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Abstract

Abstract
Landholders in the Booberoi to Quandialla (B-Q) Transect area, located in central west
NSW, have been concerned about an emerging dryland salinity problem since the late
1990’s (Wooldridge 2002, pers. comm. Muller 2002, pers. comm.) with borehole
information and electromagnetic induction investigations supporting anecdotal
observations.

The presence of indicator vegetation, waterlogging of soils and

salinisation of land are becoming increasingly prevalent, with two well-documented
sites including ‘Strathairlie’ near Quandialla, and ‘Back Creek’ near West Wyalong.
The B-Q Transect area lies within the Bland Creek Catchment, a broad open plain of
subdued topography and restricted drainage receiving sediments from elevated rises
located to the west, south and east. Significant deposits of transported alluvial materials
have in-filled the catchment to depths in excess of 160 m and have posed a particular
impediment to regional-scale mineral exploration.

Stream flow across the alluvial

plains and low angle alluvial fans is intermittent with most of the flow being diverted
into groundwater storage or lost to evaporation. Rarely do streams flow into Lake
Cowal to the north.
A partial electromagnetic (EM) induction survey coupled with a long term bore and
piezometer network monitoring program have been implemented by the Department of
Infrastructure, Planning and Natural Resources (DIPNR – formerly Department of Land
and Water Conservation) Central West NSW Salt Group. These programs allow for
initial, broad-scale evaluation of the magnitude and spatial distribution of the salinity
problem but fail to pinpoint remaining sites at risk as well as the mechanisms of salt
emplacement.
As part of an approach to assist with hazard mitigation and land management, two
regolith-landform maps are being compiled using 1:20,000 scales in the Back Creek and
Quandialla areas. A third, more regional regolith-landform map at 1:50,000 scale
(Holzapfel & Moore 2003a, b & c) provides context for the more detailed mapping
areas. The new regolith-landform maps will aid in interpretation of existing geophysical
techniques, help piece together the three-dimensional characteristics of the Bland Creek
catchment, aid in the development of a shallow fluid flow and palaeotopographic model
and assist land managers in formulating land management units (LMU’s).
The three-dimensional integration of regolith-landform mapping, electromagnetic
studies, bore information and other geophysical methods is critical in determining the
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interaction, distribution and movement of groundwater in the Bland Creek Catchment as
buried palaeochannels represent preferred fluid pathways. The distribution of these
palaeochannels has implications for future dryland salinity outbreaks, the remediation of
current outbreaks and mineral exploration closer to the well-known Wyalong Goldfield
(Lawrie et al., 1999).
The western quarter of the B-Q Transect area partially overlaps with the recently
completed GILMORE Project (Lawrie et al., 2003a,b & c), a multi-disciplinary study,
coordinated by Geoscience Australia (GA) and the Bureau of Rural Sciences (BRS).
Regolith-landform information in addition to gamma-ray spectrometry, magnetics,
airborne electromagnetics and a digital elevation model acquired by the GILMORE
Project have been incorporated into regolith-landform maps over the B-Q Transect. The
incorporation of these datasets has helped not only extend the usefulness of the
GILMORE Project data but provide a consistent, regolith-landform coverage for the
broader Bland Creek Catchment.
Regolith-landform mapping has been successful in highlighting major recharge zones
for local and intermediate flow systems. The mechanisms for dryland salinity at two
well-known sites have also been determined. Increasing salt stores are occurring
through evaporation of intermittent floodwaters sourced from floodplains, back plains
and broad meandering existing creek systems and recharging partially exposed
palaeochannels intersecting the surface. Due to the shallow nature of these partially
exposed palaeochannels, evaporation further concentrates the salt load in the soil
profile. It is unknown if mapped shallow palaeochannels further away from current
drainage systems are affected by rising salt loads.
Regolith-landform mapping highlights two additional risk factors common to the
1:50,000 and 1:20,000 scale B-Q Transect mapping areas including widespread
waterlogging of soils and wind erosion. Due to the subdued topography, features such
as gilgai, fences and roads are having an effect on drainage modification. Wind erosion
was also observed to play a major role within the B-Q Transect with significant loss of
topsoil creating hardened clay surfaces resistant to water infiltration and significant
redistributed deposits of aeolian materials.
Interpretation of regolith-landform mapping against geophysical datasets and drill hole
data show considerable lateral and vertical variation of regolith units. This variation of
regolith distribution with depth does not reduce the effectiveness of using regolithlandform mapping as a valued management tool. The subdued relief coupled with the
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complex interplay between recharge zones, discharge zones and surficial drainage
networks over the B-Q Transect still requires a detailed knowledge of surface regolithlandform characteristics whilst reinforcing the need for a multidisciplinary approach to
gain a 3D perspective.
Catchment analysis has been performed on drainage systems within the Bland Creek
Catchment and has helped explain the strong effect different catchments have had on
sediment supply to the Bland Basin. Catchment analysis results have been used in basic
calculations of salt loads in the Bland Creek Catchment. An estimated 18,780 Tonnes/yr
of salt enter the Bland Creek catchment and as stream flow out of the Bland Creek
Catchment is intermittent, salt stores are increasing in the upper margins of the soil
profile and groundwater reserves.
Reconstruction of the palaeotopography of the B-Q Transect has been made possible
using a mutli-disciplinary approach incorporating information from regolith-landform
mapping, drill hole information, gamma-ray spectrometry and GILMORE Project
datasets. The production of large-scale regolith-landform mapping, the development of
a shallow fluid flow model and reconstruction of palaeotopography builds on and
contributes to knowledge of the Bland Creek Catchment allowing for detailed farmscale and paddock-scale land management decisions.
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SONG OF THE ARTESIAN WATER

