including
Sealskins, bones and
Analysis of
geology, geography, biology etc lichen (used to fill cracks
environmental
– all extensively reported.
in the shelter made of
contaminants.
Harvesting of skua eggs.
rocks (Shroeter, Green &
Comparison of ‘historic’
Seppelt 1993). Also socks lichen species with
and canvas (see footnote
current species and
4).
distribution.
Stonington Island
Harvesting of wildlife and
Abundant seal carcasesAnalysis of
vegetation was undertaken by 3 the location and context
environmental
expeditions occupying the
of the carcases enables
contaminants (as above) island.
dates to be estimated.
the material may be
Byrd expedition East Base:
Byrd biological
particularly useful as
1939-41.
collections were sent to
dates span the period of
Ronne expedition: 1947-48
US national institutions in initial atomic explosions.
UK FIDS expedition: 1946Washington DC
1970
(Broadbent and Lisle
2002).
Imported foods, clothing and
US expedition trash
Analysis of
logistical equipment including
dumps contained material environmental
fuel were left by all three
including hay, canned
contaminants (as for C
expeditions occupying the
food, coffee and
Denison for mid
island.
chocolate (Broadbent and twentieth century levels).
Lisle 2002: 253); coal,
chemicals, dog carcases
(Spude & Spude 1993).
UK materials include dog
equipment.
Scientific measurements- Byrd(Broadbent and Lisle 2002: 247:
seismography, geology &
geomagnetism, aerial and
ground surveys, sledging,
astronomical fixes,
meteorology, biology, etc.
Ronne- dog sledging and
surveying, aerial surveys,
meteorology.

Unpublished reports held
by US National Archives,
Washington DC.
Ronne- Proceedings of
the American
Philosophical Society
publication in April 1945.
Ground survey marks.

Materials repatriated to
museums.

Historic scientific
specimens were collected
by Prof Noel Broadbent
as part of site
management conducted in
1992-93 (Broadbent
2009), now at the US
Naval Historical Centre,
Washington DC.

Measurement of impact
of past human impacts
including oil spills,
fertilisation effects of
nutrients (eg from human
waste), and other human
impacts.
Broadbent and Lisle 2002
suggest comparison of
glacier as indicator of
climate changes.
Includes samples of
vegetation, soils, rocks,
etc. Analysis of
environmental
contaminants (as above).
Byrd biological
collections include bird
eggs, stomach contents of
kelp gulls and south polar
skuas; seal skulls &

Management action
required / enacted53

Protect lichen caulking
and other materials
from loss & damage by
winds if possible, or
arrange sampling by
appropriate means
before material is lost.
Sampling of carcases
for analysis. 
Protection of in situ
material from
contamination by
meltwater.

Items are protected by
designation as a historic
site 
Tourists are managed
and artefacts are wellpresented. 
Action plan for
identification, analysis
and reporting of
suitable material.
Documentation of
survey points and
datum points using the
scientific reports.

n/a
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Site and scientific & other
activities during historic
occupation of site

Materials remaining

Scientific potential

Management action
required / enacted53

skeletons.
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Deterioration problems requiring investigation to develop methods for in situ
pre'servation of cultural heritage at Mawson and Davis Stations.
Janet Hughes, BSc (Tech) Industrial Chemistry; Assoc Dip Materials Conservation
Institute of Antarctic and Southern Ocean Studies, University of Tasmania
Summary
Causes of deterioration of buildings, monuments and artefacts in Antarctica are not
fully understood and need careful diagnosis before implementing treatment.

There is no point in planning 'in situ' preservation unless treatment methods can
be developed and this will require funded research. RTA is likely to be more
expensive than in situ preservation which is preferred under Annexe 5 of the
Madrid Protocol.
Specialised climate and other monitoring, use of corrosion inhibitors and
protective coatings for timber and plywood should be further researched since they
offer the greatest potential for in situ preservation.
1. Introduction
Antarctica is both a preserver and destroyer of buildings, monuments and artefacts
comprising cultural heritage. While there are some outstanding examples of the
preservation of food, animal carcases and metals in particular locations where
material remains frozen, there are many cases where problems such as meltwater,
salts and humidity cause fungal growth, corrosion and structural damage.

The popular notion that materials do not deteriorate in Antarctica due to the dry
cold is spectacularly disproved in the diverse examples such as Mawson's Huts, the
Old Donga Line at Davis, the Aircraft hangar at Mawson Station and 'Alice's
Restaurant', formerly the Taylor Glacier Field Hut.
The types of deterioration problems are similar throughout Antarctica and have
many features in common with the Arctic, but effective methods for in situ
preservation are not well-developed and some previous treatments have caused
more damage because the nature of the deterioration was not properly understood.
Some of the deterioration problems in polar regions can also occur in temperate
and even tropical regions (corrosion, fungi, defibring) and deserts (corrasion), but
other problems are unique to severe, cold climates (ice accumulation). There are
many misconceptions about their cause and this has led to mistakes in treatment
decisions. The technical and logistical difficulties of preservation in Antarctica
have been largely responsible for the prevalence of the repatriation option, though
excellent articles by Hett refute this approach.
While much relevant research is published in Canada, Alaska, Norway and New
Zealand little research focusses on the causes of damage nor on treatment 'in situ'.
Some building treatments have been undertaken but much of this has involved
replacement of deteriorated original material, whereas the agreed objectives of the
Burra Charter and ICOMOS are to preserve as much original material as possible.

While most of this symposium will be focussed on major buildings at both stations
it must not be forgotten that there are important items of cultural heritage which
are at more distant locations, such as field huts, cairns and caches. Scientific
facilities such as gravity measurement sites, geomagnetic stations, survey marks

and datable organic material (eg. animal carcases) should also be considered as part
of Australia's Antarctic heritage.
While it is a great technical challenge to attempt to preserve cultural material in
remote and extreme conditions as occur at Davis and Mawson Stations, there are
some investigations which have potential but require further, specialised
development. As a conservator with a materials science background I would like
to discuss the deterioration problems, their potential solution and how this will
affect the development of conservation plans for both stations.
2. Investigating the causes of deterioration
The causes of deterioration which have been identified at Mawson and Davis
include: corrasion (abrasion of surfaces by windborne particles); corrosion;
structural damage due to ice accumulation; insulation wetness and drainage
problems; UV damage to plastics, paints and timber; human interference; defibring
and fungi.

Examples of corrasion are found on the timber parts of the Aircraft hangar at
Mawson (probably from ice particles) and at the Old Donga Line and Paint Store at
Davis (due to sand). While the extent of corrasion is not as severe as at Cape
Denison, the rate of corrasion is high and it has exacerbated corrosion problems
which has led to considerable damage.
Corrosion is particularly severe in some buildings at both stations. The extensive
corrosion in the frame of the Aircraft Hangar is due to poor painting and lack of
galvanising of the steel compounded by airborne chlorides due to proximity to the
sea. The Old Donga Line is badly corroded due to corrasion of the plating and
leakage of water into the wall space which wets the insulation and corrodes the
metal from inside the wall.
The water used in the Old Donga Line last summer was brackish due to water
shortages and this will accelerate corrosion in plumbing. Flooding of walls due to
poor drainage from buildings upslope is causing damage to the Weddel and Biscoe
buildings at Mawson. Ice accumulation under the Old Donga Line and some
buildings at Mawson will cause structural damage. Wetness and high humidity
will then lead to increased corrosion and fungal growth which is visible in Weddel
and Biscoe at Mawson and is likely to be found inside wallspaces in many other
buildings. Fungi such as Aspergillus niger cause health problems and other are
known cellulose degraders causing rot. Defibring is visible on the exterior of
Platcha Hut near Davis, at Weddel and Biscoe and the Aircraft Hangar at Mawson
and is likely to be more extensive inside wallspaces and cavities since it is caused by
high humidity and salinity. Defibring causes rapid weakening of the structural
strength of timber and no effective treatment method exists.
UV damage to plastics, paints and timber is evident at both stations where crazing,
fading, opacity and oxidation is evident. Very high UV levels were measured at
Cape Denison and UV measurements are made by the Bureau of Meteorology at
both stations are also high.
Human actions can cause deterioration both by lack of maintenance and by
inappropriate actions. The perception that modern buildings are not historic has
led some to the 'put a match to it' philosophy. Where expeditioners are told of the

history of the buildings or items such as Alice's Restaurant and the Barge Caravan
then they generally become interested in seeing that they are preserved. Education
of expeditioners is thus vital in any conservation programme. Interim historic site
classification might be the only way to protect against those who wish to see the
buildings demolished.
While it is of considerable value to have a record of the condition of buildings and
monuments at the stations it is of considerably greater benefit to know which
individual factors are involved, how they interact in the problem and how rapidly
the deterioration occurs for given condition, ie. deterioration rate. Determining
the deterioration rate is essential in trying to test which treatment methods are
successful.
For example, one can state from visual observation that the corrosion observed on
buildings at Davis and Mawson is high, but observation will not give comparative
data nor indicate the relative severity or cause of the problem since there are so
many factors to take into account. Loose particle of sand at Davis lead to a
combined corrasion/ corrosion problem and the rate is likely to be rapid since the
rust is continually blasting off exposing fresh metal for corrosion. The design of the
building, with foam insulation behind a plated metal panel is prone to failure in
corrosive conditions and moisture entering from leaks through holes in the metal
surface will also increase the corrosion rate. At Mawson, salt deposits form around
buildings and high concentrations of chlorides are of course a major factor in
corrosion.
The only objective comparison method for corrosion rates is to measure .
corrosivity.awhich are then analysed and compared against meteorological data.
This measurement uses a standardised one year exposure of selected alloy coupons
to give a value of atmospheric corrosivity based on weight loss of the coupon. This
enables the site to be classified on the basis of severity and recommendations on
effective treatment methods can then be made with greater accuracy. This has been
the basis of my joint research project (ASAC Project Number 537) with corrosion
scientist George King of the CSIRO Division of Building, Construction and
Engineering. This study will measure corrosivity rates for various sites in
Antarctica, including Mawson and Davis and results should be available by April
1993. Data available for Scott Base and Rothera have found surprisingly high
values of 10.8 and 20.2 micrometres/ annum respectively due to proximity to the
sea and confirm that low temperatures have little effect in reducing corrosion.
A protective coating study (ASAC Project 536) is currently being undertaken at
Mawson Station. Its initial aim is to study materials which might be used to protect
Mawson's Huts against corrasion but since my visit I have realised that the results
can also be applied for problems at Mawson and Davis Stations. Two testing racks
containing over 100 timber specimens with various coatings, primers and controls
have been erected next to the Stevenson Screen. The coatings are silicone rubbers
which being elastomeric will absorb the impact of ice or sand particles and prevent
damage to the timber (Hughes 1992). Results from field testing will be compared
with results obtained from a simulation of corrasion using a blasting chamber.
Microclimate monitoring using datalogging could be used to check conditions in
the wallspace of buildings could be used to identify problems where insulation
breakdown and leakage causes damage. Transducers measure temperature,

humidity, dielectric values and can also be used to measure structural parameters
such as pressure and strain loadings. Some instruments are available cheaply to
monitor temperature and humidity though the New Zealanders have had
unexplained failure with their datalogger probably due to mechanical problems in
low temperatures. For Mawson's Huts I am hoping to use a sealable unit
developed by CSIRO Geomechanics for monitoring underground mine conditions
which will function to -40°C and has more channels for data collection and can take
a wider range of transducers.
For measuring wetting of insulation various publications are available detailing
infra-red studies used to identify and treat the problem in Europe and North
America (Korhonen 1978). Ground Penetrating Radar (GPR) is being investigated
as a rapid and relatively inexpensive method for non-intrusive study of the
foundations of Mawson's Huts. It might be applicable in some instances for
Mawson and Davis since it can distinguish water, ice, rock and timber and plot
their position in a visual interpretation (Dr Tony Siggins, CSIRO Geomechanics). It
could be used to investigate buried material such as caches.
Freeze-thaw pulping of timber has commonly been listed as a cause of damage to
timber and porous material but there is no evidence for this on the basis of
theoretical studies (Everett 1961) or on other freeze-drying studies (Florian 1987). I
think this cause may be wrongly ascribed to defibring whose causes have been
established by Wilkins (1988). This illustrates the need for careful materials science
investigation.
3. Development of a preservation strategy and treatment methods
Much of the initial focus of this symposium will be to identify those items which
should be preserved before considering how to deal with the practical problems of
preservation. Since the type and scale of the problem at Mawson and Davis are
known and since comparable information is available from Wilkes (Clark and
Wishart 1989, 1991) and Cape Denison (Hughes 1988) it is sensible to consider the
materials conservation implications at the outset.

This approach will be cost effective and will also bring to attention the need to
allocate sufficient resources at an early stage to develop treatment methods which
are urgently needed if the buildings are considered historic. Allocating the bulk of
funds to documentation will mean that there will be unecessary delay by which
time further deterioration will have occurred. Development of treatment methods
is an even more demanding task since new methods must be devised. Current
research funds for developing treatments are inadequate for even materials and
chemicals (much has had to be obtained by donation) let alone use of analytical
facilities or supporting a researcher.
If, for example, it is decided to preserve the Paint Store at Davis and Weddel and
Biscoe huts at Mawson then the following treatment developments should be
pursued:
-Coatings to protect paint and exterior surfaces
-Examination of internal wall and floor structure (being done by maintenance
carpenter, Kevin Sheridan this winter as part of his maintenance programme; any
fungal growths found will be collected and cultured for identification)
-connection to building services, eg for fire alarms
-preservation of building fittings and contents, eg pin ups, sledge equipment

-drainage rectification (Mawson)
-corrasion/ corrosion treatments for fittings
Larger scale problems will be encountered if it is attempted to preserve the Old
Donga Line or Aircraft Hangar and corrosion treatments are likely to be difficult to
deal with.
Vapour barriers, used by the New Zealanders to keep snow out of the Scott and
Shackleton huts appear to have kept out the snow but no data was collected on
temperature and humidity behaviour before installing the material. It appears they
are not aware of research in Canada and the US (Trechsel 1989, Padfield: personal
communication) which show that it can can cause long term problems hidden
inside the wall which do not become apparent for some years.
There are several further issues which need general discussion and which are
outside the scope of this paper but are listed as a guide:
-need for consideration of field huts, caches, datable organic material as a scientific
and cultural resource
-collecting and RTA policy for movable cultural heritage; has the Antarctic
Division formed a policy or consulted the National Museum of Australia?
-adaption and interpretation of buildings policy
-cost estimation for research and method development
-need for interim protection
4. Conclusions and recommendations
In situ preservation will require research to develop new methods and this will be
the greatest challenge in preserving cultural resources at Mawson and Davis.

RTA is expensive and problematic and should be an option of last resort. Packing
of artefacts and cultural material to be RTA'd needs materials conservation advice
and planning for stabilisation upon delivery in Australia.
Specialised monitoring, protective coatings and special corrosion inhibitors offer
the best chance for developing suitable treatment methods and must be considering
in the development of conservation plans for the stations.
Education of expeditioners is vital since respect for Australia's early Antarctic
buildings and monuments will encourage appropriate care.
Rather than the present ASAC system it would be better for heritage planning to
have a more structured and collaborative approach to. ensure that contributions are
made by the relevant disciplines in the areas where they have greatest expertise.
Thus building specialists to record structural problems; materials
scientists/ conservators to detail the cause and rate of deterioration of materials and
develop treatments; archaeologists and historians to record the usage and
significance of the sites. The problems need a multidisciplinary approach and
overlapping knowledge and interests should be utilised to find solutions. When
all disciplines contribute their knowledge then resources can be allocated to dealing
with the problems on the basis of the needs revealed.
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The Tourism Implications
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Abstract: Visil.'i ro hi.'ilOric huts arc a m;~jnr Anlarctic touri.,t anraction in rlic New Zealand Rons
Sea Dependency arr.a where four huilcJings have been .. restored" as museums. Visitor expcctatirms
and attitudes are discussed and preservation problems relevant to tourist visits arc identified. A
preservation program for Mawson's Huts in the Australian Antarctic Territory is not yet resolved.
Herc damage by visitors is minor, compared with deterioration due to severe climatic conditions,
hut controversy over ice removal IO allow entry into 1hc huts as well as difficult access and finding
problems delays conservarion efforts. Increased visitor information and better guide training arc
needed, and preservation efforts should be extended to more recent International Geophysical
Year sites. Keywords: historic buildings, visitor behavior, preservation, materials conservation,
Antarctica.
RCsumC: Sites historiqucs en Antarctiquc: implications pour le tourismc. Les visi1cs aux hullcs
historiqucs sont une attraction importante de la DCpendance de Ross, 0\1 on a "rcstaurC" et
amCnagi: qualre hatimcnls en musCcs. On discute lcs attentes des visit curs ainsi quc Jes problCmes
de conservation dans un contcx1c touristique. 11 faudrail rCsou<lre Ja question de la conservation
des huttcs de Mawson au Tcrritoirc Anrarctiquc Australien. Les <lommagcs occasionnCs par le
tnurismc sonl sc:c:ontlaircs a la dC1Crioration due au dimat, pnurtant lcs dfnrls de: r.onscrvation
son! n·lanlt':s par um: nmlrovrrsc nu s11jr1 tic l'r.nll·vc:mcrH de glar.c pour pcrmclln: 1'1•n1rh~ dans
lc:i h111tc~. II fa11drni1 plus ,1'i11for1mtrio11 pour lcs vi:;itcun er unc mcillc:urc fonnalion pour lcs
g:ui<lcs. ti faudrait aussi Ctcndrc lcs efforts de conscrvalion a cJ'au1res sites. Mots~clCR: hatimems
historiques 1 r.omportcmcrH des visitcurs, conservation, Antarctique, prC:scrvation des maliCres.

INTRODUCTION
In 1895, the Sixth International Geographical Congress designated
Antarctica as the last remaining challenge to explorers, and there ensured the Heroic Age (Porter 1978:14). Tangible remains of several
subsequent expeditions have become important destinations for tourists to the Ross Sea and environs (Figure 1).
The Carsten Borchgrevink Southern Cross expedition was the first to
winter over (1898-1900) on the continent. This expedition was also
the first to have been outfitted with specially designed buildings and
clothing, sledge dogs, and dehydrated food. Their hut at Cape Adare
housed 10 men, and most bunks are still intact, with clothing and
winter stores still in place. High on the atUacent hill is the first grave
Janet Hughes, trained in Industrial Chemistry and Materials Conservation, has served since
1986 as Senior Conservator at Australian National Maritime Museum (P.O. Rox 5131, Sydney
NSW 2001, Australia). She is currently doing postgraduate research on the preservation of polar
historic sitc:s.
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Figure 1. Route of the Kapitan Khlebnikov, Voyage 3
(28January-25 February 1993)

in Antarctica, of Nicolai Hanson. Due to the exposed location of this
shoreline, ice conditions are often hazardous for zorliac and small hoat
landings and this hut is seldom visited.
In the Ross Sea, three huts are better-known and more frequently
visited, and include R. F. Scott's Discovery Hut constructed in 1902.
Situated on a knoll at Hut Point overlooking McMurdo Sound, it
served as a headquarters and storeroom while the officers and crew
lived ahoard their nearby vessel, the Dz'.rcovery. In close proximity to
the US scientific station McM11rclo, and just across a low saddle of
mountain from New Zealand's scientific station, Scott Base, the site
receives the most visitors (including VIPs touring these busy stations).
Noteworthy among the artifacts is a desiccated mutton carcass, and
rows of tinned foods.
Ernest Shackleton's Hut, built in 1908 by the:·Nimrod expedition,
occupies a scenic location at Cape Royds, 25 miles north along the
coastline. The complex is unique, for it originally had an automobile
garage (the first use of a wheeled vehicle in Antarctica), as well as
stables and hay for horses. The site is also home to 3,000 pairs of
breeding Adelie penguins, the southernmost penguin breeding colony
in the world.
A short distance south, at Cape Evans, is R. F. Scott's Terra Nova
expedition hut constructed in t 91 t, from which he launched his illfated South Pole journey. Largest of the Antarctic huts, the interior
contains Scott's office, Ponting's darkroom, and the medicine shelves
of Dr. Edward A. Wilson.

28'.l

The author had the opportunity to visit these fou,r huts (as well as
some of the Sub-Antarctic islands, discussed later) while serving as a
part-time guest lecturer aboard the icebreaker Kapitan Khlebnikov on its
1993 cruise (28 January to 24 February). The ship's itinerary scheduled a visit to Mawson's Huts, but bad weather precluded a landing
at Cape Denison. Historic sites were also visited on Sub-Antarctic
Macquarie Island, Campbell Island, and the Auckland Islands.
Because the preservation aspects of these Ross Sea sites have been
reported in detail (Campbell 1993; Fry 1984; Harrowfield 1988;
Hughes 1988), the author chose to assess visitor expectations and behavior at the various historic buildings.
Visitor impact has been little-studied in relation to preservation,
and not at all with the specialist insights ofa metals conservator. Many
issues arc impor1a111 lo historic site management anrl require study.
What are the expectations of tourists visiting the sites? Arc these being
met in terms of access, and being able to see buildings and artifacts in
the condition they expect? Is the information given about preservation
of the sites accurate? Do visitors cause damage at historic sites? Do
visitor expectations influence the type of preservation program carried
out, such as pressure to remove ice from Mawson's Huts or to conduct
station "cleanups"? Are improvements possible for the management of
tourist visits to historic sites and at what cost?
ANTARCTIC HISTORIC SITES
Visitor F:x/1r.cl11lions and Attitwlr..r

The majority of tourist ships cruise in the Antarctic Peninsula area
where there arc li.:w historic sites (sec Headland and Enzenbacher in
this issue). Within the last decade, there have been increasing numbers
of cruises to the Ross Sea, and tour operators -advertise visits to the
Heroic Age huts as part of the attraction. Many itineraries include
mention of Mawson's Hut at Cape Denison, even if heavy ice and
poor weather often preclude a visit to this location.
The aulhor prepared a visitor survey specific to Cape Denison hut
because it proved impossible to land, the survey could not be completed. Seven visitor surveys were conducted by others during that
voyage, including one each prior to visiting the three huts of the Ross
Dependency, McMurdo Station, Macquarie Island, and "before" and
"after" surveys of the New Zealand Sub-Antarctic Islands. These latter
were the most detailed but concentrated on nature conservancy issues
and visitor interaction with wildlife. It was felt that any additional
surveys would lead to "questionnaire fatigue" and result in low response
rates. Sanson (personal communication) proposed during the voyage
that in the l'uture a single visitor survey form be distributed to maximize response rates and that the site-specific questions relating to historic.
silcs cnulcl be adclccl as attachments according to the ship's itinerary.
A wide range ol' visitor altitudes were also observed ancl informal,ly
discussed during the voyage. From these combined sources, some tourist profiles are available and provide insights into visitor expectations
of historic sites. The survey aimed to investigate their views, but not
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necessarily to implement them since the preservation plan must be
decided on professional multidisciplinary assessment.
The 89 passengers were from the United States (32), United Kingdom (8), Australia (36), South Africa (2), Germany (7), Switzerland
(2), France ( 1), and Sweden ( 1). Apart from the Russian officers and
crew, the voyage staff included four Americans, two Australians, one
French, one South African, four Austrians and one Swede. There were
also official government representatives from France, United States,
and New Zealand. The Australian government representative was appointed ad hoc, and was a staff member employed by the tour operator,
Quark Expeditions (USA).
Passenger ages ranged from 5 years to 87 with 4 aged 20-29, 9 aged
30-39, 15 aged 40-49, 13 aged 50-59, 31 ag<>d 60-69, and 17 over
70 years. The ship staff considered this a broader age range than on
other vessels currently operating in these waters, where the mean age
was above 65. Passenger occupations included doctors, engineers, scientists, artists/photographers, farmers, accountants, and trades and
sales staff. The per person voyage cost ranged from US$12, 770 to
US$16,250.
Many passengers said they had chosen this cruise because of their
general interest in polar history and also because this cruise itinerary
included five Antarctic historic huts and other sites in the SubAntarctic islands. A show of hands at a lecture indicated that over
60% of the passengers had previously visited Antarctica, mostly the
Antarctic Peninsula. About 40% had visited the Arctic, including a
number who had reached the North Pole aboard a Soviet nuclear
icebreaker.
In general, the visitors were most interested in wildlife, especially
penguins and seabirds; a smaller number came because it ofli.:recl "wilderness adventure." Interest in visiting historic huts featured in many
discussions and is perhaps the dominant secondary interest of most
passengers.
Visitors interests are also revealed by the subjects they photograph
and by the questions they ask. During visits to the Ross Dependency
huts, the items most frequently photographed included pony snow
shoes (Cape Evans), the dark room (Cape Evans), the Emperor penguin on Scott's desk (Cape Evans), seal blubber (Hut Point), biscuit
tins (Cape Evans and Cape Royds), ham (Cape Royds), rusty stove
(Cape Adare), ammunition cartridges (Ca1:e Adare), and Memorial
Crosses (Cape Evans, Hut Point). The mosf'difficult photos to obtain
were general interior views of the huts, without people. The use of
tripods by some visitors caused irritation as this blocked access; they
tended to take more time, thus reducing the photographic opportunities for others.
The degree of success in meeting visitor expectations to the historic
huts was influenced by lectures given on board and by books ancl
supplied handouts. The on-hoard lecturers included R. K. 1-leadlaml,
an historian from the Scott Polar Research Institute who also served
as guide inside the huts; an Australian National Antarctic Research
Expeditions (ANARE) staff member who had carried out work at
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Mawson's huts in 1977; and two members of Project Blizzard (including photographer Jonathon Chester and the author).
Questions commonly asked by tourists during visits to the Ross
Dependency huts included: How much of these buildings arc original?
(While the main structural clements of the building is intact, there are
significant visual differences. Some of the cladding is replaced, the
grey roofing material is butyl rubber installed during the 1980s to
replace earlier Rubberoid and some features are reconstructions.) Are
the interiors of the huts just as they were left? (No. When the huts
were cleared of ice in the 1960s, artifacts were placed in what was
thought to be an appropriate position. No detailed archaeological documentation was done and there had been occupation by later expeditions in some huts. Some artifacts were taken to museums so the
huts are significantly different than they were left.) Can the "museum
presentation" approach be carried out at Mawson's Huts? (No. Very
little food, clothing or other supplies remain at Mawson's Huts and
that which remains is generally in poorer condition than artifacts in
museum collections in Australia.)
The planned post-visit questionnaire for Cape Denison, concentrat·
ing on preservations issues, was not administered because the ship was
unable to reach the destination. Four lectures on Mawson's Hut on
the day prior to the expected visit to Cape Denison had the unfortunate
effect of producing "lecture lassitude" in some passengers.
The preservation of Mawson's Huts has generated some controversy
in Australia and similar disagreements about which treatments are
appropriate were apparent on the voyage. On a previous visit to Cape
Denison in 1990, it was reported that one of the most popular features
photographed hy tourists was the ic:c-hlastecl timber clmlrling of the
Main Hut and of the ruined Absolute Magnetic Hut whose timbers
are worn through in places. This coincides with observations by the
author during her 1985 visit with Project Blizzard, anrl the fact that
most visitors also take numerous photos of the Memorial Cross. Therefore, there is plenty to interest tourists on a typical day visit at the site,
even though it is not possible to go inside the Main Hut. One passen·
ger was asked if he would still want to visit Mawson's Huts even if he
knew he could not go inside. He pointed out that if it were explained
to him that removing the ice would cause damage, he would accept
the plan. After all, he knew when going on this voyage that he would
not be able to enter the building and that did not deter him from
wanting to go there.

Accuracy of Tourist /reformation
It is not clear how accurate the information about the preservation
issues at the historic huts is. Despite the excellent though brief brochures proviclcrl for the passengers by the Antarctic Heritage Trust,
there was little understanding of the condition of the artifacts. When
visiting the historic huts in the Ross Dependency, many passengers
were overheard to repeat the guide's words that everything is in a "near
perfect state of preservation," which is not true. This statement is
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particularly unfortunate since the Antarctic Heritage Trust in New
Zealand has been trying to inform visitors of the ongoing site preservation needs and to solicit funds for essential maintenance. The remarkable condition of 80-year old food lead lo the frequent misconception
of "no deterioration," yet the severe corrosion damage on tinned containers was scarcely noticed.
Several guides gave inaccurate information on preservation problems during the voyage. This helped to perpetuate the myth of"pcrfcct
preservation" and other untruths such as: "Corrosion is not a problem
in Antarctica because of the dry cold"; "Damage is being caused by
freeze-thaw cycles"; "The treatment of the Ross Dependency huts is a
success and the approach used there can be reproduced for Mawson's
Huts"; "The use of a vapour barrier in the walls [of the huts] will stop
snow from getting inside and will enable the huts to be kept ice-free";
and "Putting a dome over Mawson's Hut would protect the timbers
from being worn away by ice particles carried by the winds."
Tourist Implications for Preservation

During the voyage of the Kapitan Khlebnikov, a number of preservation problems were identified that specifically relate to tourists visits to
these sites. Visitors do cause damage at historic sites. Ry comparison
with damage caused by corrosion, fungi, meltwater, and wind damage,
the damage directly caused by visitors appears slight. However, direct
damage includes scoria carried inside on boots, handling of ol~jccts
and humidity changes due to opening tloors and breathing. The handling of objects appeared to be infrequent on this :'oyage, though some
test samples for conservation research were knocked or repositioned to
take photos. The tied-on paper labels meant visitors handled the labels
in an effort to identify the object, posing a risk to fragile artifacts such
as laboratory glassware.
New Zealand government representatives who accompany all tourist
access in the Ross Dependency (and unlock/relock the doors) generally
supervise well, although some instructions were not heeded, possibly
unintentionally. No Australian government representative is stipulated
on vessels visiting Mawson's Huts and two private yachts arc known
to have made unsupervised visits in the austral summer 1992-199:-1.
Indirect damage is a more complex issue. Do visitor expectations
influence the type of preservation program carried out, such as pressure to remove ice from Mawson's Huts or to do station "cleanups?"
This concerns preservation work carried out on the huts to allow visitor
access, and presentation of the huts as museums. Two Ross Dependency huts were cleared of ice in the 1960s (Quartermain 1961) and
excavated artifacts were placed in what was considered to be appropriate positions. No archaeological documentation was done and no
stabilization treatments were clone on the artifacts (Harrowlield 1988),
although recent work has involved a wide range of professional expertise.
Rapid deterioration of the artifacts in the Ross Dependency huts
was noticed in the 1970s, but little treatment was carried out until
recently on the many tins, food items, clothing, and other equipment
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that is such a feature of these huts. Much effort was put into the
restoration of the buildings, which by now had become a regular attraction (Harrowfield 1990). Vapor barriers were installed on the roofs
in the late 1980s to prevent ingress of snow that had necessitated
regular clearing of snow that damaged the lloorn. Although the work
in the early 1960s was done before regular tourist visits began in the
Ross Sea (in the 1970s), the intention of clearing the huts was to allow
visitor access. At that time, it was common for VIPs to be shown the
huts (Harrowfield 1989; Logan 1990).
A recent report by Campbell (1993) and a report in progress by the
author conclude that despite considerable effort, the present preservation program is unsuccessful in achieving preservation; they add their
voices to those who have long said that the ice should not have been
removed (Fry 1984; Harrowfield 1988; Logan 1990). However, now
that the huts are so well-known, it is unlikely that the option of letting
the huts again fill with ice will be considered and the problem of
controlling humidity remains. Thus, deterioration will continue and
result in considerable expense for treating artifacts.
Ice was recently cleared from the buildings at Byrd's East Base on
Stonington Island (Broadbent 1993) to allow tourist access. Frequent
calls often arising from tourist visits (Smith 1992) ask that the methods
used for the Ross Dependency huts be applied to Mawson's Hut, which
is the least disturbed of all Heroic Era huts (Lazer 1986; Pearson
1992). The fact that the climate at Cape Denison is warmer and much
windier and the deterioration processes are not always comparable is
ignored hy those without materials conservation training. Such requests often divert ongoing efforts and resources needed to develop
the required new treatments.
Are improvements possible for the management of tourist visits to
historic sites and how much would this cost? While there is valid concern that sunlight is causing damage to artifacts inside the huts, poor
lighting has proven to be a persistent frustration to visitors at each of
the huts. Lighting at a remote site is diflicult and expensive. It is
difficult to install wiring without an obtrusive appearance, but could
be done using portable batteries carried by the New Zealand staff who
supervise every visit.
The lighting system must not generate heat, which would affect the
environmental conditions inside the huts. The light levels must meet
current conservation practice for light-sensitive materials (paper, fur,
and textiles, which are prevalent among the artifacts inside the huts)
of 50 lux and 50 microwatts per lumen. It is estimated that for an
approximate materials-only cost of US$2,000, a wired lighting system
using portable battery, with fittings and bulbs, could be installed at
Cape Evans. Similar installations at the other, smaller huts would cost
less. Better lighting would reduce inadvertent damage to artifacts, but
given the current budget problems, such installation would appear to
have a low priority.
To improve the training of guides on conservation problems would
appear worthwhile, judging from the perpetuation of myths recounted
above. Some cruise vessels have had as guides individuals who are
experienced in conservation practices, and some were fortunate to
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arrive at huts while work crews were present. Thus, the problems of
inadequate training of guides is not universal, but where the guide has
no training in that field, then a briefing should be given. This could
be done cc:onomically by requiring guides to allcnd a pre-departure
lecture by a conservator experienced in the preservation problems of
the sites. The publication of a paper aimed at dispelling the "myths"
about the preservation problems (Hughes and Campbell in progress)
may be a helpful summary of preservation information.
It is especially important that guides understand the nature and
seriousness of the deterioration problems of the buildings and artifacts
so they can help to protect these important historic sites. For instance,
it is desirable for guides to understand why touching artifacts can cause
damage. Although most food tins are already severely corroded and
handling could cause the tin to break up, spilling the contents, it is
also the acceleration of corrosion caused by scratches from rings and
zippers and from natural acids on the skin on the deceptively delicate
surfaces of tin plates and paper labels that will increase damage.
Training would enable guides to give better explanations of the
reasons for visitor rules and promote understanding of the preservation
problems of the sites. This would in turn increase respect for the artifacts and buildings whose value is recognized under the Antarctic
Treaty.
The map of the historic site at Cape Denison, produced by the
Australian Surveying and Land Information Group, provides more
detailed guidelines for visitors than docs the information cmrcntly
provided at the Ross Dependency huts. It also includes more general
information about the site. The map is an inexpensive and informative
"souvenir" that may reduce the temptation to remove artifacts as mementos. There arc plans to produce a more detailed guidebook for the
Ross Dependency huts (Harrowfield, personal communication).
Guides must also understand that even seemingly insignificant items
such as animal carcasses and hay bales are archaeological artifacts,
and have scientific value. Greenfield ( 1981, 1982) has also pointed out
that there is a risk of infection from touching the seal carcasses.
Groups of tourist tend to scatter once ashore, especially in their
efforts to take photos without intrusion from other red-coated figures.
This tends to make supervision diflic11lt, hut could be overcome hy
having a sufficient number of guides to take small groups over the site,
as suggested by Ryan (1991).
Ear(y Sub-Antarctic Island Historic Sites

There are numerous documented historic sites of the 19th and early
20th centuries on Sub-Antarctic islands, ranging from whaling stations
on South Georgia (Basberg 1990) and Kerguelen; sealing sites on most
of the island groups (Graham 1989; Lazer and McGowan 1987; Smith
and Simpson 1987; Townrow 1988), penguin digesters (Townrow
1988), scientific bases (Headland 1984; Lazer and McGowan 1987) to
shipwrecks and castaway depots (Headland 1984; Harkess 1990).
While little remains visible above ground in some locations, the SubAntarctic sites visited on the Kapitan Khlehnikov voyage were, neverthe-
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less, of interest to some passengers. Lectures on the history and exploitation of these islands were well-attended.
The fencing of remains on Macquarie Island and indeed the very
preservation of digcstcrs at all (Townrow, personal communication)
were controversial with some tourists and with some ANARE person·
nd who thought the sites should be given back to the wildlife. The
fencing of the sites was thought to be visually obtrusive and inappropriate, though there is some evidence that it is protecting the sites from
damage by elephant seals and from the effects of penguin guano.
Several have said that they cannot understand the need for archaeology of these sites since "it is all documented in written records." Thus,
it appears that Townrow's studies, which are cited by scientists (such
as van Klinken and Green 1992) have not been widely appreciated.
Surprisingly, little is known about the species of fur seal exploited in
the early clays on Macquarie Island and Townrow's excavation, which
found a seal skull revealed vital information that was not available
from the written record. The archaeological information also provides
physical information that can confirm or refute the notoriously inaccurate records of sealers (Graham 1989). This information would interest
tourists if presented in concise and accessible language and would add
greatly to their understanding of how precious arc the wildlife resources of the Southern Ocean and how nearly these were lost forever
in some places due to human exploitation.
It is interesting to note that tourists visiting the Stella Hut on Enderby Island in the Aucklands group did not express views that the
fence around that building was obtrusive, yet it was much more restrictive for viewing or photographing the building than at Macquarie
Island. New Zealand Department of Conservation personnel felt that
the fence was too close and that a wider perimeter should be allowed,
which would mean cutting back some of the encroaching rata forest.
Potential Visitor Resources

Scattered across Antarctica arc some entire abandoned scientific
stations, and also complete buildings that date to activities of the International Geophysical Ycar ( 1956-J 957). Some sites arc complete stations l'rom very signilicanl post-Heroic: Age expeditions lhat could be
ol' interest for tourist visits. They seem to be overlooked as a visitor
resource since they arc comparatively recent and because they are
considered visually unattractive. Some are being considered for total
removal in extensive "cleanup" operations as a result of environmental
pressure following the signing of I he Mad rid Protocol ( 1991 ).
The haste and lack of preparation for some of these "cleanups" raises
concern about the potential loss of scientific as well as historical information (Hughes, in progress). T_he encouragement by Bernard Stonehouse to have tourists remove "rubbish" (including "whaling" artifacts),
mentioned by Monteath (1992) on the South Sandwich Islands, is not
universally recommended. These untrained tourists could unwittingly
destroy potentially valuable information about the early exploitation
of the Southern Ocean.
Since increasing numbers of visitors threaten to impact the Heroic
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Era sites (Harrowfield 1990) and because of the perennial difficulty in
landing at some locations, the use of International Geographical Year
(IGY) sites as historic resources should be considered, or a potential
resource could be lost. These sites arc also of interest to other "tourists"
such as adventurers and national research personnel .on recreational
visits. Warren (1989) gives comprehensive guidelines on the significance of historic and broader cultural resources, though the draft copy
available to the author omitted the Wilkes base near Casey Station.
Many of these sites are in fact very photogenic (Wishart and Clark
1992) and even have been the su~ject of artist's works, such as lithographs by Sensbergs of Atlas Cove on Heard Island (Boyer 1988).
The IGY buildings and other "recent" sites throughout the Antarctic
region include "A" Hut at Scott Base that was planned as a Museum
(Varcoe 1990); the Main Mess and other "Quonset" huts at McMurdo
(though these are due for replacements); early ANARE Base buildings
at Macquarie Island; Mawson Station; Atlas Cove on Heard Island;
and East Base on Stonington Island in the Antarctic Peninsula. The
World War II Coastwatcher stations on Campbell and the Auckland
Islands arc also historically significant, although probably too remote
and difficult of access for most cruise tourists.
Some sites, such as Wilkes, are already frequently visited by national
expedition staff on recreational visits, and souveniring has been a problem. On the 1993 voyage of the Kapitan Khlebnikov, a liability dispute
between the Australian federal government and the Tasmanian state
government prevented passengers from visiting the ANARE base on
Macquarie Island. Some passengers who wished to visit the nearby
graves and early buildings expressed great annoyance at not being
allowed to visit the station. Other passengers, however, were not at all
troubled by this; their interest was solely the wildlife that is best seen
at the nearby rock outcrops known as the Nuggets.
Given the changes in Antarctic operations during the past 30 years
that have affected clothing, transport, food, and even architecture,
many features of even recent sites could interest visitors, including the
1960s pin ups (posters, calendars, photos) in the Weddell hut at Mawson Station. Cruises have included in their passenger lists individuals
who were once ANARE personnel who wish to visit their old bases,
sometimes accompanied by their wives. This group is a potential
source of fi.1ture tourist interest as the AN ARE 50th anniversary draws
near, heightened by greater media coverage.
Before promoting these new sites, major issues must be addressed,
including documentation, measures to stop souveniring {Graham
1989), education of guides and visitors, mapping of the sites, interim
listing and protection as historic sites, and an estimate of potential
visitor numbers.

Impacts of Visitor Numbers
The increased numbers of visitors raises concerns of safety and adequate supervision. Safety is particularly important at Cape Denison
where katabatic winds can arise in minutes with little warning, making
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zodiac rides hazardous and helicopter flights impossible. The wind
chill can be severe and debilitating for elderly passengers, as there are
few places to shelter. Rough terrain and ice arc also hazardous walking
for the elderly and those with impaired abilities.
Swithinbnnk (personal communication) had urged that visitor numbers ashore be allowed to exceed the regulated 20 under good conditions, but given the changeability of the weather, the present restriction
seems not unreasonable. Ryan (1991), a visitor to Cape Denison
aboard the Frontier Spirit, said she agreed with this restriction since it
made it easier to see the site and to take photos without crowding.
Given that photographic opportunities arc vital for the enjoyment
of so many of the visitors to historic huts in Antarctica, then the
management of groups is very important. Noting the common tendency of groups to disperse to take photos, then small groups are
essential to adequate supervision. The presence of a well-trained guide,
to explain the many items of interest and ensure protection of vulnerable features (such as animal carcasses, remains of scientific equipment
and attractive timber specimens), adds greatly to the visitors' enjoyment and interest. If a visitor code of conduct is fully explained both
to tour operators and to each visitor, there is a greater likelihood of
acceptance and compliance.
Tourists are often important environmental ambassadors, and tend
to motivate governments to tidy up bases to minimize the risk of
adverse publicity. This is absolutely desirable where hazardous materials are concerned but unwise, where the material is merely unattractive
and/or where scientific or historic value has not been professionally
assessed. "Tidying up" seems lo have prompted the decision to remove
the ice from the former United States East Base buildings on Stonington Island. However, it appears that project directors were unaware of
the 1960s problems caused by ice removal at the Ross Dependency huts
(Broadbent 1993). This is not surprising since there is no circulation of
research papers on historic sites through the Antarctic Treaty System,
despite a 1961 resolution that this should be done.
During the 1988 hearings of the House of Representatives Select
Committee on Tourism in the Australian Antarctic Territory (Milton
1989), some scientists publicly expressed concerns about dangers related to tourist visits to Antarctica and Sub-Antarctic islands, but their
comments have not been widely published. At issue are quarantine
procedures for voyages going between Sub-Antarctic islands, as later
surveyed in detail by J chanson ( 1992). While tourists can act as environmental ambassadors, they can also unwittingly cause problems.
Protection depends on greater government vigilance to ensure compliance by tourist operators.
CONCLUSIONS
Development of a management plan for the historic sites at Cape
Denison that will both meet visitor expectations and impressions and
preserve the structures, merits additional investigation. Visitor surveys
should be carried out when the next tourist voyage goes to Cape Deni-
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son. A "Visitor survey for Travels to Mawson's Hut" (available from
the author) is a single standardized comprehensive form with specific
questions pertaining to the visitor perceptions of use and conservation.
Wider discussion of the preservation issues of Mawson's Huts is
needed. Development of a visitor program that shows tourists the
many interesting features outside the huts is recommended. This will
reduce promotion of the option of ice removal by those without materials conservation training. In addition, Australian government representatives briefed in the preservation problems of the site and understanding of the need for visitor supervision should be present on visits
ashore at Cape Denison, as is true at the New Zealand Ross Sea
Dependencies.
There is a demonstrated need to ensure that guides at all Antarctic
historic sites are provided competent historical information and also
understand the preservation issues to fully explain restrictions on visitor behavior.
More detailed information should be given to visitors on the conservation problems of the huts. A map of the sites would be helpful at the
Ross Dependency sites. Better lighting, limitations on the use of tripods, and better methods for vigorous boot cleaning should be investigated to prevent problems such as accidental damage caused by stumbling, and abrasion of flooring.
The visitor potential of more recent sites, such as IGY bases, should
be immediately investigated before material is lost in drastic station
clean ups. Visits to these sites are an important opportunity to give
tourists a wider view of Antarctic .activity than just the "Heroic Era"
huts and "cute" penguins and seals, and to give a balanced and more
accurate understanding of the great scientific value of the southern
polar regions (Snowman 1993). Finally, if government funding is not
available to meet Antarctic Treaty obligations for site preservation,
then some type of visitor fee should be charged, possibly collected
through the tour operators.DO
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A MONITORING RESEARCH PLAN
FOR TOURISM IN ANTARCTICA
J.M. Acero
C. A. Aguirre
Instituto Antartico Argentino, Argentina
Abstract: The Argentine Antarctic Institute and the Scott Polar Research Institute initiated joint
research at South Shetland Island site in 1991-1992. The six-year project will monitor and
evaluate touristic impacts on local biota, and provide data for appropriate tourism management.
The research establishes control sites unaffected by human activity and examines sites under
human pressure, both from scientific personnel and tourist presence. Tourism monitoring will
record lhe numbers of tourists, their frequency of arrival, length of stay, and activities. This

article reports preliminary data (1992-1993) from the Chinstrap penguin colony at Half Moon
Island and the Adclie penguin rookery in Hope Bay, in the Antarctic Peninsula. Keywords:
touris111 impacts, penguins, South Shetland Islands, Argentina, vidcorccordings.

Resume: Un pr~jet de recherche pour surveiller le tourisme en Antarctique. L'lnstitut Antarc•
tiquc ArHentin cl le Scott Polar Research Institute ont entrepris une rccherche dans lile Halfmoon
en 1991-92. Le projct, qui durcra six ans, Ctudiera 1es impacts touristiqucs sur la biotc locale, ct
fnurnira des donnl-c:s pour un contnilc clu tnurisme. On Ctablit des sites de contnllc fJUi nc sont pas
aucints par l'activirC de l'honunc, ct examine des sites som1 l'influcncc du personnel scicntifiquc ct
du tourismc. L'Ctudc vise a cnrcgistrcr le nombrc des touristes, frCqucncc d'arrivCe, dun~c du
scjour ct activitcs. On olfre des• donnces prcliminaires (19!12-93) de la colonic des l'yJosulis
Antnrctir.n flans rile Halfmoon ct chi In rnanchotii:re des rnanchots AdClie clans la baie Hope,
P«!nimmlc Antnn·ti<111c. Moh1~c1Cs: imp.u:ls du tmarh,mc, m;mr.ho1s, lcs ilr.s Shr:tlaml du Sud,
Ar-gcnti11t:, viflcru:assr.ltcs.