Verse 1

Now the stock have started dying, for the Lord has sent a drought;

But we’re sick of prayers and providence - we’re going to do without;
With the derricks up above us and the solid earth below,
We are waiting at the lever for the word to let her go.
Sinking down, deeper down,
Oh, we’ll sink it deeper down.
Verse 2 As the drill is plugging downward at a thousand feet of level,
If the Lord won’t send us water, oh, we’ll get it from the devil;
Yes, we’ll get it from the devil deeper down;
Verse6 It is flowing ever flowing, in a free, unstinted measure
From the silent hidden places where the old earth hides her treasureWhere the old earth hides her treasures deeper down.
And it’s clear away the timber, and it’s let the water run:
How it glimmers in the shadow, how it flashes in the sun!
By the silent belts of timber, by the miles of blazing plain
It is bringing hope and comfort to the thirsty land again.
Flowing down, further down;
It is flowing further down
To the tortured thirsty cattle, bringing gladness in its going;
Through the droughty days of summer it is flowing, ever flowing It is flowing, ever flowing, further down.
A. B. Paterson
(Excerpt of verses 1,2 and 6, SONG OF THE ARTESIAN WATER by A. B. Paterson)
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Chapter 1 - Introduction
Introduction
Authoritative scientific and spatial information about the Bland Creek catchment and
the Bland Basin is becoming more readily available and of increasing relevance to a
wide range of farmers, Landcare groups, local government councils and State
authorities for the purposes of land management (Stirzaker et al., 2000, Woolnough,
2001, Wilford,. 2002, Wilford et al., 2002, Street et al., 2002, Munday et al., 2003a&b).
Recent State and Commonwealth government initiatives have produced valuable
hardcopy and digital GIS quality regolith-landform and soil map information at regional
and local-scales (Gibson & Chan, 2000, King, 1998). These digital and hardcopy
resources can be used by farmers and land managers to determine the broad extent of
current and potential dryland salinity outbreaks and provides a framework for
management and implementation of remediation strategies. However, existing soil and
regolith-landform maps have lacked paddock-scale detail, which would be of further
assistance to farmers and DIPNR land managers. Paddock and farm-scale regolithlandform mapping in the Bland Creek catchment is highly desirable given that the
extent of salt affected areas and mechanisms for dryland salinity in this area remain
largely unknown (Wooldridge 2002 pers. comm., Muller 2002 pers. comm.).
As part of an approach to assist with dryland salinity hazard mitigation and land
management, regolith-landform maps at 1:20,000 scale have been compiled in the Back
Creek and Quandialla areas. A regional regolith-landform map at 1:50,000 scale has
been compiled to provide context for the more detailed maps.
Substantial vertical variations in regolith distribution observed in drill holes across the
Bland Creek catchment required investigating using geophysical methods including
TEM (NanoTEM) and high resolution seismic refraction surveys to map and account for
these vertical changes in regolith type with depth. These targeted geophysical surveys
have been identified from field mapping. Available commercial, State and
Commonwealth Government drill hole information has assisted in mapping vertical
changes in regolith distribution, validating the targeted geophysical surveys and
assisting in the construction of a shallow fluid flow and palaeotopographic model.
This information together with paddock-scale regolith-landform mapping, reflects a
multidisciplinary approach to resource preparation for dryland salinity management.
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These resources will facilitate interpretation of existing EM survey images acquired by
DIPNR.

Project Aims
The aims of this project are three fold: Firstly, detailed regolith – landform mapping has
been undertaken to understand the spatial distribution of regolith-landforms and gauge
the extent of areas currently subject to dryland salinity and areas at risk in the future.
The regolith-landform maps can be used by land managers to develop land management
units thereby facilitating land management decision making (Moore, 2002) and
complements existing smaller-scale soil and regolith–landform mapping covering the
GILMORE Project area and the Forbes and Cootamundra 1:250,000 map sheets.
Secondly, the synthesis of commercial, State and Commonwealth datasets to validate
and check the reliability of these maps and to contribute to the understanding of a
shallow fluid flow model.

Thirdly, the use of targeted geophysical surveys to

understand regolith–landform features located as part of field mapping and together
with drill hole information, help constrain the regolith distribution in three dimensions.
Gaining an understanding of the three dimensional regolith characteristics will enable
the development of a shallow fluid flow model and better understand the little known
mechanism of dryland salininty in the Bland Basin (McInnes, 1995, Wooldridge 2002,
pers. comm., Muller 2002, pers. comm.).

Project Strategies
To achieve these three main goals the following strategies were used:
•

Compile background information relating to the Booberoi-Quandialla (B-Q)
Transect.

•

Compile a 1:50,000 scale regolith-landform map of the B-Q Transect to provide
context for two focused studies at larger-scales.

•

Compile two 1:20,000 scale regolith-landform maps, one in the Back Creek area
and one in the Quandialla area.

•

Test the suitability of using a combination of aerial photography and several
different satellite imagery sources to assist regolith-landform mapping and map
validation.
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•

Use a variety of geophysical methods including seismic refraction and early time
TEM (NanoTEM) to add value to the regolith-landform maps and investigate the
characteristics of shallow, near surface palaeochannels.

•

Undertake a review of drill holes from a variety of sources and compile twodimensional traverses across the mapping area.