INTRODUCTION
The Antarctic, currently one of the world's most protected areas, is
undergoing rapid change from human pressure. In an effort to protect
its natural resources, the Recommendations of the Antarctic Treaty
Consultative Meetings (ATCMs) have established preventative measures and procedural guidelines to safeguard the Antarctic from activities which could potentially damage the environment.
To date, most human activities on this continent have been related
to scientific research and its associated logistics. However, in recent
years, non-governmental activities, defined as "recreational and touristic activities" have markedly increased. As Enzenbacher (1992) has
nolccl, in the 19111-19!)1 period, the number of tourist arrivals inJose Maria Acero is a biologist and Director of the Antarctic Environment Research Program,

the lnsrituto Antartico Argentina (Cerrito 124B, IOIO Buenos Aires, Argentina). Claudio Al•
berto Aguirre is also nn lnstilutc biologist. The authors have spent several field seasons in the
Antarctic and collaborated on extensive research.

295

Copyright © 1995 by John Wiley & Sons Ltd,
Baffms Lane, Chichester,
West Sussex PO19 lUD, England
Telephone National (01243) 779777
lntc-rnational + 44 124:l 779777
All rights reserved.
No part of this book may be reproduced by any means,
or transmitted, or translated into a machine language
without the written permission of the publisher.
Other Wiley Editorial Offices

John Wiley & Sons, Inc., 605 Third Avenue,
New York, NY 10158-0012, USA
Jacaranda Wiley Ltd, 33 Park Road, Milton,
Queensland 4064, Australia
John Wiley & Sons (Canada) Ltd, 22 Worcester Road,
Rexdale, Ontario M9W lLl, Canada
John Wiley & Sons (SEA) Pte Ltd, 37 Jalan Pemimpin #05-04,
Block B, Union Industrial Building, Singapore 2057

Library of Congress Catalo:~i11g-i11-P11blicatio11 1)11fa

P«;>Jll.(t.puris~:Jci.tni!:1111.in•the:Afctic.. tind'~~:\~fjfif:.rcgilin!>'"/'ie~i~!!-:il'
&_.·lvlarg~ret f,:.Jqtinston:C
·t:.. · p. · cm.
Includes bibliographical rt'ferences.
ISBN 0-471-94921-3
. •
1. Tourist trade-Polar regions. I. Hall, C.M. (C. Michael)°"•
II. Johnston, Margaret E.
G155.P713P65 1995
338.4'7919804-dc20
94-32093
Cll'

•PY C~lm M1ch~el f:l,all

British Library Catalog11i11g ;,, P11blicatio11 Dat11

A catalogue record for this book is available from the British Library
ISBN 0-471-94921-3
Typeset in 10/12 pt Palacio from editors' disks by
Mathematical Composition Setters Ltd, Salisbury, Wiltshire.
Printed and bound in Great Britain by Bookcraft {Bath) Ltd.

This book is dedicated to John S. Marsh and Valene L. Smith
who have unfailingly given us intellecLual stimulation and
encouragement in many ways through the years, and who
continue to inspire us in the field of polar tourism research
nnd to

The Wandering Islands

14 The Management of Tourism at
Historic Sites and Monuments
JANET HUGHES AND BRUCE DAVIS

INTRODUCTION: TOURISrvt AT HISTORIC SITES

..,,

Annex V to the Protocol on Environmental Protection of the Antarctic
Treaty (AT) provides for the identification, registration and protection of
historic sites and monuments, also that Specially Protected Areas may
include sites or monuments of registered historic values. These basic provisions, however, merely state that historic sites and monuments shall not
be 'damaged, removed or destroyed'. There are no established criteria for
determining historic sites and monuments, no clear philosophy about
'conservation', 'restoration', removal or 'interpretation' and no Antarctic
Treaty-recognised visitor guidelines.
Tourism at historic sites in Antarctica and the sub-Antarctic islands can
be classified into two main types. First, organised cruises with paying
passengers visiting well-known sites and monuments. The sites most
commonly visited include the Scott and Shackleton huts in the Ross Sea,
whaling stations at Deception Island and South Georgia and less frequently
Cape Denison (Mawson's huts) and Cape Adare (Borchgrevink and ruined
Campbell huts). These all date from the so-called 'heroic age' of Antarctic
exploration and all except those at Deception Island are protected historic
sites under Recommendation I-IX of the Antarctic Treaty (Swithinbank,
1992). The second form of tourism is visits by national expedition personnel
on recreational trips or by private expeditions to sites which include sites
above, but which also include a wider variety of other locations, frequently
more recent historic sites, most of which are not protected. Valued more
for curiosity or souvenirs they are often regarded as 'blots on the landscape' rnther than historic resources.
The major concentrations of historic sites and monuments in Antarctica
and the sub-Antarctic islands, including unregistered sites (Table 14.1), are
the Ross Dependency and the Antarctic Peninsula and their adjacent subAntarctic islands. There are problems in managing both classes of visit.
Polar To11ris111: Tourism in tire Arctic and Antarctic Regions
Edil~d hy C Michael l !nil and Mnq~ar~I E. lnhnstnn. li:1 John Wiley & Snns Ltd. lQCJ'i
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Table 14.1. Cultural resources attracting significant tourist numbers in Antarctica and sub-Antarctic islands

Site

Location

Wilkes
Casey
Proclamation Islands
Cape Bruce
Walkabout Rocks
Dobrovolski
Dobrovolsl<_i
Cape Denison
Cape Denison
Cape Royds
Cape Evans
Cape Evans
Hut Point
Hut Point

65°51'5
53°41'E
67°25'5
60° 47'E
68°22'5
78°33'E
66°32'5
93°01'E
66°32'5
93°01'E
67°00'5
142°42'£!
77°38'5
166°07'E
77°38'5
166°24'E
77°38'5
166°24'E
77°51'5
166°37'E
77"51•s
166°37'E

Type

Date

Significance

Listing

IGY

1956-61

?

Exploration

1930

p

Unlisted on A
Unlisted,
removed
AT (Australia)

Exploration

1931

Cairn

AT (Australia)

Exploration

1939

Cairn

AT (Australia)

Pillar for
gravity studies
Magnetic
observatory
Heroic

1956(IGY)

Scientific

AT (Poland)

1956(IGY)

Scientific

AT (Poland)

1913

Memorial

AT (Australia)

Heroic
Heroic

1912
1908-9

Huts
Hut

AT (Australia)
AT (NZ)

Heroic

1911-13

Hut, scientific

AT (NZ)

Heroic

1914-16

Memorial cross

AT (NZ)

Heroic

1901-4

Hut

AT (l'\Z)

Heroic

1904

Memorial

AT(NZ)

··-Observation Hill
Cape Crozier
·:ape Adare
Cape Adare
Framnesodden,
?eter Island 0y
3arry Islands,
Yiarguerite Bay
\ifegalestris Hill,
Petermann Island
Port Chacot
Whaler's Bay,
Deception Island
Whaler's Bay,
Deception Island
?otter Cove,
K. George Island
3now Hill Island
rl:ope Bay
Paulet Island
Scotia Bay, Laurie
:sland

77°51'
166°40'E
77"32•
169°18'E
71°17'5
170"15'E
71°17'S
170"15'E
68°47'S
90°42'W
68°10'5
67°08'W
65"10'5
64°10'W
65°03'5
64°01'W
62°59'5
60°34'W
62°59'5
60°34'W
62°13'5
58°42'W
64°24'5
57°00'W
63°24'5
56°59'W
63°35'5
55°47'W
60°46'5
44°40'W

-·-- -· --·-·

Heroic

1913

Memorial

AT (NZ)

Heroic

1911

Hut

AT (NZ)

Heroic

1899

Huts

AT (NZ)

Heroic

1899

Memorial

AT (NZ)

Exploration

1929

Hut, plaque

AT (r--:onvay)

Exploration

1951

Huts, memorial

AT (Argentina)

Heroic

1909

Cairn with plaque

AT (CK?)

Heroic

1904

AT (France?)

\Vhaling

1906-30

Cairn with pillar
and plaque
Cairn and plaque

\Vhaling

1906-30

Memorial plaque

AT(?)

?

1874

Plaque

AT(?)

Heroic

1902

Hut

AT (Argentina?)

Heroic

1903

Hut

AT (Sweden?)

Heroic

1903

Hut, grave

AT (Sweden?)

Heroic

1903

Hut, meteorological
hut, magnetic
observatory,
graveyard

AT (Argentina?)

AT(:)

N

c,J

-..:i

~

00

Table 14.1. (continued)
Site

Location

Type

Date

Significance

Listing

Port Martin,
Terre Adelie
Ile des Petrels,
Terre Adelie
Ile des Petrels,
Terre Adelie
YicMurdo
Stonington Island
East Base
Waterboat Pt

66°49'5
141°24'E
66°40'5
140°01'E
66°40'5
140°01'E

Exploration

1950

AT (France)

Exploration

1952

Huts and installations
(burnt by fire)
Hut

Exploration

1957

Memorial cross

AT (France)

Exploration

1940-41
and 1947-48
1921-22

Buildings and
artefacts
Remains of hut

AT (US)

Sites listed bv
Cooper and Avery
1986
Proclamation
post and plaque
Trypots, hut
remains?
Whaling station

S. Africa

68°11'5
67°00'W
64°49'5
62°52'W

Exploration

AT (France)

AT (Chile?)

List of UK sites
Other unlisted sites

Sub-Antarctic islands historic sites
Yiarion and Prince
Edward Islands

Sealing,
penguining

18?-1947

Yiarion Island

Exploration

1947

Crozet Islands

Sealing,
shipwrecks
Whaling,
sealing?,
exploration

18?

Kerguelen Islands

18?

? France
? France
? France

·---··- --·--

Heard Island
:V1acquarie Island
Campbell Island
:\uckland Islands

South Georgia
Bouvet 0ya

Sealing,

1853-1929,

Sealing,

.A.NARE
Sealing,
penguining,
..\AE, ANARE
Sealing,
shipvvrecks,
science station
Sealing,
whaling,
shipwrecks.
science stations
Sealing,
whaling,
heroic
Whaling
exploration

1947-54
1821?1922?,
1947-

base
Sealing,
penguining,
ANARE
Sealing, whaling,
exploration

?

ANARE/HIMI,
Australia
Tasmanian
legislation
?NZ

18?-1945

Sealing,
castaway depots

NZ legislation

?-19

Whaling, graves,
church.
?German station
Small hut

UK legislation

?

?

Kev to table:
Heroic era in Antarctica. 1898-1922.
Heroic:
Sealing ior all species including fur seals and elephant seals.
Sealing:
Penguining: On Macquarie, King and Royal penguins were exploited for oil and to a much lesser extent on other sub-Antarctic islands. some
species were exploited for skins used ior muffs (Auckland Islands) and decorative clothing \Marion Island).
:::xploration: 1922-57 in Antarctica.
lntemational Geophysical Year.
iGY:
Usually a cross. with or without burial.
:Viemorial:

tj

'°
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While the historic and scientific merits of later bases are debated, there
seems general acceptance, reinforced by the Antarctic Treaty (and by
national legislation on the relevant Sub-Antarctic islands), that registered
historic sites should be respected and preserved.
Given increased tourism on the Antarctic continent and associated subAntarctic islands, it is a matter of urgency that management strategies for
historic huts and other cultural sites be developed. This chapter provides
suggestions as to the documentation, conservation and interpretation of
historic sites and monuments, stressing the value of multidisciplinary
approaches to evaluation, and proposes forms of international collaboration. This chapter also discusses pragmatic measures for dealing with
tourism, such as guided tours, the role of operators, on-site interpretation
and visitor surveys.
WHAT IS HISTORIC?
While it may appear a digression to discuss the philosophy and methodology of cultural conservation, it is essential to indicate the practical
problems as well as dispel some of the myths pertaining to Antarctic
historic sites and monuments. A fundamental point is to determine what
is 'historic'. There has been little development of criteria relating specifically to polar regions and it is useful to identify current limitation of
knowledge.
Perhaps the most comprehensive listing of all Antarctic historic sites and
monuments and criteria for their classification is given by Warren (1989).
Individual assessments have been completed for many sill's, some in grc>at
detail (see references), most including an analysis of their significance.
Most examination has focused on early sealing and whaling sites an<l the
'Heroic Age' rather than later sites, such as International Gt'ophysirnl Yt•ar
1957-58 (IGY) era huts, with notable exceptions being the studi<~s of
Wilkes and Casey stations (Clark and Wishart, 1989) and East Base
(Broadbent, 1992). Archaeological examinations of sit.~s on sub-Antarctic
islands have also been detailed, with perhaps a greater focus on scientific
and exploitation issues (Townrow and Shaughnessy, 1988, 1991; Cooper
and Avery, 1986; Graham, 1989; Basberg and Naevestad, 1990) rather than
social history which seems favoured at later sites on continental Antarctica.
Warren (1989, p. 89) argued that an Antarctic historic resource includes
'Any place which was the location of, or is fundamentally associated with,
an original and significant event in Antarctic discovery, exploration or
science prior to the IGY' and which 'represents a unique international
achievement [or] symbolises an important artistic, national, religious or
cultural interest'. Warren (1989) found that no sealing site in Antarctica
was listed and that there are sufficient historic and/or scientific criteria for
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the listing of Petermann Island, inhabited by Charcot in 1909, as well as
post-'Heroic era' sites including Dobrovolski, East Base and Wordie
House. The authors believe there are some post-lGY sites which would
also meet these criteria.
The· Antarctic Treaty Recommendation I-IX and the Madrid Protocol
(Annex 5) state that declared historic sites and monuments must be
preserved. This is given greater status under the Area Protection and
Management Annex of the Environment Protocol. Abandoned buildings
which are not declared historic must be removed (Madrid Protocol Article
1(5) of the Waste Management Annex) by the generator of the 'waste' and
the user of the site except where removal would cause more damage thar
allowing it to remain. However, there is a danger that some Treaty signatories might declare abandoned buildings as historic sites rather than face
the expensive problem of removal. This should be prevented by strict
adherence to the Protocol to ensure preservation is actually carried out.
Nevertheless, there has been no insistence on action by the Antarctic
Treaty System even for sites of acknowledged importance such as Cape
Denison, despite extensive publicity following tourist visits. Greater
environmental damage can be done in some cases by removal from the site
or by insensitive repair than if the sites were left to the gradual attrition by
the Antarctic weather (see later comment).
Stonehouse (in Monteath, 1992) reacted to the perceived lack of action
in cleaning up abandoned sites by Antarctic Treaty nations by encouraging
tourists to remove whaling material during a visit to the South Sandwich
Islands. However, this must be resisted since tourists are not qualified to
asspss the dangers of some materials (e.g. batteries, asbestos, explosives)
nor the historic value of some artefacts (e.g. sealing relics).
Warren (1989, pp. rn- 1'1) identified lack of interim protection as a major
pmblem and concluded that 'Interim protection should apply to all sites
where physical remains which date prior to the International Geophysical
Year exist'. Interim protection should be followed as soon as possible by
a professional assessment of the site. There is no apparent rationale for the
lack of interim protection which is common in heritage legislation in most
nations and a political urgency to 'clean up the environment' should not
risk damage to cultural resources.
Uncsco specifies the types of expertise needed for assessment of cultural
and natural heritage, but some Antarctic and sub-Antarctic sites have not
been assessed by professionals in the relevant fields (Barr, 1990; Shears
and Hall, 1992). As Warren (1989, p. 14) concluded, 'treatment of historic
resources in the Antarctic is significantly affected by the lack of involvement by professional archaeologists and conservators'. Many nations seem
reluctant to pay for this expertise and expect it to be done through
inadequate granting systems which often fail to even meet the expenses of
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the person carrying out the work. SCAR (the Scientific Committee on
Antarctic Research) has little involvement in the conservation of historic
sites and monuments, arguing that this is not a 'scientific' issue. However,
SCAR's assessment is incorrect. Materials cons<.'rvation in Antarctica doe's
involve a considerable scientific challenge and scientists themselves should
insist on the conservation of artefacts that reflect significant developments
in scientific technology and methods of investigation (Shroeter et al., 1993).
Archaeologists and conservators need to recognise broader dimensions
than documentation, including the value of materials conservation experimentation and the retention of historic materials for scientific study
(Greenfield, 1980, 1981; Dougherty, 1985; Mabin, 1985). For example,
items such as seal carcasses from earlier expeditions at East Base and other
sites should be retained both as artefacts and as a scientific resource.
It may not always be essential to retain buildings and monuments: some
may only require documentation and removal (Lazer and McGowan,
1989). Site assessments by Clark and Wishart (1991) and by Broadbent
(1992) have generally been urgent preliminary studies as part of an
environmental impact assessment, prior to removal of buildings or to the
dean up of sites. At Old Casey Station outdated buildings, which are
expensive to maintain and to heat, were removed for re-erection in a
museum display in Australia. In general, items considered for museums
must be of significance to justify the effort and expense of display; but if
they are sufficiently significant for repatriation for a museum display then
there must be dear reasons for not preserving them i11 situ in Antarctica.
Most tourists go to the southern polar regions to see wildlife and enjoy
the adventure of one of the world's rare wilderness areas with polnr
history being an important, but secondary, interest (I lughes, 1994). Nevertheless, it is understandable that visitors view some abandoned sites as
'untidy', without realising the significance of why remains are there or
why action has not been taken (usually a matter of cost).There is generally
insufficient interpretation for visitors to understand the significance of a
site. Therefore poorly informed judgements, ·mgstly based on personal
aesthetics, are often reached. However, aesthetic\,alue alone should not
determine the fate of historic resources and the historical and scientific
reasons for retention of an unattractive site needs to be explained to
visitors and the Antarctic community generally.
Some stations were vacated when it was determined that human
occupation was affecting the wildlife that the base was established to
study (e.g. Cape Hallett, Taylor Glacier Field Hut). Animals damage
historic sites in some locations. For examp,le, elephant seals on Macquarie
Island wallow and roll against buildings. There has been considerable
adverse comment from tourists and ANARE personnel about fencing off
sites which many would prefer to see 'given back to the wildlife' (Disney,
personal communication, Februarv 1g91).

243

H )Ul{ISM /\T I IIST< WI<. SITF'-i /\NIJ MONUMl:N IS

It is not tourists alone who suffer myopia about historic sites and
monuments. Many expeditioners and polar planners fail to recognise the
significance of sites. Warren (1989) provides examples of designated
mo111111w11ls which lrnve 1101 he<'n included in rationales for SSSI
designation (e.g. Cape Royds) nor in management plans, nor does any
mechanism exist to deal with issues of conflict or incompatibility between
such designations. Warren (1989) recommends the inclusion of archaeologists and conservators in SCAR's group of specialists in environmental
conservation (GOSEJ\C) but so far no attempt has been made to implement such a suggestion. Indeed, there appears to be some reluctance
within the Antarctic Treaty System to face the issue of hish.,,·ic sites and
monuments. Neither within SCAR nor COMNJ\I' is the matter afforded
any priority; it is only through individual dedication that heritage
conservation receives any recognition.
PRINCIPLES AND PRACTICE OF HERITAGE CONSERVATION
Increased visitation by tourists now provides philosophical support for
preservation i11 situ whereas, in the past, the extreme remoteness and
difficulty of carrying out work led to some calls for repatriation, often
wilholll dl'laikd rnnsidernlion of the inherent technical problems. While
the Madrid Protocol has now enshrined preservation ill situ, it gives no
guidance as to how this difficult task can be c1chieved in such extreme
conditions.
Movable cultural herit,rge such as artefacts inside buildings have
frcquC'nlly bt•1•11 n·11mv<'d, sonH.>linws for display in a museum (e.g. from
Old Casey Station to Queen Victoria Museum in Australia, and from Snow
f Jill Island to the National Museum of Argentina) and sometimes for
cn11servalio11 and return lo /\nlarclka (e.g. artefacts from Scott and
Shackleton huts). This issue is not addressed by the Antarctic Treaty
though removal not sanctioned by government has resulted in diplomatic
action (Warren, 1989), but souveniring by national expeditioners still
continues in some places (Graham, 1989). The increasing number of former
national expeditioners returning to their bases as tourists may lead to an
increased appreciation of the disappearing way of life of these scientific
outposts, especially with the end of the husky era. Many of these buildings
have llwir own special character and interest, such as the old paint store
at Davis Station which is the only remaining polygonal building in good
condition from the first ANARE base on Heard Island.
Documentation and monitoring

Documentation of historic sites and monuments varies greatly in level
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(Harrowfield, 1988; Ritchie, 1990; Bonner, 1993). Two of the primary needs
are an accurate survey and cataloguing of sites and a statement of significance (Pears0n, 1992). Given new technological capacities in site recording
it appears desirable to move towards GIS (geographirnl information
systems) rather than rely upon sketches and excavation drawings as in the
past. Global positioning systems (GPS) permit accurate identification of
locations and boundaries while coded markers can be unobtrusive but
invaluable aids to monitoring. Aerial photography, satellite imagery and
photogrammetry also facilitate documentation and monitoring. These and
other tools will be invaluable in the essential and urgent task of documenting sites before tourist impacts arise and also provide information of
interest to visitors, which is frequently overlooked.
There is an especial need to provide this information on features of sites
outside the huts since there is generally only one expert guide available for
tourist visits. Visitors who are ashore but not inside the huts are often
unaware of the interesting material surrounding the huts and also unaware
that they may be unintentionally damaging it by handling or trampling.
Many visitors seem to treat the 'outdoor' artefacts as being less valuable
when, in fact, they are essential and evocative elements of the site. For
example, the uniform, grey, oxidised surfacC' of hny bales at Cap<' Royds
has been damaged by visitors picking nl it, exposing the 'fresh' straw
colour inside, which results in accelerating attrition.
Materials conservation issues

The Antarctic environment poses special problems for materinls preservation. Some of the issues requiring examination include humidity levels
within buildings, the impact of snow drift and meltwater, wind loading
assessments, corrosivity, corrasion (aeolian erosion) and salt deposition,
fungal treatments, protective barrier coating, the use of vapour barriers
and data logging of climatic variation (Hughes, 1992a, b). Remedial work
on some Antarctic buildings, plus the remo;;,al_of interior ice, appears to
have caused new forms of deterioration rather than solving problems.
Generally, it appears likely that damage caused by visitation is less
serious than that caused by severe environmental conditions. However,
deterioration due to changes in environmental conditions caused by
removal of ice in the Ross Dependency is prim.:irily duC' to a dl·sirt' lo m.:ikt•
the buildings accessible to visitors (Harrowfield, 1990). M.:iny visitors to
Cape Denison publicise calls to remove the ice from Mawson's huts (which
is not favoured by heritage professional~) to allow presentation similar to
that of huts in the Ross Dependency. Few visitors have detailed understanding of the preservation problems of the site, though preservation
work itself is of interest to visitors if well explained which will then
hopefullv promote fimmcinl support for this work.
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Guidelines for visitors
The New Zealand government insists official representatives accompany
tourist visits to the Ross Dependency and has recently established a
detailed policy on numbers ashore at each site (Antarctic Heritage Trust,
1993). Because most visitors to the Ross Sea area go aboard large tourist
vessels this stipulation can be readily met by restricting access to the huts'
keys for entry, though visitors can still walk around the sites unsupervised. Greater difficulty arises when small private expeditions and NGOs
visit these sites since it is difficult to insist on them having government
representation. These visitors tend to be present for a longer du1<1don and
so have a potentially greater individual effect. Visits to Macquarie Island
and the New Zealand sub-Antarctic islands are controlled by government
permits; 600 tourists are allowed per annum at two designated sites on
Macquarie Island which both include historic features (Stephenson, 1993)
(see Wouters and Hall, Chapters 15 and 16).
A code of behaviour for visitors to Cape Denison was drafted by the
author for the Project Blizzard visit of 1985/86, which was updated by the
Australian Heritage Commission and the Antarctic Division. These revised
guidelines nre indndC'd on the nrnp of the historic site of Cape Denison
(/\USLIG, 1990). /\ limit of 20 ashore .:it any one lime al Cape Denison has
been imposed because of severe katabatic winds in this region. This
appenrs somewhnt rC'strictive but docs permit closer supervision of
activities around the huts. This is essential because this important site is
still not adequately documented archaeologically and because it is the least
alten~d nnd disturbed of the '1 lcrok era' sites and many scientific and
historical features have not yet been recorded fully (Pearson, 1992). The
control of visitors at historic sites on the Antarctic Peninsula, such as Snow
I HII Island, Deception Island and E.:ist Base on Stonington Island does not
appear to include national staff supervision although visits to whaling
stations on South Georgia are controlled by local staff who can supervise
access to the museum at Grytviken (Bonner, 1993).
In order to assess the growth of tourism numbers and likely impacts,
accurate records of site visitation are essential. Visitor books at sites in the
Ross Dependency h.:ive given useful qualitative data, however, there is
insufficient det.:iil for understanding visitors' expectations of historic sites.
Most tourism questionnaires only survey cruise passengers, not national
expeditioners and private expeditions and most focus on nature conservation rather than historic sites. There is clearly a need to understand visitor
expectations better, the quality and accuracy of interpretation and the
meaning of follow-up response surveys.
The numbers and characteristics of visitors to historic sites and monuments in Antarctica have been reported by several commentators
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Shears and Hall, 1992; Hughes, 1992b, 1994). However, while such
research is valuable there is clearly a need for greater comparability of
results from visitor surveys, perhaps through the use of a common,
comprehensive visitor survt'y for C'ach mnjor destination.
Interpretation should also be an essential clement of visitor management
at Antarctic sites. Interpretation includes all on-site information available
to tourists, including signs, guidebooks and tours. It is an C'ssential
element in conveying the significance of the site and thereby aids its
protection. Interpretation at historic sites and monuments is not specified
by the Antarctic Treaty apart from having a sign in the four Antarctic
Treaty languages at designated sites.
Leaflets and booklets have been prepared for Macquarie Island, the New
Zealand sub-Antarctic islands and sites in the Ross Dependency as well as
a map for Cape Denison, but there appears to be little interpretive material
for the most visited historic sites in the Antarctic Peninsula. The map of
Cape Denison performs a multiple role as souvenir, information sheet and
visitor guideline. The modern aluminium signs on New Zealand subAntarctic islands were sometimes of unsympathetic appearance and some
were inappropriately attached to grave markers, though obviously durable
in harsh conditions. Some signs on huts in the Ross Dependency have
stained the timber and it is prC'ferable not In nltnch signs directly on In tlw
buildings.
STRATEGIC NEEDS
The two principal strategic needs for the conservation of historic sites and
monuments throughout Antarctica are for an integrated management
strategy and an agreed code of conduct for tourist and national expeditioner
visits to these sites. Elements required for an intcgrntcd manngenwnt
strategy include:
•
•
•
•

accurate professional documentation of sites; ··•.
preparation of a statement of significance;
preparation of a management plan and code of conservation practice;
monitoring of site dynamics and the effectiveness of managC'ment
practice;
• investigation of preservation nec•ds, and developml'nt of techniq11l's;
• heritage education and site interpretation guidelines for national
expeditioners as well as other visitors.
Much more progress is required to achieve these ideals though significant advances have been made in the Ross Dependency. Considerable
damage arises from enthusiastic amateurs and indifferent bureaucrats
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seeking simplistic solutions to what are complex and often difficult
conservation problems (Hughes, 1992).
In terms of tourist visitation there are three principal needs which need
lo lw recognised:
• accurate documentation of sites so that significance can be explained
and visits regulated to minimise human impacts, visits should not be
encouraged to sites which have not been documented;
• monitoring of visits so that practices can be improved, carrying capacities
determined and the success of conservation measures a&:;essed;
• a more systematic approach to the entire spectrum of issues relating to
the identification and conservation of historic sites and monuments for
the whole continent with special emphasis on preservation and interpretation needs.
However, in devising and implementing a tourism strategy for visitation
to these sites a number of questions must be addressed; these are dealt
with below.
Sustainability and carrying capacity

The m1111b1!r of visilors to historic sites and mo11u111enls is increasing
rapidly without any knowledge of the threshold limits before damage
occurs and with few means of ensuring restrictions at some sites, especially
those near bases. There is an urgent need to develop strategies for
ensuring historic resources are sustained for future visitors. This involves
identifying causes of deterioration, determining appropriate materials
conservation techniques and priorities for treatment before developing
regulations hut these will be pointless unless visitors are educated to
respect sites and treat them with care. Clear concise guidelines should be
written lo cover all visitors, especially expC'ditioners and small private
groups who are perhaps less regulated than cruise passengers.
Damage relative to numbers

ThC're is little• currl'nl evidenn• linking dC'lerioration or damage to specific
tourist numbers, but a monitoring programme including periodic photographic assessment may yield some useful information. Souveniring is still
a problem at some sites, such as Marion Island (Graham, 1989) and at
Wilkes, although these examples are not due to paying tourists but from
national expeditioners. Trampling and contamination of scientific specimens
are a significant concern since most visitors are unaware of which areas are
of importance and these zones are not always specifically marked.
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.The 'user pays' principle
Although tourist visits are levil'd at some sitl's by a charge per passenger
on cruise ships (Antarctic I leritage Trust, 1993), this is more lo reimburse
administrative costs, licence fees or the distribution of visitor codes, than
to meet major logistic and conservation costs. Indeed, some Treaty nations
claim that although they would like to ensure the preservation of these
sites, many other needs and priorities apply. A number of private
foundations have attempted to obtain donations for conservation work in
Antarctica, but this is not easily achieved and there have sometimes been
conflicts with government bodies over the nature of the preservation work
carried out.
A 'user pays' approach may increasingly be employed for tourist visits
but it will constitute only a small element of fiscal needs in heritage
conservation which requires more capital equipment and labour than for
most other visitor sites in Antarctica. The building of walkways and
provision of guides on Australia's Macquarie Island and New Zealand's
Campbell and Auckland Islands was financed by tourist levies, though
some tour operators complain about the cost (Stephenson, 1993; Hall and
Wouters, 1994).
The government role in funding conservation

The Antarctic Treaty Consultative Meeting (Canberra, 1961) Recommendation I-IX states that historic sites and monuments must be preserved by
their nominator. Therefore, New Zealand has taken responsibility for
preserving British sites in the Ross Dependency and Argentina has
conducted work at Nordenskjold' s hut on Snow Hill Island (Comerci)
because of an Argentine participant, Sobral, in that expedition. Mawson's
huts are on the Australian Register of the National '2state, although there
has been little funding of preservation work (about ...A$50 000 through
Project Blizzard) and a Cabinet submission requesting funding of an
estimated A$400 000 for the project was rejected. The New Zealand
government funds travel to the Ross Dependency sites for personnel, but
this is more logistically feasible than for more remote places such as Cape
Denison. Britain has some potential nominations for historic sites and
some 'restoration' has commenced (Shears and Hall, 1992) though none of
these sites is yet listed. In the current era of financial constraint, funding
for conservation of historic sites and monuments will remain scarce, with
a consequent deterioration in the condition of significant relics of the
'Heroic Age' of Antarctic exploration.
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Justifications for conserving these sites

Preservation of historic sites in Antarctica is inextricably involved in three
major current issw•s in Antarctica: nrnnagemenl of special areas, tourism
and clean-ups of abandoned bases. Historic sites have an important
educative role in informing all visitors about polar history and science and
an appreciation of the past is invaluable for providing insights to the
future. Visits to historic sites provide a great contrast to present station
visits where modern buildings and scientific instruments, motori.. d transport and electronic communications contrast with artefacts of the era of
dogs, pemmican and Morse code. l listorical assessment is also an important
element of scientific investigation, especially in documenting areas where
alien species might have been introduced (van Klinken and Green, 1992),
what native species were exploited (Townrow and Shaughnessy, 1991) and
in what numbers (Cooper and Avery, 1986; Graham, 1989) since it is often
difficult to determine from written historic records.
Levying national expeditioners

National expeditioners on recreational trips at present are not currently
levied for visiting hislork sites anci monuml'nts. While it appears
appropriate for all visitors to make a modest contribution towards the
upk<.'«'P of historic sill's, it is unlikely that Treaty parties would levy such
charges on their own expeditiuners, moreover there is no Treaty
mechanism for dealing with such matters. While there are no specific costs
for providing a guide as with cruise visits, differences in visitor impact
between paying tourists and national expeditioners are probably negligible
and there is a case for requesting contributions from all visitors.
Tourism code of practice

In recent years Antarctic tourism operators have made laudable attempts
to develop minimum impact codes and guidelines for site visitation (Herr
and Davis, 1993). Indeed, their thought processes have often appeared
well ahead of Treaty nations in this regard. None the less there is genuine
concern that less respectable operators may enter the market and that
private expeditions will ignore any form of voluntary regulation (Naveen,
1993). Other commentators are also worried about liability in situations
where safety standards are not always high, the climate is severe and the
terrain difficult. A written code of practice needs to be backed up by
meticulous attention to procedures and a willingness to improve where
deficiencies are identified (see Enzenbacher, Chapter 12).
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Table 14.2. Elements of an action plan for Antarctic tourism at historic sites and
monuments
Managing the resource
• There is a need for detailed and accurate documentation of historic sites and
monuments prior to tourism activities and tourism should be discouraged at
undocumented sites in the same way that there is agreement that there
should be no visits to areas where there had been no opportunity for
scientific documentation (ref). Documentation must include a statement of
significance
• Management plans are required, including accurate interpretive information,
installation of site markers and notices in official Antarctic languages. The
management plan should include provisions for sit£' monitoring, including all
human impacts
• Education programmes should be adjusted lo the. levels of responsibility of
those involved in management of groups of visitors (tour operators, nation.:il
expeditions) and for each individual. There should be a basic level of
information for each individual covering the points of interest and
significance of the site and explaining the need for individual care to protect
cultural values. Information is required in greater detail for those responsible
for groups of visitors to ensure they fully understand and accept the need
for certain restrictions and precautions in managing all visitors
• Provision of training courses for tour guides and government representatives
regarding the pres<•rvntion probll'ms of sitt•s should ht• discussc·d wilh lour
operator organisntions. This would improve tht• accuracy of information
given to tourists and hence promote support for preservation work
• Antarctic TrPaty consultative parties (ATCl's) should t•stahlish priorilisl'd
conservation measures for all historic sites .:ind monuments within their
jurisdictions basc>d upon bc>sl int<•rnntionnl praclkt• for cultural consPrvnlion
and careful scientific development of reversible conservation ll'dmiqm·s
• A register of expertise nnd research papers should be compik•d and
circulated to all ATCPs
• Interim and long term conservation strategies should be clt-vist•d and
enforced via appropriate stntutory provisions nml policy det1•rmi11ati11ns
• Buffer zones may bt• required to protect some sensitive sill's nnd visual
encroachments should not be permitted in future
·• ....

Managing the tour operators
• ATCPs should establish and promulgate clear guidelines for tourism
operations in Antarctica. Such guidelines should include approv.:il procedures
for historic site visits, permitted numbc;>rs ashore, codes of conduct nml
safeguards on site nnd post-visit n•portnge
• The primary responsibility of tourism operators is lo ensure passenger safety
and compliance with legislation and guidelines. Permit systems should
specify the degree of discretion available if deteriorating weather or other
conditions render amendment of visits essential
• Structured discourse between tour operators and relevant government
agencies should be encouraged and welcomed. Procedures for handling
complaints between A TCPs and tour operators should be established
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Table 14.2. (co11ti1111ed)
• Disaster plans for historic sites (such as fire plans) should be discussed and
developed for circulation
• Government representatives should accompany and monitor site visits for all
passenger cruises and methods should be investigated for ensuring and
improving the compliance of small expeditions and NGOs
Managing !hc> visit
• All tourist visits to historic sites should be ship-based with no overnight
stays except in 1111 Pmerg1•ncy. Aircraft-based tourism involves special
conditions and ;i cmll' of opPralinns musl be dPvisl'd by ATCPs to cover
such operations
• Cooperation between tour operators and relevant government agencies is
required to develop site manunls for the more frequently visited areas
• Pre-visit interpretntion prepared by an appropriately qualified person should
be provided to ensure the significance and fragility of the sites and artefacts
are fully explained
• Surveys are needed to identify visitor expectations and assess the quality of
visits to historic sites
• Groups of visitors coming ashore should be limited to numbers specified
when manng<'llll'lll plans are develo1wd. C:arrying cnpadty of historic sites
111usl lw dl'lnntinl'd l·onskli·ri11g holh hul inh'riors ,md surrounds
• Visitor guidclirws should includl· concise instructions to follow specified
rn1rles, lo dPan foolwPar hPforP Pnll•ring buildings ;md 'etiquette' regarding
photography
• Art•ns which nre t•specinlly vulnt'rnblc! may be design.:ited 'off limits' to
visilors Hi1d 1111";1' should Ill' mnrkc•d on rnaps or Pxplnin!'d at pre-visit
bridings
• Reinforcement of the prohibition .:ig.:iinst souvPniring or removal of artefacts,
gc>ologirnl specimt•ns nnd 'dehris' is important in pre-visit briefings.
l'roposals to removP nrtdacts for sdPnlific study must hnve official approval
1111d Ill<' advice• of archaeologists (who frl't)Ul'nlly rnnintnin the only artefacts
records) and conservntors (who can provide spednlist advice and
preservation and handling of specimens) should be sought by ATCP
governments
• Tour operators should enforce sanctions against passengers who consistently
ignore the approved code of conduct
• Tourists should not undertake 'clean-ups' of abnndoned sites but could help
to inform and encourage action by government and environmental
organisntions by laking photos and .:iccurate noles of affected areas
• Signs should 1101 hl' allndu•d directly to buildings since this often results in
stnins nnd advl'rsl'ly afft•cls appenrance. Some huts and abandoned bases
contain haznrdous materials such as unlabelled chemicals, old explosives and
the like. All visitors should be warned of the existence of these materials
until they can be disposed of following documentation of the site
continued
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Table 14.2. (continued)
International obligations
• ATCPs must urgently address the issue of identification, conservntion nnd
interpretation of historic sites and monuments, including tourism aspects. A
long-term strategy is required to meet the objective of Annex V of the
Madrid Protocol
• The most urgent need is to exchange information (as was agreed by the
Antarctic Treaty signatories in 1961) to prevent repetition of mistakes and
duplication of research efforts
• A working party of representatives of tour operators, archaeological and
scientific expertise and Treaty parties should be established to draw up
visitor guidelines for considC'ration at an Antarctic Trl'aly consultativl'
meeting
• The lack of an interim protection provision in the Antarctic Treaty for
abandoned bases pre-dating the IGY should be urgently addressed
• There should be no clean-ups of abandoned bases pre-dating the IGY
without assessment by relevant heritage professionals including
archaeologists, architects and conservators, preferably working together as a
team
• Specific questions relating to visits to historic sites should be attached or
included in surveys and interviews to obtain data on tourist expectations and
experiences to aid site management
• It is difficult to envisage means for controlling yacht visits to historic sites
without regulatory powers other than by improving education and stressing
to these most independent of tourists that they have potentially the greatC'st
impact on these sites because of their longer stays ashorr. These visitors
should be discouraged from stnying ashore' doi.e to silt•s for ll•11gthy ~wriods
especially now overwintering by private expeditions is b1!coming more
common, adding to the difficulty of identifying and limiting inapproprialt•
conduct
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to remote locations previously protected by their isolation. Their passengers
seem less demanding of luxury and are of a wider age range and agility.
The possibility of mass tourism is now much greater with ships, such as
the Marco Polo, carrying more passengers than can possibly be handled at
most Antarctic historic sites.
Fortunately to date the principal tour operators have provided a selfregulatory code of conduct which appears to conform to the major safety
and environmental protection requirements. While much effort has been
expended in considering the impacts on and management of the natural
environment, the needs of cultural resources have no, received a high
priority by J\ TCPs, yet they should be considered to be an integral part of
cnviro11me11tal mnnagcment, csprcially whNc tourism is concerned.
This prospect of increased tourism, with a high proportion of visitors
landing at registered and unregistered historic sites throughout the
Antarctic continent and adjacent islands, should prompt urgent consideration of the issues raised in this chapter. However, these problems are by
no means insoluble with some of the remedies being able to be readily
implemented with minimal cost given the will by all parties to act.
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CORROSIVITY IN ANTARCTICA- REVELATIONS ON THE
NATURE OF CORROSION IN THE WORLD'S COLDEST,
DRIEST, HIGHEST AND PUREST CONTINENT
J.D. Hughes* G.A. King# and D.J. O'Brien#
*National Capital Planning Authority
#CSIRO Division of Building, Construction and Engineering
SUMMARY: Antarctica is the world's coldest, driest, highest and least polluted continent.
Accepted wisdom is that atmospheric corrosion rates in Antarctica should be low because of the
extreme dry cold. Russian research suggested that temperatures below 0°C alone are· insufficient to
eliminate corrosion although temperatures consistently below -25°C will markedly decrease
corrosivity. The severe and unfamiliar Antarctic conditions challenge :ssumptions about the
behaviour of materials. In the 1960s, snow and ice was removed from Captain Scott's hut at Cape
Evans revealing buried artefacts in excellent condition. The excavation changed the microclimate
radically and significant deterioration of several materials, especially metals, has since occurred.
The need to objectively measure corrosivity arose from the unexpectedly severe corrosion problems
at several historic sites and the need to develop treatment and preventative conservation strategies.
Significant corrosion problems also affect old sealing and whaling stations and artefacts on
subantarctic islands. International cooperation has been sought to enable the exposure of standard
steel coupons and measurement of atmospheric corrosivity rates in different climate zones in
Antarctica. Ten locations on the continent and various sites on four subantarctic islands have been
monitored, chosen because of the potential to access the site and availability of meteorological data
from research bases and automatic weather stations. Observations are that the method is
sufficiently sensitive to measure low rates of corrosion. The results are consistent with the Russian
hypothesis that temperatures below 0°C alone will not significantly reduce corrosion. Steel
corrosion rates range by a factor of more than 500 in Antarctica from the coast to far inland.
Temperatures at coastal sites rarely exceed freezing and never at inland sites. A highly significant
factor is atmospheric salt deposition since rain is rare. This project has determined that the lowest
corrosivity rate ever measured is at Vostok, the coldest place on earth, which is 1200 km from the
sea.
Keywords: Corrosivity, Antarctic, subantarctic, salt deposition, cold climate
1.

INTRODUCTION

1.1

The need for Antarctic and subantarctic corrosivity data

There is a common assumption that there is no corrosion in Antarctica because of the "dry cold" and this myth has persisted even
among people with Antarctic experience. This probably arises from the presumption that corrosion cannot occur when the
temperature is below 0°C and indeed corrosion scientists also accept this in the definition of the important corrosion factor,
"time of wetness" (TOW). Remarkable preservation of metal can be observed in Antarctica and the excavation of uncorroded
metal artefacts from ice inside the Scott expedition huts in NZ's Ross Dependency in the early 1960s probably reinforced the
myth.
The authors identified the following reasons justifying corrosivity research in Antarctica and Subantarctic islands:
• Standardised measurements are required to establish that corrosion is a significant problem in these regions and to determine
the severity at different locations.
• Research is required to establish why corrosion rates are higher than expected given low TOW in Antarctica.
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• Corrosivity data will assist in determining priorities for treatment development at historic sites in Antarctica and subantarctic
islands. If corrosivity is high and corrosion affects significant artefacts or key structural elements of historic buildings then
development of conservation treatments should have a high priority.
• Corrosivity data should be applied in the design of new Antarctic and subantarctic buildings and infrastructure. This will
reduce future maintenance costs and minimise adverse environmental impacts from repair work.
• Corrosivity data can be used to educate Antarctic and subantarctic infrastructure and environmental managers about the
corrosion problems of existing infrastructure to assist more effective decision making about maintenance methods, for example
use of effective protective coatings.
• Theoretical understanding of the nature of corrosion in Antarctic and subantarctic climates will be enhanced. For example, the
role oflow surface temperatures and atmospheric salt deposition in determining corrosivity will be clarified.
The initial goal of this study was to study corrosion affecting historic sites in these regions. Corrosivity information is required
for conservation planning for the following reasons:
• Corrosion affects many Antarctic historic sites including a large number of unique and interesting artefacts such as pony snow
shoes, scientific instruments and canned foods. Objects which were in good condition when excavated in the 1960s are now
severely corroded.
• Corrosion affects key structural components of buildings, such as nails, ridge cappings, hatches and door fittings, which if they
fail cause great damage to the integrity of the historic buildings. It is not feasible with current technology to remove, treat and
replace the metal elements, so in-situ conservation is required and preventive conservation methods require consideration.
• The artefacts are often oflow intrinsic value ( e.g. food tins) but in total they contribute much to the interest of visitors to the
sites. The artefacts need to remain on site in conditions which are known to make preservation difficult. There are no effective
mass conservation treatments for tin-plate artefacts which comprise a large proportion of metal artefacts. Logistics are
complicated and expensive so it is difficult to get support for conservation work.
• Relative humidity has been measured inside several historic huts (1,2) and RH exceeding 95% is common in summer. Thus,
even if artefacts could be treated to remove corrosion, it is likely to recur if the objects are displayed in their original
locations.
Corrosivity information will assist in establishing priorities for treatment of metal building components and artefacts. Once the
rate of corrosion is known for a site, it is possible to determine what type of treatment may be applicable, for example what type
of protective coatings may be required. Any treatment or action (such as removal of snow drifts) which could change conditions
so that an increase in corrosion rates are likely must be considered carefully. It is an ethical requirement under the 1975 Burra
Charter of Australia-ICOMOS (International Council on Monuments and Sites) that conservation treatments must consider
possible long-term effects to avoid those that might ultimately cause more harm than good.