Incorporate these traverses

along with the geophysical information and regolith-landform mapping into a
shallow fluid flow model for the B-Q Transect.

Project Area
Location
The Booberoi to Quandialla Transect covers an area of 1650 km2 south of the Booberoi
Ranges and southwest of the Weddin Mountains in central western New South Wales
(Figure 1). The town of Bimbi lies to the east with Wyalong situated to the west,
Caragabal to the north and Barmedman and Bribbaree to the south (Figure 1). This area
straddles the 1:250,000 scale Forbes (SI55-07) and Cootamundra (SI55-11) sheets and
the 1:100,000 scale Marsden (8430), Wyalong (8330), Temora (8429) and Barmedman
(8329) sheets (Appendix A, Table 45). Two smaller field sites include a 176 km2 map
area in the Back Creek-Booberoi Hills area and a 112 km2 map area in the Quandialla
area (Figures 2 & 3). The dominant land-use includes intensive cropping to moderate
cropping of wheat and canola.

Sheep and cattle grazing on native and improved

pastures also form a major proportion of land use.

Figure 1: The Booberoi to Quandialla Transect, located between the towns of West Wyalong
and Grenfell in central western NSW. Modified from Raymond et al., 2000 and Hema, 1999.
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Access
Access to the mapping area is good to excellent with numerous sealed roads linking
population centres. Major sealed roads include the Mid-Western Highway, linking the
towns of West Wyalong and Marsden and the Quandialla Road, which links West
Wyalong, and Quandialla (Figure 2). Unsealed vehicle tracks associated with two
major railway tracks are also present between West Wyalong and Barmedman (Temora
- Lake Cargelligo Railway) and Quandialla and Bribbaree (Stockinbingal - Parkes
Railway). Numerous unsealed public access tracks link with various farm tracks, State
Forests and homesteads. Due to the subdued topography and good road access, all
privately owned areas are accessible subject to landowner permission. State Forests are
also easily accessible by sealed and unsealed roads and due to their slightly elevated
nature, afford good views over the surrounding mapping area.
Physiography
The surficial expression of landforms in the field area is very subdued (Figure 2). Flat
alluvial plains that lie between 200 m and 260 m a.s.l dominate most of the region
(Figures 1 & 2 ). To the northeast the Weddin Mountains form a localised topographic
high (up to 733 m a.s.l.), and to the north and east lie the north-south trending granitic
hills of the Young region. Alluvial plains extend to the south, and to the southwest lie
the Boginderra and Pinnacle Mountain Ranges with high points at 332 m a.s.l. and 447
m a.s.l. respectively. To the west lie the low hills of the Yiddah Range, parallel to the
Barmedman Road, and to the northwest is the elongate north-north-west trending
Booberoi Hills (up to 350 m a.s.l.). One small topographic high occurs in the central
and southern part of the field area including Curraburrama State Forest (277 m a.s.l.),
Gibraltar Rocks, Gibber Hill and Round Hill.
Bland Creek, Barmedman Creek, Little Caragabal Creek and Burrangong Creek are the
major non-perennial waterways with the B-Q Transect area and drain east and northeast
into Lake Cowal and form part of the southern Lachlan Catchment (Figures 2,3,5).
Some low-lying areas (e.g. north east Barmedman) are seasonally inundated with water
(Figure 2). Although all watercourses draining into the Bland Basin trend in a northerly
direction towards to Lake Cowal (Figures 2 & 3), input into the ephemeral lake to the
north is restricted to sporadic rather than seasonal flood events resulting in watercourses
being dry or stagnant for most of the year.
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Gilgai are widespread on floodplains, backplains and lands subject to inundation. Black
soil plains are present on low-lying alluvial plains between the Bland and Barmedman
Creeks and host large areas of gilgai and internally draining, poorly-defined, prior
stream channels.
Floodplains are extensively distributed across the B-Q Transect area and are located in
close proximity to current drainage channels in addition to broad plains subject to
seasonal inundation such as the Curraburrama Plain located south west of Quandialla.
Drainage channels situated on low-lying alluvial plains such as the Bland and
Barmedman Creek have extensive associated floodplains.
Poorly-drained swamps are commonly located adjacent to creeks and are constrained
between levees, immediate overbank deposits of the main channels and nearby relict
stream beds. Gilgai, or cracking and swelling clays are found on flood plains, alluvial
plains and alluvial fans (Figures 2 & 3) and act as short-term water storage sites.