1.2

Extant knowledge of cold climate corrosivity

A literature search of Arctic and Antarctic bibliographies identified existing sources of knowledge relevant to this study:
• Literature regarding Arctic and subarctic corrosivity at locations in Russia (3,4), Scandinavia (5,6), USA and Canada (7-9).
• One paper covering measured corrosivity on one subantarctic island {l 0) and observations of severe corrosion at other
subantarctic islands affecting significant historic sites and artefacts (11-13).
• Three papers giving corrosivity data for locations in Antarctica (14-16) and observations of corrosion published in materials
conservation literature for most coastal historic sites in Antarctica.
1.2.1 Arctic corrosivity studies and climate
The general pattern of corrosivity in the Arctic and subarctic can be expected to differ from the Antarctic and subantarctic, since
the Arctic comprises continental land masses surrounding the North Pole, which is in the middle of the Arctic Ocean and in
summer is substantially open water. Subarctic regions include prairies and forests which can be expected to have low
corrosivity, but there are also areas with substantial industrial and mining activity in North America, Scandinavia and Russia
where higher corrosivity will be expected. There are many islands and coastal regions with maritime climates including islands
and continental margins (e.g. Aleutian Islands and Alaska) where marine salts will influence corrosivity. Extensive use is made
of de-icing salts in North American and Scandinavian cities, which have a profound local effect on corrosivity.
Literature on Arctic corrosivity is reasonably extensive with many references cited in an overview of Arctic atmospheric
corrosion given by Divine and Perrigo (8). Corrosivity measurements include standard alloy coupons and CLIMAT (wire on
bolt) tests. Corrosivity of cold-rolled carbon steel at Norman Wells in the North West Territory of Canada has been measured as
0.43 µm/year (one-year exposure) {17) and this has been one of the world's record lowest rates.
Dychko and Dychko ( 4) carried out studies ofcorrosion rates in Siberia and found that cold itself made no major reduction in
corrosion rates and that corrosion did not reduce significantly until there were long periods below -25°C. Mikhailov et al. (3)
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studied corrosivity in eastern Siberia including severe cold climates both on the coast ( e.g. Cape Schmidt) and inland (Bilibino,
Oimyakon). Corrosivity data was provided for 29 sites for carbon steel and zinc, and this information was correlated against
time of wetness, annual average temperatures and relative humidities, and atmospheric pollutants (SOi, Cl-). TOW for ten of the
sites above 60°N varied from692 hours per annum (Bilibino: annual average temperature -l 1.0°C, annual average RH 73%) to
3141 (Cape Chaplino: annual average temperature-6.2°C, annual average RH 86%).
1.2.2 Subantarctic climatic variation and corrosivity
Isolated subantarctic islands surround the Antarctic continent (see Figure I), all lying in the paths of the "Roaring Forties" and
"Furious Fifties". Subantarctic climates are very different to those of Antarctica. Characteristically temperatures are cool, with
summer temperatures rarely above+ 10°C but rarely below 0°C. Formation of sea ice is rare. Winds are characteristically gusty
and strong. Being isolated by long sea distances from any industrial activity, pollution is very low, although Heard Island is an
active volcano and some sulfur dioxide deposition is intermittently possible (18).
The greatest factor determining the climatic
conditions on subantarctic islands is whether the
island is north or south of the Polar Front
(previously known as the "Antarctic convergence"
(18)). The Polar Front is a temperature boundary
between the cold waters surrounding Antarctica
and the temperate waters further north. Islands
south of the Polar Front have lower sea and air
temperatures and thus tend to be glacierised.
All of these subantarctic islands have historic sites
including relics of fur sealing, elephant sealing,
on-shore and off-shore whaling, scientific bases
(including magnetic stations, castaway huts,
penguin digesters, World War II observation posts
and shipwrecks). All metal artefacts show
extensive corrosion and some are also affected by
surface erosion from windborne sand and scoria
particles. Due to limited funds it was not possible
to include corrosivity measurements of a number
of islands with significant historic sites, including
Iles Kerguelen, Iles Crozet, Campbell Island and
Auckland Islands.

:J

Marion Island (46°S 38°E) is north of the Polar
Front and is approximately 18 x 15 Ian, rising
steeply to its highest point at 1230 m above sea
level. Sealing sites are found around the island and
all metal artefacts suffer corrosion (19). A South
African scientific base was established on the
island in 1947 and includes meteorological
facilities for the South African Weather Bureau.
The weather station is located at the more
protected eastern side of the island.
Heard Island (53°S 73°E) is south of the Polar
Front and is approximately 54 x 25 km and has an
active volcano whose highest point is Mawson
Peak (also lmown as "Big Ben") at 2745 m The
Figure I. Antarctica and subantarctic islands.
height of the volcano means the eastern side is
marginally milder, being on the lee side. Cold
winds from the glaciers cause conditions to be unpleasant everywhere on the island, and the western part of the island is almost
continually shrouded in cloud and lashed by gales. At Atlas Cove on the western coast there are the ruins of the first Australian
National Antarctic Research Expedition station occupied during 1947-54. On the east coast a base was established at Spit Bay
near a concentration of historic sealing relics during 1992-93, and four men overwintered there for the first time since 1954.
Metal artefacts are severely corroded and abraded by windborne scoria (13).
Macquarie Island (54°S 159°E), approximately 1500 km SSE of Tasmania, is 34 km long (north to south) and 6 km wide at the
broadest point, with the highest point on the central ridge of hills being 433 m The island was declared a wildlife reserve in
1919 largely due to the efforts of Mawson whose Australasian Antarctic Expedition (AAE) during 1911-14 established a
research base on the island and used it to transmit radio messages to their other base at Cape Denison. An ANARE station was
established at' the Isthmus at the northern end of the island in 1948 and included a weather station, the only one on the island.
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Because the climate is strongly influenced by the persistent west to north-westerly gales, it can be expected that humidity and salt
deposition rates are higher on the exposed western side of the island.
A small study (10) was completed at six sites on Macquarie Island. Standard low alloy copper-bearing steel coupons were used
to evaluate corrosion problems affecting artefacts. Very high corrosivity rates were found, on average 121.5 µm/year (one-year
exposure) with a maximum rate of219 µm/year. This is in the highest corrosivity category (for carbon steel category CS with a
rate between 80 and 200 µm/year) according to ISO 9223. Special high performance coatings systems, such as inorganic zinc
silicate primers with high build epoxy or chlorinated rubber intermediate and final coats, are required in these conditions
(described in detail in Australian/New Zealand Standard 2312 (20)).

South Georgia (54°S 37°W) is south of the Polar Front and is approximately 160 km long (NW to SE) and approximately 30 Ian
broad, although the coastline is deeply indented by fjords on the leeward side. The mountainous spine of the island reaches 2934
m at the highest point and over 50% of the island is covered by glaciers. The rapidly deteriorating condition of metal artefacts
and building components at the old whaling stations is described by Basberg and Naevestad (11).

1.3

Antarctic climate and corrosivity studies

The Antarctic continent, in contrast to the Arctic, is a land mass isolated from all other continents in the vastness of the Southern
Ocean. This last-explored continent commands many superlatives - coldest, driest, highest and least polluted. Fortunately, the
Antarctic is also a land of peace with territorial claims suspended under the Antarctic Treaty and the continent's main activity is
scientific research. Unfortunately the continent is remote and the severe conditions make most activities, including scientific
research, particularly difficult.
The Antarctic is generally characterised by severe cold, with average temperatures in summer being significantly lower than
those in the Arctic ( 18). The Antarctic Peninsula is the warmest region of continental Antarctica, but summer air temperatures are
rarely above +5°C. Summer temperatures in the high Arctic are considerably warmer and can exceed +20°C, and dwarf Arctic
willow trees grow even at 75°N. Antarctic climates are so cold that there are no trees and even grass only grows in the warmest
parts of the Antarctic Peninsula.
Theoretically the most important climatic variable in the study of atmospheric corrosivity is TOW. ISO 9223 (21) defines this as
"the period during which a metallic surface is covered by adsorptive· and/or liquid films of electrolytes that are capable of
causing atmospheric corrosion". TOW is estimated by the length of time (hours/year) when the RH is greater than 80% at a
temperature greater than 0°C. A series of other factors will influence the actual TOW of metal surfaces in Antarctica:
• Wind speed and direction, since this will affect the sea ice conditions and deposition of salts and pollutants. Wind conditions
can be very variable in localised areas because of the characteristic boundary layer flow of the katabatic winds.
• Hours of sunlight - the long hours of sunlight in the Antarctic summer can cause the surface of dark objects to reach
considerably higher temperatures than surrounding air temperature.
• Altitude influences TOW in Antarctica as higher altitude sites experience colder conditions. The average altitude of Antarctica
is the highest of any continent. The interior of the continent is a plateau covered with millions of years ofaccumulations of ice
which are several kilometres thick, although paradoxically precipitation rates are the lowest average for any continent (18).
Salt and pollutant deposition is an important factor influencing corrosivity. Generally, sites closer to the sea will have higher salt
deposition. Because of their lower latitude and lower altitude, temperatures at coastal sites will generally be warmer and thus
TOW will be longer. Salt deposition increases corrosivity since an electrolytic solution is produced on the surface of the metal
during high humidity conditions (for NaCl 78%) and this increases electrochemical corrosion processes. In Antarctica salt
deposition is a particular problem since rain is very rare and thus salt deposits are not washed off surfaces. In many coastal
locations in Antarctica it is common to see profuse marine salt deposits on the ground.
Pollutant levels in Antarctica are generally very low. Pollutants such as nitrogen oxides and sulfur oxides are certainly lower
than in the Arctic where atmospheric industrial pollution moving from more temperate latitudes causes "Arctic haze" and
pollution levels are high enough to measurably influence corrosivity in some places (3,5). The main source of pollutants in
Antarctica are localised sulfur and nitrogen compounds from fuel burnt for heating and power generation for bases. Some
"pollution" may occur from Mt Erebus, a moderately active volcano 22 km from Cape Evans, and from closer volcanic activity at
Deception Island which destroyed the old whaling station.

In the 1980s, specialists working on artefacts in the historic huts in the Ross Dependency observed that many metal artefacts were
badly corroded, and artefacts of other materials such as paper, fur, cloth and timber were also deteriorating due to fungi and high
humidity (22). Measurements of humidity (1,2) have established that RH inside the huts can be very high at low temperatures
although absolute humidity is very low. Reports of corrosion affecting historic sites and artefacts have also been made by
Comerci (23) at Nordenslrjold's hut; by Broadbent (24) at Byrd's 1940 East Base; Clark and Wishart (25) at Wilkes, and by
Cochran and Collinge (26) at numerous abandoned British bases.
Hughes (1) found extensive, but variable, corrosion damage to historic artefacts at the abandoned scientific base of Mawson's
AAE (1911-14) at Cape Denison. The metal artefacts at Cape Denison include tin-plated steel food cans, galvanised petroleum
spirit containers, iron nails, aluminium wire and copper alloys. While some artefacts both inside and outside the huts were
severely corroded, others were not so badly affected. Chloride concentration in snow samples from the site varied from 6 ppm to
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over 9000 ppm As a materials conservator, Hughes recognised the need to understand the reasons for the variability (since this
could not be readily explained by the composition or construction of the artefacts). Curiosity about the reasons for this variability
and the need to develop effective corrosion treatments has led to cooperative research with the CSIRO Division of Building,
Construction and Engineering who have conducted broad-scale corrosivity surveys for many years (27,28).
Detailed information on Antarctic corrosion is sparse by comparison with studies in the Arctic. An interesting article by
Buchwald and Clarke (29) studies corrosion products on Antarctic meteorites. While considerable meteorological data is
available throughout Antarctica, this has rarely been utilised for corrosion studies. 7.avialova et al. (30) assessed methods for
determining climatic severity for different regions in Antarctica based on temperature and wind characteristics. A Russian
climatological standard GOST 25650-83 quoted by Mikhailov et al. (3) uses temperature classifications of very cold (VC), cold
(C) and temperate (T), and wind strength classifications from one (strong) to three (weak). Mikhailov et al. also considered the
influence of RH and found that many sites for which detailed meteorological records were available showed continual sub-z.ero
temperatures, which should thus have zero TOW.
Mikhailov et al. (14) conducted a study of corrosivity at Mimy Station, a Russian Antarctic base which has a coastal climate
with strong winds (Tl). A range of alloys were studied by including copper, cadmium and an aluminium alloy. Corrosivity was
correlated against TOW. Time of wetness in Arctic Scandinavia, Russia and Canada are typically 1000-4000 hours, while that at
Mimy is 93 hours. Chloride composition in snow was found to vary eight-fold in samples taken in the vicinity ofMimy, although
the off-shore katabatic winds (gravity flow winds from the polar plateau) carry little salt. Mikhailov considered that effective
TOW may be affected when high RH and salt deposition both occur.
Fahy (16) studied corrosion of aluminium coupons with different surface treatments including mill and anodised finishes. He
experienced problems with conducting the exposures since he was unable to travel to Antarctica himself, and some plates were
exposed next to diesel generators at Scott Base and pollutants affected results. Exposures were later repeated at unpolluted
Arrival Heights which resulted in considerably less pitting of sample coupons.
Corrosivity measurements were made at two sites in the New 2.ealand Ross Dependency in Antarctica by King et al. (15).
Coupons were exposed at Cape Evans (the site of Scott's hut which is very close to the sea) and at Vanda Station in the Dry
Valleys (ice-free areas fed by cold air from the polar plateau where no rain has fallen in over a million years). Results were
10.83 and 0.87 µm/year respectively using a standard low alloy copper-bearing steel. The result from Cape Evans shows
corrosivity comparable with suburban areas in temperate regions of Australia, and is certainly higher than expected since the site
is 77°S and is surrounded by sea ice for 10 months of the year and air temperatures are rarely above 0°C.
Gancedo et al. (31) published a brief article on the measurement of corrosion of ferrous alloy coupons for. 24-hour exposure
periods at the Chilean base Teniente Marsh on King George Island in the Antarctic Peninsula region. The corrosion products
were characterised by X-ray analytical techniques and a-iron oxyhydroxides were found to be predominant.
A search of the literature thus found that corrosion problems affecting historic sites and artefacts are widespread. Corrosion is
severe in coastal areas of Antarctica despite the persistent myth that there is no corrosion because of the "dry cold". It was
decided that corrosivity should be measured using coupons exposed at a variety of coastal and inland sites to determine its
variability. This data would then be used to demonstrate the importance of developing corrosion treatments adapted to Antarctic
conditions for its historic sites to be successfully preserved.
2.

RESEARCH METHOD FOR ANTARCTIC AND SUBANTARCTIC CORROSMTY SURVEY

2.1

Choice of material to characterise site corrosivity

Materials used to characterise site corrosivity are unalloyed carbon steel, zinc, copper and aluminium (ISO 9226 (32)). Much
work has been done in Australia, however, using a standard low alloy copper-bearing steel which was also used for these
exposures. This material was originally developed by the former British Iron and Steel Research Association (BISRA) (33) for
use as a standard material in measuring levels of atmospheric corrosivity at exposure sites. It is essentially a low carbon or
"mild" steel, but the addition of about 0.25% copper renders the corrosivity relatively insensitive to minor variations in
composition as would be expected in different batches. The preparation of the steel specimens and their cleaning after exposure
(in Clarke's solution) has been described previously (28). Blanks were included in the cleaning process and the blank losses
subtracted from the specimen losses when calculating the corrosion rates. Several batches of this steel were used to supply
specimens for this project. Ten of the specimens were from a batch of composition C 0.18, Mn 0.76, Si 0.05, P 0.017, S 0.o18,
Mo 0.003, Sn 0.003, sol Al 0.011. Cr 0.125, Ni 0.295, Cu 0.235%, and the other batches were very similar to this composition.
2.2

Selection of sites

The selection of sites for this study was made before a translated version of the paper by Mikhailov et al. was available,
otherwise closer cooperation with Russian researchers would have been considered. To complement the previous study of six
sites on Macquarie Island (10) it was decided to chose at least one other site north of the Polar Front and one south to achieve a
range of subantarctic conditions. Coastal Antarctic sites were chosen on the combined basis of climatic variation, presence of
historic sites and ease of contact with meteorological staff to arrange exposure and retrieval of the coupons.
Sites in the interior of Antarctica were chosen to determine whether low corrosivity would be found as expected, given the very
low temperatures, low humidities and lack of pollutants. The logistics of getting coupons to remote places in the interior of
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Antarctica was particularly difficult and by approaching several nations for help it was hoped that corrosivity coupons could be
exposed in at least two or three sites. Sites believed feasible were SANAE (Robertskollen) which is in a mmmtainous region,
several Automatic Weather Station sites inland from Mawson station which are accessed by "tractor train'' every few years, and
the US Amundsen-Scott base at the South Pole which has regular air supplies. The least accessible location (the Russian station
at Vostok) was the most desirable for this study because of its high altitude, remoteness from the sea and particularly severe
climate. Fortunately at the time of the study this base was the site of increased scientific activity with international teams
conducting ice core drilling for studies of past climate changes.

2.3

Preparation of coupon kits for deployment in Antarctica

Coupons were mailed to project participants in the form of a kit containing:
• A weighed and numbered coupon in a zip-lock bag.
• An attachment assembly to enable the coupon to be secured on the open framework of a Stevenson screen.
• Disposable polyethylene gloves for handling the coupon during installation and retrieval to prevent contamination.
• Instructions for attachment and retrieval including handling precautions and packing details.
• An engraved sign explaining the project and the requirement that the coupon not be touched (engraving was necessary because
of the harsh climate including blowing ice particles which can destroy painted signs).
Where possible a sachet of desiccant was provided for return with the exposed coupon to prevent post-exposure corrosion.

3.

RESULTS

The corrosivity data for all sites in the study are shown in Table I.
Table I. Corrosivity data for all sites in the study
Lat.
(OS)

Dist. from
sea(km)

Elevation
(m)

Days
exposed

Corrosivit
y(µm/yr)

Mass loss
(g)

Blank
loss (g)

% blank
loss*

Macquarie I. Isthmus

54°30'

<l

7.5

721

222

36.4250

0.0161

0.04

Heard I. Spit Bay

53°06'

<1

<10

341

55.3

4.3243

0.0097

0.22

Marion I.

46°52'

<1

<10

376

31.9

2.7557

0.0163

0.60

Signy

60°43'

<1

<10

365

36.4

3.0863

0.0423

1.39

67°34'

<l

<10

365

27.1

2.2808

0.0282

1.25

Mawsont

67°36'

<1

<10

372

3.35

0.2956

0.0103

3.6

Vanda

77°35'

80

94

360

0.87

0.0801

0.0054

7

Robertskollen
(SANAE)

68°29'

120

400

377

0.70

0.0650

0.0051

9

LGB00

68°39'

186

1830

786

0.18

0.0358

0.0042

13

LGBlO

71 °17'

390

2616

777

0.10

0.0225

0.0042

23

LGB35

76°03'

780

2340

380

0.13

0.0153

0.0042

38

Vostokt

78°28'

1200

3488

347

0.05

0.0069

0.0029

77

South Pole

90°00'

1300

2800

1364

0.03

0.0123

0.0029

31

Site

Rothera
Pen.)

(Antarctic

* Blank loss as per cent of specimen correct mass loss, i.e. [(blank loss)/(specimen mass loss - blank loss)]x 100.
t Mean of two values.

3.1

Corrosivity on the Antarctic continent

One-year atmospheric corrosion rates of the low alloy copper steel show an exceptional range on the Antarctic continent itself
from 27.1 µm/year at Rothera (on the coast) to 0.05 µm/year at Vostok, a factor of more than 500.
Blanks were included in the cleaning process to take account ofuncorroded steel that may be dissolved as the corrosion products
are removed. The blanks are included with the corrosion specimens from the beginning of the cleaning process and since
uncorroded steel would not be attacked until most of the rust is removed, the blank loss figures overestimate the true situation.
For specimens from coastal sites or subantarctic islands, the blank losses are very small compared to the specimen mass losses,
but for some of the inland sites they are most significant.
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In comparing corrosivity at the inland sites the different exposure periods present a complication. In temperate climates the
corrosion rate of steel generally slows down with time as the corrosion products that are formed provide protection to the steel
substrate. In the corrosivity survey of Melbourne (28) a regression of the two-year on one-year data (87 sites) yielded a
coefficient of0.701 (R.2 = 0.965). A similar figure was obtained for a study of 156 sites in New 2.ealand (34). In a survey of the
2
state of South Australia (35) (452 sites) the figure was lower at 0.598 {R = 0.943). Other work with a plain carbon steel
exposed in all states of Australia showed three-year corrosion rates to be about 60% of those for one-year exposure (36).
Previous exposures of the copper steel at Cape Evans (15) showed a reduction in the corrosion rate from 10.83 to 4.42 µm/year
in going from the period of exposure of one year to nearly three years, but these corrosion rates are still of the same order as the
measurements made in temperate climates. Without exposures of different periods at several sites in inland Antarctica it is not
possible to conclude that the same mechanism operates and the very thin layer of corrosion product on the surface of the steel
offers some protection thereby slowing the rate of corrosion.

Based on the approximate one-year exposures, however, there is no doubt that corrosivity at the inland sites decreases in the
order Vanda Station, Robertskollen (about the same), Traverse LGB35, Vostok. Even taking account of the different exposure
periods at the three Traverse sites, LGBlO is Jess corrosive than LGB00, and LGB35 probably falls in between. The decrease in
corrosivity for the inland sites is generally consistent with their elevation and distance from the sea.
The specimen at the South Pole was exposed for 3.7 years and it is not possible to conclude whether corrosivity is lower here
than at Vostok. Measurements at these levels are at the limit of accuracy of the technique. Based on one-year exposures it is
reasonable to conclude, however, that Vostok is the least corrosive place on earth.

3.2

Corrosivity for coastal locations according to climatic type

Subantarctic islands show higher corrosivity than most coastal Antarctic locations, with Macquarie Island having particularly
severe corrosivity. Signy, which is further south (lat. 60°43 'S) has a colder climate but being a small island it has a maritime
climate and its corrosivity is in the same range as Marion Island and Heard Island. Thus, for the locations in this study it would
appear that temperature is not the predominant influence on corrosivity. A more detailed analysis of the correlation of corrosivity
with TOW (using air temperature), annual average temperature, annual average RH and wind direction is not possible at this
stage for all sites since data must be available in digital form to allow calculations.

4.

ANALYSIS OF RESULTS

4.1

TOW and corrosivity

Apparent TOWs according to the ISO criteria using air temperature data are very low in coastal regions and zero in inland
regions. The corrosivity rates measured should thus theoretically be zero for regions where temperature never rise above 0°C,
such as at the South Pole and Vostok. Despite this, measurable corrosivity is recorded which varies according to elevation and
distance from the sea.

4.2

Influence of salt deposition

Salt deposition data bas not been measured in Australia using standard techniques (37), although the authors propose to carry out
measurements using a slight modification of the ISO Standard 9225 at selected Australian Antarctic stations when research funds
become available. If, as expected, salt deposition rates are found to be high, then this could be one explanation for higher
corrosivity. If salt deposition rates are not found to be high, the explanation may be that the salts, once deposited, are never
washed from the surface since rain is so rare, or in many cases never occurs. The off-shore katabatic winds should reduce salt
deposition since they carry air salt aerosols away from the land.

4.3

Influence of wind direction

Katabatic winds, which dominate coastal areas such as Cape Denison and Mawson, will keep temperatures low since the winds
blow from the cold polar plateau towards the coast. Katabatic winds are also associated with low RH, and thus a region with
predominant katabatic winds should have lower corrosivity than an equivalent location with a milder wind classification.
Mawson (lat. 67°36'8), which experiences predominantly off-shore katabatic winds has an average corrosivity of 3.3 µm/year
while Rothera (lat. 67°34'8) has on-shore winds predominantly from the north which frequently blow over open water and has a
higher corrosivity (27.1 µm/year). Cape Evans (lat. 77°38'8), which is much further south and colder, has a corrosivity of 10.83
µmm/year {15) and katabatic winds are rare.
Unfortunately, despite several attempts, it has not been possible to successfully expose and retrieve a coupon at Cape Denison
which bas the most extreme katabatic winds in Antarctica and which should be expected to have low levels of salt deposition.
Mawson observed, however, strong vortex behaviour over the whole of the headland of Cape Denison which he inferred could
result in salts being carried inland further than would be expected with a katabatic wind regime (38).

4.4

Corrosivity versus altitude and distance from the sea

In Antarctica distance from the open sea largely correlates with altitude, although this needs to be somewhat qualified by
comparison against annual patterns of sea ice and pack ice cover. For example, Cape Evans is very close to the sea but the sea is
frozen for about eight or nine months, and pack ice cover (i.e. broken sea ice) for an additional one or two months will reduce
formation of marine salt aerosols and thus reduce corrosivity.
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4.5

Subantarctic islands

The implications of the high corrosivity found on all subantarctic islands are that conservation of in-situ artefacts will require
considerable investigation to find suitable protective coatings. The coatings must withstand the severe conditions without
adversely affecting the appearance of the artefacts by using thick coatings. Since it is not feasible or desirable in most cases to
move the artefacts away from their original location, the coatings must be applied with limited surface preparation.

5.

CONCLUSIONS

5.1

Lowest corrosivity location

The least corrosive place on earth (measured over a one-year period) is found to be Vostok (77°S 107°E) at an altitude of
approximately 3500 m, and 1200 km from the sea. Vostok has recorded the coldest natural temperature on earth (-89.6°C in July
1983) (39). It is possible that lower corrosivity could exist at the Pole of Inaccessibility (82°S 57°E) some 1500 km from the sea
at an altitude of 3719 m, but this Russian station is long since abandoned and its title alone suggests the difficulty of ever
conducting corrosivity measurements there. The highest place in Antarctica is the Vinson Massif at 5140 m which is
approximately 800 Ian from the open sea, but there is no meteorological station and access requires two mountaineering
expeditions to deploy and retrieve a coupon. The authors are thus confident that Vostok's record, which may be submitted to the
Guinness Book of Records, will stand for some time.

5.2

Importance of salt deposition in accounting for high corrosivity in coastal regions

Observations of extensive salt deposition by Hughes and conclusions about its variability by Mikhailov et al. require further
investigation to determine correlation of salt deposition with corrosivity in Antarctica and subantarctic islands. Measurement of
salt deposition by the salt candle method, modified by increasing the glycerol content to prevent freezing, would assist in
understanding the signficance of this important factor.

5.3

Value of the corrosivity data

The data from Antarctica shows that while corrosivity in the interior of the continent is extremely low, corrosivity in coastal
regions is higher than would be expected given the short TOW of Antarctic climates. At some coastal locations in Antarctica and
at many subantarctic islands corrosivity is sufficiently severe to require consideration of appropriate corrosion protection.

5.4

Recommendations for further investigation

While this study has considered corrosivity at a limited number of sites in Antarctica and the subantarctic it has clarified several
questions relating to corrosion at low temperatures, although there are several matters needing :further investigation.
The effect of solar heating of a metal surface on TOW should be clarified by measuring surface temperature of the metal and also
by measuring TOW using platinum grid transducers. The effect of salt deposition should be measured using the ISO salt candle
method with slight modifications for Antarctic conditions such as increasing the glycerol content of the collecting bottle.
It has been difficult to organise the despatch and collection of coupons for this project and some exposures are for one year and
others for longer periods. It would be useful to know whether corrosivity is linear with time and whether of the corrosion
products afford any protection. It is expected that corrosion may be linear in low corrosivity areas since corrosion layers are thin
and do not protect the surface from further corrosion. For high corrosivity locations the corrosivity may be expected to vary with
time since thicker corrosion layers may be protective against :further corrosion.

TOW sensors should be used to measure microclimate variation inside historic and modem Antarctic buildings such as in wall
spaces and roofs. Salt deposits have been observed by Hughes on interior walls inside New Zealand's historic buildings where
condensation appears to be occurring inside the wall and roof spaces. Any condensation forming in these areas will increase
TOW of metal components such as nails and this could promote structural failure. Condensation inside wall spaces can also
occur in contemporary buildings due to use of humidified heating and condensation at vapour barriers.
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Introduction

lnrernational context for preservation qf historic buildings in Antarctica
Antarctica was the Earth's last continent to be explored. There are seven extant
historic timber buildings dating from the early e,.-ploration ofAntarctica (1895-1914)
,vhich are protected under the Antarctic Treaty. The best-known, Scott's Terra Nova
hut at Cape Evans, filled with ice after Scott's ill-fated ~'Pedition. The ice 'i\<aS
excavated in the early 1960s with no archaeological or conservation documentation.
A less well-known building, in an even more isolated location, is the subject of
the research discussed in this paper: the Main Hut at Cape Denison (See Fig. 1).
This is the largest of four timber buildings built in 1912 by the Australasian
Antarctic Expedition led by Australian scientist, Douglas Mawson. There has been
strong public debate about whether the ice which partly fills the hut should be
re1110ved to allow tourists to enter, as has been done at Scott's Cape Evans hut.
The project involves monitoring of several parameters to gain a better
understanding of how the external climate influences the conditions inside the
building. Data derived from monitoring will be used in the develop1nent of
conservation strategies for the huts, particularly the question of whether or not the
ice should be removed.

E1wiro11mc11tal conditions and pl'eservation in polar conditions
Antarctica is the world's coldest and driest continent. Air temperatures in coastal
Antarctica (latitudes 63°S to 77°S) vary from winter minima of approximately 40°C to sumn1er maxima which are rarely above 0°C. Rain rarely occurs: most
precipitation is in the form of snow. There are long periods without sun in winter,
but in summer there is continuous daylight south ofthe Antarctic Circle. There are
often significant differences between surface temperature (a building can be wann
to touch) yet air ten1perature may be well below 0°C.
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Figure 1. Location cf .~mm.' historic sites in Amarctica.

Even when ice inside a building is not 111elting, humidity can still be very higl
since ice produces vapour even at temperatures below 0°C. Vapour pressure dat,
for ice are not widely available since most researchers are mainly conce·med ,vitl
temperatures around human comfort level. Paradoxically, the relative humidi~
may be 100% despite low absolute humidity.

Deterioration in Antarctic climates
A revie,,, of publications concerning Antarctic historic bµ~.dings (see extensive
bibliography in Hayman et al. 1998) indicates that all have similar deterioration
problems and preservation issues.
Antarctica is the earth's windiest continent: strong ,vinds have caused sttuctural
concerns and s01ne actual damage to buildings: Wind-borne ice particles erodt'
timber surfaces.
Fungi and bacteria are recorded in most buildings affecting food, clothing and
timber.
C01Tosion is prevalent affecting structural elements (e.g. nails) and artefacts
(e.g. tin cans).
Salt deposits occur inside several buildings, although the extent of any adverse
effects is unknown.
Tourists and other visitors are generally carefully briefed and controlled to
prevent souveniring, moving and handling of artefacts inside huts but interference with artefacts has been observed at several buildings.
Ice accumulation has occurred inside the following buildings: Scott's Cape Evans
hut; Nordenskjold's Snow Hill Island hut; Byrd's East Base on Stonington Island;
Borchgrevink's hut at Cape Adare; various buildings at Wilkes; and Mawson 's
main hut. Ice has been removed from all except the latter two with varying results,
but more imp?rtantly none were monitored before or after ice removal.
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Ice accumulation iuside Mawson 1s !tut

'ff.gu~ 2. I11terior C!( :'1dll'St~1 ·s ~'foin f111t
Jhqdiing ice ingress m 198-'1•

Mawson found that ice particles are especially small (0.1-0.4mm across) in
Antarctica, (Jacka and Jacka 1988, 61). Because this is the windiest place on earth
(annual average wind speed of80kmh and gusts over 300kmh) particles are forced
through the tiniest gaps in the cladding of the hut.
Ice particle in..,o-ress has occurred in this building since its construction in 1912.
(See Fig. 2 for ice ingress of the interior in 1985.) The timber travelled as deck
cargo on an overloaded sailing ship and was frequently wet by waves during the
voyage. The timber dried rapidly after the hut was hasti1y erected, leading to gaps
in the tongue-and-groove cladding.
Despite frequent recommendations (Hayman et al. 1998) only very limited
tem.perature and humidity monitoring has so far been carried out inside the hut.
U!}fortunately, approximately 30 tonnes of ice was removed before monitoring
could commence (Ashley 1998). The monitoiing of temperature and RH is
essential, although insufficient, to determine the condition and risk ofdeterioration
ofbuilding materials. This is detennined by the interaction of the material smface
with the microclimate and is thus controlled by local parameters such as surface
wetness and surface temperat\lre for metals and moisture content and surface/bulk
tem.perature for timbers. These parameters will be measured in strategic locations
above and next to ice in Mawson's hut.
Issues and hypotheses concerning ice removal
The hut has progressively filled with ice, although without any measurable
distortion of the shape of the building and with limited damage to only two
snuctural mentbers inside the building (Ashley 1998). Recent repairs on the
skylights, believed to be a major source of ingress, may have reduced the rate of
ingress. While p·enetration via the Workshop roof n1ay have been reduced by the
recent redadding, it must be remembered that ice particles will penetrate through
the smallest gap, so some ingress is inevitable. Frequent maintenance would thus
be required to keep ice from accumulating, yet because of the cost and difficult
logistics it may not be possible to get to Cape Denison for Up to 10 years.
Previous proposals have been made to rem.ave all ice from the hut and to install
polymer membranes to prevent further ingress (Blunt 1985) or to cover the hut
with a clear dome (Australian Geographic 1992). Complete removal of ice and
keeping the hut free of ice are no longer considered viable so only two competing
proposals arise:
1. 'Partial removal': Ashley (1998) proposed that ice should only be removed from
the interior of the Living Hut and Workshop but be allowed to remain in the
verandahs.
2. 'No ice removal' would pennit or encourage ice to refill the hut's interior. }
From these, two hypotheses can be constructed:
•

H 1: Partial ice removal will have no adverse effect on the structural stability of
the entire building.
H'>: Partial ice removal will have no effect on the thermal and hygrometric
st,;hilicy inside the entire building.

Structural analyses are beyond the scope ofthis paper, although the methodology
for monitoring of structural factors and location of sensors is discussed below. ·
Thermal and hygrometric stability is a fundamental issue since ten1perature and
RH underlie all the processe;s of deterioration inside the Hut. Deterioration
processes associated with high and variable RH include defibring of timber (where
wood fibres separate from the surface of the timber giving a furry appearance) and
dimensional changes which stress timber leading to bending and cracking.
Defibred timber was observed both inside and outside the Cape Evans, Cape
Royds and Cape Adare huts. Salt accumulation is evident inside the Cape Evans
and Cape Royds huts where trails of water carrying dissolved salts run down inside
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Summary CljJacro1'S i1I faPot-tr

In Favour

ef and against ice rcmopa/.
· Against

Facilitates access for visitors and to do
repairs, although few visitors are expected
and the need for repairs is not evident.

No visitor access. Few repairs would be needed If the buildlng were stabilised by Ice.

May reduce structural loads, although no

lee may consolidate the hut reducing vibrations, controlling temperature and RH fluctuations
and stabilising the foundations during winter blizzards. Summer melt-water may
be beneficial in Wimer when It freezes the foundations fn place.

evidence exists of distortion of the hut
due to the ice accumulation.
Vapour-permeable barriers Inserted under the
cladding may prevent ice ingress.

Ice removal from Scott's huts is stated to have
been successful.

Large logistics costs for removing and keeping out ice. No evidence exists demonstrating
membranes are effective In preventing Ice ingress. Membranes may Increase humidlty~related
problems. Damage by salts may Increase.
There is insufficient humidity data from the Scott huts to determine if the ice removal has
caused problems or not. Cape Denison's climate is warmer and much windier making comparison
difficult. Access by air to ihe Scott's huts means that maintenance can (and has to) be carried
out each year.

the ceiling and walls and then evap,orate leaving white crystals. Salt is a major factor
in defibring (Wilk.ins and Simpson 1988) and also absorbs moisture, increasing RH
variability. Saks also strongly increase corrosion rates, especially affecting nalls
embedded in timber.
·
Salt and humidity damage has affected hvo historic plaques at Cape Denison
,vhich were enclosed in bronze boxes in 1977 to protect them from damage b\'
wind-borne ice particles. Enclosure increased the daily temperature and RH
fluctuatiol1s and ice particles; salt penetra.ted the sea] causing corrosion, which
stained the wood and resulted in severe defibring. Poor understanding of tht'
conditions at Cape Denison led to false assumptions about what would protect the
plaques resulting in an inappropriate treatment which caused more damage and
necessitated their return to Australia by 1985.
!'-1-adigan (1929) observed that moist, salt-laden air is drav,m in from the sea by
a vortex caused by the predominant southerly winds at Cape Denison. If ice is
removed from the Main Hut at Cape Denison it is likely that salt will be deposited
inside the building by these northerly sea breezes and is likely to concentrate over
time by evaporation/sublimation. Salt deposition data (such as using ISO 9225 Salt
C~ndle method) would allow assessment of this tisk (See Table 1).

Review of existing data on deterioration parameters inside the
building
Direct observations of conditions lnside Mawson's huts have been made by "'
conservator only once, in 1985 (Hughes 1986). Other inte1pretation has be
made from photographs used for archaeological recording. Observations by
Hughes and the archaeologist (Lazer) indicate that there is a daily cyde in summer
of melting of hoar-frost on the ceiling of the Living Hut (See Table 2). The melt,
,,,ater runs down the ceiling, sometimes forming icicles and ice stalagmites on th-e
floor. Staining of the interior cladding occurs where melt-water persists.
The 1985 data showed relative humidity is persistently above 90% with air
temperatures varying between -2 to -6°C. Original magazines inside the hut felt
limp and damp with rusting staples and spots ofmould. This confinns that humidity
is high despite fears that the thennohygrograph may be too inaccurate at lov.r
temperatures and high RH.
In January 1998 one logger {ACR A) was placed close to the apex of the Living
Hut ceiling and the other (ACR B) close to the floor near the centre of the Living
Hut. The logger dose to the ceiling showed temperature variation between -10 to
+14°C and RH variation from 60 to 100%. The logger at floor level showed
Table 2. Summary cf a11ailablc temperatllrc and relattlle humidity data.
Date

lnstrumentatlon

Data obtained

23 Jan-I Feb I985

Thermohygrograph UV
and visible light

One point, Mawson's cubicle Spot
measurements

1-28 Jan 1998

Four weeks, one near ceiling,
2 ACR loggers
(temperature and RH}
one near floor of Living Hut
at two different points,
2 TOW monitors (see below)
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consistently low temperatures (-6 to -8°C) and stable high RH (95-98%) over a
four-week period (See Figs. 3, 4).
The conditions at floor level indicate what might be e:>..'Pected if the building
remains filled with ice. The ice mass appears to stabilise the temperature since large
·quantities of heat are required to raise the temperature even one degree Celsius.
If the building were filled with ice, then relative humidity - while high - would
be stable, ,vhich is preferable to frequent variations of temperature and humidity.
The logger at the ceiling provides an indication of the conditions at the walls
and roof if the ice were removed from the interior of the building. Solar heating
of the walls is more significant than at the roof since the maximum height of the
sun above the horizon is 46° and the sun travels around the horizon without setting
duririg su111111er.
Te111peratures above 0°C in the RH range 60-100% will allow fungi to grow
and will promote con·osion of metals. Frequent RH variation will cause swelling
and shrinkage of timber which promotes cracking and thus reduces the structural
strength of the timber. This alone strongly suggests that ice removal may be
detrimental to the survival of the building.

Corrosion and Time ~f Wcmess (TOW)
According to ISO Standard 9223 (1992) co1Tosion is only possible when air
temperature is ibove 0°C and relative humidity is above 80%, conditions
con-esponding to the existence of a thin film of moisture on the n1etal surface. The
time for which these conditions exist is called 'Time of Wetness'. Temperatures
inside most ofMawson's htit are consistently below zero, except near the ceiling,
yet corrosion is found on metal fittings and nails in all areas of the building.
CORROSION ltATE MEASUREMENTS OUTSIDE THE BUILDING

Two Zincorr units were exposed on racks outside Mawson's hut for one year. A
Zin corr unit comprises zinc wire wrapped around nylon, iron and copper bolts and
standardises measurement of seasonal corrosion rate. The con1bination of zinc wire
and the iron or copper bolts provides a galvanic coupling which accelerates corrosion
enabling the aggressivity of the environment to be measured in short time.
Comparison with standard Zincorrindexes for Australian climates show that the
environment outside Mawson's hut is typical of a nloderately (not low) corrosive
Australian environment.
Smface temperatures

The above observation is consistent with previous work of Hughes, King and
O'Brien (1996) who found that significant corrosion occurred in Antarctica
despite the low temperatures. To investigate the factors coritrolling corrosion in
Antarctica, galvanised steel plates insu-umented with TOW sensors and surface
temperature probes were exposed on racks adjacent to the hut. Unfortunately the
TOW sensors· did not function and the surface temperature measurements only
worked for 50 hours indicating that the surface temperature was above 0°C for 48
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of these 50 hours. This research will be repeated in 1999-2000. However, it does
illustrate that surface temperature controls •wetness' and thus corrosion On metals
can occur during sun1n1er despite colder air temperatures.

Fu11gi
Fungal grmvth is generally believed not to occur when the temperature is be16w
0°C. Fungi grew inside Mawson's Hut when it was occupied and fungi are still
visible on wood, cloth, food and paper inside the hut (Hughes 1986). The rate of
growth of fungi since the hut was abandoned is unknown although the odour of
decay suggests that biodeterioration is active although grO\vth rates may be slmv.
Fungi samples ,vere collected from timber for identification and growth rate studies
in artificial conditions.
Fungi found at Scott's Huts and elsewhere in Antarctica (Greenfield 1982)
suggest that cold-tolerant strains have survived. The pr~sence of cold-tolerant
cellulolytic fungi could have adverse implications for the survival of timber in
Antarctic conditions. if growth rates are significant.

Additional data required to resolve hypotheses
The following additional data is essential to resolve the tvvo hypotheses prior to any
further ice removal:

H 1: Effect ~( ice

·011

stnicturaf stability

To 111easure wind loading on the walls and roofitis necessary to measure wind speed
at a minimum of six points to map wind flow around the building: Anemometers
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are vulnerable to damage in such extreme conditions so more durable pressure
sensors are proposed. Insufficient funding necessitates postponing this monitoring.
If additional funding becomes available it is also proposed to install strain gauges
on key structural elements in the roof (such as areas· of repaired broken beams) to
directly measure wind loads on roofs and walls.
Vibration data from structural elements of the partly ice-free Living Hut and
the ice-filled Workshop would enable risk assessment of the effect of partial ice
removal on the structure as- a whole. Photos taken in 1912 show that snowdrifts
build up around the hut during the winter blizzards, leaving only the apex of each
roof exposed to the force of the wind. Vibration monitoring was also postponed
since this requires a dedicated n1onitor taking very frequent readings to detect the
vibrations and is therefore particularly expensive.

H1 : ~ffect (!( ice on tl1crmal and f1ygrometdc stabillt),
Temperature and relative humidity vary on a daily and seasonal basis throughout
the building. Using eight temperature and RH sensors and six then11ocouplers (Fig.
5), it ,1.,1i1l be possible to determine the effect ofice on conditions inside the building
by comparing conditions in the partly ice-free Living Hut with the ice-filled
Workshop, accounting for dimensional and construction differences.
Melt-water fon11s outside the hut each summer especially along the eastern and
western walls. Ashley (1998) has suggested that the damming of the melt-water by
a pile of sealskins on the east side causes melt-water to flow inside the hut where
it may re-freeze. The extent of melt-water fonnation outside varies throughout
su1111ner as well as from year to year. Research con1paring contemporary
te1nperatures recorded by an Automatic Weather Station on the exact site used for
AAE records suggests that melt-water may increase due to climate change. Two
melt-water detectors are required to confirn1 whether water is in the liquid or solid
state at 0°C since this is difficult tO determine from temperature and RH data alone.
The effects on the foundations of partial ice removal are difficult to predict.
Does the winter re-freezing of melt-water protect the foundations by securing
timber into holes in the rock thus reducing vibrations and other stresses? Will partial
ice removal increase solar heat absorption inside the hut thus increasing melting?
Will this melting of ice from the verandah walls reduce the stabilisation against
vibration damage? Ifice in the verandahs melts, will the melt-water flow into the
interior of the hut and refreeze? If so, this could refill the hut with ice, defeating
the purpose of partial ice removal.
Draining melt-water is difficult since the hut is in a hollow. A siphon is unlikely
to be effective since freezing ofwater in the pipe could block it and cause backflow.
Melt-water around the foundations may reduce oxygen access to the wood surface
thus reducing the risk of fungal growth Qohnson, personal communication).

Dataloggcr equipment
The temperature, relative humidity, melt-water sensors (soil moisture blocks) and
other monitors (locations shown in Fig. 5) will provide data needed to accuratel~
n1easure the 111:icroclimate climate conditions determining deterioration rates omateiials throughout the building. While the sensors to be installed in summe1
1999-2000 will provide data on then11al and hygrometric behaviour, lack o
funding for sensors for structural studies may delay decisions on conservatio1
methods.

Data analysis
Data from the sensors in both vertical and horizontal arrays inside the Worksho
and Living Hut will enable heat absorption to be modelled and calculate
throughout the building for the whole year. Correlation of RH and melt-wat,
data will indicate when sufficient heat has been abS.Otbed to cause phase chang,
Computer modelling and SPSS statistical software will be used to examine:
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Whether there is sufficient thennal stability from the ice in the verandahs to
prevent it from melting. If not, increased melting may increase the risk of
vibration and physical stresses.
Simulation of removal of different guantities of ice to detern-tlne effects on
thermal stability without the risks associated with actual removal.
Whether or not the mass ofice inside the building stabilises the conditions inside
the building which favour preservation.

Conclusions
1. Preliminary data indicate that conditions in the Antarctic non11ally considered
to be protective can actually result in con-osion, fungi and severe moisture
fluctuations inside histolic buildings.
2. Accurate and precise microclimate studies are needed for Antarctic histolic
building to resolve complex issues such whether ice removal wil1 control or
accelerate deterioration.
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ABSTRACT. A review of popular writing on the subject of preservation of historic sites in ·Antarctica, including
buildings, graves, and artefacts, has revealed many misconceptions about the existence and cause of deterioration
problems. These myths include the belief that the artefacts inside the Ross Dependency huts are in a near perfect state
of preservation and thatthere is no corrosion in Antarctica because of the dry cold. Further examination, however, shows
these views to be incorrect. These and other misconceptions are classified into three groups: (1) misunderstanding or
denial of deterioration processes in Antarctic conditions; (2) simplistic assumptions about how historic buildings should
be conserved in Antarctica; and (3) inappropriate comparisons between dissimilar sites.
There has been considerable debate in Australia and New Zealand about how historic Antarctic buildings should be
preserved. Proposed preservation methods have covered a wide range from dismantling and repatriation to a museum,
re-cladding with new timber, insertion of vapour barriers inside walls to exclude ice ingress, covering buildings with a
dome, and, at the other end of the spectrum of views, minimal intervention. The preservation of artefacts has also been
an issue, particularly concerning whether artefacts can be effectively preserved in Antarctica or whether it is necessary
to treat and store them at museums outside Antarctica. It is important to encourage consideration of all appropriate means
of preservation, but it is particularly important that the causes of deterioration are understood (that is, correct diagnosis)
before prescribing treatment.
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Introduction
There is a widespread persistence of misinformed opinions about the preservation of historic sites in Antarctica.
The author, a materials conservator with field experience
in Antarctica, believes it is important that these myths are
dispelled by (1) discussion of the mechanisms of deterioration and (2) exploration of the implications for the
preservation of historic sites in Antarctica. The author has
visited sites in the Ross Dependency and the Australian
Antarctic Territory, including Mawson's huts at Cape
Denison and 1950s buildings at Mawson and Davis stations.
This paper focuses on the widespread misunderstanding of causes of deterioration and on unsustainable assumptions about treatment methods. Space does not allow
for the author to present positive ideas for treatment
development. While several technical reports have been
published on Antarctic historic sites and artefacts (for
example, Fry 1984; Marshall 1987a; Broadbent 1992),
these are not widely available. The main conservation
problems and treatments carried out are summarised in
Table 1. The significance of these historic sites is implied
by recognition of their historic status under the Antarctic

Treaty. These are some of the earliest buildings in Antarctica and contain artefacts that provide insights into the
early exploration of the continent.
Some of the misconceptions discussed here apply to all
of the huts, while others are specific to particular huts.
Some misconceptions relate to underestimation or misunderstanding of deterioration processes. A second class of
misconceptions relate to simplistic assumptions on how
historic buildings should be conserved in Antarctica, and
a third class relates to inappropriate comparisons between
the dissimilar climate and conditions of the huts in the Ross
Dependency and those at Cape Denison.
It is important to understand causes of deterioration in
Antarctica for several reasons.
1. An incorrect diagnosis of the cause of deterioration
could lead to incorrect treatments.
2. The threat posed by a particular cause of deterioration depends on the rate at which deterioration
progresses. A particular cause of deterioration, for
example corrosion, may be rapid at one site but
slow at another. Given the limited funds for carrying out preservation, it is important to know which
deterioration processes are most rapid and most
damaging so that treatment development priorities
can be determined. Logistics and costs of treatment
are high due to the isolated nature of many of the
sites (see Fig. 1).
3. There are relatively few data concerning deterioration of materials in Antarctic conditions.
Study of rates of deterioration is of interest to scientists
in several disciplines: corrosion scientists, for whom the
rate of corrosion at sub-zero temperatures should theoretically be nil; microbiologists, who wish to study coldtolerant organisms; expedition managers, engineers, and
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Table 1. Brief description and condition of some Antarctic historic sites.
Main treatments applied

Site

Dates of
occupation

Main deterioration
problems

Cape Denison

1912-14

High humidity, meltwater, ice
ingress, corrosion, fungi,
corrasion, defibring
(Hughes 1988)

1977: lead sheeting put on ·workshop
roof, ice removal, plaques enclosed.
1984-86: some ice removal.
1997: 30 tonnes ice removed, new
cladding applied to workshop over
original cladding.

Cape Adare

1899-1900,
1911-12

High humidity, meltwater, ice
ingress, corrosion, fungi,
corrasion, defibring (Harrowfield
1988), structural damage by
wind (Harrowfield 1985)

1980s: ice removal, some recladding,
fungicide.

Cape Evans

1911-13,
1915-17

High humidity, meltwater, ice
ingress, corrosion, fungi,
corrasion, defibring (Harrowfield
1988)

1960s: ice removal.
1980s: Butynol repairs on roof.
1990s: artefacts treated.

Cape Royds

1907-09

High humidity, meltwater,
corrosion, fungi, corrasion,
defibring (Harrowfield 1988)

1980s: Butynol repairs on roof.
1990s: artefacts treated.

Hut Point

1901-04,
1908-09,
1911-13,
1915-17

High humidity, meltwater, ice
ingress, corrosion, fungi,
corrasion, defibring (Harrowfield
1988)

1960s: ice removal.
1980s: Butynol repairs on roof.
1990s: artefacts treated.

scientists, who need to know how long buildings and
equipment will survive in particular conditions; and environmental managers, who wish to understand the persistence of materials from human occupation in 'pristine
wilderness.'
By understanding the real causes and actual rates of
deterioration affecting historic buildings and artefacts in
Antarctica it is hoped that effective and practical solutions
will be developed to treat these problems.
Misunderstanding of deterioration processes

Mythl
Artefacts in the Ross Dependency huts are 'in a near perfect state offreeze-dried preservation' (Trevelyan 1996).
A superficial examination of the artefacts inside and
surrounding the Scott and Shackleton huts on Ross Island
suggests good preservation, because some artefacts, such
as food, survive there, although they would not in temperate climates. On closer examination, however, there is
significant deterioration of organic materials and severe
corrosion of metals, leading to the inevitable conclusion
that preservation of artefacts inside Antarctic historic huts
is far from perfect. While the rate of deterioration of
organic materials such as seal meat, biscuits, and leather is
relatively slow due to the low temperatures, they are
nonetheless significantly affected by fungi, bacteria, and
human interference.
There are several causes of deterioration of timber
affecting all of these huts: corrasion (erosion of the surface
by windborne particles), defibring (separation and detachment of wood fibres), and fungal decay (see Hughes 1988).

The severity of corrasion is worst at Cape Denison and
Cape Adare, and the reduction in thickness of the timber of
those huts could affect the structural strength of the cladding (Harrowfield 1985). Salt deposition occurs on the
surface of the huts' timbers and on artefacts, due to the
proximity of all sites to the sea. The combination of salt
and high humidity leads to defibring of timber, which also
decreases its structural strength (Wilkins and Simpson
1988). This damage is irreversible and at present
untreatable, so means must be found to prevent its occurrence.
Treatment of fungal damage is one of many concerns
of conservators working in Antarctica. Identification of
fungi species and determination of their growth rates have
been made at some locations in Antarctica (Kerry 1990a,
1990b), including inside hay bales at Shackleton's hut at
Cape Royds (Greenfield 1981, 1982). Fungal decay affects a variety of materials in each hut to differing extents,
but appears to be most extensive at Cape Denison, which
has a relatively 'warm' climate (Fig. 2). Treatment of
fungi is made more complex in Antarctic conditions because ice that occludes any surface will prevent killing of
the spores, risking recurrence of the fungal problem and
potential development of resistance to fungicides.
Severe corrosion of metal artefacts is also a major
problem, and few artefacts are in anything like their
original condition. All metals are affected, including steel,
lead, copper, and brass, as well as tin and zinc plating.
Cans of food are badly affected, and rust stains from the
metal have caused deterioration of the paper labels (Fig. 3).
Pinhole corrosion of cans may result in entry of bacteria
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Fig. 1. Location of Antarctic historic sites referred to in the paper.

that might grow in anaerobic conditions, which could pose
a serious danger of bacterial poisoning as the food inside
decomposes, as was found in Canada (Fox 1979). Corrosion problems are considered in detail below.
If everything were in a 'near perfect state of freezedried preservation,' there would be no need for the massive

task of treating the buildings and artefacts, such as that
being undertaken in the Ross Dependency by the New
Zealand Antarctic Heritage Trust. Some materials are
relatively well-preserved due to the cold, since the rate of
bacterial and fungal growth is slower and because of the
lack of insects and rodents. There are, however, serious

120

HUGHES
envi~onmental control after treatment if they are to be successful.

Myth2
'Damage is being caused to the timbers due to freeze-thaw cycles'
(Robert Headland, personal communication at Cape Evans, 1993).
Several deterioration phenomena
of differi,ng origins have been termed
'freeze-thaw damage,' including
permafrost heaving, ice wedging,
damage by growth of ice crystals,
expansion of water at 4°C, and cyclic damage due to desiccation when
frozen followed by wetting upon
thawing. Diverse freezing phenomena are defined in a glos_sary published by the US Navy Hydrographic
Office (1952). Publications discussing the types of damage to porous
materials include Everett (1961),
White (1976), Hudec (1978),
Fig. 2. Fungi growing on a food tin inside Mawson's main hut, occupied 1912-14.
McGreevy and Whalley (1982) and
Photo: Project Blizzard.
Clifton (1984), although many of the
deterioration problems affecting both buildings and arte- opinions are conflicting and most publications refer to
facts at all sites throughout Antarctica, necessitating major stone rather than wood.
conservation programmes, many of which are reported in
Water in small spaces, such as capillaries, may remain
polar literature. Unfortunately, this information has not liquid at low temperatures even while water has frozen in
reached many of those who lecture to visitors to museums other larger spaces in the wood structure. This means that
with Antarctic collections, lecture to visitors to the Ross
the degree of water content in wood has a major impact on
Island huts, or write articles for the popular press. Better whether freezing and thawing causes problems. In waterunderstanding by these people could result in more accu- logged wood and in green wood, freezing may cause
rate and sympathetic consideration of the conservation cracking. Growth of ice crystals is not necessarily the
needs of these important buildings and their artefacts.
major cause of any damage, as uneven shrinkage during
Deterioration of artefacts at all the Ross Dependency cooling or drying may also damage wood.
sites and at Cape Denison does not seem to have been
In his classic study, Everett ( 1961: 1546) wrote:
observed until the 1970s, when some artefact treatments
It was recognised many years ago that the damage
and building restoration projects were commenced
[caused by freezing] has no necessary connection with
(Harrowfield 1988). The number of artefacts requiring
the expansion which occurs when water freezes: simitreatment seems to have increased. This could be due to the
lar damage to stone and consolidated earth can be
fact that since the first visits by conservators in the midproduced by organic fluids which contract on
1980s, more artefacts affected by deterioration have been
freezing ... macroscopic ice crystals form in the coarser
identified and their poor condition is now more frequently
pore-spaces and water is withdrawn from the finer
reviewed.
pores. The mechanical damage is found to be associIf artefacts were to be conserved and then placed back
ated with these ice crystals, which in certain materials
inside the Ross Dependency huts, they could rapidly
can reach a thickness of many inches. Preferential
deteriorate again, since the temperature, humidity, and
growth in the larger pores is due to lack of space in the
salinity cannot be readily controlled, as is done in musefine pores ... the larger crystal will 'feed' on the smaller
ums in temperate climates. Treatments that are successful
until the coarse space is filled ...Frost damage is not
associated only with the existence of small pores, but
in temperate climates often fail in Antarctica (Hughes
with the simultaneous occurrence of pores of a critical
1988), and development of new methods is required. Even
size together with coarser pores.
standard treatment such as removal of rust stains from
Clifton (1984) concluded that: 'Freeze-thaw damage
paper labels on tin cans, which is commonly successful in
museum collections displayed in temperate climates, pro- susceptibility of stone is largely controlled by its porosity
duces poor or inconsistent results in Antarctic conditions and pore size distribution.' Clifton used ASTM C 666 to
(Campbell 1993). Thus, preservation is no simple matter.
test stone samples. Specimens were cycled between -18°
All methods of conservation depend on some form of and +22°C with a cycle time of four hours. 'No measurable
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Fig. 3. The interior of Scott's
hut a~ Cape
Evans showing
the artefacts arranged for display.

changes were found after 1000 cycles, suggesting that
freeze-thaw damage may not be an important process in
the deterioration of stone .. .it may be manifested when
damaged by other processes, for example, salt crystallisation' (Clifton 1984).
Most researchers concur that ice-crystal growth is
implicated. Aithough Fukuda (1984) suggests 'fr~ezethaw effects' as the cause of damage to stone carvings in
northern Japan, this may reflect problems in technical
translation. Everett is generally accepted as the most
eminent authority and is cited in many of the later papers.
From his theoretical work and the later geological studies
it seems that 'freeze-thaw' is an inadequate and inaccurate
description for any of the types of freezing phenomena.
There. are some unpublished and debated assertions
that cyclic freezing and thawing results in pulping of
timber, although Weaver (1987) states: 'Pulping of timbers does not seem to occur in Arctic sites.' Hughes has
carried out macroscopic and limited microscopic examination of timbers that have been exposed to decades of
repeated freezing and thawing in Antarctica (Hayman and
oth~rs_ 19?8). These ex~nati?ns found considerab}e
vanat:Ion m surface cond1t:Ion, with some surfaces being
very smooth while other timbers have a raised grain ~ith
fibres detaching from the surface. An alternative explanation for this damage is 'defibring,' which results in a
characteristic bleached and 'furry' timber surface due to
detachment of wood fibres from that surface (Fig. 4).
Timber with these characteristics was found by Hughes at
all historic sites in the Ross Dependency and atMawson's
huts (Hughes 1988, 1992), particularly in sheltered humid
coastal locations where timber is protectedfromcorrasion.
Wilkins and Simpson (1988) examined timber samples
affected by defibring in temperate coastal climates in
Australia and found no evidence of fungal hyphae, no

bacterial erosion pits, and no rot. Thus biodeterioration is
not the main cause. The pH was unaffected, although this
could be due to the rapid volatilization of organic acids in
the timber. Moisture content was high, up to 35% instead
of the expected less than 15%. The relative proportions of
the elements present ih the defibred wood approximates
that of sea water, although manganese levels were slightly
elevated. Microscopic examination found that breakdown
of the point of attachment of the middle laniella to the
primary ceil wall causes separation of the wood cells. All
of the above evidence led Wilkins and Simpson to conclude that the 'strength of the cell wall is reduced considerably by the defibring process.' Wilkins and Simpson
imply that salt and humidity are the prime factors involved
in defibring in cold climates. Their evidence is more
compelling than attribution to cyclic freezing and thawing.
Freezing is frequently used to treat museum objects
such as ethnographic artefacts for pest control and also for
waterlogged marine archaeological wood and leather.
Peacock (1999) tested for freeze-thaw damage of various
humid and wet natural textiles excavated from historic
sites on Svalbard, applying multiple freezing cycles. No
freezing damage was found in pliable cellulosic fibre
materials even when subjected to sensitive yarn-elongation tests. Items such as a mirror in the Cape Evans hut,
allegedly damaged by freeze-thaw, have no components
capable of absorbing water and the apparent separation of
the metallic layer is probably due to some other cause
associated either with corrosion of the metallic layer or
repeated stresses due to different thermal coefficients of
expansion of the glass and metal.
Myth3
'Corrosion is not a problem in Antarctica because of the
dry cold' (communication to Professor C. Pearson from
Australian Antarctic Division, 1970s).
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Fig. 4. Defibring is a more plausible expianation than
freeze-thaw damage for some surface damage observed
on Antarctic timber. Photo: Project Blizzard.

Corrosion rates have been measured accurately by
scientists at locations in many parts of Antarctica. In
coastal Antarctica corrosivity was found to be. comparable
to that found in temperate regions (Fahy 1990; King and
Hughes 1993; Hughes and others 1996). For example, the
corrosivity·measured at Cape Evans was 10.83 microns
per annum during a one 0 year exposure, which is comparable to·rates in outer suburban Melbourne.
Antarctica is certainly not uniformly dry and cold.
While absolute humidity is· low at low temperatures,
relative humidity can be high in .some outdoor microclimates and very high inside unheated buildings. Relative
humidity is consistently over 95% inside Mawson' s hut
during summer, and meltwater forms around the lower
walls and floor (Hughes 1988). Surfaces that are heated by
lo~g hours of sunl1ghtduring summer can be much warmer
than the air temperature, and this may significantly affect
corrosion rates by allowing a layer of liquid water to exist
on the metal surface. Most Antarctic historic sites are very
close to the sea, and salt deposits are commonly found on
the ground and even inside buildings. It is therefore not
surprising that artefacts inside the historic huts are visibly
affected by corrosion.

Temperature is not nece;sarily the most significant
factor affecting corrosion rates in cold climates. While
chemical reactions decrease with lower temperatures,
Dychko and Dychko (1957) found that ferrous metal
corrosion rates only decrease significantly once temperatures fall below-25°C. Fahy, using aluminium 'coupons'
(weighed metal plates) of standardised alloys in the Ross
Dependency found that surfac;:e contaJ.1]1nation of the metal
from pollutants from a nearby diesel generator greatly
increased corrosion rates, producing pitting similar to that
found at industrial locations in temperate climates (Fahy
1990: ·36). While lower temperatures will decrease the
corrosion rate, corrosion. can still occur at temperatures
below 0°C, although the general absence of pollutants and·
salts-in inland Antarctica will reduce the rates (Hughes and
others 1~96).
.
~orrosion is an important problem iri Antarctic;: historic
huts, even though they are copstructed predominantly of
timber (Fig. 5). Nails and other critical fittings such as
brackets, handles, and ridge capping, as well as .artefacts
such as tin cans, are made of metal. Once the metal is
weakened by corrosion damage, it is difficult to treat the
corrosion, since the metal is attached or empedded in
timber and no in situ treatments are known to be successful
or pra~tical at present.· Removal of the nails for treatment
is generally neither feasible nor desirabie. Replacement
with modern n~ls is intrusive arid difficult to carry out
without risk:j.ng further damage, so prevention is still the
best prospect for treatment. Treatment of the exposed nail
heads. with corrosioQ conversion treatments and application of a polymer coating on top may be worthy. of field
testing in Antarctica, although the effectiveness of i;tny
treatment may. be compromised given the high level of
atmospheric salt deposition and the risk of the treated
surface being corraded away, especially at Cape Denison.

Myth4
'Some planks are a fraction of their original thickness [at
Cape·Denison]' (Chester 1986: 186; Smith 1991: 6).
A number of visitors to Cape Denison have assumed
that the height of the nails· above the timber surface
indicates the extent of erosion. This statement shows a
mis~nderstanding of the history and constructi.on of the
hut. Battens were used by Mawson' s Australasian Antarctic Expedition (AAE) to secure a sailcloth over part of the
southern side of the roof of the main hut. This was an
attempt to exclude windborne ice particles, which were a
problem even when the. hut was first erected (Stillwell
1918: 17). The timbers had been deck cargo on •the
overloaded Aurora and were frequently inundated on the
voyage south. It is thus not unexpected that they should
warp and not fit together well (Pearson 1992).
Through the years the sailcloth has been corraded away ·
except for vestiges protected beneath the battens. When
the battens detach at one end, they have been seen to spin
around like windmills, wearing a circular channel in the
timber. The timber finally detaches at both ends leaving
the nails protruding above the timber roof.
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Fig. 5. Corrosion
is a significant
problem reported
at most Antarctic
historic sites.

Figure 6 shows one row of nails standing about 2 cm
above the timber yet another row of nails is raised only 2L
3 mm. The less protuberant nails more accurately reflect
the rate of corrasion of the timber, as the more raised nails
secured the battens, not the cladding. The timber thickness
of the roof cladding was mostly only three-quarters of an
inch (19 mm). Being tongue-and-groove, if even one-third
of the thickness was worn away the tongue would be
exposed and be rapidly stripped out by the wind. The
author observed that this had not occurred at Cape Denison.
Erosion of the cladding by windborne ice particles
affects each of the four huts at Cape Denison to some
extent and the severity of corrasion is dependent on the

formation of a vortex created around the huts by the
katabatic winds. The vortex formed is related to the shape
of the building, and the rate of corrasion varies as the cube
of the wind speed (Marshall 1979). The parts of the
buildings that are most severely affected are the corners
and roof edges. While the edges of the building are badly
affected, measurements by the author in 1997 show this is
not the case for the major part of the cladding.
Whilst the rate of corrasion has been exaggerated by
those who have mistaken nails securing the battens for
nails securing the roof timbers, the true rate of corrasion is
still a cause for concern since wind damage will accelerate
once the tongues are exposed.

Fig. 6. Erosion of
timber by windborne ice particles
(9orrasion) affects
Mawson's huts,
although the extent of damage
has often been
overstated. Photo:
Project Blizzard.
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Fig. 7. Mawson's
main hut has experienced ingress of
snow since it was
built in 1911.

Corrasion has also seriously affected the Borchgrevink
hut at Cape Adare, although the particles involved are
predominantly sand rather than ice. The thickness of the
walls and their Norwegian-style interlocking construction
(Pearson 1992) have reduced the extent of corrasion affecting the building. The projecting ends of the timbers are
rounded by corrasion, and Harrowfield's detailed study
(1985) suggests that the effect is confined to timbers less
than one metre above ground. The greater weight of the
sand particles compared with ice, and less wind, means
that corrasion is more limited in height above the ground
at Cape Adare whereas it affects the roof of Mawson's
huts.

MythS
'It is terrible ... Mawson 's hut is filled with ice' (Smith
1991: 6).
Although many people express opinions that the ice
inside is consolidating and arn;:horing the main hut at Cape
Denison, there is also a common assumption that the ice is
causing structural damage, which is not adequately documented by previous studies (Blunt 1991).
The hut is located in the windiest place on Earth and
consequently suffers structural stresses due to extreme
windloading. Removing the ice may affect the anchoring
of the foundations, the posts of which were frozen into the
rock with water and urine (Mawson 1915). Removal of ice
requires careful control of tools and machinery, and damage has occurred in the Ross Dependency huts during ice
removal (Harrowfield 1988). Once excavated from ice,
any artefacts must be conserved immediately to prevent
further deterioration. Some artefacts from the Ross Dependency huts that were well-preserved when freshly
excavated from the ice have since deteriorated rapidly
(David Harrowfield, personal communication). This implies that the ice has a protective effect on metal artefacts,
as it excludes water vapour and thus prevents corrosion.

Even if the ice could be removed without damaging the
timbers, it would still be difficult to keep it out of Mawson' s
huts, since the strong winds blow small ice particles
through the smallest holes, even penetrating the gaskets on
the bronze boxes on the Memorial and Proclamation
plaques (E. Lazer, personal communication). The contemporary Australian National Antarctic Research Expeditions (ANARE) hut at Cape Denison was observed by the
author to have filled with snow during the 11 months
(February-December 1985) between occupations by two
Project Blizzard expeditions, showing that snow ingress
can be a problem even for new buildings.
Removal of the ice may also not necessarily solve the
humidity problems inside the huts. Because cold air
cannot hold much moisture, even a small amount of ice
will produce a high relative humidity, although the absolute humidity will be low. The relative humidity (that is,
proportion of saturation), not the absolute humidity, is
critical in determining the rate of corrosion and fungal
growth. The surface area and volume of the ice are also
significant in determining humidity, since these influence
heat transfer. For example, ice inside wall spaces but not
filling the interior may be expected to offer less thermal
stability than a single mass of ice under the floor of a
building.
The accumulation of ice inside the building will not
necessarily cause deformation or structural stresses unless
the loading is unbalanced or becomes unbalanced due to
ablation of ice (Fig. 7). The continued entry of snow into
Mawson' s hut is not necessarily a structural problem as is
claimed by Blunt (1991), although entry can damage the
tar paper lining if the building is incompletely filled. The
weight of snow accumulating on the storage platform in
the living hut is a problem because the weight is not
supported by ice or snow underneath. The accumulation
of ice inside the building is not of sufficient mass to cause
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i=ig. 8. There are
· relatively few artefacts insic!e Mawson's huts compared to the Ross
Dependency huts.

plastic flow, as occurs in glaciers (Budd, personal communication). Any pressures that do occur would be expected
to splay the walls outwards which does not appear to be
happening (Marshall 1987a, 1987b).
The accumulated ice provides thermal mass that will
tend to reduce small-scale fluctuations in temperature and
thus slow down melting. Some entry of snow may be
beneficial to replace snow lost by ablation and sublimation
and thus would help maintain the structural integrity of the
hut, reduce salt deposition (and hence reduce corrosion),
and minimise biodeterioration. Reburying in ice (which is
analogous to backfilling of more conventional archaeological sites) coulq be used to keep the hutfrozen and thus
reduce the preservation problems if relative humidity
cannot be controlled by ice removal.

Simplistic assumptions of how historic buildings
should be conserved

Myth6

'If the ice is removed from Mawson's huts, people will be
able to see inside the hut just as it was during the AAE,
similar to what can be seen in the Ross Dependency huts'
(Rod Ledingham, personal communication).
In addition to the structural, climatic, and other preservation problems detailed above, Mawson's hut could
never be presented in the 'museum' style used in the Scott
and Shackleton huts. The AAE was not as well-funded as
the British expeditions. Mawson's hut does not have the
same number and variety of artefacts inside it as it did
during the AAE, since Mawson removed most of the food
(needed for the voyage), clothes (needed since the expedition lasted a year longer than expected), and equipment
(which was either kept for later scientific use or sold off to
pay expedition debts) (Fig. 8). Other artefacts were

brought back and became the Mawson Institute collection,
presently awaiting funding for exhibition in Adelaide.
These artefacts are more numerous and in much better
condition than the artefacts remaining at Cape Denison.
A major objection to leaving the ice to fill the building
has been the subsequent prevention of visitor access to the
inside. The requirement for visitor access must be weighed
against the economic costs, siµce the severe katabatic
winds mean that very few visitors spend Sllfficient time at
the site to even remove the snowdrifts that build up around
the door before entering the building. Tour operators at the
Australian Associated Press foundation seminar in Sydney (October 1998) indicated that even if access were
· made possible to the interior of the hut the weather and .
remoteness of the site made it uneconomic to offer visits to
the site.
Ethical considerations inherent in removing the ice
require that there must be sufficient evidence that this will
not harm the building or artefacts. A visitor survey
(Hayman and others 1998) indicated visitors were concerned that making the interior accessible did not jeopardise the long-term preservation of the building. Many
visitors were content to be able to observe the exterior of
the main hut, and a proposal has been made to provide
access to the interior of the Magneto graph House, which is
much easier. Ice can always be removed from the main hut
if required for repairs, but deterioration of the building as
a result of ice removal or changes required to keep out
further ice ingress may be irreversible. As will be discussed, it is much more difficult to remove the ice and to
exclude further snow ingress at Cape Denison than it is at
Ross Island because of the severe winds.
Artefacts at Cape Denison would require considerable
conservation treatment that could only be carried out in
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Australia. After treatment they would still be vulnerable
to damage if returned to the hut after ice removal, since
they would again be exposed to high humidity and salt
deposition. This treatment would be a waste of resources,
since artefacts at the Mawson Institute are in better condition and could be seen by many more people in Australia.
The artefacts in the Ross Dependency huts are not
necessarily in their original locations since no archaeological documentation was carried out when the huts were
first excavated (Harrowfield 1988). The artefacts were
placed in what were thought to be the most likely positions,
but evidence of later occupations by other 'Heroic Age'
expeditions were removed-for example, the blubber and
artefacts from the Ross Sea Party occupation of Cape
Evans. Many important features of the sites, such as the
magnetic huts at Hut Point, were demolished without
proper documentation or consideration of their scientific
worth. The interiors 6f the Ross Dependency huts, while
very moving and evocative of the past, are not historically
intact; yet many visitors have a false impression that the
hut interiors appear as if the original expeditioners had just
left.
Annual work teams from New Zealand keep the Ross
Dependency huts free of ice, monitor visitor use, and
document and treat the huts and their artefacts. Visits to
Mawson's huts can only be made by a one-week sea
voyag~frnm Hobart, and the logistics costs for regular
maintenance are therefore much higher. Removal of ice
would thus result in a massive commitment in an effort to
keep the building ice-free.

Other alternative methods - such as various options.for
repairing orreplacing the original cladding- have advantages in requiring less visual and physical intrusion with
less risk and cost, and therefore are more likely to be
approved for long-term preservation.
Although a dome has been built to house the AmundsenScott Station at the South Pole, this was a costly undertaking that was only feasible given the massive resources of
the US Antarctic Program during the Cold War. The dome
was built onto a relatively flat ice surface and has an
integral floor, which would not be possible at Cape Denison.
The building has required considerable maintenance since
its construction in the 1960s and it is continuously heated.
The rate ofprecipitation, and hence the amount of windborne
ice, is considerably lower on the Polar Plateau than coastal
Cape Denison, so ice ingress is not such a problem.

Myth8

'The only responsible and sensible thing to do is to bring
it [Mawson's hut] back to Australia' (Madigan 1986).
· There have been several proposals in favour of repatriating the main hut at Cape Denison to Australia, although
advocates of this option never discuss the fate of the other
three AAE huts. There do not seem to be any detailed
published recommendations for repatriation of the Ross
Dependency huts, although many artefacts have been
taken back to New Zealand. Madigan (1986: II, 42-43)
stated:
·
I remain convinced that the only responsible and sensible thing to do is to bring it back to Australia. _There
is no question about the feasibility of such a proposal,
or the relatively small cost of the operations. After all,
Myth7
it was unloaded and erected in three weeks by a team of
'Putting a dome over Mawson's hut would protect the
amateur builders in 1912-surely it can be disassemtimbers from being worn away by ice particles carried by
bled and relocated by experts in a few weeks in the
·
the winds' (Ewen 1992).
1980s. As an item of interest and a permanent monuA dome would trap humidity, be aesthetically intrument in Australia to our Antarctic Heritage it would be
sive, and would be expensive to purchase, transport, inunsurpassed, and rival such exhibits as the Fram in
stall, and maintain. Unless· the dome were reflective
Oslo which attracts international recognition.
(which would disturb the penguins nesting nearby), it
Meredith (1990) also argued for repatriation: '[it]
would retain the Sun's heat like a glasshouse, thus increaswould save the hut and a lot of money too, for sooner or
ing the existing meltwater and humidity problems, espelater the continuing cost of looking after the hut in its
cially if made of a polymer such as methyl methacrylate.
remote setting (assuming a commitment is ever made to do
Abrasion by windborne ice particles would cause the dome
this) would exceed the cost of repatriating it.'
quickly to l:Jecome opaque.
Apart from the fact that removal of historic buildings
Installation would necessitate disturbance of wildlife
from Antarctica is no longer allowed under the Madrid
and require rearrangement of rocks and the remaining
Protocol Annexe V Article 8 (Jackson 1992), this is an
provision boxes, which are visually and historically imapproach seriously questioned by many conservation speportant. Because of the extreme windspeeds, it would be
cialists. This method would be labour-intensive and the
difficult to anchor the dome and keep it ice-free. A dome
hut would be expensive to maintain in a museum. There
may cause a snowdrift to form downwind towards Boat are not one, but four huts at Cape Denison, each of which
Harbour, which is the direction from which most visitors
contributes to the visual, historic, and scientific integrity of
first see the hut. This would restrict its visibility and
the site.
access. The dome proposal is unlikely ever to be approved
Comparison with ships that are displayed inside buildby the Australian governmental agencies responsible for
ings, such as Fram and Gj¢a, are often made, but are really
the sites, since the major visual intrusion is at variance with
not relevant. Dismantling of the hut would be difficult
the Burra Charter of Australia ICOMOS, which is the · because of the need to record and label each component.
principal document used by the Australian Heritage ComAlthough the hut was built in 17 days (Jacka and Jacka
mission in approving conservation management plans.
1988: 56-57), it would take many times longer to· disman-
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tle, label, and pack splintery timber or parts that have Myth9
'Conservators are expensive - it is better value to employ
corroded together, and considerable damage would be
a carpenter. ' (Personal communication from a member of
inevitable. Fragile material, such as the tar paper lining,
would fragment with even gentle handling, and this loss the Mawson's Huts Conservation Committee, 1992).
Conservation of historic buildings in the Antarctic is a
would diminish the amount of original material remaining.
Lower parts of the building and all floors are completely · complex task, and the skills of a range of specialists are
required for consistent success. The early history of the
encased in ice, and removal would thus be a major underRoss Island huts (Quartermain 1964) demonstrates this
taking.
need for a multidisciplinary approai:;h.
Performance of this complex and delicate task is comField-testing is essential to determine the durability of
plicated by katabatic winds that can spring up quickly to
disrupt or destroy the process. Packing and transport is a proposed repair materials, and to determine potential adverse effects of the repair material on the building. This
massive undertaking if damage during a rough sea voyage
is to be prevented. Moisture content of the timber would
scientific testing, which is usually carried out by conservaalso need to be stabilised during the sea voyage, thus
tors, should be done for at least several seasons before the
precluding it from travelling as deck cargo. The necessary
repair materials are used on the building.
conditioning treatment to change slowly from Antarctic to
It is essential to document the condition of the buildings and any artefacts excavated for the historical record,
temperate conditions requires considerable space, labour,
and equipment. Reconstruction and maintenance costs
and thus a report and photos are taken that must be of
would be high, and no Australian museum could undertake professional standard. In addition to time spent in fieldan operation of this magnitude, even in the unlikely case of work, time is required for preparation of materials and
approval by the Australian Heritage Commission.
equipment, photography, monitoring of conditions affectTimber warps and shrinks when it dries and expands as
ing the interior and exterior artefacts, and analyses relating
it absorbs moisture. The timber of Mawson's huts is at to deterioration (such as corrosion studies), as well as
different equilibrium moisture contents, depending on its
carrying out conservation treatments. Documentation and
particular location on the hut. Some timber cladding has reporting is necessary, including environmental impact
one end standing in meltwater (that is, fibre saturation),
reporting and compliance with use of chemicals, and this
while the other end is dried by exposure to sun and wind.
can take longer than the fieldwork. The needs for field
It is therefore difficult to obtain stable moisture content preparations and reporting should be taken into account in
without causing distortions that complicate reassembly.
funding for projects.
Since it would require many months of work, this is a
Conservators, who are experts in the examination and
labour-intensive and thus costly option. Other options,
preservation of historic material, can most accurately
such as repairs to cladding in situ, are more likely to be determine treatments of deteriorating materials, so time is
approved unless it can be convincingly demonstrated that not wasted applying inappropriate or potentially damagthere is no feasible or prudent alternative treatment (Hughes ing treatments. Conservators routinely participate in teams
1992).
with other professionals such as archaeologists, engineers,
Other alternatives previously proposed have included and architects to solve problems affecting buildings or an
repatriation of the original cladding only, with the hut at entire archaeological site.
Cape Denison being reclad with new timber (Anonymous
It is unfair to expect conservators, who have equivalent
1978). [The planned work] 'done with timber from Ausprofessional status, to volunteer an essential professional
tralia, would involve the removal of the outer skin of service that may involve months or years of work. In any
planking and the replacement of several structural beams.
case, wage costs are a small part of the total costs of such
The outer frame would be reclad with pine and resealed
an operation, and salary costs are not significantly differwith modern sealing compounds.' Sealing materials,
ent between trades and professional personnel.
including lead sheeting and acid-curing silicone rubber
While the documentation that is an essential part of the
used in 1977 were laid over the original cladding but had
conservation process is sometimes seen as tedious and
failed by 1984 (E. Lazer, personal communication).
costly, it has to be remembered that conservation is going
One recommendation was that the original timber to continue (hopefully) forever, and accurately recording
should be returned to Australia and replaced on a frame
what is done is essential for future conservation action.
built at a suitable site, preferably indoors, to be used as
Inappropriate comparisons between dissimilar sites
a museum for artefacts from the hut. Excavation of the
hut's interior could be completed in later years after the Myth 10
'The treatment of the Ross Dependency huts is a success
outer cover had been sealed, and artefacts cleaned and
restored and placed in the building be returned to and the approach used there can be reproduced for
Australia as museum exhibits. (Anonymous 1978)
Mawson's huts. The use of a vapour barrier in the walls
This option must also be resisted in view of the loss of will stop snow from getting inside and will enable the huts
original material, the difficulty of conditioning the timto be kept ice-free' (Blunt 1991).
bers, the risk to the hut at Cape Denison, and the problems
The climates of the Ross Dependency and Cape Denison
inherent in removing the ice.
are quite different: 'The calms of Cape Denison are the
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Fig. 9. Salt crystals inside the
Cape Evans hut
indicate condensation is occurring,
which was not observed before a
vapourbarrierwas
used on the roof.

storms of Cape Royds' (Madigan 1929). Treatments that
may be suitable in the Ross Dependency may not be
appropriate at Cape Denison, and in any case some treatments undertaken in the Ross Dependency have not been
entirely successful.
Insertion of plywood and a vapour barrier layer in the
roof was carried out on three huts in the Ross Dependency
in the late 1980s to try to keep out the snow. Such work
might result in the disturbance and loss of important,
historical features if attempted on Mawson's huts. Such
features include the battens and sailcloth used by the AAE
to try to prevent ice particles blowing in through the cracks
in the roof and walls (see photos in Hughes 1992). This
work would not be necessary if it were decided to leave the
ice inside the hut, which has been the preferred option of
the Australian Heritage Commission (Michael Pearson,
personal communication) and other heritage specialists
(Linda Young, personal communication).
The use of vapour barriers in heated buildings causes
problems that have been known in Canada for more than
20 years (Trechsel and others 1989). Studies by Eshoj and
Padfield (1991) have shown that vapour barriers cause
much damage in unheated historic buildings in cold climates and that insertion of a vapour barrier in an old
building is unlikely to be effective, since it is virtually
impossible to create a continuous barrier. The existence of
this information and experience in the US and Europe is
little known in Australia and New Zealand, since vapour
barriers are less commonly used in building construction
there due to the mild climate.
Moisture will condense at a vapour barrier due to
temperature differences between the interior and exterior
of the hut (for example, from the heat of the Sun in
unheated buildings) and form ice that sublimes or that can
melt and run down inside the wall space and build up

without being noticed until it causes a bulge in the wall,
whereupon the ice must be urgently removed (T. Padfield,
personal communication).
Salt crystals appear to have formed inside the Ross
Dependency huts since the vapour barriers were installed
in the roofs of several buildings in the last three or four
years (Fig. 9). Although salts can protect timber from
damage by shrinkage, salt can also damage timber by
causing swelling, resulting in warping and defibring and
by corroding nails embedded in the timber and metal
artefacts inside the building (Hughes 1988, 1992; Campbell
1993). While some field testing of vapour barriers was
done, this seemed to focus on its durability in polar conditions rather than its potential effect upon the building.
A better understanding of climate changes is needed
for unheated Antarctic buildings. Monitoring of temperature and relative humidity at a single location will not give
sufficient information on microclimate behaviour inside a
building. The most important places for study of climate
inside historic huts are the walls of the building, where
condensation takes place. The research of Eshoj and
Padfield ( 1991) on the behaviour of buildings in Denmark
using multipoint dataloggers and careful calculation of
relative humidity behaviour at the walls showed the importance of determining when and where condensation will
occur.
Major intervention, such as use of vapour barriers,
should not be undertaken without having baseline indoor
climatic data. The consequence of not carrying out these
investigations prior to implementation is failure to treat the
real cause of deterioration problems and the probability of
greater damage being caused.

Conclusions
This paper has demonstrated that there are some serious
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preservation problems affecting historic sites in Antarctica. The climate is not uniformly dry and cold, and
corrosion and biodeterioration are significant problems in
many historic buildings, despite the widespread and persistent myth of perfect preservation.
Some problems such as freeze-thaw, erosion of timber, and the effects of accumulated ice have been either
incorrectly diagnosed or overstated. It is essential to
diagnose accurately the cause of deterioration and determine the rate of deterioration before attempting to fix the
problems. This requires materials research by skilled
professionals; otherwise treatments will be carried out that
do not address the problem or that cause new and potentially more serious problems to arise.
Treatment methods such as domes and repatriation,
while popular among enthusiasts, are not acceptable to
heritage professionals. The Madrid Protocol can be interpreted as precluding repatriation of buildings (Annexe V
Article 8 item 4). There must be better communication
between heritage professionals, Antarctic programme
managers, and community members (especially former
Antarctic expeditioners) in order to identify conservation
priorities, discuss appropriate treatments, and develop
conservation management plans understood by all.
Discussions of myths 1, 2, 3, and 4 have shown that
materials deterioration of both the interior and exterior of
Antarctic historic buildings is still inadequately understood. Therefore no materials should be used to repair
buildings or treat artefacts unless they have been field
tested in Antarctic conditions for at least several years.
In addition to determining the durability of repair
materials, any change in thermal and moisture transfer that
may be caused by the repair must be evaluated. Largescale treatments using new materials, in particular may
have unanticipated and unintended deleterious effects, as
is potentially the case with invasive treatments such as
overcladding or the insertion of vapour barriers.
As shown in the discussion of myths 5, 6, and 10, major
interventions, such as removal of ice from the interior of
buildings such as Mawson' shuts, must be carefully evaluated. This can be done using electronic dataloggers to
monitor temperature, humidity, and other relevant parameters inside and outside the buildings for at least one year
before the ice removal is carried out. Modelling thermal
and hygrometric behaviour using various computer programs can then project the effects of ice removal. The risks
of re-filling with ice, both from particles blown through
gaps and from meltwater seepage, must also be considered; otherwise the resources expended in clearing the
building of ice may be wasted.
Although criticisms of work previously carried out on
Antarctic historic buildings may seem unfair, it must be
acknowledged that this work was carried out with the best
intentions and without the advantage of nearly 40 years of
hindsight. If the 10 myths discussed in this paper are not
eliminated, they will help prevent development of a true
understanding of the causes of the deterioration of Antarc-
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tica's heritage, and the failure of many current treatments
will be repeated. Therefore, the collective experience of
the nations and organisations involved in the preservation
of Antarctica's heritage must be used to advance research
on materials deterioration and development of appropriate
new treatments.
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Abstract: There is a common presumption that the 'dry' cold in Antarctica will preserve
historic buildings, but this has proved not to be true. Identified conservation problems
include high humidity, fungi, salt damage, surface erosion by windbome particles and
corrosion of metals.
This paper reviews assumptions about the behavior of timber in extremely cold
climates and the structural effects of snow accumulation and extreme wind loading. The
professional collaboration required to properly investigate the unusual preservation
problems of the hut is discussed with particular reference to the abandoned huts of the
Australasian Antarctic Expeditic;m, led by Douglas Mawson during 1911-14.
Investigations required include structural modeling; erosion measurements;
documentation and preservation of historic information contained in the timber cladding
of the buildings; and special requirements for the preservation of the scientific integrity of
the magnetic laboratories. Conservation monitoring and treatments developed for
Antarctic sites may be applicable for historic buildings in Arctic and alpine regions.

Keywords: antarctic, archaeology, architecture, materials conservation, erosion,
corrosion, fungi, cold tolerant fungi, freeze-thaw, wind loading, snow accumulation,
defibering, salts.
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HUGHES ON A HISTORIC TIMBER HUT IN ANTARCTICA

::i I HUCTURES: A GLOBAL FORUM

The Significance of Antarctic Historic Sites and Issues Concerning their
Preservation.

There are now over sixty historic sites and monuments recognized by the
Antarctic Treaty [I]. This treaty, signed by over forty countries since its inception in
1959, includes such disparate nations as the U.S. and Russia, China and South Africa, the
United Kingdom and Argentina and declares Antarctica 'a zone of peace and a reserve
dedicated to science'.
A consequence of the Treaty is that sovereignty claims are set aside and evidence
of past claims or occupation (i.e., a historic site) cannot be used to promote a claim.
Historic sites are given legal protection by the Antarctic Treaty Recommendation Yll-9
[2] and the 1991 Madrid Protocol extends this to include a prohibition on removal of
historic buildings, monuments and artifacts (Annexe 5 Article 8).
It has been widely agreed by international scientific and environmental
organizations that the Treaty.has been successful in promoting scientific research and
focussing attention on environmental management. There has been considerable
cooperation and exchange of personnel and data in scientific fields such as meteorology.
glaciology and geology through the Scientific Council on Antarctic Research (SCAR).
Research on preservation of historic sites has fallen outside the range of interest of
SCAR, although it is the author's belief that issues concerning preservation of historic
sites should be considered by SCAR because of the value of historic sites for scienti tic
research. SCAR should also cooperate with the International Council on Monuments and
Sites (ICOMOS) which promotes international agreements and standards for conservation
of cultural heritage sites (3] to.develop agreements relating to Antarctica's historic sites
and monuments.
Historic sites are located throughout Antarctica, although the majority are on the
coast since early exploration was by sea. Expeditions by Shackleton, Scott and
Amundsen in the race to be first to the South Pole seized the attention of the world and
the books written by these explorers have become literary classics. Air exploration
became feasible in the 1920s. Byrd and Wilkins tlew over large sectors of the continent
although there are few historic remains from this era, A surge of activity took place
during the 1956-57 International Geophysical Year (IGY} to monitor sunspot activity and
other polar and global scientific interests. Some 55 bases were established, including
seven bases in the Subantarctic islands as well as the South Pole, Yostok and the Pole of
Inaccessibility [4].
Apart from a few stone refuges and recent metal buildings, the majority of historic
buildings remaining in Antarctica are timber or timber products ~uch as plywood [SJ.
These historic buildings are concentrated in the Antarctic Peninsula Region and the Ross
Sea region. The buildings were built for a variety of purposes including whaling stations
(e.g., Deception Island), accommodation for famous exploring expeditions (e.g., Scott
and Shackleton huts on Ross Island), and protection of scientific instruments and other
equipment, e.g., laboratories, meteorological balloon sheds and geomagnetic
observatories such as the Magnetograph House at Cape Denison (Figure 2).
Early expedition huts (1895-1918) were mainly prefabricated and have distinctive
national styles: Scandinavian, British and Australian [6]. Pearson discusses features of
their design and the importance of factors such insulation and living space per
expeditioner. The hut built for the first over-wintering expedition in 1895 by the
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Norwegian-Australian Borchegrevink (Figure 3) is distinctly Scandinavian with
interlocking timbers [7]. The Australian-designed 'Discovery' hut used during Scott's first
Expedition ( 1902-04) has a verandah and several other features, which are more suited to
the Australian Outback.
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Figure I - Location ofAntarctic historic sites
The huts of the Australasian Antarctic Expedition (AAE) of 1911-14 were
prefabricated timber constructions. These were designed by the expedition leader, Dr
Douglas Mawson and aimed to minimize wind resistance using a truncated square
pyramid roof shape (Figure 4).
Most huts were built in ice-free areas (<2% of Antarctica) although Amundsen's
'Framheim' hut was an exception. This hut was used as the overwintering base for
preparations for the first attainment of the South Pole. It was built on the Ross Ice Shelf
at the Bay of Whales and it is believed that this part of the ice shelf had 'calved off' before
Byrd established his 'Little America I' base in the 1920s.
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Figure 2 - Magnetograph House at Cape Denison.

Figure 4 -Australasian Antarctic Expedition Huts, Cape Denison
The buildings for Byrd's first expeditions were pre-fabricated timber construction (such as
the inland base 'Little America I') but Byrd's 1940 East Base at Stonington Island
buildings utilized plywood and mixed media insulation sheeting.
Other types of timber buildings developed as Antarctic expeditions began a
greater focus on scientific activity and established permanent bases. The British Falkland
Islands Dependency Survey huts show a gradual design development from the 1940s
although there were many design faults that made them difficult to erect or uncomfortable
to live in [SJ. Later buildings of the IGY incorporated integrated panels with pre-fitted
insulation sandwiched between outer covering of fiberglass, plywood or metal [9], but
timber remained a common building material, especially for framing.
.
Analysis of the Antarctic historic sites listed by Warren [5] reveals that of 114
locations (including cemeteries and commemorative plaques) there are over fifty with
buildings made partly or wholly of timber or timber products which are, or are probably,
of historic significance.
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Historic significance ofAntarctic historic sites

Figure 3 - Borchgrevink's Hut (1895), Cape Adare

While the huts of Antarctica's historic sites are not old by comparison with other
continents, they are of historic interest because of the extraordinary deeds of famous
explorers and the important scientific discoveries made in this last known continent.
Many artifacts have curiosity value because of their unusual adaptation for Antarctic
conditions, e.g., pony snowshoes, inflatable boots and exotic tinned foods. Even 'recent'
IGY buildings, which might be unremarkable elsewhere, are of interest in Antarctica
because of the scientific significance of the work undertaken and also because many of
these sites of have extensive undisturbed caches of food, clothing and equipment.
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Historic sites are of considerable interest to tourists who, on average, rank this as their
second major reason for visiting Antarctica [IO]. Tourist visits to Antarctic historic sites
are increasing steadily [ 11] and recreational visits by national expedition staff to
abandoned bases (e.g., Wilkes) require management consideration in developing
conservation plans.
Examples oflater Antarctic buildings include those used by the Americans to
establish their lGY base at Wilkes. Work on meteorology, geology and other research
was carried out there until early 1959 before being handed over to the Australians who
used the buildings until it was abandoned_ in 1969 for a new base at Casey. Several
different construction styles were used including 'Jamesway' huts comprised of arched
steel sections covered with double layered insulated fabric, the transportation crate being
used to form the floor. Relatively few intact examples survive of what was once
relatively common in both the Arctic and Antarctic. Wilkes is an example of overenthusiastic Cold War provisioning and contains huge quantities of hazardous chemicals
used in various scientific studies such as generation of hydrogen for meteorological
balloons [12].
Some buildings at Wilkes were reportedly abandoned with meals on the tables in
the mess huts [12]. Quaint customs, such as segregation between officers and men,
fascinate contemporary Antarctic expeditioners. The visual impact of such large
quantities of supplies, including clothing, is of a place 'frozen in time'. In this context,
even mundane items such as food tins and clothing are interesting and illustrate how
times change even in such a few decades. Wilkes is not recognized as a historic site
under the Antarctic Treaty.