02.55

10 15 20 25
Kilometers

Figure 2: The B-Q Transect including the 1:50,000 and 1:20,000 scale map extents (red line)
showing current drainage systems, floodplains and bedrock rises, typically co-inciding with
State Forests and Conservation Reserves. Topographic map background courtesy of NMD,
Geoscience Australia, 2000.
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Vegetation
Much of the vegetation over the Bland Creek catchment was cleared during the early
1900’s for grazing, wheat farming and for timber (McInnes, 1995). Remnant vegetation
is restricted to selected riparian stands, crown reserves and national parks and
conservation reserves consisting of a variety of native tree species adapted to rainfall
regimes typically between 400-500mm/yr (Figure 4). Regrowth is also present along
stock routes. Anecdotal evidence points to a tree density of between 15-20 m with
diverse species of grasses (Tables 1 & 2) present on floodplains and areas immediately
adjacent to swamps. Riparian vegetation would have been more dense and in selected
areas a tree density of approximately <5 m may have been achieved (Martin 2002, pers.
comm.). Different landscape positions and associated soil types located within the B-Q
Transect area can be characterised on the basis of vegetation type and density (Table 2).
The most prominent vegetation types located over the widespread alluvial plains,
backplains and low angle (<5°) fans within the B-Q Transect area are eucalypt
woodlands, white cypress pine woodlands and bull oak / belah woodlands (Cunningham
et al., 1981, McInnes, 1995). The eucalypt woodlands are most commonly found on
topographic highs, in State Forests and bedrock on exposed hills and low rises. The
white cypress pine woodlands are common on flat to gentle rises comprising loamy red
earths. The bull oak and belah woodlands can be found towards the middle of the
catchment on the flat minor drainage lines and shallow depressions also characterised
by gilgai, heavy clays and red earths (McInnes, 1995).
Along major drainage lines, riparian vegetation includes mixed eucalypt and acacia
communities characterised by river red gum (Eucalyptus camaldulensis), river cooba
(Acacia stenophylla) and golden wreath wattle (Acacia saligna). These vegetation types
are characteristic of uncleared banks, channels and back plains. Soil types typically
found at these localities include grey cracking clays and alluvial soils (McInnes, 1995).
Small stands of remnant vegetation can also be found on hills and ridges. At these
localities vegetation such as Dwyers red gum (Eucalyptus dwyeri), pine woodland,
green mallee woodland, and pine and poplar box open woodland are common. Soil
types typical of these vegetation communities include lithic soils and thin shallow
brown earths.
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Table 1: Common under-storey species found within the B-Q Transect. Summarised from
Cunningham et al., 1981 & King, 1998.
Grass Species

Landscape Position

NATIVE
Plain grass (Stipa aristiglumis)
Wallaby grasses (Danthonia spp), Kangaroo
grass (Themeda australis)
Wire grass (Aristida spp.)
Windmill grass (Chloris spp.)
Panics and millets (Panicium spp.)
Spear grass (Stipa spp.)
Umbrella cane grass (Leptochloa digitata)
Burr medic (Medicago spp)
Goosefoot (Chenopodium nitrariaceum)
Wild oats (Avena spp.)
Spike rush (Juncus spp., Eleocharis spp.)
Lignum (Muehlenbeckia spp.)
Cane grass (Eragostis australasica)
Cumbungi (Typha spp)
INTRODUCED
Common wheat grass (Elymus scaber)
Medic (Medicago spp.)
Clover (Trifolium spp.)
Couch (Cynodon dactylon)
Lucerne (Medicago sativa)
Paspalem (Paspalum dilatatum)
Annual ryegrass (Lolium multiflorum Lam.)
Barley grass (Hordeum leporinum)
Annual phalaris (Phalaris aquatica)

NATIVE
Alluvial plains / native grass under storey
Low angle slopes, alluvial plains / native grass under
storey
Alluvial plains / native grass under storey
Alluvial plains and cowals
Alluvial plains and cowals
Alluvial plains / native grass under storey
Alluvial plains, drainage channels, swamps and cowals
Alluvial plains, drainage channels
Gilgai, drainage channels, swamps and cowals
Alluvial plains, drainage channels
Gilgai, swamps and cowals
Gilgai, drainage channels, swamps and cowals
Gilgai, swamps and cowals
Drainage channels, swamps and cowals
INTRODUCED
Alluvial plains /improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures
Alluvial plains / improved pastures

Table 2: Characteristic upper storey vegetation assemblages and their common landscape
positions found within the B-Q Transect. Summarised from King, 1998.
Characteristic Vegetation Assemblages

Landscape Position

Tumbledown Red Gum (Eucalyptus dealbata) and
Mugga Ironbark (E. sideroxylon) with varying
proportions of White Cypress Pine (Callitris
glaucophylla), Currawang (Acacia doratoxylon) Black
Cypress Pine (Callitris endicheri), Dwyers Red Gum
(Eucalyptus dwyeri) and minor wattles (Acacia spp.)

Open woodland to forest formations on
shallow, stony or sandy crests and ridges.
Due to these being poor agricultural soils
much of this assemblage has only been
sparsely cleared.

Western Grey Box (Eucalyptus microcarpa), Bimble
Box (Eucalyptus populena), White Box (Eucalyptus
albens), Kurrajong (Brachychiton populneus) and Black
Cypress Pine (Callitris endicheri) with grasses
dominating the understorey.

Gently inclined, mid to lower slopes and
occasional low angle alluvial fans consisting
of yellow to red soils and red-brown earths.
These soils are useful agricultural soils and
much of this assemblage has been extensively
cleared.

Belah (Casuarian cristata), Myall (Acacia pendula),
Bull Oak (Allocasuarina leuhmannii), White Cypress
Pine (Callitris glaucophylla), Black Cypress Pine
(Callitris endicheri). Usually present with an extensive
grass understorey such as plains grass (Stipa
aristiglumis).

Active and inactive alluvial plains and
backplains. These soils are useful agricultural
soils and much of this assemblage has been
extensively cleared.

White Cypress Pine (Callitris glaucophylla) and Black

Sandy soils associated with relict stream
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Characteristic Vegetation Assemblages

Landscape Position

Cypress Pine (Callitris endicheri) with an extensive
grass understorey.

systems located within active and inactive
alluvial plains. These soils are moderately
useful agricultural soils and much of this
assemblage has been extensively cleared.
Sparse stands remain in selected areas.