HUGHES ON A HISTORIC TIMBER HUT IN ANTARCTICA

rates of alien species of fungi and lichen. Historic biological 'artifacts' such as carcasses,
where the date of death of the animal can be determined from the archaeological context
at the site, can be used to determine past levels of environmental contaminants such as
radioactivity and heavy metals. This data is of particular value as it is 'baseline'
information on natural levels of such contaminants at the beginning of the industrial era.
Biological material of this age is very rare in places other than polar regions.
Preservation of Timber in Polar Conditions
There are a few scientific/historical studies at individual sites. These include
investigation of fungal species surviving in historic hay and foodstuffs [ 15, 16 ],
radiocarbon studies of bones [17] and the Macquarie Island excavation [ 18] which
considered the species of seal exterminated by sealers. These show the scientific
potential of studies of artifacts and the potential of historic sites to yield potentially

Scientific significance
Studies of historic activities are important for scientists in understanding how the
area they are studying may have been altered by past human activities. Unfortunately
relatively few scientists utilize historic information. Van Klinken and Green [13] are
exceptions who utilized historic studies of Subantarctic Macquarie Island [ 14] to show
that the distribution of an isopod species correlated exactly with occupation by sealers
from New Zealand and was thus determined to be an introduced species. Historic
information can thus be invaluable for environmental management.
Warren [5] considers scientific significance of historic sites only in terms of
recording what discoveries or important research was carried on at the site. There has
been no in-depth consideration of the scientific values of the buildings and artifacts
themselves although a publication addressing these issues is in progress by the author
collaborating with Dr Estelle Lazer, of the Department of Archaeology, Sydney
University.
A major concern of contemporary Antarctic science is the documentation of past
human impacts and the prevention of future damage to the world's greatest wilderness.
Antarctic historic sites are the first 'human impacts' on the continent. Study of the first
'human impact' sites in Antarctica by archaeologists and materials conservators can
produce data of scientific value.
Data derived from studying the rate of deterioration of historic materials (such as
food, building materials, metals, etc) in Antarctic conditions can be used to predict decay
rates of anthropogenic debris and contaminants and to study introduction and growth
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Figure 5 - Wilkes base (occupied 1956-69)

276

WOOD STRUCTURES: A GLOBAL FORUM

valuable scientific data. These studies need to be integrated into archaeological surveys
for all abandoned bases in Antarctica. By comparison there are considerable numbers of
interesting reports of scientific studies of Arctic historic sites or artifacts. Papers by
Renzoni and Norstrom [ 19], Grandjean [20], and Arnold [21] are but a few examples.
Since there are a significant number of historic timber buildings in Antarctica
which warrant preservation, it is useful to understand how materials deteriorate in
Antarctic conditions and what common pattern of preservation problems arise in different
locations. If deterioration rates can be measured, then problems can be prioritized
according to their severity and urgency.
Most people assume that Antarctica is a good place for preservation of historic
material because they assume that it is always cold and dry. However, a series of
deterioration problems have been documented which affect all historic buildings in .
Antarctica:
wini:1
water and humidity
salt
humans and wildlife
coastal erosion
Wind problems - There are two deterioration phenomena that are due to wind.
Structural loading
Erosion of surfaces by wind borne particles ('corrasion')
Structural loading- Strong winds cause structural stresses to Antarctic timber
buildings including severe vibrations. Wind is also responsible for the formation of
snowdrifts that also contribute to structural loads. Ironically the fine ice particles (<0.1
mm) which are blown through the smallest gaps in the timbers and accumulate inside
buildings may be beneficial.
Although wind loadings are obvious risks to buildings there have been few studies
by structural engineers and most inspections have been made by architects [8, 22]. An
interesting study of the destruction of Campbell's hut at Cape Adare is given by
Harrowfield [23] who compares the fate of this hut with the survival of other Antarctic
huts. Harrowfield, who is a scientist rather than an architect, examines the wind
characteristics of the site and responses of the walls of the building and develops a
chronology of the progressive destruction of the building.
There has been some controversy concerning whether ice causes distortion of
building shape due to 'plastic flow' of accumulated ice inside Mawson's Huts [22].
Plastic flow is the mechanism by which glaciers flow in polar regions due to pressure of
accumulated ice. This wilt only occur however when the thickness of the ice
accumulation exceeds I Im (Budd, W., University of Tasmania, personal communication
with author 1992). Marshall [24] has proposed that repeated measurements of roof
deflection be carried out to determine whether the ice accumulation is exerting outward
pressures of the building and also to determine the response of the building to severe
wind loading. Initial measurements do not indicate major distortions of the shape of the
building although Blunt supported the removal of ice to allow repairs and for presentation
of the building for tourists.
Blunt states that the accumulation of ice on a storage platform inside the AAE
Main Hut has caused the breakage of a collar tie, which will cause further structural
damage (22l. Others, including the author, question whether it was necessary to remove

the ice simply to repair the collar tie when the collar tie was prevented from moving being
secured within the accumulated ice, thus providing an alternative load path via the ice.
Removal of the ice may potentially cause other problems due to reduction in bracing and
consolidation of the building by the ice. The ice may also act to reduce vibration from the
wind, which is a significant risk at Cape Denison and Cape Adare and is known to have
been a major concern for the original inhabitants of the buildings. as evidenced in diary
entries [25, 26].
The Australian Government granted permission in 1985 for the removal of the ice
accumulation from the storage platfonn and ice was excavated to allow installation of
adjustable steel props to support the sagging storage platfonn. Once the ice was removed
then it was essential to repair the collar tie, but if no ice had been remo\·ed there would
have been no need to repair the collar tie. Accumulated ice has been removed fi-om
several Antarctic historic buildings including Byrd's 1940 East Base (27]. Scott's huts at
Hut Point and Cape Evans [28] and Nordenskjold's 1902 Snow Hill lsland hut [29]. In
1998 the Australian Associated Press Mawson's Huts Foundation removed o\·er 30
tonnes of ice to carry out repairs to the collar ties and other investigations.
It should be noted that Antarctica. unlike the Arctic. does not generally ha\·e deep
soils or pennafrost. Thus, 'frost heave' which commonly affects historic Arc.:tic buildings
(such as traditional Siberian buildings) is not evident.
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Figure 6 - Corraded timbers. Magnetograph House at Cape Denison.
Corrasion- erosion of timber by wind borne particles- Erosion of timber by
windbome ice particles has been reported at several Antarctic historic sites [30] and
corrasion by scoria particles is severe in parts ofBorchgrevink's hut at Cape Adare [7].
While corrasion can produce a dramatically weathered surface it is frequently overstated
by some visitors [31 ], with some saying "the timbers [ofMawson's Huts] arc worn paper
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thin". Accurate data on the rate of corrasion would be very helpful in detennining
whether treatment is an urgent priority.
Overstatement of corrasion is largely due to the assumption that the height of nails
above the timber surface indicate the extent of erosion ofthe wood surface. This is not
always the case since additional battens were nailed onto buildings for various purposes.
If the batten is blown off then the nail stands proud of the surface equal to the thickness
of the batten. The illustration of nails at Mawson's Huts (Figure 7) shows some nails that
stand about 2-3 cm above the surface yet other nails barely protrude. It is the latter nails
that may give some indication of the rate of corrasion since they are original nails in
original timber and indicate corrasion of only 2-3mm.
In addition, the timber cladding of Mawson' huts was tongue and groove timber of
5/8" and 3/4" thickness. If one third of the timber were corraded away then the tongue of
the timber should be visible, which is not the case. While the rate of corrasion may be
frequently overstated it is nevertheless a potentially serious problem. Once the tongue is
exposed (after loss of approximately 5mm thickness) then the timber planks will have
less 'stiffness' and will be less constrained in flexing in the wind and this could increase
the rate of deterioration.
It should be possible to measure corrasion rates by measuring the profile of the
wood surface. Areas that are being corraded are also visible due to the 'fresh' lightcolored appearance of the timber while timber which is not actively corrading is oxidized
to a gray color. Measurement of how the extent of corrasion reduces the structural
strength of timber cladding is urgently required to predict survival periods of the original
timber..

Figure 7 - Nails protruding above the timber surface, Main Hut, Cape Denison
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Water and humidity
The temperature conditions are not unifonnly dry and cold. Coastal Antarctica
can experience above 0°C temperatures for days at a time in summer resulting in
extensive melting and high humidity. Humidity can also be high during blizzards, which
occur every few days in coastal regions. Surface temperatures during summer can be very
much higher than air temperatures due to continual daylight and any dark surface will
absorb considerable heat, even in inland areas.
"
Even inland locations with consistently low air temperatures are not exempt from
humidity problems since localized heating of small enclosed volumes of air can
completely saturate the air with vapor. Once the vapor condenses and freezes on the
nearest cold surface (usually the wall or floor of a building) ice accumulates, and this can
result in damage, especially when there is a cyclic melting and freezing process.
Once this problem is pointed out to those who assume that there is no
deterioration in Antarctic conditions (and there are many, including Antarctic scientists
and administrators), they will frequently assume that any damage observed is due to
"freeze-thaw" damage. A search of the materials conservation literature reveals several
mentions of freeze thaw damage concerning stone carvings in Japan [32] and in timber
buildings in the Canadian Arctic, such as Kellet's Storehouse (Weaver, M., APT. personal
communication with Duncan Marshall, National Trust of Australia 1987).
The usual assumption is that damage is caused to a material when water trapped in
porous materials, especially stone, expands at +4°C and again as it freezes, and that
cumulative damage results from frequent diurnal freezing cycles. A closer study of
publications concerning freeze-thaw processes in the Arctic and Antarctic bibliographies
suggests that this is false. Everett [33] observed that:
"It was recognised many years ago that the damage has no necessary connection
with the expansion which occurs when water freezes: similar damage to stone and
consolidated earth can be produced by organic fluids which contract on freezing ....
macroscopic ice-crystals fonn in the coarser pore-spaces and water is withdrawn from the
finer pores. The mechanical damage is found to be associated with [the growth ot] these
ice crystals".
.
Studies by Peacock [34] tested for freezing-thaw damage of various humid ·and
wet natural textiles excavated from historic sites on Svalbard using multiple freezing
cycles at -20 and -80 degrees Centigrade. No freezing damage was found in pliable
cellulosic fiber materials even when subjected to sensitive yam elongation tests. Damage
is generally agreed by geologists studying freezing effects in porous rocks to result from
growth of ice crystals during sustained low temperatures and is not dependent on the
number of cycles. Flexible materials, such as timber, are most therefore unlikely to be
damaged by freezing, but rather by repeated cycles of wetting and drying which cause
fluctuations in equilibrium moisture content.
Every conservator knows that timber changes dimensions according to
temperature and humidity fluctuations and that frequent changes can damage material
which is old or which has already sustained other damage, such as exposure to sunlight.
Me/twater damage - Meltwater problems are surprisingly prevalent in Antarctica
in summer and water stains can be seen on some buildings, such as Mawson's Main hut
and some buildings at Wilkes.
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Meltwater flow inside the Scott and Shackleton huts are revealed by salt deposits
left when the water evaporates. Meltwater causes staining and dimensional changes from
cyclic wetting and drying must cause weakening. Meltwater increases humidity-related
problems such as corrosion, fungal growth and defibering.
Fungi - Fungi afflict Antarctic historic timber buildings in coastal regions [27, 35,
36J. Fungal growth was observed by the AAE inside their Cape Denison hut soon after
construction [37). McLean took samples and later identified them. The fungi still
flourish inside the Cape Denison huts but it has not so far been possible to culture recent
samples for identification and comparison with those found in 1912.
It is of scientific interest to know if the fungi are introduced or endemic although
it is most likely that they are introduced from Scandinavia in the Baltic Pine cladding. It
is also of scientific value to know if.the fungi have developed cold tolerance, as is
suggested by studies by a New Zealand scientist studying fungi and bacteria at the Scott
and Shackleton huts f 15,16].
Scientific studies of fungi are also important to conservators since if the fungi are
cellulose-degrading this could have unfortunate consequences for their preservation. This
is especially so since ·conditions are favorable for fungal growth in the floors and
foundations of the huts due to moisture and nutrients. Identifying whether the fungi are
cellulose-degrading is fundamental to determining which conservation strategies are
appropriate and whether it is practical to remove the ice filling the hut. If ice is left, the
timber may remain frozen so fungi are occluded from air and growth is inhibited. To kill
all fungi in an ice-filled building is difficult, but growth would at least be minimized if
the ice were allowed to remain.
If ice is removed temperatures inside the hut will rise and fungi will have access
to air and thus be able to grow and reproduce resulting in increased damage to the timber.
If a decision is made to remove the ice then development of fungicides that are effective
at low temperatures with low environmental risk will be urgently required.
The fungicide must have I 00% effectiveness or resistant strains will arise. Fogging with
thymol is no longer standard practice in museums due to toxicity concerns as well as
staining. To kill all of the fungi it is necessary to remove all the ice, including that in the
foundations and wall spaces (see figure 3). This is practically impossible, since the low
temperatures make it practically impossible to melt out all the ice, especially the
foundations that were frozen in place when the hut was built. Thus any attempt to
remove ice will encourage fungal growth and fungicidal treatment will be constrained by
the fact that ice cannot be removed from around the timber foundations.

Salt-related deterioration
Two further deterioration phenomena in Antarctica are due to high levels of salt
deposition in coastal areas: corrosion of metals and defibering of timber.
Corrosion - Corrosion affects important structural and protective components of
timber buildings such as nails and ridge capping. Corrosion products, especially rust from
ferrous metals, damageiwood due to pH changes and catalysis of oxidation of cellulose.
These problems have been known for centuries and many traditional carpentry practices aim
to prevent this, for example by dipping nails in linseed oil before use. Extensive staining and
degradation of timber due to iron corrosion is evident in photos of all Antarctic historic huts
in coastal Antarctic available to the author [38].
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Widespread evidence of corrosion indicates the difficulties of preservation of
historic material in such severe conditions. Ironically, there is a common myth that "there
is no corrosion in Antarctica because of the dry cold" despite the abundant corroded
artifacts including rusty food cans, 'exploding' batteries and copper alloy artifacts stained
with blue corrosion products.
Corrosion is a significant issue for those concerned with conservation because
corrosion only takes place, according to the International Standards Organization ISO
9223, when temperature is above 0°C and relative humidity is above 80%. Antarctic air
temperatures are so rarely above 0°C that the high corrosion rate must indicate some
other factor at work. Measurements ofcorrosivity rates [38, 39) using standard low alloy
copper steel coupons showed that corrosion is equivalent to rural areas in temperate
climates. The expectation that salt deposition is partly responsible is confirmed by
observation of extensive salt deposits on the ground in most coastal Antarctic historic
sites. Rain is a rarity so salt cannot be washed away, thus continued exposure to saline
conditions results in high levels of damage.
Dejibering- is the separation of timber fibers due to high humidity and salt
deposition (40). High temperatures increase the rate of defibering in temperate climates.
Wilkins and Simpson analyzed defibered timber samples from coastal Australia and
found a direct correlation between the proportions of ions found in affected timbers and
those found in seawater.
The author has ob.served defibering of timber at Davis, Mawson Station, Cape
Denison, Cape Adare, and the Ross Island huts. The separated fibers are raised above the
timber surface and they are then easily removed by wind erosion thus increasing the rate
of surface loss. It is concluded that defibering probably afflicts all historic timber in
coastal Antarctica since salt deposition levels are evidently high and there is little or no
rain to wash the salt away.
There are four main categories of damage caused by human and wildlife activity:
Guano deposits
•
Trampling
Removal and handling of artifacts
Unsuitable or failed conservation treatments
Guano deposits are significant at some sites since historic sites occupy scarce ice-free
land which penguins and other birds need for breeding. Shackleton's hut at Cape Royds
is next to a Site of Special Scientific Interest created to protect the southernmost rookery
of Adelie penguins.

Human and wildlife damage
Borchegrevink's hut is in the midst of huge Adelie rookery and guano accumulations are
up to 75cm deep around the walls. Penguins nest in abandoned provision boxes at Cape
Denison and Cape Adare and bacterial and algal growth is evident in summer. Potential
conflicts between conservation of historic sites and protection of wildlife must be
resolved in the development of site management plans [ I OJ.

Figure 9 - Corrosion and fungal growth affecting a tin can
inside the AAE Main Hut.
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Figure 8 - Meltwater freezes around the Main Hut, Cape Denison.
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Wildlife (molting elephant seals being particularly destructive) and human visitors
both cause trampling. Human visitors should be encouraged by tour guides and written
visitor guidelines (for example, (42]) to avoid trampling and other disturbance of
artifacts. Laying out paths has been carried out at East Base for this purpose [27).
Removal of artifacts is prohibited by both the Antarctic Treaty and Madrid
Protocol but past incidents of removal for sale or to national museums show that these
provisions are difficult to enforce. Tourists visiting historic sites are told that they must
not handle artifacts, nor take souvenirs. This seems generally well respected although
greater respect is shown to artifacts inside buildings rather than those scattered around
outside ( I OJ. Visitors to the Ross Dependency huts are supervised inside the huts and
numbers are limited due to space limitations and the need to prevent rapid rises in
humidity. Outside the huts there is generally no supervision and visitors tend to regard
the artifacts, which are in generally poorer condition, as 'junk'. This is particularly
evident at Cape Royds where previously intact hay bales are now 'picked at' and bits arc
being scattered about. Better education is needed for tour guides and visitors to
encourage respect for all artifacts and to understand how they can prevent damage while
still enjoying their visit.
Environmental clean ups of abandoned bases, required as a consequence of the
Madrid Protocol, are a potential problem since some of these clean ups are conducted
without adequate assessment of historic and scientific values of the site. Untrained staff
and sometimes visitors decide which artifacts should be removed so some potentially
important buildings and artifacts may be lost.
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Unsuitable or failed conservation treatments can cause significant damage to
buildings and artifacts. Removal of ice from the Scott and Borchegrevink huts is
arguably a case in point although it must be acknowledged that this work was done with
the best of intentions [28). Harrowfield [35) photographed progressive deterioration of
artifacts inside the huts: the artifacts were in perfect condition when 'excavated' from the
ice. Unfortunately the ice was removed without archaeological documentation of the
location of artifacts and many artifacts were disposed of as 'rubbish'. Remaining artifacts
were placed to give an evocative appearance using historic photos as a guide. It is
probable that the myth that 'artifacts do not deteriorate in cold conditions' reinforced the
decision to remove the ice. It is commonly expected that removal of ice would reduce
humidity when anecdotal evidence suggests that moisture problems increased after ice
removal"although there is no data available to analyze the changes.
Unfortunately other conservation work has also been carried out which has either
not been effective or which has led to other problems. At Cape Denison well-intentioned
efforts to remove ice failed since the building rapidly filled with snow. within a couple of
year,; [42). The corraded timber roof of the Main Hut was partly covered with lead
sheeting and timber battens held in place with silicone sealant. The repairs have failed
spectacularly as the lead sheeting vibrated against the nail heads in the original timber and
perforated the lead, making it completely ineffective in keeping out snow. The silicone is
an acid-curing type that is not suitable for low temperatures and which is ineffective on
lead since it forms a lead acetate which separated from the lead metal. Details of other
failed treatments are covered in a postgraduate thesis in preparation by the author.
There are numerous other proposed treatments for historic buildings that will
cause damage if carried out Examples include covering the hut with a 'dome' which will
trap heat and humidity and installation of vapor barriers to keep out snow which has
shown numerous failures when used in Canadian buildings [43).

Coastal erosion
Wave action and long term climate changes are responsible for erosion of some
beaches in Antarctica and Subantarctic islands. This is a particular problem at Cape
Evans where increased periods of open seas with little sea ice have caused changes to the
nearby glacier resulting in increased erosion in the proximity of the 'Aurora' anchor and
latrine building (Mabin, M., James Cook University, Townsville, Australia, personal
communication with the author 1996).

Roles Of Architects, Archaeologists and Materials Conservators in Research and
Development for Historic Sites in Antarctica
Conservation projects for Antarctic historic sites usually arise as a consequence of
the process of registering a historic site under the Antarctic Treaty provisions or when a
base is abandoned and it must be either registered as a historic site or removed under
Madrid Protocol provisions. Several site studies such as those of Cochran and Collinge
[8], Clark and Wishart [9], and Broadbent [27] have been initiated primarily for
environmental 'clean up' reasons.
Many architects, archaeologists and conservators become involved in Antarctic
historic sites by coincidence and it is rare for an opportunity to be declined. The common
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assumptions about division of responsibilities for the professionals involved are that the
archaeologist will document the artifacts and occupation history of the site; the architect
will document the buildings and that together they will produce a statement of
significance and conservation plan. The materials conservator is usually engaged to
document deterioration of the artifacts and to carry out treatments rather than be involved
with decisions about the buildings. Additional personnel are sometimes engaged such as
surveyors to measure locations of buildings and major features and to produce maps of
the extent of the site. At the Ross Island sites museum registrars have produced artifact
record systems [44]. This distinction between responsibilities has considerable
limitations and there is a great need for broad interaction between the professionals to
ensure that documentation and preservation projects cover all aspects adequately.
The major tasks and issues confronting heritage professionals concerned with
preservation of Antarctic historic sites include:
The site and its artifacts must be adequately and accurately documented to
identify significance, and also to identify any resources for ongoing scientific
research. This is important in identifying what is to be preserved and why. This
requires the archaeologist to have, or to develop, a knowledge of polar history and an
understanding of sci en ti fie studies carried out in Antarctica. This will assist the
architect in understanding particular features of buildings such as the use of nonferrous fittings in geomagnetic buildings. A well-documented statement of
significance will assist the conservator in determining priorities for treatment.
The condition of the buildings and artifacts must be accurately recorded
and the causes of deterioration must be clearly identified. This requires the
knowledge and training of a materials conservator familiar with the materials found at
the sites, which are predominantly wood and metal but also include paper, textiles and
leather. The conservator must be able to initiate monitoring of temperature, humidity
and conditions inside the building to assist the architect in assessing the thermal and
wind response of the structure as well as management of the conservation of artifacts.
Where structural considerations are at issue, it is important that the
selected architect has structural training, otherwise a structural engineer with
experience of historic timber buildings should be engaged. Since it is not possible or
desirable to replace large sections of the original building fabric then the architect and .
conservator should work together to develop processes for conserving original
material in situ.
•
The methods of preservation must be suitably durable for extreme
Antarctic conditions but must take account of ICOM OS guidelines concerning
'reversibility'. In assessing reversibility, the effect of the conservation method and
materials on the building must be field tested to demonstrate that no long-tenn hann
will result.

Research needs for development of 'Statement of Significance' and other documentation
Warren [5] has developed significance criteria and these were used to determine
brief statements in favor of preserving sites listed in her thesis. Warren (pages 89-90),
defines an Antarctic Historic resource as:
I. Any structure or building erected prior to the IGY, together with its integral
surroundings, and which

a. Constitutes an original use of land such as a camp, hut or station or
b. Constitutes a memorial, marker or grave associated with Antarctic
discovery, exploration or science.
2. Any place that was the location of or is fundamentally associated with an
original and significant event in Antarctic discovery, exploration or science
prior to the IGY.
3. Any place or memorials fundamentally associated with or commemorating a
unique scientific achievement which occurred in the Antarctic and which is
uniquely association with the Antarctic by the international community."
Warren (pages I 1-12) states that all sites prior to the IGY should be given interim
protection until detailed evaluation can be completed. Warren sought to promote these
significance criteria for determining which sites should be given Antarctic Treaty
protection status (her work predates the Madrid Protocol) but this was not endorsed by
the Treaty members. A set of rigorous and objective criteria is required to avert
controversy among Treaty members. Several 'monuments', such as a bust of Lenin at the
abandoned Pole of Inaccessibility base, may not meet Warren's proposed significance
criteria. It is not desirable for controversy about historic sites to become the focus of
sovereignty-related disputes.
Archaeologists, architects and conservators should answer the following questions
to add further detail to the Statement of Significance and in order to help Antarctic
administrators understand why a site merits preservation:
1. What does the site illustrate about Antarctic history or the national role in
Antarctica?
2. What is distinctive about the site in terms of building design, appearance or
other features?
3. Does the site represent one particular period of Antarctic history or docs it
reflect continual occupation and change over several eras?
4. What opportunities are presented at the site for continued scientific studies
using an historic datum point (e.g., Magnetograph House at Cape Denison) or
possibilities for further research using artifacts such as animal carcasses or
foods of known date?
5. Is the site intact or disturbed?
Research needs for development of Conservation Plans

After the Statement of Significance is agreed the Conservation Management Plan
(CMP) should be developed for the site in accordance with ICOMOS guidelines or the
national version such as the Burra Charter (Australia) or Aotearoa Charter (NZ).
An important element of the CMP is the condition report on buildings and
artifacts. It is important that the causes of deterioration affecting the elements of the site
are accurately diagnosed; otherwise inappropriate treatments may be proposed. There
have been several cases where deterioration problems have not been determined
accurately. Common m_istakes are the interpretation of dry brittle wood as desiccation
when the real problem is dry rot and supposed 'freeze-thaw damage' which may be
defibering due to salt and humidity.
Environmental conditions inside buildings must be accurately monitored to
determine whether the temperature and humidity variations are suitable for artifact

display and to determine what type of stabilization treatments are required for the
building. If the environment inside the hut is unsuitable, then repatriating artifacts for
treatment then replacing them in the same conditions is pointless and a waste of scarce
funds. Monitoring of environmental conditions inside buildings, such as by electronic
dataloggers, is also important for architects since high humidity could indicate a high risk
ofrot problems in structural elements of the hut. !fit were possible to maintain a power
supply then installation of strain gauges and vibration monitors would be very useful in
determining the structural stability of the building.
The conservator can assist the archaeologist in identification of materials (e.g.,
ferrous versus copper nails) and also in.determining the age and provenance of building
components (e.g., dating nails) and artifacts. A conservator can assist the architect in
selecting appropriate repair materials for buildings, such as checking that only nonferrous nails and fittings are used for historic geomagnetic buildings to ensure this will
not invalidate future instrument recordings. The conservator is probably the best trained
to undertake identification of hazardous materials such as formaldehyde, photographic
chemicals and samples for identification (e.g., asbestos) if no other specialist is available.
In some cases, such as the large-scale removal of acids and solvents (which are present in
large volumes at the South Georgia whaling stations and formerly at Wilkes) then experts
in disposal of hazardous materials will be required.
Treatment Development

Using the Statement of Significance and the condition report the architect,
archaeologist and conservator should collaborate closely to determine the priorities for
treatment. Determination of treatment priorities is greatly assisted by knowledge of the
rate of deterioration, for example if corrasion rates are very high then treatment
development or surface protection will be required urgently.
Structural repairs and bracing should be discussed together by the architect and
conservator to ensure that the materials used are appropriate. Monitoring should be
continued after treatment to ensure it has been successfully addressed the deterioration
problems.
In many cases no satisfactory treatment is currently available and new treatments
must be developed for fungal treatments, corrasion and snow ingress. There may be a
choice between several treatments, such as protection of existing corradcd cladding
versus replacement with new timber. These issues require careful consideration by all of
the team. The archaeologist may insist that retention of the original cladding is essential
and the architect may find, for argument's sake, that the cladding must be replaced to
ensure the structural integrity of the building and the conservator may conclude that
another problems (say, meltwater) is a higher priority. All of these viewpoints must be
discussed and resolved before cladding treatment is decided. Recommendations for
research priorities for development of new treatments are discussed above.
Site Management and Visitor Impacts

Accurate counting of visitors to a site is available from national Antarctic
administrations only if a permit is required to visit the site. Visitor logbooks at the Scott
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and Shackleton hu.ts were used by Harrowfield [45] to document increasing visitation and
to stress the need for improved site management.
The Madrid Protocol provides for the declaration of Antarctic Specially Managed
Areas to restrict incompatible activities around historic sites. This should prevent
situations arising in future such as the unfortunate visual encroachment on Scott's
Discovery Hut at Hut Point that is surrounded by fuel tanks and shipping facilities at
McMurdo base. Consideration should also be given to the needs of wildlife adjacent to
historic sites at Cape Royds, Cape Denison and Cape Adare where visitors to the huts
come into close proximity to breeding penguins and create a potential for disturbance.
A visitor questionnaire was prepared by the author to seek views on visitor
management questions for Cape Denison [46] and this could be adapted for other historic
sites.'
Visitor management problems that should be evaluated in site surveys include:
Does humidity in the hut rise significantly due to visitors' breath?
How many visitors can be adequately supervised inside the huts to prevent
crowding and allow enjoyment of their visit?
Can tripods and flash photography safely be permitted?
ls lighting adequate to counter any tripping hazards due to uneven floors,
etc?
Are written visitor guidelines and site information and maps available?
Are tour guides adequately briefed about visit management and prevention
of interference and damage?
Are visitors constrained when walking outside the huts? Are there any
safety hazards at the site?
At Cape Denison a potential visitor hazard arose from a cache of highly unstable
AAE explosives which were partly obscured by snow for most of the year. If accidentally
discharged these explosives could have killed anyone close by and the shock wave could
have damaged the historic buildings. Fortunately these were destroyed in 1998.
Abandoned explosives were also a problem at Wilkes and it is possible that these hazards
exist at other abandoned bases as they were commonly used for blasting rock for
foundations or for use by ships to dislodge ice floes.
Re-use of Historic Buildings

Re-use of historic buildings is common in the rest of the world but is potentially
problematic in Antarctica due to the costs of logistics, environmental management
concerns and the changing patterns of scientific research.
Common reasons for seeking the removal of out-dated buildings is the cost of
heating since older buildings do not generally have the thermal efficiency of newer
designs. However, not all .buildings require heating or permanent occupation. For
example the 'Old Paint Store' at Davis is the only intact polygonal building of the type
used to establish the first Australian National Antarctic Research Expedition (ANARE)
base on Heard Island in 1947. These buildings are visually distinctive and the
construction of this particular building uses wooden pegs to hold it together so it could be
·easily dismantled and re-assembled if necessary for relocation. This building is currently
used for the high-risk task of storing paint although it could be usefully retained as an
emergency store for survival supplies in case of a fire in the main station buildings
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(Twigg, D., Australian Antarctic Division, Davis Station, Antarctica, personal
communication with the author 1993 ).
Field stations for recreational visits are an important recreational resource for
expeditioners who have limited opportunities for getting off base. There arc also
important safety reasons for maintaining refuges that might only be used on rare but
desperate occasions. A number of old field stations are of some historic interest such as
the 1961 Platcha Hut near Davis Station that was used to carry out observations of
particular meteorological phenomenon which only arises in winter. The hut, virtually
unaltered since its inception, is of interest to AN ARE to give some understanding for
today's expeditioners of the difficulty faced in the early days of ANARE. The building i~
in generally sound condition requiring little maintenance and it supplements space in the
newer but cramped field hut established only meters away. An ANARE visitor made the
following note in the hut's logbook:
"20.11.82 On the Old Platcha/New Platcha question: The old hut is certainly the most
historic and charismatic of huts, and has served a long, noble life. It would be a pity to
see it fall into disrepair and demise, when it could easily be kept as a living museum to
earlier days when expeditioners received little financial reward but "did it" for their own
satisfaction. The New Platcha on the other hand is undoubtedly the Hilton ofVestfold
[Hills] accommodation and all credit goes to its authors. The new provides stark contras!
to the old. I take my hat off to the builders of both huts. Fred."
Documentation and Preservation Fieldwork - Planning and Equipment.

A major difficulty for conservation projects at Antarctic historic sites is the high
cost oflogistics. Some historic silcs, such as those cared for by New Zealand, arc close t,
major bases with air access from Christchurch. Others, such as Mawson's huts at Cape
Denison, are in remote parts of Antarctica, in this case accessible only by sea, seven days
from Hobart, Australia. Even when air access is available, time is usually short due to
logistics costs and thus site visits must be well planned to achieve the maximum work
possible. This requires efficient interaction between the different professionals and often
necessitates the assistance of volunteers.
Areas where good planning and prior briefing can maximize efficiency include:
Well-planned equipment lists covering all professional equipment, .
protective clothing, safety materials, packaging and personal field needs.
Photography: UV and polarizing filters (essential); lithium battery packs;
indoor lighting and flash; scale and color cards; insulated 'cooler' boxes fo1
batteries; tripods; macro and ·wide angle lenses. A second camera that will
fit inside an anorak is useful especially ifit has a 'databack' facility. It is
possible to lengthen camera battery leads so the battery can be kept wann
inside clothing, thus extending battery life considerably. 'Winterizing' is
generally no longer required for modem cameras.
Photogrammetry: identify orientation required from building plans and
specify the level of detail required; plan the records system and coding of
photos.
·
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Surveying: task definition; levels for drainage; orientation of significant
artifacts; specialist instruments including Global Positioning Systems and
computer databases including Geographic Information Systems.
Records systems and equipment: dataloggers and monitoring equipment
(e.g., strain gauges, thermistors) must be rated for Antarctic temperatures
and require consideration of possible meltwater and humidity problems;
computers require careful packing and precautions against static
electricity; codes for data records (e.g., artifact number, plank
identification) should be carefully planned to avoid later confusion.
Conservation materials for excavations may include: waterproof synthetic
paper labels; waterproof markers and notebooks; seal able polyethylene
bags and packing containers; protective packaging including 'bubble
polyethylene'; sterile sample bottles; culture media for fungi samples;
specialist tools (forceps, scalpels, etc); magnifying glasses, chemical spot
test kits; pH strips; thermohygrographs and dataloggers; hot air guns; light
and UV meters; adhesives; desiccants such as silica gel. Materials testing
racks should be partially pre-assembled and packed to facilitate rapid
installation. Special attention should be given to frame design and rock
bolt fasteners.
General logistics needs, food, clothing and safety supplies and medical assistance
is usually supported by national Antarctic expeditions who always insist on adequate
prior field training including use of tents, radios and generators.
Additional issues for fieldwork include occupational safety and environmental
protection. Antarctic Treaty nations require environmental impact statements for all
projects and heritage conservation projects may require additional permits to ensure work
complies with Madrid Protocol standards.
Health and safety issues are especially important and planning and training should
be developed covering:
Hazard management for chemicals;
Management of exposed conditions e.g., wind breaks, blizzard lines;
Priority task lists for good and bad weather conditions; and
Identification of suitable tasks and training for volunteer assistants.
Conclusions on the Value of a Multidisciplinary Approach
Since there are so many documentation and preservation problems in Antarctica
for which there are no satisfactory methods then strategic development is required to
improve recording and overcome treatment problems and the following recommendations
are made:
Documentation
Improvement of documentation standards- Archaeologists, conservators,
architects and scientists must work together to identify and record scientific resources of
historic sites. This work should include professional topographic surveys, accurate
recording of positions of scientific instruments (Stevenson screens, geomagnetic pillars,

tide gauge locations, etc) and consideration of research possibilities for artifacts (such as
dateable animal carcasses, historic foods, fungal growths. etc).
Identification o.f historic studies required- There are many untapped areas of study
of historic resources: performance evaluation of foods and equipment carried by past
Antarctic expeditions; investigation of scientific successes and failures of various
Antarctic expeditions; spatial studies of Antarctic bases and comparison with equivalent
activities in the Arctic; and identification and analysis of specific design adaptation of
buildings for Antarctica.
Condition Reporting
( 'unditiu11 report sta11darclizatio11- The causes of deterioration of mutcri<1ls in
Antarctic conditions have been documented in se\'cral reports and publications (sec list of
references). The most fundamental information that is required now is knowledge of the
rate of deterioration of materials in various Antarctic climatic regions.
Research on corrosivity rates has been completed for a range of sites showing that
corrosivity in coastal rates is significant and that treatment development is required [47).
A standard method for salt deposition is available (ISO 9225: Salt Candle method) but
work by the author and King to carry out testing at Australian sites is awaiting funding.
A method has been developed for quantitative measurement of corrasion of timber (30]
and funding is required to carry out field tests at Cape Denison.
Some data are available on temperature and rclati\'e humidity inside buildings but
it is evident from preliminary results that more detailed monitoring is required. There arc
problems with humidity measurements to be overcome. Conditions in the wall space.
where condensation appears to occur must be monitored to gain an accurate picture of
environmental conditions in historic huts. Methodologies for identifying fungi and
growth rate determination exist although it is ditlicult to obtain a sample from the Cape
Denison site, which offers important research opportunities.
Development