River Red Gum (Eucalyptus camaldulensis) Grey Box
(Eucalyptus microcarpa), Bimble Box (Eucalyptus
populnea), River Cooba (Acacia stenophylla) River SheOak (Casuarina cunnhamiana), Golden Wreath Wattle
(Acacia saligna) and minor Belah (Casuarian cristata).

Riperian stands thickest closer to major
drainage channels. Moderate clearing close to
major drainage lines due to alluvial loams and
clays being useful agricultural soils.

02.55
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Figure 3: The B-Q Transect including the 1:50,000 and 1:20,000 scale map extents (red line)
with LANDSAT imagery, bands 2,4,6 BGR. Areas of bedrock are typically restricted to State
Forests and Conservation Reserves shown here in green due to the strong vegetation response.
Drainage patterns from the west, east and south differ markedly according to catchment size
and bedrock interactions. LANDSAT imagery courtesy of ACRES, Geoscience Australia, 2003.

Climate
The Lachlan Valley incorporating the B-Q Transect lies within a climatic regime
characterised by winter and spring rainfall (Table 3, Figure 4). Throughout the year
heavy isolated summer storms can occur and result in severe flooding. Evaporation is at
a maximum during the summer months, and in all months evaporation exceeds rainfall.
Temperatures across the B-Q Transect are warmest in January and February and coldest
in July (Bureau of Meteorology, 2002). The average annual maximum temperature
ranges between 21 0C and 24 0C and the annual minimum temperature ranges between
90C and 12 0C. Average annual rainfall ranges between 400 mm and 600 mm (Table 3,
Figure 4) depending on elevation and proximity to the eastern uplands.
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Table 3: Rainfall distribution at the population centres of Wyalong, Barmedman and Grenfell,
1871 to present. Summarised from King, 1998.
Location

Mean Annual
Rainfall (mm)

Mean no. Rainfall
days/year

Season of Maximum
Rainfall

Wyalong

489.2

88

Winter and Spring

Barmedman

481

71

Winter and Spring

Grenfell

632.8

86

Winter and Spring

Young, located to the east, lies in a zone of higher rainfall and includes the Bribbaree
Creek sub-catchment which drains into the Bland Creek catchment in the south eastern
corner of the mapping area (Figure 5, Table 4). This sub-catchment receives 600-700
mm average annual rainfall and contrasts with the main Bland Creek Catchment, which
lies within the 400-500 mm to 500-600 mm average annual rainfall zones.

Figure 4: Average annual rainfall for the Lachlan Catchment and the B-Q Transect illustrating
the difference in rainfall between the western and eastern halves of the B-Q Transect.
Increased annual rainfall located to the east of the B-Q Transect falls in the Burrangong Creek
sub-catchment, which drains, into the Bland Creek system. This difference in rainfall has had
an effect on the quantity of sediment delivered to the Bland Basin. From DIPNR, 1998.
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Hydrology
Understanding the hydrology of the Bland Basin is problematic for several reasons:
•

The paucity and quality of bore and drill hole information within the B-Q
Transect mapping area.

Numerous stratigraphic, mineral exploration,

monitoring and farm bores exist over the B-Q Transect but records from these
sources do not provide reliable data regarding all aspects of stratigraphy,
location, total depth, water quality or water table depth.
•

Topography across most of the B-Q Transect is subdued with alluvial plains
often having a complicated drainage and storage pattern. Internally draining
areas are common and result in large areas subject to inundation.

•

The complexity of drainage networks can only be demonstrated using selected
aerial photography and LANDSAT imagery. Current State and Commonwealth
digital elevation models (DEM’s) cannot distinguish the subtle changes in
elevation and many models exhibit significant ‘canopy’ and ‘paddock’ effects
(Wilford et al., 2001, Brodie & Lane, 2003) (Figure 32).

•

The complex nature of sedimentation has ensured that surface stream flow
differs from sub-surface flow (Figure 9).

Commercial and State drillhole

information shows large horizontal differences in porosity that complicates subsurface fluid flow. Aquifers and aquitards are found at different levels in the
Basin with long term DIPNR monitoring bore sites showing effects of seasonal
recharge and longer term effects caused by drought (Appendix H).