o./' treatments

From a bibliographic study and site visits of Antarctic historic sites the author has
concluded that the following treatment developments sh0uld be given priority:
Fungicide developments
Corrosion inhibitors for Antarctic conditions
Reversible elastomeric polymers for protection against corrasion(reversibility being achieved by peeling rather than solvent removal).
Materials tests should not only cons.ider the durability of materials but also
how the material or technique impacts the building. e.g .. by changing
permeation of air or changing condensation patterns.
Treatment of tin cans and labels (due to the number and significance of
these artifacts at many sites)
Passive radiation techniques for keeping ice frozen to avert meltwater
problems, as used for permafrost stabilization in Alaska [48].
Dehumidification techniques for interior spaces

~~~
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It is important to regularly review which methods are effective and which are not
and to carefully consider 'reversibility criteria' in case the treatment needs to be 'undone'
due to some unforeseen failure. Maintenance requirements for each site should be
determined and a plan developed for implementation and training if required.

Dissemination of Research via an International Seminar
Further, there is a need for international cooperation to research the problems of
deterioration. Research is required to develop new methods of treatment since
conventional treatments are not successful in Antarctica because the severe and
unfamiliar climate causes many materials and structures to deteriorate in unusual and
interest1ng ways. Funds for documentation and preservation of Antarctic historic sites are
scarce. Given that the deterioration problems are largely similar and that few proven
treatments exist then cooperation through the Antarctic Treaty would be very helpful to
the various professions involved in preserving these unique historic places.
-There are archaeologists, architects, historians, conservators and other scientists who
are involved in studies of Antarctic historic sites working in Argentina, Australia, Chile,
France, Netherlands, New Zealand, Norway, Russia, South Africa, United Kingdom and
the United States. Most of these researchers have never met and have limited access to
others' publications that often appear in publications oflimited circulation. Information
on historic sites is only intermittently circulated among the Antarctic Treaty nations
despite a 1961 Treaty resolution encouraging circulation of such information. Project
reports often go no further than national Antarctic administrators and never reach the
interested professionals in other nations. Publications are difficult tci find, even in the
Arctic and Antarctic bibliography, since many relevant reports are often unpublished.
The Human Impacts program of the Australian Antarctic Division has proposed
an international seminar to address this need for exchange of in formation but this is
dependent on funding. If the seminar goes ahead all relevant disciplines and Antarctic
administrators and environmental managers should be included. It is believed that an
opportunity for researchers meet face to face and devise strategies to promote the value of
Antarctic historic sites would raise the profile of this work and encourage funding support
for these projects to proceed.
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SUMMARY
Corrosion rates in antarctic climates have traditionally been expected to be low, corresponding to
anticipated low ‘time of wetness’ in the supposed ‘dry, cold’ conditions. Examination of extensive
corrosion of artefacts at several historic sites in Antarctica led to a collaborative program to measure
corrosion rates, during which a set of standard low-alloy copper-bearing steel coupons were exposed at
different sites in Antarctica. These coupons also act as receptors for airborne pollutants such as sulfates
and chlorides, and can be used to provide valuable information regarding the local geographical
distribution of these anions within the test site. In this paper, the chloride and sulfate contents of the rust
formed on standard steel coupons exposed to the elements in Antarctica have been analysed using the
techniques of X-ray fluorescence and inductive coupled plasma–mass spectroscopy. This analysis was
augmented with Raman microspectroscopy to gain an insight into the nature of iron oxides formed on
the weathered steel.
The results show that the levels of these anions in samples from continental Antarctic sites are
significantly high (nearly three times, for each species) compared with levels observed for subantarctic
islands. The later values were comparable to data previously measured for similar coupons exposed in
coastal Australia (Newcastle area). Measurements of the corrosion rate of copper steel at Antarctic sites
are entirely consistent with the aerosol measurements of chloride and sulfate, and the chloride and sulfur
contents of the rust samples, and demonstrate clearly the unperceived high corrosion regime that exists
at these locations in the presence of an electrolytic film on the metal surface. It was determined by
micro-Raman analysis that the corrosion product consisted mainly of goethite (α-FeOOH) and
lepidocrocite (γ-FeOOH), with interdispersed traces of maghemite (γ-Fe2 O3 ) and feroxyhite (δ-FeOOH).
Sulfate ‘nests’ were randomly found in pits present on the rust layer.

Keywords: Atmospheric corrosion, Antarctic, X-ray fluorescence, Raman microscopy, sea-salt
aerosol, air pollutants.
1

1.

INTRODUCTION

The myth that corrosion is not a problem in Antarctica because of the dry, cold climate is long gone.
Corrosivity studies conducted by Dychko and Dyckko (1) in the Russian Arctic, found that whilst low
temperatures reduced the corrosion rate of ferrous metal, this decrease was only significant if the
temperatures were consistently below –25°C for long periods of time, which are typical of those
observed deep into the interior of Antarctica (polar climate). Indeed, Vostok (77°S 107°E), which is
situated 1200 km inland was found to be the least corrosive place on earth (corrosion rate of 0.05
µm/year) (2). Vostok has also recorded the coldest natural temperatures on earth (–89.6°C in July 1983)
(2). The climate in coastal Antarctica and the isolated subantarctic islands is very different to that of the
inland Antarctic continent. Characteristically, the climate is cool, with temperatures during the short
summers being slightly above 0°C. Corrosivity studies conducted in these somewhat warmer parts of
Antarctica reaffirm the fact that temperature is not necessarily the most significant factor affecting
corrosion rates in cold climates (2–7). For example, the corrosivity measured at Cape Evans (77°38'S
166°24'E) was 10.83 µm/year (during a one-year exposure) (8) which is comparable to the corrosion
rates in outer suburban Melbourne, Australia (38°S 145°E) (9). This corrosion rate is much higher than
would be predicted by the time of wetness (i.e. the number of hours per annum during which the
temperature is above 0°C and the relative humidity is above 80% (10). Unfortunately, most of the
historic sites are located in this corrosive part of Antarctica. Metallic objects in these sites have all
shown signs of extensive corrosion, prompting research into establishing a corrosivity map of the region
to determine priorities for conservation treatments of these historically valuable artefacts.
There have been many previous studies (11–13) to develop empirical quantitative relationships between
the corrosion rates (measured on metal coupons exposed at different sites in a region) and the direct
measurement of the atmospheric pollutant levels of sulfur dioxide (SO2 ) (using passive monitors (14))
and sea-salt aerosol (using the wet candle method (15)). Direct measurement of environmental
pollutants needs to be conducted for extended periods of time covering all seasons to be site
representative, and the monitoring instruments can be very expensive to operate in remote places such
as Antarctica. However, the metal coupons used in corrosivity studies also act as receptors for airborne
pollutants, and recent studies have shown that the geographical distribution of atmospheric SO2 and
chloride can be determined in a sensitive and more cost-effective way by simply analysing the corrosion
products on coupons exposed at different sites (16,17). For example, a study conducted by King et al
(17) measured the sulfur and chloride content of rust on 142 specimens of a low-alloy steel exposed
over an area of 1000 km2 in the Greater Newcastle (Australia) area. Computer-contoured sulfur and
chloride maps were generated to complement the detailed corrosivity map. The technique was very
sensitive in discriminating the micro-corrosive environments, which compared well with the
geographical distribution of the local industrial sites. The coast of Antarctica is described as subject to a
number of micro-climatic conditions, namely: temperate with very strong winds, temperate with
moderate winds, cold with moderate winds and, to a lesser extent, cold with strong winds (6). As with
the Newcastle study, these micro-climates are expected to affect differently the corrosion rate of metals
and alloys exposed in this environment. In this paper, we report on some initial data aimed at generating
a similar corrosivity map for the coastal regions of Antarctica. The sulfur and chloride contents of the
corrosion products formed on a standard low-alloy copper-bearing steel after exposure at different sites
in Antarctica have been analysed using the techniques of X-ray fluorescence (XRF) and inductive
coupled plasma–mass spectroscopy (ICP-MS). Comparison is made with the corrosion products formed
on the standard steel exposed in coastal Australia. This analysis was augmented with Raman
microspectroscopy to gain an insight into the nature of compounds formed on the steel after exposure to
the open atmospheres of Antartica.

2

2.

EXPERIMENTAL METHOD

2.1 Testing Sites
The corrosion products used were from a number of low-alloy steel coupons (100 × 50 mm) that had
been exposed at different sites in the Antarctic and subantarctic regions (see Figure I). A discussion on
Subantarctic and Antarctic climate variation and its influence on corrosivity was previously reported by
two of the authors (2). A summary of this information for the test sites mentioned in this paper is given
below.
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Figure I. Map of Antarctica showing the locations where standard low-alloy steel coupons
were exposed during corrosivity measurements.
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Site 1: Macquarie Island (54°S 159°E) is now volcanically inactive. It is subject to persistent gales,
rough seas, and temperatures ranging from –4° to 7°C in winter and rarely exceeding 10°C in summer.
Its annual rainfall of 944 mm is frequently in the form of mist or drizzle. Conditions such as these
represent continuous time of wetness from the viewpoint of corrosion. The test site was at the ANARE ’
Stevenson meteorological screen on the Isthmus at the north of the island.
Site 2: Heard Island (53°S 74°E) is noted for the presence of the highest ‘Australian’ mountain, ‘Big
Ben’, an active volcano. The exposure site was at Spit Bay on the (slightly more protected) eastern side
of the island.
Site 3 (inset): Rothera (68°S 69°W) is on the Antarctic peninsula, the warmest region of the continent,
but summer air temperatures still rarely exceed 5°C. The prevailing winds are on-shore predominantly
from the north over open sea.
Site 4: Mawson Station (68°S 63°E) is subject to strong offshore katabatic winds from the cold polar
plateau, which will significantly reduce both the deposition of salt aerosol and the relative humidity of
this coastal site. Specimens were exposed on the Stevenson meteorological screen.
Site 5: Davis Station (69°S 78°E) is well known to be the ‘warmest’ Australian Antarctic continental
station with a greatly reduced influence of the katabatic wind effect. The specimen was again exposed
on the Stevenson meteorological screen.
Mainland Australian Sites
Newcastle, NSW (33°S 152°E). Four results from the corrosivity survey of Newcastle (18) are used here
to compare the content and influence of polluting ions in the corrosion products with those from the
Antarctic sites in light of the prevailing climates. The alphanumeric designations of the sites refer to
their exact locations and identification in the Newcastle report (17,18). Specimens had been exposed on
brackets fixed to low-voltage power supply poles at a height of 3.7 m above ground.
Redhead Point (I16) and Bar Beach (G12) are severe marine sites adjacent to the ocean front with heavy
surf and frequent on-shore winds. Very high levels of salt aerosol and deposition occur.
BHP Steelworks (H9) is near the chemical/fertiliser/phosphoric acid industry on Kooragang Island, and
is also subject to marine influence.
Boolaroo (N12) is 10 km from the ocean and adjacent to a lead/zinc sulfide smelter
2.2 Materials
The standard steel used was a low-alloy copper-bearing steel with the following nominal composition: C
0.18, Mn 0.76, Si 0.05, P 0.017, S 0.018, Mo 0.003, Sn 0.003, Al 0.011, Cr 0.125, Ni 0.295, Cu 0.235%,
with the balance being Fe. This steel type was originally developed by the former British Iron and Steel
Research Association (BISRA) for use as a standard material in measuring levels of atmospheric
corrosivity at exposure sites (9). Details of the preparation of the steel coupons and their exposure is
described elsewhere (2). The coupons were exposed to the elements for one or two years. Following the
exposures, the surfaces of the coupons were gently scraped with a stainless steel scalpel to remove the
loosely bound corrosion products, which were collected and stored in a dessicator for analysis at a later
date.
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2.3 Procedure
2.3.1 XRF Measurements
2.3.1.1 Preparation of Standards
Sulfur (S) and chloride (Cl) standards for use in XRF analysis were prepared by adding known
concentrations of S and Cl (added as ammonium sulfate (NH4 )2 SO4 and ammonium chloride (NH4 Cl),
respectively) to iron oxide powder (Fe2 O3 ). The Fe2 O3 powder was thoroughly mixed with the
appropriate Cl (concentration range 0.2–1.9 wt% by atomic weight ratios) and some cellulose acetate
before pressing into a 12.7 mm diameter by 2 mm thick pellet, under a vacuum using a ring press and
die. Standards for S were similarly made covering the concentration range 0.1–1.5 wt%. The scraped
corrosion products from the different steel coupons were ground in an agate mortar and pestle, and then
cast into a die similar to the standards.
2.3.1.2 XRF Analysis of Antarctic Samples
XRF spectra were recorded using Kevex Omicron X-ray micro-fluorescence spectrometer (Fisons
instrument). All the cast standards and samples were placed in a special pellet holder on a computercontrolled stage. The samples were examined in a vacuum environment. The analytical procedure
involved the following steps. Firstly, the optimum analysis condition for both standards and samples
was established by randomly scanning through the specimen. In essence, the following parameters were
used: X-ray tube voltage – 10 kV, irradiated area on sample – 500 µm, spectra acquisition time – 100
seconds, gain – set at 20, and the dead time was kept at approximately 50% to prevent detector
saturation. Each set of pelletised standards were then analysed at three different spots and the mean total
X-ray count was used to generate a calibration curve for the respective elements (see Figure II).
Unknown samples were then analysed (also at three different spots) and their X-ray intensity data fitted
into the calibration curves to calculate the concentrations (wt%) of Cl and S in the rust samples.
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Figure II. XRF calibration curves for pelletised chlorine (a) and sulfur (b) standards.
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2.3.1.3 XRF Analysis of Newcastle Samples
These spectra were obtained in a Cambridge 250 Mk 3 Scanning Electron Microscope, with a Link AN
10000 Energy Dispersive X-Ray Spectrometer, and a Cambridge Technology Thin Foil Trace element
detector. The procedures that were especially adapted for the SEM are described in detail in reference
17.
2.3.2 ICP-MS Measurements
Two batches of approximately 1 mg of ground corrosion products from each coupon were freeze dried
(for 24 hours) to remove any moisture. The effective dry weight was recorded before chemically
digesting the rust in a minimum volume of concentrated HNO3 , mixing in an untrasonic bath to ensure
complete dissolution of solids. The acid concentrate was diluted with deionised water and
concentrations of Cl– and SO4 2– ions in solution was ascertained by ICP-MS. Each solution was
analysed three times and the Cl– and SO4 2– concentrations were calculated against calibration curves for
(ICP-MS) standard Cl– and SO4 2– solutions.
2.3.3 Micro-Raman Analysis
Raman measurements were performed with a Renishaw Raman imaging microscope (model 2000)
equipped with a computer-controlled XYZ stage and an image sensor Charge-coupled device (CCD)
camera. Samples were illuminated with a near infra-red laser diode emitting at 780 nm. The pelletised
samples were placed flat under a microscope objective (magnification 50) through which the laser beam
was focussed and the Raman-scattered light collected. Initial examination of the pellets showed the
corrosion products to be inhomogeneous. Thus, a representative area of 500 × 500 µm2 was selected and
analysed by line scans (with the aid of the motorised stage). Spectra were recorded with a low laser
power setting (achieved via the neutral density filters fitted to the instrument) to avoid inducing any
phase transformations of oxides (to the more stable hematite (α-Fe2O3 )) due to the heat. Five to ten
scans were normally co-added to achieve an acceptable signal-to-noise ratio.

3.

EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Aerosol Compositions
A summary for the composition of aerosol collected at three of the Antarctic sites (Mawson, Davis and
Macquarie Island) are given in Table I. The results are given for three species (SO4 2– , Na+ and Cl– ) in
each of two size fractions (fine, ≤1 µm; coarse, ≤8 µm) collected on filter papers. The sulfate can have
two origins – sea salt (ss) and non-sea salt (nss). The sulfate was separated into sea-salt and non-sea-salt
sulfate by assuming that the SO4 2-: Cl- mole ratio in sea water was 0.0517 (19). The non-sea-salt fraction
originates from bacteria and marine phytoplankton in the ocean forming dimethyl sulfide, which can be
oxidised by hydroxyl radical to SO2 , or methane sulfonate. Sulfur dioxide is further oxidised to sulfuric
acid and sulfate aerosol after reaction with ammonia gas (20). There is a marked difference in the ratios
of the two components for Mawson, where ss SO4 2– is only 14% of the total, and the other two sites
where the SO4 2– of both origins is somewhat similar. This is due to the influence of the katabatic winds
at Mawson which minimise the marine influence.
The same situation is reflected in the sodium and chloride species, with sodium at Mawson being only
8–9% of that at Davis and Macquarie Island, and the chloride even less at 4–6%. It is noteworthy too
that both sodium and chloride are higher at Davis than Macquarie Island, and the sea salt sulfate is
6

nearly two and a half times greater. Comparison of these figures clearly shows that this level of salinity,
one of the main parameters influencing atmospheric corrosion, renders Davis a potentially corrosive
site.
Table I. Composition of aerosol (µg m-3) collected on filters at three Antarctic sites*
(particle size: fine ≤1 µm, coarse ≤8 µm)
Species
Mawson
Davis
Macquarie Island
nss SO4 2– fine
nss SO4 2– coarse
Total nss SO4 2–
ss SO4 2– fineψ
ss SO4 2– coarse
Total ss SO4 2–
Total SO4 2–

99.7
11.0
110.7
7.8
9.6
17.4
128.1

84.7
70.1
145.4†
139.7
105.4
245.1
364.3†

139.4
21.6
142.7†
41.2
65.1
106.3
245.4†

Na+ fine
Na+ coarse
Total Na+

37.7
33.8
71.6

455.5
477.4
932.9

170.6
661.0
831.6

Cl– fine
Cl– coarse
Total Cl–

46.5
50.7
97.2

1378.5
827.3
2205.8

571.6
1047.4
1619.0

* All results are annual averages for 1990.
†
Totals differ from sum of components fine and coarse because of differing numbers of samples

3.2 Compositions of Corrosion Products and Site Corrosivities
The results for XRF and ICP-MS for the corrosion products recovered from the specimens are given in
Table II, together with the corrosivity rates for copper steel. The latter are for exposure periods of one
year for Mawson, Davis, Rothera and Heard Island, and approximately two years for Macquarie Island
and the Newcastle sites. The results for the Antarctic sites obtained with the two analytical methods
show excellent agreement in all but one case (Macquarie Island). The feature that is immediately
apparent is that the chloride content of rust from the continental Antarctic sites is significantly higher
(by up to three times) than that from the other marine sites, with the results for the subantarctic islands
and the marine Newcastle sites being quite similar. This is due to the lack of rainfall at the Antarctic
sites. The chloride is deposited but, although a soluble species, it is not leached from the surface of the
corrosion coupons and so becomes incorporated into the rust.
The sulfur content of the Mawson corrosion products, comparable to Davis and greater than Macquarie
Island, reflects the substantial level of nss aerosol SO4 2– , as that originating from the sea is very low. It
is remarkable that the sulfur contents for all of the Antarctic sites are substantially greater (by up to a
factor of nearly three) than the marine sites in Newcastle. Macquarie Island has the lowest chloride and
sulfur contents, but it also has the highest rainfall (944 mm annual average) to act as a leaching agent.
The sulfur contents for the Antarctic sites are even approaching those for the true industrial sites in
Newcastle. In the latter cases, of course, the sulfate has its origins principally through the SO2 /acid rain
cycle of deposition. It is possible that SO2 from the volcanic emissions on Heard Island may be partly
responsible for the sulfur content of the rust there being significantly greater than that from Macquarie
Island.
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Site

Table II. Details of sites and composition of corrosion products
Corrosivity
Dist. from sea
Chloride (wt %)
Sulfur (wt %)
(µm yr–1 )
(km)
XRFa ICP-MS XRFa ICP-MS

Mawson
Davis
Rothera
Heard Island
Macquarie Island
Newcastle NSW
Severe Marine
Redhead Point (I16)
Bar Beach (G12)
Industrial
BHP Steel Works (H9)
Boolarooe (N12)

0.1–0.17
0.12
<1
<1
0.05–0.09

3.3b
8.7c
27.1
55.3
222d

0.1
0.025

153.3d
188.7d

0.54
0.49

—
—

0.09
0.09

—
—

3.2
10.5

40.0d
42.5d

0.07
0.02

—
—

0.35
0.29

—
—

0.94
1.30
0.75
0.46
0.44

1.105
1.385
0.762
0.452
0.245

0.19
0.18
0.25
0.22
0.12

0.220
0.202
0.258
0.216
0.087

a

Standard deviations for Antarctic sites range from 0.01 to 0.05, with an average of 0.02.
Mean of two results.
c
Estimated on basis of one-year exposure, mean of two results.
d
Exposure period of 1.88 years (Macquarie Island 1.98 years).
e
Vicinity of lead zinc smelter.
b

The aerosol data and corrosion product compositions together provide explanations for the corrosivity
levels at the Antarctic sites. The level of sea salt deposition at Davis is substantially greater than
Macquarie Island and, although the lack of rainfall and extended period of time below 0°C would
markedly reduce the time of wetness, this is nonetheless sufficient to result in Davis having a level of
corrosivity for copper-bearing steel equivalent to that in parts of suburban Melbourne. The annual
rainfall at Davis is on average 75 mm, while Melbourne’s is 650 mm. The lowest rainfall area on the
Australian continent is around the Simpson desert in South Australia, with a median annual figure of
about 100 mm. Corrosivity of copper steel in this region would be of the order of 1–2 µm yr–1 as a
measurement of 3.1 µm yr–1 has been made for Coober Pedy (with a rainfall between 100 and 150 mm)
(21). The influence of chloride deposition at coastal areas in Antarctica, greatly increasing the levels of
corrosivity for locations still having a low time of wetness, is quite clear. The corrosivity at Rothera
even falls into the ISO C3 medium category (the third of five categories). It is much greater than the
mean corrosivity for Melbourne (15.7 µm yr–1 ) (18). Even the level of corrosivity at Mawson is similar
to that at locations as diverse as Newman (WA), Dubbo (NSW) and Goroka (PNG) (22). The myth of
minimal corrosion in Antarctica is well and truly dispelled.
The corrosion rate measured at Macquarie Island exceeds that at the most corrosive site in Newcastle
(during the period of the Newcastle survey), and is among the highest ever measured in Australia. It is
to be entirely expected with continuous time of wetness and very high levels of salt deposition.
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3.3 Characterisation of Corrosion Products Using Micro-Raman

Relative Intensity (arb. units)

The analysis of the corrosion products formed on the steel coupons after exposure in Antarctica was
conducted using micro-Raman. Initial microscopic examination of the pelletised samples showed that
the iron oxide was not homogenous, but had a rather spotty, non-uniform appearance of different
coloured shades of yellow, orange and grey. The Ramascope’s excellent spatial resolution (up to 1 µm)
was used to locate the different particles for individual analysis. The analysis revealed the presence of
four distinct iron oxides (see Figure III). The recorded traces for each oxide (and the major peaks) were
in good agreement with spectra previously reported for the different iron oxides (23,24). The corrosion
product consisted mainly of goethite (α-FeOOH, spectrum (a)) and lepidocrocite (γ-FeOOH, spectrum
(b)). Traces of maghemite (γ-Fe2 O3 ) and feroxyhite (δ-FeOOH) were also identified from their Raman
spectra, shown in Figure III(c) and (d), respectively. This observation was true for all the five samples
examined. Using the techniques of transmission 57 Fe Mössbauer spectroscopy, XRD and X-ray
photoelectron spectroscopy (XPS), Marco et al. (3) have also showed the presence of these types of
oxides on an SAE 1070 carbon steel after a one-year exposure in Antarctica. Some unground corrosion
products from Site 1 (Macquarie Island) were also examined. In this instance, traces of crystalline
material were observed trapped within pits present in the corrosion product. An example of the Raman
trace recorded from such a pit is shown in Figure III(e). Examination of this trace shows that in addition
to peaks due to goethite (spectrum (a)), this spectrum has a strong peak at 1048 cm–1 , which is typical of
the symmetrical (ν 1 ) stretching mode for sulfate anion in iron sulfates (25). Schwarz (26) and Tanner
(27) have shown the existence of sulfate ‘nests’ in corrosion products and the underlying compound was
identified by XRD as iron(II)sulfate (Fe(II)SO4 .4H2 O). In this study, complete identification of this
stable compound was not possible due to masking of the other identifying weak peaks (in the region
200–800 cm–1 ) by the more intense goethite bands. As exemplified by data in Table II, chloride salts are
easily leached from the rust layer and the Raman signals arising from the low residual chlorides present
on the heavily washed samples from Macquarie were undetectable.
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(d)
(c)
(b)
(a)
400
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1200

1600

2000

-1

Raman Shift (cm )

Figure III. Raman spectra of the different oxide phases formed on the surface of low-alloy copperbearing steel exposed in Antarctica: (a) goethite; (b) lepidocrocite; (c) maghemite; (d) feroxyhite; (e)
mixture of goethite and (iron(II)?) sulfate.
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4.

CONCLUSIONS

•

Analysis of rust recovered from coupons of copper steel exposed at marine island sites in the
subantarctic and on the Antarctic continent itself, has shown very significant levels of included
sulfur and chloride.
The chloride levels in rust from the continental Antarctic sites far exceed those for specimens from
temperate marine sites, reflecting the lack of leaching effect due to the low rainfall. The sulfur levels
are comparable to measurements made on specimens exposed at true industrial sites, but the sulfur is
present as sulfate from sea salt or oceanic bacterial or sea plankton origin as opposed to the SO2 /acid
rain sulfate cycle.
Identification of the oxide phases constituting the corrosion product was readily achieved using a
micro-Raman system. The oxide consists mainly of goethite and lepidocrocite, intermixed with
traces of maghemite and feroxyhite. Sulfate ions were found trapped inside pits within the rust layer.
Measurements of the corrosion rate of copper steel at Antarctic sites are entirely consistent with the
aerosol measurements of chloride and sulfate, and the chloride and sulfur contents of the rust
samples, and clearly demonstrate the unperceived high corrosion regime that exists at these
locations.

•

•

•
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ABSTRACT
Traditionally it has been long regarded that atmospheric corrosion is low in the very cold regions of
the world because of the prevailing dry and cold climates. While this has been demonstrated for
regions in Antarctica remote from the ocean, marked corrosion problems are observed on both historic
and current buildings located close to the Antarctic coastline. Measurements of atmospheric cqrrosion
rates at these sites have yielded results similar to some temperate environments. These observations are
in conflict with the current international definition of the time that a metal surface is wet and can
therefore corrode. This paper describes new experiments at a very southerly coastal base in Antarctica
to take advantage of consistently low air temperatures together with a marine environment, and to
acquire data that will enable the threshold for atmospheric corrosion to be better defined. Standard
specimens of steel and zinc have been exposed with the surface temperature of a steel specimen being
monitored, and the surface time-of-wetness measured using a gold grid. The first unexpectedly high
corrosion measurements are discussed with reference to these data and the normal climatic data for air
temperature and relative humidity (RH). The ISO 9223 criterion for estimating time of wetness (TOW)
has been shown to be incorrect for cold climates.
Keywords: Atmospheric corrosion, Antarctica, Time-of-wetness, Cold Climates, ISO 9223

INTRODUCTION
Research previously undertaken has identified that corrosion does occur in Antarctica despite the
low temperatures and low precipitation that make Antarctica the earth's coldest, driest, highest and
least polluted continent 1. Corrosivity was measured at a range of Antarctic and Subantarctic locations,
including low but measurable corrosivity at several locations in the interior of the continent where air
temperatures never rise above 0°C. Corrosivity at a number of the coastal Antarctic locations was
comparable to that in temperate environments.
Antarctic corrosivity data thus raised fundamental questions about the Time of Wetness (TOW)
criterion in the ISO International Standard 9223 2• This is defined as "the period during which a metallic
surface is covered by adsorptive and/or liquid films of electrolyte that are capable of causing
atmospheric corrosion". The standard points out that "wetting of surfaces is caused by many factors,
for example dew, rainfall, melting snow and a high humidity level", and the calculated time of wetness
of corroding surfaces can be estimated as the length of time when the relative humidity is greater than
80% at a temperature greater than 0°C. A note in the standard qualifies this criterion and indicates that
other factors such as metal type, object orientation, corrosion products, and pollutants on the surface,
may influence the TOW. However the standard considers "the criterion usually sufficiently accurate for
the characterization of atmospheres".
Recent experiments have thrown doubt on this 3• In a study conducted at temperate and tropical sites
within Australia and three tropical Asian sites, time of wetness was measured directly on the surfaces
of zinc specimens using the gold grid method discussed below (Experimental). The ISO criterion did
not predict well the high TOW for tropical and temperate marine Australian sites and a tropical marine
Asian site (Phuket, Thailand), nor a moderate TOW for an inland-tropical Australian site.
On the basis of meteorological data the TOW for the Antarctic locations is much lower than at the
comparable temperate locations previously studied. It has also been previously noted however4 that the
long hours of sunlight in the Antarctic summer may raise the surface temperature of dark objects
considerably above the surrounding air temperature, but that the temperature rise is inadequate to
totally volatilise an electrolyte layer. Confounding this is the observation that when the Scott
expedition historic huts at Cape Evans (New Zealand Ross Dependency) were cleared of ice, the
artefacts inside them which had suffered little corrosion in the previous 60 years started to corrode at
significant rates without being subject to heating by direct solar gain4.
In order to better understand the conditions under which corrosion may oGcur in cold climates an
experiment was devised which would demonstrate whether corrosion could occur when temperatures
were too low for corrosion to occur according to ISO 9223.
Influence of Salt Deposition
Examination of the role of salt deposition in Antarctic conditions has recently revealed that because
of the general absence of-rain and consequent leaching, unusually high levels of sulfate and chloride
are retained in corrosion products 5 . The chloride levels in rust from continental Antarctic sites far
exceeded those for specimens from temperate marine sites, and the sulfur levels were comparable to
those on specimens exposed at true industrial sites. The high concentrations of salts that could be found
on a metal surface in the absence of regular washing by rain could logically be expected to increase
corrosivity. In addition the phenomenon of depression of the freezing point of salt solutions is well
established6 • Brass has pointed out that "natural waters always contain dissolved solids and these

solutes depress both the initial freezing point and the temperature at which liquid finally disappears" 6 •
His study of ternary phase diagrams of two chloride salts and water concluded that "freezing leads to
concentration of salts in residual brines capable of participating in corrosion reactions to temperatures
below -50°C6 •
Given the significance of corrosion occurring unexpectedly in consistently cold conditions,
particularly in the presence of salts, and given that the majority of Antarctic research stations are
located close to the sea, corrosion could present an unforeseen risk for modern buildings which are
generally designed presuming minimal corrosion rates. The information to be derived from this
research is also believed to be of practical benefit in preservation of historic metal artefacts and
building components at the abandoned bases of the Scott (1902-04, 1911-14) and Shackleton (1907-09)
expeditions at Ross Island.
Site Selection - General Considerations
Accordingly, it was decided that a suitable coastal site should be selected for the experiment where
temperatures are consistently low but without any complicating factors such as anthropogenic
pollutants from diesel generators that are generally used for producing electrical power. The Australian
bases Mawson, Casey, and Davis were unsuitable for the experiment as they all lie at latitudes of
approximately 66-68°S, and maximum temperatures can exceed 0°C in the summer months, especially
at Davis station. The Italian research station at Terra Nova Bay (TNB) in the Ross Sea area of
Antarctica was chosen as a suitable location for the following reasons:
• Detailed meteorological data was available suggesting that temperatures above 0°C were rare7.
• Several meteorological facilities were available specifically located away from potential sources of
pollution.
• Space was available on these to expose the specimens and instruments required for the experiment,
including dataloggers that would provide accurate measurements of specimen surface temperature
and TOW.
• Staff were available to install the experiment for a short exposure and a longer exposure at critical
periods of the year.
Terra Nova Bay and Details of the Exposure Site
7

Terra Nova Bay •8 is a large inlet in front of the Ross Sea in the region known as Northern Victoria
Land in eastern Antarctica. The site chosen for the establishment of the permanent Italian base called
Terra Nova Bay is located on the coast of the northern foothills south of Gerlache Inlet, between the
Campbell and Drygalski glacier tongues. The stations co-ordinates are 74° 4i'4i' S, 164° 07' 23" E.
The main feature of the region is the orography. The nearby trans-Antarctic mountain range represents
the boundary of the polar ice cap. Orographic factors have a noticeaflie impact on the climate of the
region since they drive the atmospheric flows, giving rise to the dynamic systems prevailing in the area
such as the katabatic and barrier winds7 • The katabatic winds originate over the polar plateau and blow
down toward the coast following the valleys which intersect the trans-Antarctic range. In Terra Nova
Bay these winds are particularly intense7 • Such winds usually blow toward the Ross Sea either from
SW or NW. Nearby stations to Terra Nova Bay are the New Zealand Scott base and the US base at
McMurdo on Ross Island.
A network of automatic weather stations (AWS) have been set up in the region as part of the Italian
meteorological research program, and data have been reported for the years 1987-19947 • At Terra Nova
Bay station itself the reference AWS (latitude 74° 4iS longitude 164° 06,E) is at an altitude of 90m
and less than 1km from the sea/sea ice. Yearly mean and extreme values of temperature (0 C) are -13.6,

-23.5 (min), -2.0 (max)7. A nearby AWS was actually used for the installation of the present
experiments. This is in a location called Enigma Lake (latitude 74° 43's, longitude 164°02°E) at an
elevation of 21 Om and approximately the same distance from the sea. The equivalent yearly mean and
extreme values of temperature (°C) are -15.1, -24.5 (min), -4.0 (max). The temperature exceeds -5°C
only in January7. Relative humidity at this location is about 40% in the cold season and 50% in the
warm season7 • All of these values for Terra Nova Bay station and Enigma Lake are from historical
records. These typical climate details for the location show that it is suitable for an experiment to test
the ISO criterion for time-of-wetness.
EXPERIMENTAL DETAILS
Materials Exposed for Corrosion Measurements
Unalloyed carbon steel ("mild steel"). Sheet steel 3 mm thick was purchased to Australian Standard
AS 1594. It is a typical hot rolled structural steel. The composition by spectrographic analysis was as
follows: C 0.150, P 0.013, Mn 0.76, Si 0.005, S 0.012, Ni 0.021, Cr 0.014, Mo <0.002, Cu 0.005, Al
0.036, Sn <0.002, Nb <0.001, Ti <0.003, V <0.003 percent. The copper content is below the range
specified in standard ISO 92269 for standard specimens for the evaluation of corrosivity. A density of
7780 kg/m3 was used to convert corrosion rates to µinly.
Copper-bearing steel. The specimens of copper-bearing steel were produced from 3 mm sheet that
had been hot and cold rolled from (vacuum induction furnace) heats of very similar compositions. The
average analysis was as follows: C 0.166, Cu 0.235, P 0.0035, Mn 0.602, Si 0.057, S 0.002, Ni 0.285,
Cr 0.13, Mo 0.005 percent. The corrosivity of this type of steel is known to be insensitive to small
variations in composition at the nominal copper levels of 0.2%. A density of 7764 kg/m 3 was used to
convert corrosion rates to µm/y. Preparation of both the unalloyed carbon steel and copper bearing
steel specimens for exposure and subsequent removal of corrosion products used procedures as
described previously 10 in accord with ISO 92269 .
Zinc. Specimens were cut from 3mm rolled sheel of high purity material. The composition was as
follows: Cu <0.001, Ti <0.001, Fe <0.001, Cd< 0.001, Pb 0.004, Sn <0.001, Al< 0.001, Zn 99.95
percent. Zinc specimens were cleaned of oil and contamination before exposure by washing in
detergent/water, rinsing in ethanol and oven drying. Processing after recovery was in accord with ISO
92269 • A density of 7140 kg/m3 was used to convert corrosion rates to µm/y.
Special Requirements for Mounting Specimens and Antarctic Activities
For any atmospheric corrosion measurements appropriate procedures have to be devised for each
location for the mounting and exposure of specimens. The conventiQ_~al methods of holding rectangular
specimens on racks using porcelain insulators are often not possible as racks may not exist at any given
location, and it may not even be possible to construct them. Techniques have been developed at CSIRO
to fix specimens to small brackets using thin bolts and machined plastic mounting spacers inserted into
a central hole in the specimen. Very compact assemblies can be made holding up to 5-6 standard
specimens, and these can be easily fixed to suitable wooden or metal structural members. The
technique has ~een employed very extensively for corrosivity surveys throughout Australia mounting
the brackets onto low voltage power supply poles. Because of the logistics constraints of carrying out
any work in Antarctica especially when air transport of equipment is required it is imperative that
experiments be as compact and light as possible. The CSIRO techniques enabled the wrapped
specimens and instruments to be packaged in a box 540x360xl80 mm weighing only 5kg. The
specimens and instruments were sealed in a large black plastic bag and then wrapped in plastic

"cellular wrap" before being packaged in the box. The sealing functioned perfectly as demonstrated by
the record of "time of wetness" (see below). Also because of the intense activity at Antarctic research
stations at the commencement of the southern summer any experiments must be easily installed and of
"robust" design. These criteria were also met.
One bracket contained duplicate specimens of unalloyed carbon steel 150x 100 mm, and a third
specimen instrumented for surface temperature and time of wetness; duplicate specimens of zinc
150xl00 mm were also mounted on this bracket. Figure 1 shows this assembly from the "front". A
second bracket carried duplicate specimens of the copper bearing steel 100x50 mm. All specimens
were mounted onto the bracket arms vertically (as opposed to exposure at angles of 45° or 30° which
are usually employed).
Instrumentation for Measurement of Surface Temperature a:nd Specimen Time of Wetness
The additional unalloyed carbon steel plate was instrumented for the measurement of surface
temperature and time of wetness. A temperature logger with an external thermistor was used for
surface temperature. This can be seen on the left of the instrumented plate in Figure 1. A wetness
logger with a gold grid sensor as used on the Wetcorr system 11 was used to measure when the metal
surface was actually "wet". The gold grid sensor is on the right of the instrumented plate in Figure 1.
The values produced by the wetness logger give a value for the conductivity of the surface of the gold
grid. The conductivity is related to the thickness of the moisture film on the grid. When the logger
produces a value above zero the grid has a moisture film present in excess of 1-5µm (0.04-0.2 mils) in
thickness. Values above 50 are equivalent to thick moisture layers in excess of lOµm (0.39 mils) and
up to lO0µm (3.94 mils). Heavy wetting events such as dew or rain can produce values above 50. The
relationship between moisture layer thickness and logger output is not linear. It should also be noted
that the specific conductivity will influence the values produced by the logger, i.e. a thin highly
conductive layer may give the same value for wetness as a thicker and lesser conducting solution. The
loggers are extremely compact and are mounted directly on the bracket arms holding the specimens.
This can be seen in Figure 2. Readings were recorded at intervals of 1 hour. Measurements of surface
temperature and surface time of wetness (surface TOW) are essential for analysis of the data in
conjunction with the ISO time of wetness calculated from the classical meteorological data.
Details Relating to Transport and Exposure of the Experiment at Terra Nova Bay
The experiment was assembled at CSIRO on December 11999, and transported by air to
Christchurch New Zealand in late December. It left for Antarctica on board the ENEA supply ship
Italica on January 6 2000 arriving in Terra Nova Bay on January 15. Exposure of the experiment was
not carried out at that time due to unforeseen circumstances, and the equipment remained in storage at
the station throughout the winter of 2000. It was finally exposed on the AWS at Enigma Lake on
October 29 facing east towards the sea. Recovery was on December 2 2000 giving an exposure period
of 3'4 days. It was returned by air to New Zealand and then Australia. A second identical experiment
was prepared in October 2000 and transported by air to New Zealand and then Terra Nova Bay for an
exposure period of 1 year. This will allow the experiment to be conducted over a period during which
the air temperature is below -15 °C for over 8 months.

RESULTS AND DISCUSSION
Corrosion Rate Measurements
Unalloyed carbon steel. Initial mass of the specimens was approximately 343 g. Corrosion mass
losses (in 34 days) were 0.199g and 0.231g. The blank loss during the removal of corrosion products
was 0.005g. The specimen mass losses are equivalent to corrosion rates of 8.55 and 9.97 µm/y. The
average is 9.3 µm/y (0.366 mils/y).
Copper-bearing steel. Initial mass of the specimens was approximately 125g. Corrosion mass losses
(in 34 days) were 0.0691g and 0.0736g. The blank. loss as above was 0.0087g. The specimen mass
losses are equivalent to corrosion rates of 7.81 µm/y and 8.39 µm/y. The average is 8.1 µm/y (0.319
mils/y). The slightly higher results for the unalloyed carbon steel compared to the standard copperbearing steel are in line with previous experience. The latter material can almost be regarded as an
"emaciated" weathering steel.
Zinc. Initial mass of the specimens was approximately 318g. Corrosion mass losses (in 34 days)
were 0.069g and 0.065g. The blank loss as above was only 0.001g. The specimen mass losses are
equivalent to corrosion rates of 3.27 µm/y and 3.08 µm/y. The average is 3.2 µm/y (0.126 mils/y).
While recognising that the exposure period is short these corrosion rates are very much higher than one
would expect in this environment. Measurements of corrosivity have been made previously at nearby
Cape Evans (the site of Scott's hut) using the copper-bearing steel, with a result of 10.8 µm/y 12 (0.425
mils/y) for a one year exposure. The result for zinc is particularly surprising as this falls midway in the
C4 category of corrosivity according to ISO 9223; it must be noted however that these categories are
established for exposure periods of one year.
Measurements of Meteorological Parameters and Specimen Surface Temperature and Wetness
A record of the surface temperature and wetness on the instrumented steel plate is shown in Figure 3
for the entire period from the assembly of the experiment until its recovery from exposure at Terra
Nova Bay. The key times are very apparent from the temperature plot, including the initial flight to
New Zealand, transit by ship to Antarctica, the closing of TNB station, storage in an unheated building
through the Antarctic winter, the re-opening of the station in mid October, and the exposure of the
experiment. The temperature throughout the winter period varied from about -7 to -33°C, but for much
of the time was below -20°C. The record of wetness shows clearly (horizontal line at zero) that the
specimens remained perfectly dry (inside a sealed bag) until after the exposure on October 29. A
dashed line connects the plots of surface temperature and wetness at the start of exposure. The final
increase in surf~ce temperature is in the early part of December 200() when the experiment is being
returned by air to Australia.
The surface temperature and wetness of the instrumented steel plate together with the corresponding
air temperature and relative humidity from the AWS records, are shown in Figure 4 for the actual
whole period the experiment was exposed at TNB. The trend for air temperature increasing from about
-20°C to about-3 to -5°C during the exposure period is quite apparent. The surface temperature is
seen to exceed 0°C briefly on about 13 occasions. The plot of relative humidity shows that it is nearly
always below 80%. A line is put through this plot at 50%. It is immediately apparent th.at the periods of
surface wetness match those for which the RH is greater than 50% or a little more. Dashed lines are
drawn down from the RH plot to the wetness plot for one example of these periods.

The wind rose for the site during the period of exposure is shown in Figure 5. It is quite apparent
that the prevailing winds are overwhelmingly from the west. These are the katabatic winds blowing
from the polar plateau towards the sea. This serves to demonstrate that at this particular site salt
deposition on the corrosion specimens during the period of exposure would be minimal.
A plot of the surface wetness versus the relative humidity during the period of exposure is given in
Figure 6. The single outlier is the "spike" at the end of the period (November 30) apparent in the
wetness plot in Figure 4. It is quite clear from Figure 6 that there have been many events of wetness
between relative humidities of 50% and 80%.
A summary of the meteorological data and surface temperature is given in Table 1. Both the
ambient and surface temperatures are on average well below 0°C, and the RH on average is below
50%. Table 2 presents some parameters derived from these data and the wetness data. The RH exceeds
80% for only 2.4% of the exposure time (a total of 19.6 hours), and the ambient temperature exceeds
0°C for only 0.9% of the exposure time (a total of only 7.3 hours). These two events at no time occur
simultaneously and analysis of the data shows that the calculated ISO time of wetness is in fact zero.
However the steel coupon as measured by the instrument was wet (to a greater or lesser extent) for
28.4% of the total exposure time. Even the surface temperature of the plate exceeds 0°C for only 6.3%
of the exposure time (a total of 51.4 hours).
However the RH exceeds 50% for more than a third of the exposure time and is therefore in the
range 50%-80% for nearly all of this time. Also the ambient temperature exceeds -10°C for nearly 70%
of the exposure time, and is in the range from -10°C to 0°C for virtually this entire period. An analysis
of the data shows that the period of time for which simultaneously the RH> 50% and the ambient
temperature> -10°C is 29.9 % of the total time of exposure. The agreement between this figure and the
measured time of wetness using the gold grid (28.4%) is remarkably good.
From Table 1 it is seen that on average the surface temperature of the plate is on average l.4°C
higher than the ambient temperature, and the difference reaches a maximum of 23°C. The difference in
the two temperatures was divided into classes and these results are presented in Table 3, and shown as
a histogram in Figure 7. It is apparent that for a majority of the exposure time there is heating of the
plate by solar gain, generally from 0-5°C. Because the temperature sensor was on the front face of the
plate which had been exposed facing to the east this heating effect may be less than if the flat face of
the plate had faced north.
Surface Wetness as a Function of Temperature and Relative Humidity
l

As discussed above the instrumented plate was seen to exhibit periods of wetness at relative
humidities above about 50%. Also the calculated ISO time of wetness was zero, but the measured
surface wetness gave non-zero readings for 28.4% of the exposure time. It is therefore necessary to
examine the measured wetness as a function of both temperature and relative humidity simultaneously.
This has been done for the ambient air temperature in Figure 8, and for the measured surface
temperature in Figure 9. Each of the open circles is a wetness event, and the diameters of the circles are
related to the degree of wetness (on the plate) on a linear scale. Legends are provided in each figure.
The large isolated circle in each figure is the "spike" in Figure 4 referred to previously.
In Figure 8 it is immediately apparent that virtually no circles are present at ambient temperatures
above zero, i.e. the periods when the instrumented plate has been wet and corrosion is occuring are all

below 0°C. The wetness events have almost completely occurred within air temperatures of zero to 11 °C, and relative humidities of about 48 to 83%. If the surface temperature of the plate is considered
(Figure 9) the wetness range expands slightly from about +3°C to -12°C (the RH range remaining the
same). On the basis of these results, and those from Figure 4, the time of wetness of the corroding steel
surface is quite clearly not estimated by the ISO 9223 criterion viz. time for which RH> 80% at
temperatures > 0°C. However the time for which RH >50% at temperatures > -10°C estimates it almost
perfectly.
CONCLUSIONS
1. An experiment has been conducted for a period of 34 days at a southerly coastal base in Antarctica
during which the ambient temperature exceeded 0°C for less than 1% of the time, with substantial
corrosion being measured on specimens of both steel and zinc in direct contradiction to the
criterion of ISO 9223.
·
2. The actual exposure site was not adjacent to the sea, and the prevailing winds during the period of
exposure would strongly indicate that little if any sea salt deposition would have occurred on the
specimens to assist the corrosion process.
3. Surface temperature of"a steel plate exceeded 0°C for only 6% of the exposure time, yet surface
wetness measured directly on the specimen showed non-zero readings for 28% of the exposure time
matching the periods when the relative humidity exceeded about only 50%.
4. A novel means has been demonstrated of depicting wetness events on corroding specimens as a
simultaneous function of temperature and RH.
5. The ISO 9223 criterion for estimating time of wetness (TOW) has been demonstrated to be totally
incorrect for cold climates. It is proposed on the basis of the present results, that the TOW in these
environments be estimated as the length of time RH> 50% when the ambient temperature> -10°C.
This needs to be addressed in a revision of the standard.
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TABLE 1
SUMMARY OF METEOROLOGICAL DATA AND SURFACE TEMPERATURE FOR
EXPOSURE PERIOD AT TERRA NOV A BAY
Ambient Temp

oc

Surface Temp

oc

-8.7
1.2
-22.2

Average
Max
Min

-7.3
20.0
-22.8

RH
%

Surface Temp-Ambient Temp

47.3
83.0
17.0

1.4
23.0
-1.8

oc

TABLE2
PERCENTAGE OF TIME FOR PARAMETERS DERIVED FROM METEOROLOGICAL AND
MEASURED DATA
RH

% of
exposure
time

>80%

>50%

2.4

35.3

Ambient
temperature
>0°C >-10°C

0.9

68.6

Surface
temperature
>0°C

ISO
TOW

6.3

0

TOW

Grid
TOW

RH>50%
&
Tern >-10°C
29.9

28.4

TABLE3
PERCENTAGE OF TIME (SURFACE TEMPERATURE-AMBIENT.TEMPERATURE) FALLS
WITHIN TEMPERATURE RANGES
Range

% of exposure time
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0.0
37.6
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6.4
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FIGURE 1 - Zinc and steel plates mounted on bracket for exposure at Terra Nova Bay

FIGURE 2 - Reverse of assembly in Figure 1 showing data loggers for temperature and wetness
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ABSTRACT

Australasian research on corrosion affecting historic metal artifacts in Antarctica has
been carried out since 1985. Surveys of buildings and artifacts at various Antarctic historic
sites, which are all very close to the sea, have shown that atmospheric corrosion and several
other types of corrosion are in fact widespread despite the expectation that corrosion will be
minimal because of the supposed dry cold climate.
A review is given of the nature of corrosion problems affecting historic Antarctic
buildings and artifacts and the role of a conservator is discussed. Some comparisons are
given with the problems of conservation of Arctic sites and artifacts. This paper shows the
benefit of multi-disciplinary collaboration to achieve better understanding of the causes of
corrosion since the severe environmental conditions have major implications for the success of
conservation treatments for the buildings and artifacts. Recommendations are made for
ongoing interdisciplinary research involving conservators and corrosion scientists and for
increased cooperation between researchers in the Arctic and Antarctic.
Keywords: Cold climate corrosion, Antarctic, Time of Wetness, salt deposition, ISO
9223, conservation.
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INTRODUCTION - THE MYTHICAL ABSENCE OF CORROSION IN ANTARCTICA AND
THE EVIDENCE OFFERED BY HISTORY

This paper briefly describes the development of collaboration by a group of Australasian
researchers (mostly linked through their interactions with the CSIRO Division of Building
Construction and Engineering) on corrosion in Antarctica and their international interactions
that have arisen from attempts to understand the nature of corrosion in cold climates. The
benefits provided by this cross-disciplinary cooperation between corrosion scientists, a
conservator and analytical chemists are then considered. Many of the questions that have
airected the research have arisen from field observations of corrosion of Antarctic historic
material dating from the 1890s to the mid-twentieth century. The observations raised
fundamental questions since atmospheric corrosion in Antarctica should be negligible based
on the criterion in the international standard on corrosivity ISO 9223 1 .
RESEARCH ON CORROSION IN ANTARCTICA: BRIEF HISTORY OF COLLABORATION
BY A GROUP OF AUSTRALASIAN COLD CLIMATE RESEARCHERS
Initial studies at Cape Denison and Macquarie Island (1980s)

Hughes became involved in research in the preservation of Australian Antarctic historic
sites in 1985 through her work as a materials conservator, a profession chiefly concerned with
the preservation of collections in museums. Despite the frequent assertions that there would
be no corrosion in Antarctica because of the 'dry cold', Hughes observed considerable
corrosion of metal artifacts and building components during her initial 1985 visit to the
abandoned base of the Australian explorer Professor Sir Douglas Mawson at Cape Denison.
Observations revealed that artifacts embedded in ice formations that were not subject to
melting were in good condition, but those exposed by melting snowdrifts, or immersed in
meltwater pools, were badly corroded. Even artifacts inside buildings were affected. It was
concluded that the site locations most affected by corrosion were due to greater exposure to
meltwater and salt deposition. Limited sampling and analysis of snow samples by Inductively
Coupled Plasma revealed variability of salt content (then presumed to be sodium chloride)
ranging from 15 to 3890 ppm 2 • Other evidence of salt deposition observed by Hughes
included defibring of timber whereby wood fibers become raised from the surface due to
breakdown of the cellular structure by salt crystal growth leading to a 'furry' appearance3 •
Hughes subsequently collaborated with an archaeologist who was carrying out
excavations of sites on subantarctic Macquarie Island, an Australian territory, where seals and
penguins were rendered into oil 4 • Hughes was unable to travel to Macquarie Island at that time
(1990) and provided conservation advice on the basis of photographs and observations by the
archaeologist.
This was useful but limited since it became evident that quantitative
measurement of the rate of corrosion was vital in deciding what treatment would be
appropriate for cast iron trypots sitting on mud in extremely exposed locations on the beaches.
Careful consideration of the use of any chemicals is required since the metal artifacts, such as
trypots and digesters are surrounded by millions of penguins and other wildlife as shown in
Figure 1.
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Initial CSIRO/DSIR (NZ) studies

The search for standard methods of measurement of corrosivity led to contact with King
at the CSIRO Division of Building Construction and Engineering in Melbourne. CSIRO had
been approached separately in 1983 by Dougherty at the Department of Scientific and
Industrial Research New Zealand with a view to providing standard measurements of
corrosivity as part of the New Zealand Antarctic research management program of the
Shackleton and Scott historic huts on Ross Island. J. F. Moresby (deceased, formerly of
CSIRO) suggested that this collaborative work be published following his discussions with
members of the Alaska Affiliate of NACE Technical Committee T-3S on Arctic corrosion
problems, at Corrosion '87 in San Francisco.
The corrosion rate at Scott's Hut (10-11 µm/y, 0.41 mils/y, for a 1 year exposure of a
standard material, low alloy copper-bearing steel) demonstrated conclusively that corrosion
problems in coastal Antarctic sites could be of the same order as many temperate locations 5 • A
three-year exposure, however, showed a greater reduction in corrosion rate than would be
expected in temperate environments leading to the possible conclusion that corrosion products
initially formed in the Antarctic may offer comparatively greater protection to underlying metal.
At the time of this work corrosivity measurements were also made at Vanda station (77°
31°S, 161° 40.E) in the "Dry Valleys" region of Antarctica 44 km inland from the coast of
McMurdo Sound. This region is virtually snow and ice free with a mean annual temperature of
about -20°C, and has been compared to the surface of Mars6 • The corrosion rate of the
copper-bearing steel over one year was very low at 0.87 µm/y (o.034 mils/y) which is
significantly less than in desert areas of Australia but is still not insignificant especially in view
of the extraordinary environment.
Macquarie Island Corrosivity Measurements

King provided corrosion coupons of the copper-bearing steel for exposure at six
different sites on Macquarie Island. This small island (54° 30'8 159°E) is approximately 34 km
long from north to south and up to approximately 4 km wide, except for a narrow isthmus at the
northern end where the Australian research station is located. Climate data was only available
from the weather station at the isthmus and transport from one site to another was only
possible on foot. Corrosivity data derived from analysis following one year of exposure
showed that corrosion rates were so high (up to 222.0 µm/y, 8.74 mils/y) in the extreme marine
environment that even treatments such as blast cleanin~ and painting with coal tar epoxy
would not provide adequate protection from corrosion . In addition, such aggressive
treatments would significantly change the appearance of the artifacts and would be nearly
impossible to carry out without disturbing the penguins.
The thick-walled trypots are less at risk than the steel and copper digesters which are
unique to Macquarie Island and were used for rendering penguin blubber during the late
nineteenth and early twentieth century. Significant delamination of corroded layers on the
digesters is ongoing. Unconventional treatments such as use of sacrificial anodes or
impressed current cathodic protection may need to· be considered to arrest this process, as
has been used with several other partly exposed historic metal artefacts8 • It is not considered
appropriate to repatriate the artifacts from the island since the artifacts are 'in situ' and removal
would disturb underlying artifacts and would be physically very difficult due to the boggy
terrain. This project established that standard measurement of corrosivity could be achieved in
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remote locations and from the high corrosivity data it was apparent that conventional
treatments would be a waste of money.
Antarctic Historic Sites

During 1992 and 1993 Hughes had additional opportunities to conduct brief visits to
historic sites at Cape Adare, the Scott and Shackleton huts on Ross Island, and Australian
buildings at Mawson and Davis stations. In 1997 she visited French buildings at Dumont
d'Urville and revisited Cape Denison. These locations are shown in Figure 2. Corrosion was
found at each of the eight sites with some corrosion being severe. Many historic buildings
were built according to the supposition that no corrosion would occur, and most buildings were
constructed for only temporary usage, for one or two years. Once they were abandoned some
buildings filled with ice and were forgotten, often with food still on the table and vast amounts
of provisions left behind, supposedly 'frozen in time'. Changing perspectives on the
importance of Antarctic exploration, an increase in tourism and major international initiatives to
preserve the pristine environment have focussed attention on the need for protection and
preservation of historic sites9 •
Knowledge of corrosion is essential for understanding the deterioration of metal
components of historic buildings since components such as fasteners, wall panels and roof
cladding are vital for the structural integrity of the building. Observations of corrosion at each
site are discussed in detail below, but this project again led to recognition of the importance of
being able to measure corrosion rates according to a standard method. This would enable
comparison with more familiar climatic conditions and assist decisions on appropriate
treatment methods and priorities.
Corrosion survey of Antarctica. The field observations led to a new project to measure
To state that the
corrosivity rates at a range of locations throughout Antarctica 10 •
organizational logistics of this project was difficult is a major understatement! Nine sites were
chosen on the Antarctic continent, with four coastal sites and six inland sites (120 km or more
from the sea) to reflect the diversity of Antarctic climates. The inland sites included two
notoriously cold locations, the US South Pole station (corrosivity 0.03 µm/y, 0.001 mils/y over a
period of 3.7 years) and the Russian base at Vostok (corrosivity 0.05 µm/y, 0.002 mils/y, for a
one year exposure), which is the coldest place on earth with a temperature of -89.6°C
recorded in July 1983 11 • While both locations have very low corrosivity it is nevertheless
measurable and more than double the blank losses obtained in the cleaning of the exposed
corrosion coupons. Yet the summer maxima (air temperatures) are -23°C at the South Pole
and -32°C at Vostok 12 • One-year atmospheric corrosion rates showed an exceptional range
from 27.1µm/y, 1.07 mils/y, at Rothera (coast of the Antarctic Peninsula) to the Vostok result, a
factor of more than 500. The research concluded that corrosion rapidly reduced with
increased distance from the coast, which also generally coincides with increased altitude and
thus lower temperatures. However, corrosivity for the inland locations should be zero
according to ISO 9223. Yet measurable corrosion was occurring so the authors concluded
that the definition of time of wetness (TOW), the fundamental concept underlying atmospheric
corrosion, may be significantly flawed when applied to cold climate conditions.
Russian studies. During this time the authors were able to obtain English translations of
important Russian research conducted over more than 40 years. Dychko and Dychko 13 found
that corrosion in the Russian Arctic did not significantly decrease until winter temperatures
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were consistently below -25°C for significant periods of time, approaching zero at -45°C.
Mikhailov et al 14 conducted exposure studies with steel copper cadmium and an aluminum
alloy at a Russian Antarctic coastal station, Mirnyi (66° 33's 93° 01 'E). A corrosion rate for
steel of 7.7µm/y (0.303 mils/y) was measured which was comparable with the rate on Ayon
Island in the Russian Far East (above the Arctic circle) and an order of magnitude higher than
the corrosion rates measured at two other Russian sites, namely Bilibino and Oimyakon 15 •
Climatic parameters and salt levels were measured at Mirnyi and the ISO TOW was only
93h/y. It was concluded that in the presence of airborne sea salt, corrosion could proceed at
temperatures significantly lower than -1°C. Entrenched views of the Australian national
Antarctic program were that corrosion research was not a significant priority, despite the
aemise of the 'tunnel' buildings at Casey due largely to corrosion. The Russian research
inspired the Australian researchers to examine in more detail the importance of salt
composition, metal surface temperature and salt deposition rates in determining corrosivity in
coastal Antarctica.
Pollutants included in Antarctic rust. Corrosion products retained from coupons
exposed at three Antarctic locations (Rothera, Mawson and Davis), two subantarctic locations
(Heard Island, Macquarie Island) and four mainland Australian sites were subsequently
analyzed using XRF and ICP-MS and Raman micro spectroscopy to determine their
composition and structure 16 . This research found that the chloride content of the Antarctic
corrosion products was generally double that of material from very severe marine temperate
sites (in Newcastle NSW), and the sulfur contents (included as sulfate) were comparable with
material from specimens exposed at true industrial sites. In the case of Antarctica though the
sulfate is from sea salt or oceanic bacterial or sea plankton origin as opposed to the SO2 /acid
rain sulfate cycle.
In summary, this research has challenged both the temperature criterion (T>0°C) and
the relative humidity criterion (RH>80%) defined in ISO 9223. This suggests that further
experimental research is required to develop alternative TOW criteria for cold climates. In
addition, the research comfirms practical concerns in the design of contemporary Antarctic
buildings and for the preservation of Antarctic historic buildings and artifacts.
THE DIVERSITY AND SEVERITY OF ANTARCTIC CORROSION REVEALED IN THE
CONSERVATION PROBLEMS OF HISTORIC SITES

Over 50 historic sites are recognized by the Antarctic Treaty. The 1991 Protocol on
Environmental Protection to the Antarctic Treaty (known as the Madrid Protocol) also provides
some recognition of their need for protection although no detailed guidelines are provided for
identifying, documenting and preserving the sites and associated artifacts.
National heritage protection legislation of all signatories to the Antarctic Treaty also
applies in Antarctica. For example, the 1975 Australian Heritage Commission Act provides for
recognition and some protective measures for national heritage sites including those in the
Australian Antarctic Territory, although this legislation is currently under review. The Surra
Charter of Australia ICOMOS (International Council of Monuments and Sites) provides
excellent guidance on a range of cultural heritage issues and similar charters are used by
many other Antarctic Treaty nations, such as the Aotearoa Charter of New Zealand ICOMOS.
The charters provide guidance on standards for identifying historic significance, recording of
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the sites, selection of appropriate personnel to carry out treatments, choice of repair materials
and 'interpretation' which includes signage and visitor information.
An International Polar Committee was formed at the XII General Assembly of ICOMOS
in Mexico in October 1999 to promote exchange of information and lobby for better standards
in the protection and conservation of cultural heritage sites in the Arctic and Antarctic.
The Scientific Council on Antarctic Research (SCAR) of the International Council of
Scientific Unions is the international body that promotes and coordinates international scientific
research, but it does not involve itself in Antarctic cultural heritage issues. Efforts by national
expeditions to preserve historic sites in Antarctica have been highly variable in terms of
resources provided and results achieved.
Information on some characteristic and significant historic sites in the Arctic and
Antarctic is presented in Table 1 and Table 2 respectively. Two of the Antarctic historic sites
referred to in the text are shown in Figure 2 and Figure 3.
Methodologies used by Materials Conservators for assessing corrosion problems in
buildings and artifacts.

Conservators do not like to consider their work to be 'restoration', which is defined as
taking something back to a previous known state and which is usually construed to make it
appear like new. Aesthetically, it is often important to retain the patina of age, but the aim is
usually to stabilize or retard the rate of deterioration. In architectural conservation the
tendency has been to replace deteriorated elements with new materials to match the original.
For badly deteriorated artifacts it is common for the original to be replaced by a replica at the
site and the original is taken to a museum where special facilities can assist preservation.
Different needs arise where it is aimed to conserve original material in situ and it becomes very
important to predict when artifacts or building components will reach a critical stage of
deterioration.
Statement of Significance. For a conservator working on a historic building, or in a
typical museum, or treating artifacts during an archaeological excavation, there is a standard
professional approach. Firstly, a Statement of Significance documents the historic context of
the building or artifacts and may also consider aesthetic issues and rarity. At Scott's hut at
Cape Evans, the Aurora anchor, shown in Figure 4, is significant not only because it was the
anchor from an important ship in the early exploration of Antarctica, but because of the
dramatic circumstances whereby it was left at the site. During unloading the Aurora was blown
out to sea leaving behind ten inadequately provisioned men, of whom four would perish before
rescue two years later11. A case could be made for the anchor to be removed to treat the
corrosion and protect it from beach erosion. However, removal is not favored by conservators
since most believe that the corrosion problems do not outweigh the 'loss of context' entailed in
moving it from the location where the drama took place and the historic site would be
diminished by removal of this direct link with the event. In Antarctica, most conservators prefer
to retain the historic artifacts 'in situ' unless there is no feasible alternative.
At Cape Denison, there is a contrasting example of a corroded artifact, 'Webb's lantern'
that has been returned to Australia because it could not be conserved at the site. The small
lantern, shown in Figure 5, was made from a food can with soldered wires for carrying and to
hold a candle. It was found on the ground near the Magnetograph House where it was at risk
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of being blown into the sea. The lamp is a rustic example of innovative re-use of scarce
materials by the poorly funded scientific expedition. It is believed to have been used by the
magnetician Eric Webb in setting up his instruments and is thus physical evidence of the
difficulty of carrying out scientific work at this remote and dangerous location. The lamp is
mainly of tin-plated steel and is corroded through in several places. Corroding tin plate is
difficult to stabilize since chemical treatments that could be used to remove rust (such as
buffered thioglycolic acid) may damage the tin layer or the lacquers that are commonly used in
labeling the cans. Experimental treatments used in Canada in the 1970s to treat painted tin
cans from the mid-nineteenth century Franklin expedition found considerable problems with
chemical treatments. The Canadian conservators instead obtained better results using
taborious physical removal of corrosion using scalpels and dental tools. The cans were then
displayed in a case with a corrosion inhibitor and desiccant with the assumption that the
artifacts would remain in a climate-controlled museum 17 •
Condition Survey. The next step, for the conservator is the Condition Survey, which
identifies the extent and the causes of deterioration, and where relevant quantifies the rate(s)
of deterioration. In the case of metal building elements or metallic artifacts this would include
diagnosis of the type of corrosion. The Condition Survey will typically include photographs,
measurements and drawings and details of any analyses.
Treatment Proposal. Thirdly, a Treatment Proposal will consider the type(s) of
treatment that might be required and the likely effects of that treatment. For example, the
proposal considers whether the treatment is essential for protection of the artifact or is
cosmetically desirable and whether the proposed treatment is likely to be effective and clearly
identifies any risks.
Treatment Report. When the treatment is carried out, following any consultation or
approval required, the materials and techniques used and the 'after' condition will be
documented in the Treatment Report. Again photographs and diagrams are used to ensure
that in the future it will be clear what parts have been replaced or in any way changed from the
original. Good practice also includes maintenance instructions (e.g. recommendations on the
frequency of cleaning, checking and replacement of protective coatings, etc) as well as any
requirements for display. Typically this will include specifications for temperature, relative
humidity, which in museums throughout the world are specified at 20±2°C and 50±5%RH,
which is obviously not practical in Antarctica.
The importance and special requirement of the Condition Survey in Antarctica.

Most conservators work in museums or deal with conservation of buildings or sculpture
in temperate climates and very few have experience of materials conservation in polar
conditions. It is particularly important to accurately diagnose the cause of deterioration before
prescribing treatment since a faulty diagnosis may fail to treat the cause of deterioration and
may actually cause more harm than not treating at all.
The Condition Survey is complicated by the time pressures forced by the high cost of
Antarctic logistics so there may be insufficient time to observe changes resulting from the
transitory nature of the Antarctic weather. This can be important because some evidence that
may be important in guiding decisions about treatment may only be visible in particular
weather conditions.
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For example, in Figure 6 taken near Shackleton's hut at Cape Royds there appears to be a
fine scattering of snow on the ground, although it is actually salt crystals. These may not even
be visible during high humidity since they may deliquesce and merely appear wet. Unless the
visit coincides with high humidity then it may not be recognized that large amounts of salt are
present. In addition, inside the hut one can see whitish deposits running down the ceiling and
walls, and again may presume this is just ice crystals yet again this is salt formed after
evaporation of flows of meltwater from snow that finds its way into the roof structure. This has
significant implications for preservation of the building since such amounts of salt may cause
localized corrosion and can also promote defibring (shown in Figure 7), which weakens the
timber structurally.
Ablation of ice deposits inside buildings and of snowdrifts can be rapid. Even when
temperatures remain below 0°C ice can sublimate, especially when relative humidity is low and
there are strong winds. This can result in an underestimate of the potential for meltwater
problems, which again may lead to an underestimate of the risk of corrosion and of other forms
of deterioration. At Cape Denison, solar warming of the roof and walls leads to a diurnal cycle
of melting and hoar frost formation on some interior surfaces although the air temperature
inside the building can remain consistently below 0°C, as illustrated in Figure 8. A casual
observer may assume that the environment is stable and that no deterioration is occurring.
Apart from the false presumption of 'no corrosion because of the dry cold' that has been
mentioned previously, there are nine other common myths relating to diverse aspects of
conservation of Antarctic historic sites that have been identified 18 , many of which are due to
insufficient observation or misinterpretation. One of these myths that is significant in terms of
corrosion is the presumption that defibring is due to 'freeze-thaw damage', which is now
believed to be due to salt crystallization. Observation of defibring is a useful indicator that high
salt deposition may be occurring and it may be particularly evident in wall spaces or under
floors suggesting a high corrosion risk to nails and other fasteners, where it may not be
possible to remove these without damaging the historic timber.
Optimal conditions for carrying out a condition survey of Antarctic historic sites are in
summer (December, January and early February) when sea or air access is possible and
when maximum ablation of snow cover has occurred. Artifacts on the ground are then most
likely to be visible and any meltwater problems inside or near buildings are evident. Highly
variable light levels complicate photography in Antarctica as the sun is low to the horizon even
in summer and this can distort colors. To get good color rendition when photographing metals,
especially corrosion products, it is essential to include a color correction card in the image.
Corrosion observations from eight Antarctic historic sites

Data is presented in Table 2 which summarizes the results of condition surveys of metal
elements made by Hughes at the eight historic sites in the Australian, French and New
Zealand territorial claims to the Antarctic continent shown in Figure 9. Observations from other
visitors and from photographs confirm that corrosion also occurs at sites in the Antarctic
Peninsula such as at Byrd's East Base on Stonington lsland 19 and Nordenskjold's hut at Snow
Hill lsland 20 • However, since it has not been possible to conduct fieldwork at these sites, these
locations are not included in the Table 3.
Table 3 shows the diversity of corrosion types occurring at coastal locations in
Antarctica.
Observations show evidence of significant salt deposition even though
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measurements and analyses of salts have not always been possible. Atmospheric corrosion is
prevalent at all sites and erosion corrosion is also quite common. Corrosion of fasteners such
as nails is prevalent and is a particular concern since sites such as Mawson Station, Cape
Denison, Dumont D'Urville and Cape Adare experience strong katabatic winds. Meltwater
formation increases corrosion in particular areas through immersion or increased time of
wetness.
THE APPLICATION OF CORROSION, CLIMATE AND SALT DATA IN CONSERVATION
SURVEYS OF HISTORIC MATERIAL IN COLD CLIMATES
Assessment Of The Risks Of Corrosion

Measurement of atmospheric corrosion rates assists the conservator in determining the
risks of corrosion damage to building elements and artifacts. Atmospheric corrosivity is
indep·endent of other factors such as immersion or variations in surroundings that influence
TOW (such as being inside a wall). For example, by comparing the corrosivity at Cape Evans
(10-11 µm/y, 0.41 mils/y) with that measured in Australia it is found that corrosivity is equivalent
to that found in parts of suburban Melbourne. This shows that corrosivity is sufficiently high
that outdoor artifacts will require treatments such as protective coatings especially since the
aim of conservation is to preserve material for future generations.
There are a number of publications and reports that include assessments of corrosion
affecting Antarctic historic sites (referenced in Hughes, King and O'Brien 10 ). Most publications
are qualitative, mentioning the presence of corrosion without describing the type of corrosion
or quantifying its severity. Even fewer publications have attempted to correlate known factors
involved in deterioration (temperature, relative humidity and salt deposition) with the extent of
corrosion observed affecting historic metals, nor with corrosivity measurements.
While temperature and relative humidity data is available from the many meteorological
stations throughout Antarctica, the data is usually not in a format where it can easily be
converted into TOW information since the most common recordings are three hourly synoptic
records. The time interval of this type of data is not frequent enough to enable the accurate
calculation of the ISO time-of-wetness (ISO TOW). Some approximation can be made of the
possible maximum value that the ISO TOW could have from the number of days per annum
with daily maximum temperatures above 0°C. Even this is not realistic as temperatures are
unlikely to exceed 0°C for 24 hours, and RH may be below 80% for some or all of the time.
Even on this basis however the observed corrosivity in Antarctica is quite inconsistent with the
calculated potential TOW.
The needs for artifact conservation

The Statement of Significance prepared for the historic site should provide some
guidance for the conservator on priorities for conservation treatment and identify artifacts that
have particular historic or scientific interest. Apart from the previously mentioned Aurora
anchor and Webb's lantern some interesting artifacts composed partly or entirely of metals are
snow shoes for ponies at the Cape Evans hut, umbrellas (interesting in view of the absence of
rain), food cans and equipment such as crampons and sledges. These items were specially
designed for Antarctic usage and so are rarely found elsewhere, and some items are not even
well represented in polar museums in their country of origin.
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Knowledge of aspects of polar exploration can be deduced from study of these objects
in conjunction with historic information. Huntford 21 raised whether Scott's party suffered from
scurvy due to their reliance on canned foods and highly processed foods such as biscuits,
which are still found in the huts today. Although many items have no intrinsic value as
individual items, taken together they provide an 'assemblage' that provides more
comprehensive information the exploration of Antarctica and supplements the official
expedition publications, some of which were highly edited for public readership.
Ice removal issues

It would be particularly useful to have more corrosivity measurements inside buildings to
assist the assessment of corrosion risks to artifacts. This is particularly important where
removal of ice accumulations inside buildings is proposed that could lead to substantial
changes in microclimates that may or may not lead to increases in corrosion and fungal
growth. This has been a major issue at sites such as Cape Denison where strong winds
deposit large amounts of drifting snow which can penetrate the numerous small gaps in the
building. Two previous attempts to fill gaps using lead sheeting and overcladding the
Workshop roof have failed and further attempts would be aesthetically and historically
contentious.
Dataloggers have been used inside Mawson's main hut for the past two years to
monitor air temperature and RH variations at eight locations and surface temperatures at
eleven locations mostly inside the hut22 • One reference measurement is made for exterior
temperature and RH at the most exposed location on the roof, which is never covered by
snowdrifts. Considerable care is needed in choosing the interior monitoring locations because
of the risk of ice forming on the RH sensors by hoarfrost condensation, which will give false
readings. Surface temperature measurements are essential because of the known effects of
solar heating during the long hours of sunlight in summer which, because of the low sun angle,
are strongest on the walls rather than the roof.
The temperature and RH data measured inside Mawson's main hut shows stable
conditions in the core of the building with temperatures around -5°C but the relative humidity is
consistently over 95% in summer. The contribution of the ice around the walls to temperature
stability is the subject of ongoing debate about whether the removal of ice would cause more
fluctuations that could accelerate deterioration processes. Research presented by King et al 23
in another paper at this conference shows that if ice were removed and metals inside the hut
were exposed to these conditions then corrosion would occur although corrosion should not
occur in these conditions according to ISO 9223.
When artifacts were excavated from the ice inside the Scot and Shackleton huts in the
early 1960s metal items were found to be 'as new' 24 • By the early 1980s considerable
corrosion was observed and it was recognized that artifacts required treatment in order to stop
further deterioration. It is difficult to carry out conservation treatments in Antarctic conditions,
especially with the stringent environmental protocols and constraints on transport of chemicals.
The difficulties of treatment of artifacts such as tin-plated steel food cans have already
been mentioned. In addition, there is little information on the performance of protective
coatings in Antarctic conditions, although most of the polymers whose performance meets the
special requirements of conservation have failed. This raises an ethical dilemma as to whether
it is appropriate to expose artifacts to conditions now known to cause deterioration or whether
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it is appropriate to repatriate vulnerable artifacts to museums that can provide appropriate
climatic conditions. Merely testing durability of materials such as protective coatings in polar
climate is not sufficient as the long-term effects of the polymers, such as cross-linking and
micro-cracking, must be assessed to determine whether it will have adverse effects on the
artifact.
THE DIRECTION OF CURRENT RESEARCH ON CORROSION IN ANTARCTICA AND
RECOMMENDATIONS ON PRIORITIES FOR INTERNATIONAL COLLABORATION ON
ARCTIC AND ANTARCTIC CORROSION RESEARCH
The authors' Antarctic corrosion research is presently focussed in two areas:

1. Elaboration of the climatic criteria that allow corrosion to occur in cold climates,
particularly where the temperature is below 0°C. This is being done through a one-year
exposure of instrumentation at Terra Nova Bay. It is hoped that this will extend and
corroborate the data and conclusions of the paper by King et al concerning TOW criteria in
Antarctica that is also presented at this conference 23 •
2. Exposure of instruments at Cape Denison mounted on top of Mawson's Hut are being
used to collect corrosivity data, TOW measurements, surface temperature and salt deposition
data. Because of the extreme difficulty in accessing this site a short term experiment has been
set up (less than 30 days exposure) to measure salt deposition by means of the ISO 9225 salt
candle standard method, measure the surface time of wetness on a zinc plate25 , and make a
measurement of corrosivity with a ZINCORR wire-on-bolt unit. This data will be correlated with
temperature and RH data both inside and outside the hut so that the potential impact of
conservation options such as ice removal can be predicted.
In addition, collaboration has been proposed with French researchers at Port Martin to
examine the condition of artifacts dating from 1949-1951 that were covered by ice after the
base was abandoned following a disastrous fire. It is proposed that some artifacts may be
merely documented and 'backfilled' in the ice, but more significant artifacts may be excavated
and will require stabilization and treatment if required for museum collections.
The
documentation of the condition of the artifacts will be very useful to compare with the relatively
scarce documentation when ice was removed from the Scott and Shackleton huts in the early
1960s. This will help to establish whether allowing artifacts and buildings to remain ice-filled is
truly protective or whether corrosion may still occur under the ice.
Whilst this research comprehensively addresses some priorities of conservators
regarding corrosion problems affecting Antarctic historic buildings and artifacts, the authors
believe that this conference presents a unique opportunity to propose other priorities that may
exist in understanding and applying knowledge of corrosion in cold climates.
Priorities for research in cold climate corrosion

The authors would not pretend to have comprehensive knowledge of the situation and
requirements in each country represented at this conference, but from reading the available
literature we believe the following points may be useful points for further discussion to identify
priorities for ongoing research.
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A high priority is the examination of risks of catastrophic failure in contemporary
buildings due to widespread underestimation of the potential for corrosion to occur in cold
climates. This should include examination of existing buildings where corrosion is already
apparent, such as at the Australian station Davis as well as examination of design drawings
showing details of protective coatings used and vapor barriers where condensation may occur
inside wall spaces where problems may not be visible.
Given that existing literature already points to an unexpectedly high risk of corrosion in
coastal Antarctica, then research to confirm and quantify the risk in each region is essential.
Resea·rch should also aim to identify valid Time of Wetness criteria for cold climates since this
is a fundamental method used to assess corrosion risks. This could be done by repeating the
measurements described by King et al described in another paper at this conference23 at
appropriate selected sites in both the Arctic and Antarctic. Further examination should be
made of the observation by King and others of apparently reduced corrosivity with time
exhibited by corrosion coupons exposed for longer periods5.
Salt deposition data would be useful to complement the understanding of theoretical
corrosion risks and this could be obtained relatively easily using corrosion products removed
from exposed standard coupons or, by what is far more difficult logistically, standard salt
candle measurements. Salt information is required from representative locations around
Antarctica particularly a maritime site in the Antarctic Peninsula, a coastal site in West
Antarctica and a site in the Ross Sea. If such data are not already available from the Arctic
then it may be useful to conduct these measurements in selected Arctic locations. It may then
be interesting to compare salts deposited and corrosion products formed in Antarctica with
those found in the Arctic. Examination of salt deposition inside buildings would contribute to
development of guidelines for construction of buildings, which are better able to resist
corrosion and therefore reduce maintenance costs and subsequent impacts on the
environment from activities such as painting.
All of this research would provide improved theoretical understanding of cold climate
corrosion and would also provide practical information aimed at managing corrosion risk at a
moderate cost.
The case for greater international cooperation between corrosion researchers and
conservators in the Arctic and Antarctic

Several advantages of cooperation are obvious: information can be shared for mutual
benefit in improved understanding of corrosion in cold climates and in the management of
corrosion risks. By sharing data from both regions, especially climatic data, corrosivity
measurements (especially where the climatic parameters are also available), salt deposition
rates and salt analyses, an overall picture would emerge of the factors involved in cold climate
corrosion. In addition, these comparisons would help to confirm or refute theories such that
proposed by King et al23 concerning alternative TOW criteria. Cooperation between Arctic
and Antarctic researchers would also help to reduce costs and could also raise the profile of
the research with relevant bodies such as national research bodies, Arctic and Antarctic
operators and environmental managers.
In Antarctica scientists aiming to overcome bureaucratic hurdles to cooperation invoke
the spirit of the Antarctic Treaty which proclaims Antarctica as "a natural reserve devoted to
peace and science". The Treaty was signed in 1959 despite the dangers and divisions of the
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Cold War and has been generally successful in ensuring exchange of scientific information
through the annual Antarctic Treaty Committee Meetings. All nations represented at this
NACE conference on Cold Climate corrosion are signatories to the Antarctic Treaty.
The Arctic has been the scene of past military activities and has no comprehensive
international treaty governing scientific cooperation that is comparable to the Antarctic Treaty.
However, there has been excellent cooperation in particular areas of research, particularly
regarding cultural heritage research. For example, in the Norwegian territory of Spitsbergen
(also known as Svalbard) the Svalbard Treaty has helped promote historical research and
excavation of historic sites. This has encouraged Russian researchers to study sites occupied
by Russian hunters and by Dutch researchers to study their whaling sites dating from the
seventeenth century. The information is exchanged and collated by Norwegian specialists so
a more comprehensive and detailed picture has been produced of the natural and cultural
history of this remote archipelago. This research should provide a model for interdisciplinary
cooperation in Antarctica between historians, archaeologists, conservators and a wide
spectrum of scientists. Interesting publications from Svalbard include studies of past changes
in sea level evidenced by distribution of trypots used for rendering whale blubber, past
nutritional status populations from examination of human burials in frozen peat and attempted
identification of influenza viruses from frozen bodies dating from the 1918 pandemic.
Strategy for cooperation on corrosion research and related conservation issues

1. Standardization. An important requirement for sharing of information is agreement on
standardization of measurement methods for corrosivity, TOW, salt deposition and climate
data and for selection of appropriate testing materials such as the compositions of metals for
corrosion coupons.
2. Bibliographic Database. Production of a database of extant and current research is
needed since it is difficult to access some publications because of language differences and
because some important unpublished reports are not widely circulated. Excellent research has
been produced in many countries in languages as diverse as Russian and Spanish, French
and Norwegian so translations are needed to allow access to as many researchers as
possible. Most current polar research in all languages is abstracted into English for the
monthly bibliography 'Current Antarctic Literature' published by the Scott Polar Research
Institute of the University of Cambridge, UK, in conjunction with the US Cold Regions
Research and Engineering Laboratory (CRREL) and the US Library of Congress. This is also
available 'on-line' to subscribers, as the Cold Regions Bibliography. However, it is important
that full texts of key research are available in other languages and also that useful past
research that has not been previously abstracted is added to the database.
3. Networks and linkages. This conference could and should be used as an opportunity
to identify other groups that might help facilitate research or who might use cold climate
corrosion information. Two such groups that are known to the authors of this paper are the
recently formed International Polar Committee of ICOMOS mentioned above, and the Antarctic
Treaty specialist groups concerned with operations and logistics. It is probably that many
other relevant groups exist. A triennial conference of metals conservators (Metal 2001) will be
held in Santiago Chile in April 2001 at which a number of Antarctic papers will be presented.
The Svalbard model of international interdisciplinary scientific research at historic sites should
be extended to identify and promote equivalent research opportunities in the Antarctic.
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4. Raising profile and encouraging application of cold climate corrosion research.
Having identified that risks of corrosion in Antarctica may have been underestimated, it is
important that this information is given to those responsible for managing the risk, that is the
Antarctic national programs. This could be achieved by an approach from NACE to a group
such as COMNAP (Council of Managers of National Antarctic Programs), circulating a copy of
the publications in this conference to draw to their attention the various corrosion issues
raised, particularly where it relates to design and protection of buildings and infrastructure.
Additional information could be sought to promote action to address the concerns including
identifying whether corrosion research was undertaken for the design of buildings for national
Antarctic programs and whether risks were assessed using ISO 9223 criteria.
Additional information that could be usefully discussed with COMNAP is the type of
corrosion monitoring that might be required for contemporary buildings and assessment of
corrosion risks affecting metal containers for chemicals at abandoned and current bases that
represent a potential threat to the Antarctic environment. Agreement should be sought with
these bodies to identify a program of prioritized research to be developed in consultation with
COMNAP and relevant equivalent bodies in the Arctic to help reduce corrosion problems and
thereby reduce environmental impacts. A consolidated approach from a recognized expert
body such as NACE may increase the probability of obtaining funding for the research, either
from research or operational funding sources.
CONCLUSIONS ON THE IMPORTANCE OF UNDERSTANDING CORROSION AFFECTING
HISTORIC MATERIAL IN ANTARCTICA

Observations of extensive corrosion affecting historic material in Antarctica have
prompted interdisciplinary research that questions the criteria implicit in ISO 9223 for corrosion
in cold climates.
Corrosivity data and observations at a variety of Antarctic historic sites demonstrate that
corrosion is a significant threat to historic buildings and artifacts.
Corrosion research can benefit conservators in quantifying the corrosion risks and in
understanding related concerns such as salt deposition, particularly given the severe and
unfamiliar climates of Antarctica.
Corrosion data from Antarctica should be made accessible to a broad range of potential
beneficiaries including those responsible for contemporary buildings and infrastructure as well
as environmental managers.
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Figure 1 - King penguins and digesters on Macquarie Island

Figure 2 - Scott's Hut at Cape Evans.
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Figure 3 - Mawson's Hut at Cape Denison.

Figure 4 - Aurora Anchor, Cape Evans.
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Figure 5 - Webb's lantern, Cape Denison.

Figure 6 - Defibring
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Figure 7 - Salt crystals inside Shackleton's hut, Cape Royds

Figure 8 - Hoarfrost crystals inside Mawson's hut.
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Table 1 - Comparison of some characteristic historic sites in the arctic

Location
Russia
(Novaya
Zemlya)
Russia
(Franz Josef
Land)
Spitsbergen
(Svalbard,
Norway)

Site
Barents Hut

Date
1599

Main activities
Survival after ship
trapped in ice.

Characteristics
Fragmentary remains
of small timber hut.

Russian weather
station at Tichaja
Buchta
Numerous Dutch,
British, French,
Russian,
Norwegian sites.

1930s

Weather station used
in conjunction with
Soviet exploration.
Whaling ( e.g.
Ekrolhamna,
Edgeoya), hunting,
mining (mainly
coal), exploration
(Camp Wellman on
Danskoya).
Supply depot for a
British expedition
searching for
Franklin.
Gold exploration and
mining (actually
'Fool's Gold').

Wooden buildings and Nails and building
associated items such fittings, scientific
as radio antennae.
equipment, wire, masts.
Shore-based whaling
Trypots and other
equipment; huts,
whaling tools, nails and
wooden crosses,
fittings, coins, buttons,
human burials.
jewelry, engines, rails,
chains, etc.

1ih to
early 20 th
centuries.

Canada
(Nunavut)

Captain Kellett's
storehouse, Dealey
Island.

1852

Canada
(Nunavut)

Frobisher
expedition site,
Kodlunam Island,
near Iqaluit.

1576-1578

Greenland

Norse settlement
sites in SW
Greenland, eg at
Herjolfsnes.

Circa 984
to circa
1400.

Alaska

Kolmakovskiy
Blockhouse,
relocated from
banks of
Kuskokwim River
to Uni of Alaska,
Fairbanks.

1841

Early European
settlement,
interesting for
examination of
adaptive and
survival behaviors.
Russian building
used as a fort and
trading post.
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Stone building, some
timber elements. Held
supplies for 66 men
for 210 days.
Remains of one of the
earliest mining and
industrial sites in the
Arctic, early contact
with native Inuit.
Mostly stone
buildings, originally
with wood beams and
turf roofs. Includes
churches, houses and
burials.
Oldest surviving
Russian building in
Alaska.

Metal artifacts found
Nails, ships tools,
buttons.

Numerous tin cans.
Tools. Metal elements
in boots and clothing,
barrel bands.
'Blooms' of smelted
iron ore. Mining
equipment, small tools,
coins and metal
elements in clothinR:.
Small tools, coins and
metal elements in
clothing.

Octagonal wooden
structure with metal
fasteners and fittings.
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Table 2 - Comparison Of Some Characteristic Historic Sites In And Antarctic

Location
Antarctic
Peninsula
(east coast)

Site
Nordenskjold's
Hut, Snow Hill
Island

Date
1903

Antarctic
Peninsula
(Deception
Island)

British 'Base B'
( 1940s) and Hector
Station (1911-31 ),
both on Deception
Island.

19111940s.

Antarctic
Peninsula

Byrd's East Base,
Stonington Island

1940

Exploration, science.

Antarctica
(Ross
Dependency)
Antarctica
(Ross
Dependency)

Borchgrevink' s
Hut, Cape Adare

1895

Exploration, science.

Shackleton's hut,
Cape Royds, Ross
Island

1907

Exploration, science.

Scott's Huts at Hut
Point and Cape
Evans, Ross Island.
Figure 2.
Mawson' s huts,
Cape Denison.
Figure 3.

1911,
1902

Exploration, science.

1912

Exploration, science,
pioneering use of
radio and aircraft.

Antarctica
(Ross
Dependency)
Eastern
Australian
Antarctic
Territory.

Main activities
Exploration, science.

Characteristics
Timber hut with
numerous items of
equipment and
clothing.
WWII military base
Remains of metal and
used in 'Operation
timber buildings
Tabarin',
damaged by volcanic
exploration; Whaling eruptions, cemetery.
station.
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Timber buildings with
much equipment
remaining and dead
seals killed for dog
food.
Norwegian style log
buildings, grave.
Timber building,
extensive equipment
and Stevenson
weather screen.
Timber buildings with
extensive equipment.
Some scientific
structures remain.
Most intact sites' from
the early exploration
of Antarctica.

Metal artifacts found
Bullets, heaters,
chimney, lab
equipment, clothing.
Scientific and whaling
equipment, including
engines, tools, etc.

Fasteners and fittings.
Aircraft engine.
Surgical and scientific
tools. Canned food.
Fasteners and fittings.
Tools, stove, clothing.
Fasteners and fittings.
Tools, stove, clothing,
chimney.
Fasteners and fittings.
Tools, stove, chimney,
clothing.
Fasteners and fittings.
Tools, stove, chimney,
clothing.
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Table 3 - Types Of Corrosion Occurring At Eight Antarctic Locations
Presence of atmospheric
corrosivity. Corrosion
rate of copper steel
(u.m/y)
Yes.
3.3 µm/ylO
(0.13 mils/y)
Yes.
8.7 µm/ylO
(0.34 mils/y)

Types of corrosion observed

Evidence of high salt deposition

Differential aeration.
Meltwater

Defibring, salt crystals. Iridescent rust
on steel in some buildings, especially
aircraft hangar.
Salty taste in the water supply.
Iridescent rust on eroded steel panels of
1950s buildings. Corrosion blisters
under painted steel of new buildings.
Defibring. Iridescent rust on many steel
surfaces.

Site

Date of
earliest
buildings

Date of
observation

Mawson Station

1954

1992

Davis Station

1957

1992

Dumont
D'Urville

1951

1997

Not measured.

Differential aeration Corrosion
fatigue due to bending in high
winds. Extensive meltwater.

Cape Denison

1912

1985, 1997

Cape Adare

1895

1993

Yes, variable according
to location on site.
Measurement in
progress.
Yes, appears to be
severe. Not measured.

Cape Evans

1911

1993

Yes, 10-11 µm/yr5 (0.41
mils/y).

Cape Royds

1907

1993

Yes, appears to be
severe, not measured.

Necking of nails (differential
aeration, differential tow).
Corrosion fatigue of the ridge
capping. Meltwater
Abundant meltwater. Erosion
corrosion of metal bands on
barrels by windborne scoria.
Guano increases localized
corrosion around hut walls.
Erosion corrosion by
windborne sand polishes
Aurora anchor.
Meltwater
Galvanic corrosion on motor
car hub. Meltwater

Hut Point

1902

1993

Yes, appears to be
severe, not measured.

Meltwater. Corrosion fatigue
of

Differential aeration
Erosion corrosion of metal
panels by windborne sand.
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Defibring. Iridescent rust on bolts on
crossbar of the Memorial Cross. Salts
in ice and snow measured ranging 153980 ppm chloride.
Defibring. Iridescent rust on most
metal surfaces.

Extensive defibring, salt 'runs' inside
hut Salt deposits were analyzed and
found to be mostly sulfate.
Defibring, extensive salt deposits on
rocks & inside hut. Salt deposits were
analyzed and found to be mostly
sulfate.
Defibring, salt 'runs' inside hut. Salt
deposits were analyzed and found to be
mostly sulfate.
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Appendix K.
9th International Conference on Durability ofBuilding Materials and Components
Brisbane Convention & Exhibition Centre, Australia, 17-21 March 2002

Monitoring for Preservation of Antarctica's Historic Buildings
W.D. Ganther\ J.D. Hughes2, V. Daniel3 and I.S. Cole1
1
CSIRO Building, Construction and Engineering
PO Box 56, Highett, Victoria 3190, Australia
2
National Gallery of Australia, Canberra
3
Australian Museum, Sydney

ABSTRACT
It is well known that to produce a durable structure, the conditions affecting the structure in its
environment must be known before specifying the component materials and design of that structure.
Also, when preserving a structure that is already built, it is important that the conditions producing
deterioration of the structure be investigated in addition to knowing the current condition of the
component materials.
There is a common belief that the cold dry climate of Antarctica will prevent problems such as
biodeterioration and corrosion, but the expectation of 'perfect preservation' has been shown to be a
myth. To preserve historic buildings such as the huts of the early Antarctic explorers, it is essential to
understand the processes by which deterioration occurs and to accurately measure the rate at which it
occurs. This information in general will be of great benefit in devising long-term options for site
conservation.
This paper prov1des a case study of monitoring and materials research undertaken at Mawson' s Hut,
which was built in 1912 at Cape Denison in the Australian Antarctic Territory. The research focussed
on the acquisition of temperature and relative humidity conditions, corrosion, salt deposition and
erosion of timbers.

KEYWORDS
Antarctica, monitoring, historic buildings, Mawson's Huts.

INTRODUCTION
This paper examines the monitoring of environmental conditions at Mawson's Hut at Cape Denison to
illustrate the importance of understanding the deterioration processes affecting the building structures
and artefacts by wind, moisture, salts, ice abrasion and solar radiation.
This building was hurriedly constructed during January 1912 at Cape Denison (67°S 142°E) in the
remote Eastern Sector of the Australian Antarctic Territory. Being associated with internationally
significant early scientific expedition in Antarctica it is protected under the Antarctic Treaty. The site,
which has four buildings and numerous scattered artefacts, is particularly important to Australians
because of the heroism of its leader, the scientist Professor Sir Douglas Mawson.
Cape Denison suffers extreme weather: Mawson named it the 'Home of the Blizzard' because of the
severe katabatic winds, which make it one of the windiest places on earth. Temperatures are below

-20°C in winter, and occasionally above 0°C during summer, leading to melt water formation. Winds
carrying ice particles erode the wooden cladding and some structural damage has occurred.
Various proposals have been made since the 1970s for conserving Mawson's Hut. These include
covering the building with a transparent dome, over-cladding of the original exterior timbers,
dismantling for relocation to Australia, and various options for removal of the ice that has been blown
inside the building over the years. Removal of ice is perhaps the most frequently proposed
conservation option and this has been proposed by the Australian Associated Press Foundation
(AAPF) to allow tourist access (AAPF 1999).
The monitoring system installed in the building in 1999 is briefly described, as well as the difficulties
and limitations of operations in this severe climate. The data collected should be used to aid decisions
for future management of the physical structure of the buildings and their contents. Ongoing
monitoring should also be used to ensure any works carried out are effective and provide information
to reassess the management plan in the future.
The most important reasons for carrying out monitoring are:
• to obtain reliable information on temperature and relative humidity in a hostile environment (note
there is no detailed information for this site);
• to compare the variability of temperature and humidity conditions in ice-filled and excavated parts
of the hut; and
• to use the data to develop a climate model for the building to determine whether and how ice
removal may affect the temperature and humidity conditions in the building.
Monitoring methods and equipment

Due to the remote location of the site and the low temperatures, the operating life of the battery,
which powers the data-logging system, was a major limitation. It was therefore necessary to balance
the need for data from a sufficient number of locations throughout the building with the need for a
robust operating system. Given that the battery would be expected to last just over one year, it was
anticipated that data collected onto a data card could be downloaded when a ship was expected to be
able to reach the site in summer. The site is only accessible by sea, which takes approximately one
week from Hobart. The system was specially adapted for operation in polar conditions with seals to
protect against ingress by fine ice particles carried by the wind. Monitoring was only carried out in
the Main Hut, which is the largest and arguably most significant building at the site.
A Campbell Scientific CRl OX monitoring system was installed with eight combined Vaisala
temperature/RH sensors and 10 surface temperature thermocouple sensors. This enabled a range of
locations from floor to apex and from outer walls to the core of the building to be monitored, thus
facilitating an understanding of the differing microclimatic conditions in the hut. Figure 1 shows the
location of the sensors.
During 1999, low-alloy copper steel coupons were exposed on top of a building, Gadget Hut, near
Mawson's Hut. Low-alloy copper steel (also referred to as copper-bearing steel) is one of a number of
standard metals used by CSIRO for atmospheric corrosion studies (King et al. 2001a) and has been
used in other Antarctic locations (Hughes et al. 1996).
Accuracy limits

At one location (bunk in living section, sensor location 6), a Vaisala combined T/RH sensor was
placed adjacent to the thermocouple to ensure that any gross anomalies in trends could be identified.
The accuracy of the humidity sensors is ±3% at best and ±0.5° for the temperature sensors.
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Figure 1. Location of sensors in Mawson's Hut during 1999 (numbers refer to Table 1)
DISCUSSION

Due to the large volume of data that has been collected over the period January 1999 to January 2000
only a summary of the data is presented here. Table 1 is a summary of the rnicroclimate measurements
made in Mawson's Hut during 1999. Also, in the table are calculations based on the temperature and
relative humidity measurements. Time of wetness (TOW) has been calculated based on ISO 9223
(1992) and by the method described by King et al. (2001b). The table also contains calculated surface
equilibrium moisture content (SEMC) (Bramhall 1979) of a standard piece of timber if it were in the
position of the sensor. Table 2 gives summary data from the thermocouples, which were mainly
surface temperature measurements.
Table 3 shows the results from the steel corrosivity samples exposed during 1999. The average
atmospheric corrosion rate was 12.2 µm/year, which is of a similar rate to suburban Melbourne or
Sydney.
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Table 1. Summary statistics for monitoring at Mawson's Hut

I Exterior
Maximum RH(%)
Average RH (%)
Minimum RH(%)
Maximum temperature (°C)
Average temperature (°C)
Minimum temperature (°C)
ISO TOW (% time)
TOW RH>50; T >-10 (% time)*
Maximum SEMC (%)
Average SEMC (%)
Minimum SEMC (%)
Time above 16% EMC (%)
Time above 20% EMC (%)
Maximum AH (g/m3 )
Average AH (g/m3 )
Minimum AH (g/m3 )
*FromKingetal. (2001b).

103
85
23
8.1
-14.0
-32.2
2.0
31.8
34.1
21.8
5.9
88.0
71.2
5.2
1.7
0.3

2 Living
section

3 Shelf in Hurley's
darkroom

100
89
56
-0.3
-14.4
-23.1
0.0
28.0
32.3
23.4
19.4
100.0
94.4
4.4
1.7
0.7

96
85
76
-0.4
-14.9
-24.3
0.0
26.7
26.7
20.8
16.8
100.0
69.3
4.0
1.5
0.6

4Mawson's
bookshelf
99
89
80
-0.4
-14.8
-,---22.8
0.0
27.3
30.2
22.8
19.1
100.0
92.7
4.5
1.6
0.7

5 Workroom

6Bunkin
7 On shelf in 8NearApex
living section living area
in Roof

101
91
84
-0.3
-13.7
-21.3
0.0
29.2
33.6
24.7
20.6
100.0
100.0
4.6
1.8
0.8

101
87
56
3.3
-13.5
-24.4
1.6
31.5
33.4
22.3
11.8
95.2
81.9
5.7
1.8
0.6

100
90
60
-0.4
-14.4
-22.8
0.0
28.0
33.5
23.5
12.7
100.0
97.9
4.6
1.7
0.7

96
88
81
-0.5
-14.9
-22.2
0.0
27.9
26.7
22.2
19.1
100.0
93.3
4.2
1.6
0.7

Table 2. Summary of surface temperature measurements at Mawson's Hut

Temp.
(OC)
Max.
Ave.
Min.

Acetylene
Wall in
equipment store Mawson's
(TCI) ·
room (TC2)
-0.4
-14.6
-22.9

-0.5
-14.8
-21.4

Wooden
shelf
(TC3)
-0.4
-14.7
-22.8

Apex of
lmof Hurley's
TC3
dark room living section
(TC4)
(TC5)
(TC6)
-0.4
-14.7
-22.9

-0.4
-14.9
-23.4

3.2
-13.8
-23.6

4

Between timbers,
Mawson 's cubicle near
bookshelfsensor (TC7)
-0.2
-14.8
-22.9

In roof cavity at In roof 2/3 m from
main entrance near TC8
floor
(TC8)
(TC9)
(TCI0)
-0.1
-14.4
-24.6

0.3
-13.9
-23.4

-0.4
-14.6
-23.0

Table 3. Low-alloy copper steel corrosion rates at Gadget Hut
exposed from 10/3/1999 to 26/12/1999

Coupon 1
Coupon2
Coupon 3
Average

Corrosion rate
(µmlyear)
12.8
11.5
12.4
12.2

The summary information presented in Table 1 shows that the temperature in the hut never gets above
0°C, except in the apex of the Hut, at any time in the year, and that in the majority of locations the
relative humidity never falls below 80%. Using the temperature and relative humidity criteria of
ISO 9223 (T >0°C and RH >80%), then TOW is zero hours in the hut, except in the apex and outside
where it is 2%. This implies that there should be no corrosion inside the hut, which is inconsistent
with observations of significant corrosion affecting metal artefacts and the measured corrosion rate of
12 µm/year. This corrosion rate is comparable to corrosion rates found in urban Melbourne (King et
al. 1981) where TOW is close to 50%.
King et al. (2001 b) showed that free water capable of corrosion is present at times corresponding to
T >-10°C and RH >50%. Using this alternative TOW criteria, the TOW becomes 30% in all
locations, which is sufficient for significant corrosion to occur. Thus, the criterion proposed by King