Surface Stream Flow, Flow Direction
Surface runoff from areas relevant to the B-Q Transect area flow to several major
drainage channels (Figure 5, Table 4). Creek systems flowing from the east include
Burrangong Creek, Bribbaree Creek, Red Creek, Wah Way Creek, Caragabal Creek and
Little Caragabal Creek. Creek systems flowing from the west include Yiddah Creek,
Gagies Creek and Back Creek. Creek systems flowing from the south include Bland
Creek and Barmedman Creek. Drainage shape in the upper reaches of the major
drainage channels are typically V-shaped and incised and change to flat-bottomed and
meandering in the lower reaches.
Slow deposition and infill in the Bland Creek catchment is an ongoing process (Gibson
2003 pers. comm.). Deposition of low-angle outwash fans and sheet flow deposits
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(visible on large and small-scale topographic mapping) has resulted in changes to the
shape of creek systems by diverting or deflecting river flow.
Catchments feeding the Bland Creek catchment vary considerably in size with
catchments draining upland areas to the east having proportionally larger surface areas
(Figure 5, Table 4). The largest catchments draining from the east include Burrangong
Creek followed by the Caragabal Creek. The largest catchment draining from the west
is Narraburra Creek. The largest catchments draining from the south include the Bland
and Barmedman Creeks. Creek systems with the B-Q Transect generally have electrical
conductivity (EC) values between 1-2 dS/m (Muller 2002 pers. comm.) when flowing
but are dry for most of the year.
To the north of the study area is Lake Cowal (Figures 2 & 3), an ephemeral lake system
that is primarily recharged from floodwaters from the Lachlan River across extensive
floodplains. Whilst the major drainage systems of the Bland Creek catchment flow
north towards Lake Cowal, the lake itself only receives limited floodwater input from
the south. It is inferred that normal flow from the Bland Creek catchment evaporates
(evaporation exceeds precipitation year round) or dissipates into ground water storage.
Land clearing and farm practices are also interpreted to be having an effect on Lake
Cowal (McInnes, 1995). Rising ground water and an increasing frequency of lake
flooding post 1960’s is mostly attributed to land-use changes in the Bland Creek system
creating more frequent flood events.
Annual inundation is common over much of the low-lying floodplains and occurs
extensively around West Wyalong, Lake Cowal, Quandialla and north of Barmedman
with larger flooding events over low-lying alluvial plains occurring on a 3-4 year cycle
(Bolte 2003, pers. comm.).
Due to the ephemeral nature of the major drainage channels and the restricted drainage
to the north, salt transport from the upland areas to the Lachlan River is halted and
stored in the Bland Creek catchment. The restricted drainage to the north means that,
with the exception of times in flood, salt transported via the Burrangong, Bland,
Barmedman, Bribbaree, Yiddah, Gagies, Duck, Caragabal and Wah Way Creeks is
either confined to the immediate floodplains of these creeks or it is concentrated in
groundwater reserves.
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Figure 5: Catchment analysis of surface drainage in
the Bland Creek catchment. The eastern catchments
comprising the Burrangong and Bland receive much
higher rainfall and drain upland areas with lower
sediment residence times compared to catchments to
the west. Topographic maps courtesy of National
Mapping Division, Geoscience Australia, 2003.
Table 4: Tabulated data showing each drainage
channel and the estimated surface area.

Gagies Creek Catchment
Back Creek CatchmentCaragabal Creek Catchment
Warralonga Cowal Catchment
Wah Way Creek Catchment
Yiddah Creek Catchment
Burrangong Creek Catchment

Bribbaree Creek Catchment
Barmedman Creek Catchment

Bland Creek Catchment

ARTERIAL FEEDER CATCHMENTS
Catchment Name
km2
Gagies Creek
344.5
Yiddah Creek
490.0
Barmedman Creek
1183.2
Warralonga Cowal
64.7
Narraburra Creek
1051.5
Bland Creek
1813.3
Bribbaree Creek
480.2
Burrangong Creek
1920.6
Wah Way Creek
311.8
Back Creek
95.0
Caragabal Creek
591.4
MAIN CATCHMENT (TOTAL) 8346.2

Narraburra Creek Catchment

0

5

10

20

30

Kilometers
40
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Sub-surface Flow, Flow Direction
Defining sub-surface flow in the Bland Creek Catchment is problematic for several reasons.
The first is the paucity of existing knowledge on the hydrology of the B-Q Transect. The
second is the manner in which the basin has been in-filled, especially in the southern
margins of the basin closest to Barmedman, Bribbaree and Bimbi and north of Barmedman.
The manner of sedimentation ensures that water movement and quality in each of these
areas varies considerably both laterally and vertically.
Although stratigraphic drill holes exist north of Caragabal (Anderson et al., 1993), only
preliminary stratigraphic work has been carried out in the B-Q Transect area, primarily
associated with the GILMORE Project (Gibson et al., 2002a&b, Gibson 2003, pers. comm.,
Tan 2003, pers. comm.). Numerous mining and exploration drill holes and pastoral bore
holes exist over the B-Q Transect (Figure 13, Table 8) but frequently lack the details,
quality and conformity needed to compile an accurate stratigraphic and hydrologic cross
section through the Bland Basin. Anecdotal evidence from farmers in the B-Q Transect all
describe strong lateral variation in groundwater quality (Bolte 2003, pers. comm., Chisholm
2003, pers. comm., Harris 2003, pers. comm., Johnston 2003, pers. comm., Maitland 2003
pers. comm.) .
Existing hydrologic cross-sections generated from stratigraphic drill holes (Anderson et al.,
1993) located to the north of the B-Q Transect demonstrate that the direction of deep
groundwater movement is initially to the west and then to the north. Groundwater quality
(Figure 8) in these cross-sections is observed to decrease with depth.

This typically

contrasts with shallower, better quality ground waters with the direction of movement being
to the northwest (Figure 9). Immediately north of the B-Q Transect a large proportion of
the deep groundwater flows at or near the lowest point in the Bland Basin (Figures 7 &
22)(Raymond et al., 2000).

This groundwater has the highest conductivity values

indicating high salinity. The deepest section of the current Bland Creek catchment (Figure
22) is offset to the west as a result of the initial shape of the Bland Basin coupled with
higher quantities of transported sediments sourced from the east building up substantial low
angle alluvial fans (Figure 32). This has resulted in a net movement of groundwater away
from the eastern half of the Bland Basin.
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Figure 6: The closest cross section to the B-Q Transect mapping area (Section F) and associated bore localities compiled from Anderson et al., (1993).

Figure 7: Cross-section F detailing the composition of valley infill sediments. From Anderson et al.,. 1993.

Page 14

Part 1 Introduction, Setting and Previous Work - Chapter 1

Figure 8: Cross-section F detailing the variations in electrical conductivity within valley infill sediments and location of water table. From Anderson et
al.,. 1993.

Figure 9: Piezometric surface for deep and shallow fluid flow. From Anderson et al., 1993.
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Review of Previous Major Mapping Over The B-Q Transect Mapping
Area
Previous mapping investigations relevant to the B-Q Transect including aspects of soils,
regolith,

geology,

vegetation

distribution,

landscape

formation

and

hydrologic

characteristics (Table 5). These sources of information have been used in the compilation
of large-scale regolith-landform maps of the B-Q Transect at 1:20,000 and 1:50,000 scale.
Table 5: Summary of previous mapping and relevant investigations into regolith, vegetation,
landscape formation, geology and groundwater incorporating all or part of the Bland Creek
catchment.
Type Of Mapping

Source

Date

Result

Hydrogeological Report
– Cowra to Jemalong
Wier

Water
Resources
Commission

1986

Structure, hydrology and geology of the
Bland Creek catchment.

Jemalong – Wyldes
Plains Report

NSW
Department
Water
Resources

1993

Structure, hydrology and geology of the
Bland Creek catchment.

Geology –
Cootamundra 1:250,000
scale

Geoscience
Australia

1995

Surficial and bedrock geology and an
explanation of the regional structural
framework.

The Bland Creek
Catchment – State of
the Catchment

DIPNR

1995

Vegetation, land clearing history and salinity
of major drainage systems with the Bland
Creek catchment.

Soil Survey –
Cootamundra 1:250,000

DIPNR

1997

Soil type, landscape position and
characteristics of different mapped units.

Soil Survey – Forbes
1:250,000

DIPNR

1997

Soil type, landscape position and
characteristics of different mapped units.

GILMORE Project

Geoscience
Australia

20002004

Regolith-landform distribution and palaeotopographic reconstruction over the western
half of the B-Q Transect and associated high
quality geophysical and drill hole databases.

Geology – Forbes
1:250,000 scale

Geoscience
Australia

2000

Surficial and bedrock geology and an
explanation of the regional structural
framework. Integration of geophysical
interpretation to discern near surface
palaeochannels.

Geology – Wyalong
1:100,000 scale

Geoscience
Australia

2000

Surficial and bedrock geology. Structural
and geophysical interpretation to discern near
surface palaeochannels.
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Geology – Marsden
1:100,000 scale

Geoscience
Australia

2000

Surficial and bedrock geology and an
explanation of the regional structural
framework.

Bland Basin Depth to
Slightly Weathered
Bedrock 1:250,000
scale

DIPNR,
Geoscience
Australia

2000

Depth to slightly weathered bedrock within
the Bland Basin.

Topographic mapping

NMD

2001

Topographic information.

Mining reports

NSW DMR

Various

Drill log information.

Bore localities and
descriptions

DIPNR

Various

Near surface regolith characteristics and
hydrology.

Quandialla Borefield
installation

Central
Tablelands
Water

2003

High quality drill log and water quality
information.
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Chapter 2 – Geological Setting
Geology
Large-scale (1:100,000) maps of Wyalong and Marsden (northern half of the field area)
show very little outcrop in the field area, and this outcrop is mainly restricted to
topographic highs (Duggan & Lyons 2000, Raymond & Wallace 2000) (Figure 11).
Smaller-scale (1:250,000) compilations for Forbes and Cootamundra bring together
geophysical interpretations and information from previous mapping to develop a model of
simplified bedrock geology beneath cover (Bacchin et al., 1999, Raymond et al., 2000(a))
(Figure 10).
The principal lithologies have a north-north-west trend (Table 6). Comparison between the
Forbes (Duggan & Lyons 2000) and Cootamundra (Raymond & Wallace 2000) 1:250,000
scale maps show differences in mapping descriptions and extents of various lithologies
which has resulted in edge match problems between map sheets (Table 6, Figure 10). The
differences in extent and classification are a direct result of the paucity of reliable outcrop
and a corresponding reliance on geophysical methods to differentiate bedrock types based
on differing geophysical characteristics (Holzapfel & Moore 2002(a,b & c)).
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Table 6: Highlighted edge match problems between the Forbes and Cootamundra 1:250,000 scale geology maps from west to east across the B-Q
Transect. From Raymond et al., 2000 and Bacchin et al., 1999.
Forbes Geology Sheet

Cootamundra Geology Sheet

Degree Of Correlation

Narragudgil Volcanics
(Oav)

Gidgenbung Volcanics (Ovg)

Narragudgi and Gidgenbung Volcanics correlate well between the Forbes and
Cootamundra sheets.

Ootha Group
(S-Ds)

Yiddah Formation (SDys)

The Ootha Group (Forbes) correlates moderately well with the Yiddah Formation
(Cootamundra) except where a section of the Ootha group is truncated by the Lake
Cowal Volcanic Complex. The Yiddah Formation is a component of the Ootha Group.

Lake Cowal Volcanic
Complex (Olv)

Boonabah Volcanics (Ovm)

The Lake Cowal Volcanic Complex (Forbes) correlates well against the equivalent
units of the Boonabah and Belimebung Volcanics (Cootamundra).

Belimebung Volcanics (Ovb)
Hervey Group (Dh)

Yiddah Formation (SDys)

Poor differentiation between units. The Yiddah Formation is a subdivision of the
Ootha Group and not the Hervey Group.

Jingerangle Formation
(Osj)

Currumburrama Volcanic (Ovc)

The Jingerangle Formation (Forbes) correlates well against the equivalent units of the
Currumburrama Volcanics (and sediments) (Cootamundra).