et al. is more consistent with observation.
The high RH measured inside the building implies that the timber of which the hut is built will also
have a high moisture content. The SEMC of an 'ideal' piece of timber can be calculated from the
temperature and RH. Decay in timber is said to be possible above 20% equilibrium moisture content
(EMC) (Singh 1994) and the SEMC measured in the hut is above 16% for 100% of the time, and
above 20% more than 80% of the time. If decay is possible at these temperatures, there is more than
enough water available for it to proceed. The studies of Greenfield (1981; 1982) on historic materials
at the Scott and Shackleton Huts at an even more southerly location suggest this is indeed possible.
The maximum SEMC is near to or above 30%. This is the value when free water can be found in the
timber in the voids and not bound to cells. When water is present in the timber bound to cells, it will
not freeze at 0°C but at significantly lower temperatures, possibly as low as -40°C. Free water may
freeze at 0°C and can cause disruption to the structure of the-1 ~i,H_J.berl\-, Defil:niPJ;.h~ been observed at
1
many Antarctic historic sites by Hughes, although ~t~rtfeLs~~ttie loisetffires are blown away by
the wind. Research in Australia by Wilkins and Simpson (1988) suggests that defibring is primarily
dur to high salt deposition and is accelerated by high temperatures and humidities, so its existence in
Antarctica is curious. It may be that similar crystal growth formation processes in both freezing and
salt deposition cycles may be responsible for the observed defibring, as high salt deposition rates are
evident at many historic sites, most of which are very close to the sea.
While all the sensors exhibit similar ranges of temperature and RH, except for the external sensor, a
limitation of the data is that it does not show whether deleterious conditions such as condensation
cycles may be occurring. To examine the likelihood of such problems, temporal plots of the sensor
data were produced graphing all the data from a particular sensor in one plot. The x-axis is the time of
the year and the y-axis is the time of the day, so each line running vertically is one particular day.
This graphing technique enables cycles that function on a daily, seasonal or yearly basis to be easily
seen. Figure 2 shows the temporal plots for temperature and humidity for sensors 1, 2, 5 and 8, while
Fig. 3 has the temporal plots for the thermocouples. Not all the sensor plots are presented in this
paper.
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Figure 2. Temperature and humidity temporal plots for sensors 1, 2, 5 and 8 at Mawson's Hut, Antarctica
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Figure 3. Temperature temporal plots for thermocouple sensors at Mawson's Hut, Antarctica
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While some data is missing during March, April, June, part of July and part of November, the data
shows that strong daily cycles affect the exterior of the hut during the summer (December to
February). The existing data is representative of all major climatic seasons at Mawson's Hut and
presents a clear picture of the conditions experienced. Thus, the data can be used for interpretation as
expressed by Daniel et al. (2000). The 'dampening' of these temperature and RH fluctuations by the
building are also evident, with the temperature variations being less than 5°C for weeks and months at
a time, especially during the winter months. During October, the outside temperatures start to warm
up and the corresponding RH shows a very high level during this period. When the temperature is at
its highest during December and January, the RH is more variable.
Figures 4-9 are seasonal decompositions of different periods of the data, i.e. each graph shows what
the average day would look like for the period shown in the graph. These graphs show the daily
cycles that are occurring at the different locations. As the data is averaged, only true daily trends are
shown and any events that do not occur each day are averaged out. This also means that the extremes
of the cycles are also removed and we do not see the maximums and minimums shown in the
summary tables. The weather at Mawson's Hut is extremely variable and this analysis of the data
needs to be used in combination with other analysis of the data to determine the complete picture.
Strong daily cycles can be seen in the two summer periods of January to February 1999 and
December 1999 to January 2000. However, in the winter period there is little change over the average
day, as would be expected without the influence of the sun.
While there are some slight differences between the January to February 1999 and December 1999 to
January 2000 periods, the daily cycles are similar enough to be discussed together. For the summer
period daily cycles are present, although the daily variation is less then in temperate climates. Only
the January to February 1999 graphs are presented in this paper.
The exterior shows the common daily cycle of lower temperatures at 'night' even though the sun does
not actually set, and higher temperatures when the sun is at its highest (Fig. 4). The opposite is true
for RH, which is low during the day, as warm air can hold more moisture, and high at night (Fig. 6).
fuside the hut the same temperature cycles occur, but are slightly lagged due to the time taken to heat
up the structure. The maximum temperatures inside the hut are at 19:00-20:00, three to four hours
after the maximum exterior temperature which is around 16:00, while the minimum temperatures
inside the hut are around 08:00-09:00, two to three hours after the exterior minimum temperature
which is around 06:00.

Time of Day

Figure 4. Seasonal decomposition of temperatures, January to February 1999, Mawson's Hut
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Figure 6. Seasonal decomposition of RH, January to February 1999, Mawson's Hut

The interior RH of the hut does not follow the exterior RH cycle. The interior RH is generally lowest
when the exterior temperature is at its lowest (and the exterior RH is near its highest), and not when
the interior temperature is at its lowest. The interior RH is at its highest an hour after the exterior
temperature has reached its highest and three hours before the inside temperature has reached its
highest. If the RH were only dependent on the temperature it would be highest when the temperature
is the lowest and lowest when the temperature is the highest.
On examination of the absolute humidity graphs (Fig. 7), it is evident that there is a daily cycle of the
mass of water in the air for all the locations. If the mass of water in the air is changing, there must be
a source and sink for this moisture. Since there is more water present during the day and less at night,
this implies that water is being evaporated during the day and condensed at night. For the water to be
condensed there must be a structure/surface that is colder than the air.
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Figure 7. Seasonal decomposition of absolute humidity,
January to February 1999, Mawson 's Hut
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Figure 8. Seasonal decomposition of temperature, May to August 1999, Mawson's Hut

The observed presence of hoarfrost crystals on the timber inside the hut (Hughes 1988) is further

ic~..-1:'

·.• ·.)

eVIh.det~ceb of cotndensati~n,bas h?arfrfiost is dformeti~ whben wbatebr _vapour directly cond~nshes toh formh
T e 1m er ac s as a smta 1e site or con ensa on y a sor mg water vapour at mg t w en t e aiN~:...,·...· ............"""""'.
temperature in the hut lags behind the exterior temperature and the timber is colder due to its ·
connection to the exterior. When the timber warms up during the day the hoarfrost evaporates, thus
increasing the moisture in the air.
Another possible sink for the moisture is the ice inside the hut. This would provide a cold surface on
which more ice could form from the moisture in the air. Melt water accumulates around the exterior
of the hut during summer, and it is evident from water stains on the building timbers that some of this
water flows inside the building, which may provide a source of moisture.
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Figure 9. Seasonal decomposition of RH, May to August 1999, Mawson's Hut

During the winter period there is no significant daily cycle seen in any of the parameters or sensors.
Only plots of the temperature and relative humidity are presented in this paper (Figs 8 and 9).
Despite the low temperatures in the hut, microbiological attack and corrosion have been observed.
The data collected from monitoring reveals that there is plenty of moisture present for these two
processes to occur. While it is initially surprising that these processes occur at low temperatures, the
processes may occur slowly over a long period with significant intermissions during the particularly
cold winter conditions. Even slow processes may become significant when considering the need to
preserve historically significant buildings, where the aim is to preserve them for a much longer time
than other buildings whose economic life may be quite short.

CONCLUSIONS

Despite the remoteness of the site and the difficulties of operating monitoring equipment in severe
conditions, the results have shown that the data collected can be used to evaluate risks to the building
such as corrosion and biodeterioration, with some limitations.
The data demonstrates that daily internal temperature and humidity cycles occur only when solar
radiation is significant during summer. The interior temperature cycle lags the exterior by several
hours and is less extreme, demonstrating that the current state of the building offers some insulating
effect.
The high RH inside the hut produces a high moisture content in the timber that comprises the building
and this may be sufficient to allow biodeterioration despite the low temperatures.
The calculated time of wetness using King's alternative temperature and relative humidity criteria
gives a better correlation with observed corrosion than ISO 9223, and shows that corrosion is a
significant risk to the building.
This paper demonstrates that data from monitoring of historic buildings provides information to
enable an understanding of the processes causing deterioration. Monitoring is an essential tool that
enables guidance before conservation treatments are carried out and analysis of their success.
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Abstract

Application of corrosion data to develop conservation
strategies for a historic building in Antarctica

Corrosion of historic metals in
Antarctica is more extensive than
predicted by International Standard
ISO 9223, which prescribes temperatures above 0°C together with a
relative humidity above 80% for
corrosion to occur. Recent research
by the authors found that temperatures above - l0°C, together with a
relative humidity above 50%, can
cause corrosion in Antarctica. This
implies that corrosion will occur
inside most historic buildings in
Antarctica, affecting not only the
artefacts inside the building but, more
critically, the nails that hold timber
buildings together. This paper
describes experimental studies to
further understanding of corrosion
parameters in Antarctica and its
application for preservation of historic
sites. The research demonstrates that
corrosion Is a significantly underestimated risk in cold climates and
highlights the importance of understanding the fundamental causes of
deterioration processes before
conservation treatments are considered in unfamiliar and extreme
environments.

Keywords
corrosion, Antarctica, cold climate,
ISO 9223, ISO 9225, salt deposition,
time of wetness
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Introduction
Although corrosion has commonly been considered minimal in the supposed 'dry
cold' of Antarctica, measurements of atmospheric corrosion rates (corrosivity) in
coastal Antarctica have been found comparable with temperate climates (Hughes,
King and O'Brien 1996).
During four field seasons Hughes has documented serious damage to metal
artefacts and building components at nine historic sites on the Antarctic continent
(Hughes, King and Ganther 2001). Some buildings are partially or completely
filled with ice and there are frequent proposals to remove ice to allow tourist access.
Removal of ice may affect the thermal and hygrometric behaviour of the building
and thereby increase corrosion risks for vital structural components, particularly
nails and bolts. It is vital to understand the conditions under which corrosion occurs
in cold climates, to ensure that conservation treatment does not increase the rate
of corrosion damage.
Recent research undertaken at the Italian Antarctic base at Terra Nova Bay
(7 4 °43'S 164 °02'E) correlated air temperature, surface temperature and relative
humidity with surface wetness events measured using a gold grid that records actual
surface moisture conditions. This is a high-latitude coastal site and the air
temperature over 34 days during the experiment exceeded 0°C for less than 1%
of the time. Yet substantial corrosion was measured on specimens of both steel and
zinc. The time for which RH>50% at temperatures above - l0°C estimated the
measured 'time of wetness' (TOW) almost perfectly (King et al. 2001).
The aim of research in this paper is to measure additional corrosion parameters
at a 'warmer' coastal Antarctic site, so as to extend the correlation of environmental
conditions and corrosion parameters derived from the Terra Nova Bay experiment. Identifying environmental conditions that cause corrosion will help avoid
actions that may increase corrosion risks, thus assisting the development of a
conservation management plan for the site.

Research methodology

Site selection
The site selected for the experimental research is Cape Denison (67°S 142°E) on
the coast of Antarctica, approximately 2500 km south o(fasmania. The Australian
explorer Douglas Mawson built his pioneering scientific base on this small, remote
headland in 1912 and his expedition spent two years there. The largest building (the
Main Hut) comprises a 'Living Hut' conjoined with a smaller 'Workshop' on the

*Author to whom correspondence should be addressed
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northern side. Three smaller buildings were used for scientific measurements.
These buildings and associated artefacts are protected under the Antarctic Treaty.
The buildings have survived despite the extreme climate and severe winds,
although problems with erosion of the exterior timber cladding, fungal growth,
corrosion and meltwater have been documented (Hayman, Hughes and Lazer
1998). Recent site conservation work has included re-cladding of part of the roof
and removal of ice from the Main Hut to allow repairs (MP Foundation 1999).

Measurement of corrosion and environmental parameters

Figure I. Gold grid sensor

Figure 2. Equipment array used on the
Main Hut for corrosion measurements

Well-known climatic factors determine corrosion rates: temperature, relative
humidity, the presence and concentration of gaseous pollutants and salts, and the
TOW, which is the time the metal surface is wet. Recognized standard methods
and instruments were used to measure these parameters at Cape Denison, with
some minor variations based on previous Antarctic experience.
Monitoring has been undertaken inside the Main Hut since 1997. Surface
temperature have been taken at ten locations using thermocouples, and combined
measurements were made of air temperature and relative humidity at eight interior
locations with one external reference point on the northern side of the hut (Hughes,
Pearson, Daniel and Cole 1999). Ongoing research aims to model the internal
environment of the Main Hut to predict the effects of ice removal that has been
proposed by the AAP Foundation. This site shares some characteristics of other
early Antarctic sites, albeit with more severe winds, so information derived from
this location can be applied to conserve other Antarctic sites.
Previous Antarctic studies by the authors (Hughes, King and O'Brien 1996)
have successfully used standard low-alloy copper steel coupons to measure
corrosivity. This allows direct comparison with standardized measurements at
hundreds of sites in different climatic zones worldwide. Wire-on-bolt measurements are another standard method for assessing corrosivity. 'ZINCORR' units
measure the weight loss of zinc wire in contact with three different bolts (nylon,
steel and copper) where crevice and galvanic action accelerates corrosion rates,
enabling estimates of site corrosivity in a short exposure time (Ganther, Cole and
King 1999). For this study duplicate coupons of an unalloyed carbon ('mild') steel,
and triplicate coupons of zinc were exposed for mass-loss/ corrosivity measurements. A ZINCORR unit was also exposed.
Salt deposition was measured according to the standard ISO 'salt candle' method
(ISO 1992b). This enables direct comparison with results from other sites. The
method uses a length of cotton gauze to wick up a solution of glycerol that' captures'
salt aerosols deposited from the air, which are then washed into a collection bottle.
A modification required for Antarctic conditions was to increase the glycerol
solution from 20% to 40% to prevent evaporation and freezing of the solution.
One of the zinc coupons was instrumented for both surface temperature and
TOW. A TOW logger with a gold grid sensor as used in the 'Wetcorr' system
(Norberg 1993), which was used to measure when the metal surface was actually
'wet' (Figure 1). The logger measures the conductivity of the surface of the gold
grid, which in turn is related to the thickness of the moisture film. Readings were
recorded at ten-minute intervals.

Equipment design
The remote location required compact, lightweight and robust design that could
be easily installed in severe Antarctic conditions. Previous attempts to measure
corrosivity at Cape Denison failed when strong winds (which can exceed 300 km/
hr) broke the steel armature and blew away the coupon. Sensors and coupons must
also be well-sealed and packed to prevent premature corrosion and damage in
transit by ship to Antarctica.
A special mounting bracket was fabricated in stainless steel to accommodate the
coupon specimens, ZIN CORR unit and the ISO salt candle (Figure 2). This was
designed to allow attachment to the apex of the re-clad roof of the Workshop
section of the Main Hut without damaging the historic timbers underneath, and
to ensure that the corrosion specimens were exposed in accordance with ISO
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Table 1 Corrosion parameters measured during exposure from 27.12.00 to 8.1.01 {14 days}
Parameter

Value

Comments

Grid TOW
ISO 9223 TOW (T,1,>0(C and RH>80%)*
King TOW where T,1c>·10(C and RH>50%(hours)*
C1· deposition ISO 9225 Salt Candle
ZINCORR (% mass loss)

13.2 (% of time)
2.0 (% of time)
31.B (% of time)
5.5 (mg/m2/day)
Nylon 0.12
Iron 0.42
Copper 0.54

Using gold grid sensor
Using exterior location from environmental monitoring system.
Using exterior location from environmental monitoring system.
Shorter exposure time than specified by ISO 9225.
Nylon 0.9 ('normalised to 3 months)
Iron 3.23 ('normalised to 3 months)
Copper 4.10 ('normalised to 3 months)

• both conditions must apply simultaneously

requirements and faced geographic north, taking account of the roof angle. The
bracket was approximately 50 m upwind from the nearest point of the sea.

Results
Hourly temperature and humidity data from eight interior locations and one
exterior location of the Main Hut are available for the period January 1999 to
January 2000. The environmental monitoring system data were used to calculate
TOW according to several criteria (Table 1) for comparison with the measured
TOW using the gold grid sensor.
Calculated TOW was derived using both the ISO 9223 criteria and alternative
criteria based on the Antarctic corrosion studies undertaken by King et al. (2001)
at 74°S (Terra Nova Bay), discussed above. The measurements of TOW at Cape
Denison also allow consideration of both air and surface temperature measurements, since these can be significantly different in Antarctica during the long hours
of summer daylight.
The daily salt deposition rate was 5.5 mg/m2 chloride, but this was measured over
an exposure period of 14 days instead of the usual 30 days, due to logistics constraints.
ZINCORR units can be exposed for any reasonable period but the mass loss
values are 'normalized' to a three-month period for comparison with other results.
The normalized values for Mawson's Hut show that bimetallic corrosion has
occurred, as the mass loss for iron and copper is four to five times the nylon mass
loss. The three-month indices represent significant levels of atmospheric corrosion
(Ganther, Cole and King 1999), although the short exposure may not be
representative of the summer season. The fact that bimetallic corrosion is occurring
means that free moisture must be present.
As stated, exposure time at Cape Denison was limited by logistics. Although
results from the ZINCORR unit and salt candle are meaningful for this period, it
was considered better to leave the coupon specimens exposed for collection and
analysis at a later date.

Analysis of data

Exterior corrosion parameters
Salt deposition at Cape Denison, although low, is within the range of that measured
at King George Island using Mohr titration of pluviometer contents (Rosales and
Fernandez 2001). the latter values varying from year to year. It should be noted
that quite small levels of chloride (22mg/m 2) have been reported to cause corrosion
of steel under paint films (Bartlett 1993). Salts will depress the freezing point in cold
climates although the absence of industrial pollutants in Antarctica and its isolation
from the circulation of other air masses means that gases from sulfur and nitrogen
are in low concentrations. However, the study at Terra Nova Bay demonstrated
that salt deposition is not a prerequisite for corrosion in Antarctica where
monitoring of the prevailing winds indicated that little if any sea-salt deposition
would have occurred during the exposure.
Nonetheless, Otieno-Alego et al. (2000) found high concentrations of chloride
and sulfur in corrosion products scraped from corrosivity coupons exposed at a
range oflocations in coastal Antarctica. The chloride levels in rust from continental
sites far exceeded those for specimens from comparative temperate marine sites.
Rain is rare in Antarctica, so there is minimal flushing of salts from the metal
surface. Salt deposition at Cape Denison has generally been thought to be low, in
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common with other sites with predominantly katabatic winds from the polar
plateau, since these winds are of such predominance and high velocity that
exposure to salt-bearing offshore winds is insignificant. However, Madigan (1929)
documented the formation of back-eddies in air circulation at Cape Denison that
are highly localized and that may significantly increase salt deposition.
Salt deposition inside a building occurs when the salt-laden air penetrates
through windows, doors and gaps between the timber cladding. Scott's Hut at
Cape Evans has walls comprising three layers of timber boards over the structural
framework and is also insulated with seaweed stuffed between jute cloth. Mason
(1999) measured salt deposition rates at four locations at Scott's Hut at Cape Evans
with two external measurements (45.5, 34.2 mg/m 2 .d) and two at different
locations inside the hut (15.1 and 12.1 mg/m 2.d). All fall into the Sl category
(3<S<60) in ISO 9223 (ISO 1992a). These were taken before the sea ice had
broken out and may underestimate typical summer values. Scott's Hut appears to
have been more airtight than Mawson's Hut, which has only an inner and outer
layer of timber boards with tarpaper lining and wood shaving insulation. For
comparison, salt deposition at Flinders, Victoria, an Australian marine site 1.3 km
from the ocean, is 33 mg/m 2.d (King, Ganther and Cole 1999).
The annual average wind speed of 80 km/hr measured by Mawson' s expedition
at Cape Denison makes it the windiest place on earth at sea level (Madigan 1929).
When Mawson's Hut was occupied it was found necessary to stuff clothing into
gaps in the wall to stop fine ice particles blowing in. The desiccation of timber on
the roof as well as vibration and erosion by windborne ice particles has increased
the gaps in the timber and the hut has progressively filled with ice. Ice was cleared
from the living area of the Main Hut in 1977, but it had largely refilled by 1981,
despite also cladding the Workshop roof with lead sheeting. Vibration against nail
heads wore holes through the lead and the wind partly tore it off (Hayman, Lazer
and Hughes 1998).
Using the ratio of the average exterior to interior salt deposition rates measured
by Mason to estimate interior salt deposition at Cape Denison gives a rate of 1.9
mg/m 2.d, but this would probably be an underestimate given the high wind speeds
at Cape Denison. Combined with typical summer temperatures of marginally
above freezing and RH>80% even using the underestimate provided by the ISO
criteria then significant corrosion would occur on any exposed metal surface. If ice
is removed it is reasonable to expect some reduction in the thermal inertia of the
building and temperatures would be most likely to rise during summer, increasing
the risk of corrosion damage. Removal of ice cover would increase exposure of metal
surfaces to salt deposition. Most at risk are nails holding the exterior cladding. It has not
been possible to obtain and test original nails although visual examination shows
these to be significantly corroded particularly at the head.

Interior corrosion parameters
During January 1999 to January 2000 the interior temperature never rose above
0°C at any time except inside the apex of the roof. Interior relative humidity was
also consistently high, with the majority of locations never falling below 80%, as
shown in Figure 3. Being located on the Antarctic Circle, daylight varies from 24
hours of sunlight in midsummer to 24-hour darkness at midwinter. This increases
the albedo effect in summer, whereby dark surfaces, for example corroded metals,
become markedly warmer than the surrounding air.
Care is required for placement of sensors inside the Main Hut and in interpretation
of environmental data because of the unusual conditions inside an unoccupied Antarctic
building subject to cyclic melting and refreezing. Meltwater can form preferentially on
metals, such as the bolts that form a thermal bridge directly linking the exterior and
interior surfaces via the wall structure. Hoarfrost forms preferentially on cooled
surfaces, such as walls that are shaded or are more exposed to cooling by the wind.
Ice can form on the surface of sensors giving inaccurate measurements of
environmental conditions. It is important to observe salt deposits or defibring of
wood indicating the passage of meltwater that cause inaccurate recording.
Measurements of TOW at Cape Denison using the gold grid sensor (13.2%),
is greater than that measured using the ISO 9223 criteria (2.0%) and lower than
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that estimated (31.8%) using the alternative criteria devised by King et al (2001).
ISO 9223 TOW does not correlate well with the observed corrosion of artefacts.
Metal artefacts in Hurley's Dark Room, where meltwater occurs frequently at floor
level, are completely corroded through and artefacts where sublimation of ice is
thought to occur without melting, such as the staples on the magazines on the
shelves in the centre of the hut, also have significant surface corrosion.

Further research required

It has not been possible to conduct corrosivity or TOW sensor measurements inside
the hut, nor to measure interior salt deposition. This would require significant
funding support and the commitment to provide a visit to the site for long enough
to tunnel through the ice to gain access to the interior. These measurements,
however, would be most worthwhile in quantifying risks at particularly sensitive
locations, such as inside the wall space, where considerable melting may occur and
where bolts holding the main structural timbers are located.
A group of cold climate researchers from Argentina, Australia, Norway and the
U.S.A. have proposed an ongoing program ofresearch in the Arctic and Antarctic
to provide more information on the climatic conditions that allow surface wetness
to form. Identified issues requiring clarification include angle of exposure of
corrosivity coupons, the times of initial exposure and more detailed analysis of
corrosion products. Conservators could then apply the resulting improved methodologies and standardized data to assess corrosion risks at historic sites.

Conclusions
Data derived from this project enable temperature and humidity data to be directly
correlated with simultaneous measurements of corrosivity (corrosion rate), surface
wetness and salt deposition. This shows that ISO 9223 does not correlate well with
corrosivity measurements in Antarctica by either coupons or wire-on-bolt methods.
Atmospheric corrosivity measured outside Mawson's Hut is consistent with
previous measurements at other Antarctic sites, which are comparable with rates
in suburban locations in temperate regions of Australia. Corrosion risks for historic
buildings in Antarctica are thus significantly underestimated by the outdated
supposition that corrosion will not occur below 0°C.
Although there is discrepancy in the various measures of TOW, ISO TOW is
obviously inaccurate and either grid wetness or King's alternative TOW criteria
are more realistic and may be applied to estimate the risks of particular conservation proposals for Mawson' s Hut. For example, the effect on temperature and RH
of ice removal from Mawson' s Hut can be modelled and the climatic variation can
then be used to estimate TOW and thence the corrosion risk. Removal of ice will
expose metal surfaces to increased contact with sea salts both inside and outside the
building. At Cape Denison the measured rate of salt deposition will significantly
increase corrosion of metals that are currently covered by ice if the ice is removed.
Understanding of the fundamental parameters for corrosion in cold climates
enhances general understanding of conditions in many regions where low
temperatures are intermittent.
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Abstract
Argentina, Australia, Chile, France, New Zealand, Norway, Russia, South Africa, United
Kingdom and the United States have historic sites in the Antarctic and the Subantarctic
islands. Despite the common expectation that there will be no corrosion problems on the
Antarctic continent because of the supposed dry cold climate, conservators visiting these
sites have found significant deterioration of metals. Severe climatic conditions and
complex logistics present difficulties for carrying out conservation treatments, but the
questions remain what treatment is required and what treatments will work in Antarctic
and Subantarctic conditions? Corrosion coupons and electronic sensors have been used
by the authors to quantify corrosivity, Time of Wetness and surface temperature. Salt
deposition has been measured using the standard ISO technique. All of these demonstrate
that fundamental information is required to understand the mechanism and rate of
corrosion before treatment can begin. Difficulties concerning the selection, application
and maintenance of protective coatings for on site treatments are discussed and some
alternative approaches are suggested.

Keywords
Cold climate corrosion, Antarctic, Subantarctic, metals conservation, atmospheric
corrosion, salt deposition, ISO 9223, cathodic protection.

Introduction
The significance and protection of Antarctic
and Subantarctic historic sites
Over 70 historic sites are recognised by the Antarctic
Treaty1 and there are probably an equal number on
the various Subantarctic islands. Whilst most
historic sites in Antarctica and the Subantarctic are
of comparatively recent date they contribute to the
cultural heritage of humankind and many of these
sites have international significance. Sites on the
Subantarctic islands include remains from whaling
and the exploitation of fur seals and elephant seals
(for their oil) that generated enormous wealth for
American, Australian, British, French and
Norwegian companies. The British and Norwegian
whaling factories on South Georgia Island are the
most extensive and complex of the extant sites and
also present environmental threats because of the
presence of dangerous chemicals used in processing
whale products. The sites on the French islands, Îles
Kerguelen, demonstrate the changing technologies
developed during the nineteenth and early
twentieth centuries, ranging from trypots to
complex industrial installations. Nineteenth and
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early twentieth century sites exist on Australia’s
Macquarie Island where large iron ‘digesters’
(shown in Figure 1) were used to render oil from
King penguins. Campbell Island and the Auckland
Islands (which belong to New Zealand) have sites
relating to whaling and sealing as well as
abandoned ship repair settlements, nineteenth
century Maori occupation sites and WWII
observation posts. Australia’s Heard Island has
many nineteenth century sealing sites used by men
from Australia, Britain, Cape Verde Islands and
USA 2. The buildings on Heard Island are of
international interest because they include
experimental buildings from several countries
designed to withstand hostile conditions. There are
also shipwreck sites at many of the islands.
Antarctic historic sites include several wellknown sites relating to the race to the South Pole in
the early twentieth century, such as the timber huts
used by Scott and Shackleton on Ross Island, now
cared for by the New Zealand Antarctic Heritage
Trust. Less well-known huts are those used by
Norwegian-Australian Borchegrevink at Cape
Adare (built in 1895), the Swedish expedition of
Baron Nordenskjold at Snow Hill Island (1903) now
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Figure 1: Penguin digesters on Macquarie Island

cared for by Argentina, and the Australasian (i.e.
Australia and New Zealand) expedition of Douglas
Mawson at Cape Denison (1912). While the early
huts were mostly timber, later buildings used
plywood and other composites. By the 1950s there
were many buildings using metal panels, which is
the predominant material used today. The 1991
Protocol on Environmental Protection to the
Antarctic Treaty (known as the ‘Madrid Protocol’)
also recognises the need for protection although no
detailed guidelines are provided for identifying,
documenting and preserving the sites and
associated artefacts. National heritage protection
legislation of signatories to the Antarctic Treaty also
applies in Antarctica. For example, the 1975
Australian Heritage Commission Act provides for
recognition and protection for national heritage sites
including those in the Australian Antarctic Territory.
An International Polar Committee was formed at
the XII General Assembly of the International
Council of Monuments and Sites (ICOMOS) in
Mexico in October 1999 to promote exchange of
information and lobby for better standards in the
protection and conservation of cultural heritage
sites in the Arctic and Antarctic. The first meeting
of this committee was held at the Scott Polar
Research Institute at Cambridge, UK in April 2001.
The Scientific Council on Antarctic Research (SCAR)
of the International Council of Scientific Unions
promotes and coordinates international scientific

research, but it does not involve itself in Antarctic
cultural heritage issues.

An opportunity to understand corrosion
in an unfamiliar and severe climate and
the challenge to presumptions.
It is commonly presumed that preservation
problems have already been solved in the Arctic and
that these methodologies can be applied in the
Antarctic. Although there are some preservation
problems in common between both polar regions,
many of the problems facing Antarctic sites are
either more severe or quite different. One example
is the enormous quantities of drift snow carried in
the strong katabatic winds that arise due to gravityfed airflows from the polar ice caps, which are
generally not found in the Arctic. Permafrost, which
can both aid preservation or cause damage to Arctic
buildings is rare in Antarctica because of the general
lack of soil formation. Ice excavation and field
stabilisation methodologies developed in Canada3
were applied for excavations at New Zealand
Antarctic sites. However, some Arctic methods, such
as the use of sphagnum moss for packing
waterlogged organic materials, are not practical in
the Antarctic or Subantarctic islands since
vegetation is strictly protected, not available or
prohibited due to the presence of exotic organisms.
At many historic sites in the Arctic, the approach
has been to excavate a site and to relocate significant
183
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artefacts to museums in the main cities where they
can be conserved in well-equipped laboratories and
then be displayed in climate-controlled museums.
This contrasts with the Antarctic where the Antarctic
Treaty and Madrid Protocol require that historic
material should remain in situ.
Literature reviews also show that although there
has been extensive research on aspects of corrosion
in places such as Alaska there are very few papers
on corrosion treatment that are applicable to historic
sites in polar regions. Some industrial coatings such
as epoxies have been used to protect oil pipelines
but these polymers are not reversible and
conservators would generally consider them
unsuitable for historic metals. Cathodic protection
is widely used for protection of tanks and pipelines,
especially for the oil industry in Alaska and Canada4
and its possible application for Subantarctic sites is
discussed later in this paper. Very few in situ
conservation methods have been developed in the
Arctic. A list of publications and reports that include
assessments of corrosion affecting Antarctic historic
sites has been compiled5 but most publications are
qualitative, mentioning the presence of corrosion
without describing the type of corrosion or
quantifying its severity. Only a few publications have
attempted to correlate known factors that determine
atmospheric corrosion rates (temperature, relative
humidity and salt deposition) with the observed
effects on historic metals on polar climates.
Antarctic researchers from Argentina, Australia
and New Zealand7, and Russia8 and have shown
that the corrosion rates are higher than would be
expected in low temperatures if the International
Standard ISO 9223 9 on ‘Corrosion of Metals and
Alloys- Corrosivity of Atmospheres’ is applied. This
standard states that corrosivity (i.e. the corrosion
rate per annum, reported in micrometres of metal
thickness corroded per year) is fundamentally
determined by the ‘Time of Wetness’ (TOW). ISO
9223 defines Time of Wetness as the number of
hours per year for which temperature is greater than
0°C and relative humidity is greater than 80%. These
conditions are supposed to correlate with the
formation of a film of moisture on the metal surface,
which allows corrosion reactions to occur. The
apparent discrepancy between observations of
extensive corrosion at Antarctic historic sites and
the implications from the ISO standard 9223 that
corrosion should be minimal suggests that other
factors may play a significant role in corrosion in
cold climates. Research on cold climate corrosion
may be seen as too esoteric to provide benefits to
conservators based in more temperate climates.
However, the authors believe that it is vital to
accurately diagnose the cause of deterioration
before prescribing treatment since a faulty diagnosis
may fail to treat the cause of deterioration and may
actually cause more harm than no treatment at all.
Better understanding of the conditions that cause
184

cold climate corrosion can be applied in temperate
climates where cold conditions are intermittent,
such as for outdoor sculpture in Canberra where
there are one hundred days each year when
overnight temperatures are below freezing.

Observations of corrosion at historic
sites in the Antarctic and Subantarctic
islands.
The first author has observed nine historic sites on
five Subantarctic islands and nine historic sites in
the Antarctic. The results of these observations are
summarised in Table 1.

Subantarctic islands
As may be expected for small islands surrounded
by stormy seas, severe corrosion affected buildings
and artefacts on all the Subantarctic islands that
were visited. Artefacts on both Macquarie Island
and Heard Island are in close proximity to wildlife,
including penguins, seals and seabirds (see Figure
2). Access to the sites is generally only possible in
summer, which coincides with the breeding season
thus restricting the nature and timing of corrosion
treatments. Many artefacts are also partly buried
in the ground, and on most islands the soil is
completely waterlogged and often peaty, resulting
in acidic soils. Treatments that might be selected
because of the severe climate, such as abrasive
blasting and coating with durable protective
coatings such as epoxies, are clearly impractical. The
obvious risk of high corrosion rates and the concern
about whether protective coatings would be suitable
led to contact with the Commonwealth Scientific
and Industrial Research Organisation (CSIRO), an
Australian government body. The CSIRO Division
of Building Construction and Engineering has well
developed expertise in the measurement of
corrosion rates by weight loss measurement of
exposed standardised metal coupons.
For sites on Macquarie Island, the approach
developed through discussions between Hughes
(a conservator) and King (a corrosion scientist) was
to use ultrasonic thickness measurements of metal
artefacts and corrosion rate measurements to
determine the priorities for treatment and find
whether the use of protective coatings is even
feasible. Ultrasonic thickness measurements of the
trypots are complicated by their hemispherical
shape but recent developments in equipment have
made this easier where good contact can be made
with the metal surface, such as under the rim.
Unfortunately, measurements are unlikely to be
successful at the base of the artefacts, where
corrosion is likely to be most severe due to
continuous proximity with wet soil, since dirt and
delamination make contact with the metal surface
more problematic. Measurements on the accessible
sides of trypots show that the remaining metal
thickness is usually over one centimetre, implying
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Table 1: Field observations of corrosion at Subantarctic and Antarctic historic sites
Site

Date of
Atmospheric
earliest
corrosivity,
buildings µm/year.

Types of corrosion
observed.

Observations regarding
salt deposition.

Atlas Cove,
Heard Island

1947

High corrosivity,
not measured.

Erosion corrosion of metal fuel
drums by windborne sand.
Differential aeration. Meltwater
immersion. Some galvanic
corrosion in buildings.

Defibring. Iridescent rust on most
iron alloys, bronze disease on
all copper alloys.

Spit Bay,
Heard Island

Mid 19th
century
sealing
tryworks

High corrosivity,
55.3.

Meltwater immersion.
Differential aeration.

Defibring. Iridescent rust on most
iron alloys, bronze disease on
all copper alloys.

Macquarie
Island

19th
century
sealing
tryworks,
penguin
digesters,
buildings
from 1947

Highest on sites
exposed to
westerly winds
(222 at Isthmus
to 82.3 on the
more protected
east coast. Six
sites measured.

Erosion corrosion of trypots
and digesters by windborne
sand. Differential aeration.
Some galvanic corrosion in
buildings.

Defibring. Iridescent rust on most
iron alloys, bronze disease on all
copper alloys. Severe exfoliation
on digesters.

Campbell
Island

Late 19th
century

High corrosivity,
not measured.

Partial immersion in salt water.
Differential aeration. Some
galvanic corrosion in buildings.

Defibring. Iridescent rust on most
iron alloys, bronze disease on all
copper alloys.

Auckland
Islands

Late 19th
century

High corrosivity,
not measured.

Partial immersion in salt water.
Differential aeration. Some
galvanic corrosion in buildings.

Defibring. Iridescent rust on most
iron alloys, bronze disease on all
copper alloys.

Mawson
Station

1954

Low corrosivity.
3.3 [5]

Differential aeration. Meltwater
immersion. Some galvanic
corrosion in buildings.

Defibring, salt crystals. Iridescent
rust on steel in some buildings,
especially aircraft hangar.

Davis
Station

1957

Moderate
corrosivity.
8.7 [5]

Differential aeration Erosion
corrosion of metal panels by
windborne sand.

Salty taste in the water supply.
Iridescent rust on eroded steel
panels of 1950s buildings.
Corrosion blisters under painted
steel of new buildings.

Dumont
D’Urville

1951

Not measured.

Differential aeration. Corrosion
fatigue due to bending in high
winds. Extensive meltwater
pools.

Defibring. Iridescent rust on many
steel surfaces.

Cape
Denison

1912

Corrosion is
variable according
to location on site.
Corrosivity
measurement
in progress.

Necking of nails (differential
aeration, differential wetness).
Corrosion fatigue of the ridge
capping. Meltwater pools.

Defibring. Iridescent rust on bolts
on crossbar of the Memorial Cross.
Salts in ice and snow measured
ranging 15–3980 ppm chloride.

Cape Adare

1895

Corrosivity
appears to be
high. Not
measured.

Abundant meltwater. Erosion
corrosion of metal bands on
barrels by windborne scoria.
Guano increases localised
corrosion around hut walls.

Defibring. Iridescent rust on most
exposed metal surfaces.

Cape Evans

1911

Moderate
corrosivity
10–11

Erosion corrosion by
Extensive defibring, salt ‘trails’
windborne sand polishes
inside hut. Salt deposits were
Aurora anchor. Meltwater pools. analysed and found to be mostly
sulphate.

Cape Royds

1907

Corrosivity not
measured.

Meltwater pools. Differential
aeration corrosion.

Defibring, extensive salt deposits
on rocks and inside hut. Salt
deposits were analysed and found
to be mostly sulphate.

Hut Point

1902

Corrosivity not
measured.

Meltwater immersion.
Differential aeration corrosion.

Defibring, salt ‘trails’ inside hut. Salt
deposits were analysed and found
to be mostly sulphate.
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Figure 2: Map of historic sites in Antarctica and Subantarctic islands.

the cast iron trypots may safely remain in situ for
at least several decades. The iron digesters
however are rapidly delaminating and since these
are unique to the island (while trypots are
relatively common) it is considered a higher
priority to develop treatments for these artefacts
than for the trypots.
Measurements were conducted exposing six pairs
of low alloy copper-bearing steel coupons enabling
six different historic sites around the island to be
assessed, including the Isthmus area where the only
weather station on the island provides useful data
to assist correlation of climate data with corrosivity
rates10. The measurement of corrosion rates has
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several advantages for the conservator in this
situation:
The low alloy copper steel selected has a corrosion
rate similar to mild steel but its composition renders
it insensitive to small changes in composition as
would be encountered with batches of material
sources at different times. This material was in fact
developed to be used as a standard for the
measurement of site corrosivity11. Its use enables
comparison with corrosion rates in Australia where
the viability of particular corrosion treatments could
be compared.
Corrosion rate data may assist estimation of the
lifespan of the artefacts in situ.

Corrosion in Antarctica

Comparison of corrosion rates at different
locations assists prioritisation of treatments since it
identifies sites where artefacts are most at risk.
The measurements showed that corrosion rates
are extremely high, ranging from 82 microns/year
on the more protected east coast, to over 220
microns/year on the exposed western side of the
island10. Previous studies have shown that even
treatments such as blast cleaning and application
of epoxies are not successful where corrosivity is
higher than 40 microns/year! Field-testing of
coatings would be a waste of time under these
extreme conditions, so consideration should be
given to the use of cathodic protection. Magnesium
sacrificial anodes can be buried in small noninvasive trenches in soil surrounding the base of
the artefacts. Lack of funding has prevented further
examination of this proposal and further
environmental consideration is required since
cathodic protection will cause evolution of
hydroxides into the soils in close proximity.

Defibring is a useful indicator of high salt
deposition, although care must be taken in
observation since the fragile timber fibres are often
blown away or abraded from the surface by
windborne ice or sand particles. The Scott and
Shackleton huts on Ross Island all exhibit trails of
salt deposits running down the ceiling and walls
from evaporation of meltwater from roof spaces.
Analysis has found these are mostly of sulphates
rather than chlorides, which might have been
expected due to the proximity to the sea13. The
presence of salts inside the buildings can be
expected to increase corrosion of critical elements
such as nails and it would be therefore be useful to
be able to undertake comparative measurements of
salt deposition, using the standard ISO Salt Candle
method14, both inside and outside the buildings.

Antarctic sites

The importance of standardised
methodologies
To ensure efficient use of scarce resources for
preservation of historic sites in Antarctica and
Subantarctic islands it is vital that the conditions
causing corrosion are adequately understood.
Germane to this is the requirement that any
measurements of corrosion in these regions, or
measurements of environmental and climatic
factors that determine the rate of corrosion are
conducted using well-established procedures.
Through this mechanism it is possible to compare
the extreme weather data with that from the
temperate regions of the world for which
appropriate methods of corrosion protection
already exist. However, these procedures may not
be practical or environmentally desirable in the
fragile pristine cold climate ecologies. Nonetheless
standardised measurements will give a good
indication of possible approaches for corrosion
protection.

Over the past decade Hughes has been able to visit
nine historic sites in the Australian, French and New
Zealand sectors of Antarctica. Through
collaboration with King and with the assistance of
numerous Antarctic expeditioners from many
countries, corrosivity rates have been measured at
locations with a vast range of climatic conditions,
including comparatively ‘mild’ coastal locations
and extremely cold inlands locations such as the
South Pole and Vostok, the coldest place on earth.
The field observations and corrosivity data in
Table 1 show diverse types of corrosion occurring,
with locally severe corrosion at most Antarctic sites
although this can be highly variable within each site.
Most historic sites are close to the sea, so salt
deposition can be expected to increase corrosivity,
as can exposure to meltwater and high humidity in
summer. Local wind patterns are also important,
particularly the katabatic winds. Because these
winds blow from the polar plateau it is expected
that this should minimise salt deposition, but sites
experiencing strong katabatic winds such as Cape
Denison, still have many corroded artefacts
exhibiting the iridescent exfoliating corrosion layers
that are characteristic of the presence of salts. The
data confirm observations that corrosion occurs in
locations where the rates should be effectively zero
according to ISO 9223 and yet the corrosion rates in
coastal locations are comparable to rates in
temperate climates. Measurements at the sites show
that corrosivity is sufficiently high that outdoor
artefacts will require treatments such as protective
coatings if they are to be preserved for the future.
A salt-related phenomenon affecting timber
known as ‘defibring’ produces a furry surface due
to destruction of bonds between the wood fibres12
and causes structural weakening of timber.

The need for improved understanding of
atmospheric corrosion in cold climates to
develop treatment methodologies.

Time of Wetness
It is necessary to establish accurate criteria that
determine when a film of surface wetness will exist
in cold conditions since this allows corrosion
reactions to occur. King et al 15 conducted a recent
study to establish these criteria and found that
substantial corrosion occurred at Terra Nova Bay
(74° 42’S, 164° 06’E) when temperatures were above
-10°C and above 50% relative humidity in contrast
to the ISO 9223 conditions of T>0°C and RH>80%.
Furthermore a consideration of the prevailing wind
patterns at the site would give support to the
concept that in this case deposition of sea-salt may
be having little impact on the time of wetness.
A meeting of the National Association of
Corrosion Engineers (NACE) in Alaska of cold
187
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climate researchers from Argentina, Australia,
Norway and USA agreed that it would be useful to
conduct this experiment at four locations in both
the Arctic and Antarctic. This research would
establish whether these criteria were generally
applicable in cold, unpolluted conditions with
minimal salt deposition. The research could then
be extended to determine the role of salts and other
pollutants in affecting corrosivity to provide a
general guide to corrosion risks in cold climates. It
is pleasing to note that the corrosion scientists at
the Alaska conference supported collaboration with
conservators to apply this theoretical corrosion
research for preservation of cultural heritage.
It would be particularly useful to have more
corrosivity measurements inside buildings to assist
the assessment of corrosion risks to artefacts inside
historic buildings and to structural elements such
as nails. This is particularly important where
removal of ice accumulations inside buildings are
proposed that could lead to substantial changes in
microclimates that may change corrosion and
fungal growth rates. This has been a major issue at
sites such as Mawson’s Huts at Cape Denison where
strong winds deposit large amounts of drifting
snow, which can penetrate the numerous small gaps
in the building. Melting of the snow in summer
leads to high relative humidity inside the hut and
meltwater inside the hut is the probable cause of
severe corrosion of many artefacts. Two previous
attempts to fill gaps using lead sheeting and overcladding the Workshop roof have failed and further
attempts would be aesthetically and historically
contentious.
Dataloggers have been used inside Mawson’s
main hut for the past two years to monitor air
temperature and RH variations at eight locations
and surface temperatures at eleven locations mostly
inside the hut. One reference measurement is made
for exterior temperature and relative humidity at
the most exposed location on the roof, which is
never covered by snowdrifts 16 . Recently
measurements of salt deposition have been made
in this location using the standard ISO procedure.
The temperature and relative humidity data
measured inside Mawson’s main hut shows
relatively stable conditions in the core of the
building with temperatures around –5°C but the
relative humidity is frequently over 95% in summer.
The research of King et al 15 shows that even these
conditions would allow corrosion to occur. The
contribution of the ice around the walls to
temperature stability is the subject of ongoing
debate about whether the removal of ice would
cause more fluctuations that could accelerate
deterioration processes, including corrosion.

Electronic sensors for corrosion
measurements
An additional reason why conservators and
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corrosion scientists should work as a team on
conservation projects in cold climates is to take
advantage of continuing development of electronic
sensors that are increasingly used in building
science research17. A grid wetness sensor uses a
small gold lattice to directly measure the presence
of water on the metal surface, which is more
accurate than relying on relative humidity data.
Surface contaminants change the wettability of a
surface by absorbing moisture and depressing the
freezing point of surface water. Measurement of the
surface temperature is important as the surface
temperature is often different from the air
temperature and therefore the surface relative
humidity can be significantly different to ambient
relative humidity. Small electronic sensors have
been developed by CSIRO to measure corrosion
parameters in microclimates inside buildings, such
as salt deposition in wall spaces. However, it is
preferable to have environmental data for the whole
building to ensure correct interpretation rather than
rely on isolated measurements of too few
parameters.

Field testing of protective coatings
When artefacts were excavated from the ice inside
the Scot and Shackleton huts in the early 1960s metal
items were found to be ‘as new’. By the early 1980s
considerable corrosion was observed18 and it was
recognised that artefacts required stabilisation to
stop further deterioration. Protective coatings are
usually the first methods considered to treat and
prevent corrosion. It is difficult to carry out
conservation treatments on site in Antarctic
conditions, especially with the stringent
environmental protocols and constraints on
transport of chemicals. There is little information
on the performance of protective coatings in
Antarctic conditions, although most of the polymers
whose performance meets the special requirements
of conservation failed during initial outdoor testing
at Cape Denison by Hughes in 1985 19 . Many
polymers will not cure at low temperatures and
others become brittle and crack. This raises an
ethical dilemma as to whether it is appropriate to
expose artefacts to conditions now known to cause
deterioration.
Merely testing durability of materials such as
protective coatings in polar climates is not sufficient
as the long-term behaviour of the polymers, such
as cross-linking and micro cracking must be
assessed to determine whether it will have adverse
effects on the artefact. An alternative to application
of coatings is to consider whether objects at some
sites can be preserved when totally frozen inside a
block of ice. This would require ensuring that the
building remains completely filled with snowdrifts
and that ablation and melting are minimised, again
necessitating clarification of the temperature
criterion for corrosion to occur. This would not be

Corrosion in Antarctica

practical at some sites where tourist visits are an
established requirement, such as at Scott’s hut at
Cape Evans. Corrosion scientists can provide useful
guidance for conservators on current methodologies
for testing of coatings since there are many complex
factors to be considered. Some research
organisations with experience in both cold climate
corrosion and testing of coatings include
Departamento de Investigaciones en Corrosión
CITEFA in Argentina, CSIRO Division of Building
Construction and Engineering in Australia and
NILU (Norwegian Institute for Air Research) in
Norway.
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to improve understanding of corrosion
problems in cold climates.
At the NACE meeting in Alaska researchers from
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international cooperation is essential because of the
high operational costs of research in Antarctica. An
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Conclusions
Conservators must have develop a better
understanding of the climatic conditions under
which corrosion can occur before attempting
conservation treatments in extreme and unfamiliar
conditions, such as Antarctica. Conservators must
work closely with corrosion scientists to consider
whether any
- protective coatings are viable in
Antarctic conditions and to ensure a proper
methodology is available for evaluating their longterm performance. Interdisciplinary international
cooperation is required to ensure appropriate use
of standardised materials and environmental
monitoring methods for evaluation against
measured performance in temperate climates.
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