Currumburrama Volcanic (Ovcs)
Kirribilli Formation
(Ok)

Hervey Group (Dhcm)
Undifferentiated Volcanics (SDv)

Poor correlation between the Kirribilli Formation (Forbes) and the separate units
including the Hervey Group, Undifferentiated Volcanics and the Bribbaree Formation
(Cootamundra). Poor age distinction of rock types as the Ordovician Kirribilli
Formation (Forbes) does not correspond to the Ordovician, Siluro-Devonian and
Devonian lithologies found over the Cootamundra sheet

Bribbaree Formation (Osb)
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Figure 10: The distribution of interpreted bedrock
lithologies over the B-Q Transect mapping area.
Modified from Raymond et al., 2000 and Bacchin
et al., 1999.

FORBES UNIT DESCRIPTIONS
COOTAMUNDRA UNIT DESCRIPTIONS
Dlg
Caragabal Granite. A pink. medium- to coarse grained Early Devonian granite.
Dhc
Hervey Group - Undifferentiated sedimentary rocks. Devonian sandstones, lithic sandstones, conglomerates and siltstone.
Dgs
Berendabba Granite. An inferred Early Devonian S- type granite of unknown geochemistry.
Dhcm Hervey Group - Undifferentiated sedimentary rocks. Same as above but with a characteristic low magnetic intensity.
Dt
Trundle Group. Well sorted, thickly bedded Devonian sandstones and quartzites.
SDys Yiddah Formation. Silurian lithic to quartzose sandstones, siltstone, pebbly sandstone, conglomerates and minor volcanics.
Dh
Hervey Group. Devonian sandstones, conglomerates and siltstone.
SDv
Undifferentiated volcanics. Undifferentiated Siluro-Devonian conglomerate, siltstones, quartzitic sandstones and felsic volcanics.
S-Ds
Ootha Group. Siluro-Devonian conglomerate, sandstone and siltstone.
Sgnu
Ungarie Granite. Silurian coarse to medium grained, grey granite.
Sgs
Ungarie Granite. A grey, medium grained Silurian granite.
Sgw
Wargin Granite. Silurian gneissic to foliated biotite granite.
Sgi
Bland Diorite. A dark grey medium grained Early Silurain diorite.
Ovg
Gidgenbung Volcanics. Intermediate Ordovician volcanic and volcaniclastic rocks including andesite, trachyte and dacite flows
pyroclastic and epiclastic units. Also locally interbedded with siltstones, sandstones and conglomerates
Osj
Jingerangle Formation. Thinly bedded Late Ordovician siltstones and mudstones.
Ovr
Grogan Volcanics. Inferred Ordovician intermediate to basic volcanics of andesitic composition.
Olv
Lake Cowal Volcanic Complex. Ordovician intermediate volcanics and intrusives.
Ovc
Currumburrama Volcanics. Inferred Ordovician intermediate to basic volcanics of andesitic composition.
Oav
Narragudgil Volcanics. Ordovician metabasalts, minor chert and chlorite schists.
Ovcs
Currumburrama Volcanics with intermixed sediments. Inferred intermediate to basic volcanics with intermixed sediments
Ok
Kirribilli Formation. Middle to Late Ordovician shales, phyllites, siltstones and fine sandstones.
Ovm
Boonabah Volcanics. Inferred Ordovician basic to intermediate volcanic rocks.
Ovb
Belimebung Volcanics. Inferred Ordovician volcanics comprising lithic tuff or volcaniclastic conglomerate.
Ovx
Unnamed volcanics. Inferred Ordovician volcanics.
Osb
Bribbaree Formation. Ordovician siltstone, mudstone and sandstone.
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Table 7: Time-space plot for the B-Q Transect. Summarised from Lyons, Raymond & Duggan, 2000.
Cainozoic

Quaternary

Czd, Czr, Cza, Qr, Qaw, Qa, Qal, , Gilgai

Tertiary
Mesozoic
Carboniferous
Devonian

Late

Hervey Gp.

Weddin Sst

Middle
Wirrinya Granite
Early

Bundaburra
Granite

Berendebba
Granite

Trundle Gp.

Pullabooka Fm.
Silurian

Late

Early

Caragabal
Granite

Ootha Gp.

Ungarie Suite

Ungarie
Granite

Yiddah Fm.

Manna Conglom.

Kirribilli Fm.

Jingerangle Fm.

Bland Diorite
Ordovician

Late

Narragudgil
Volcanics

Lake Cowal
Volcanic
Complex

Middle
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Gilgai.
Alluvium, active depositional plains containing present day drainage.
Lake sediments and shoreline deposits.
Swamp, sump basin.
Colluvial sheetwash and scree slopes; minor aeolian climbing dunes.
Inactive alluvial plains.
Shallow slope colluvial plains and rises; interfingers with inactive alluvial plains.
Red sand and clay; probably deposited as source bordering dunes.

Massive to poorly bedded quartz sandstones.
Sandstone, siltstone and minor conglomerate
Polymict conglomerateand massive medium grained quartz and lithic sandstone.
Interbedded siltstones and mudstone.
Shale, siltstone, phyllite and coarse sandstone.

Figure 11: Surface geology of the northern half of the mapping area from recent 100,000 scale mapping. From Raymond & Wallace, 2000 and Duggan & Lyons, 2000.
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Structure
The western third of the B-Q Transect is dominated by structures parallel to the northnorth-west trending Gilmore Fault Zone, extending from Tumut through Barmedman
and continuing north through West Wyalong (Bacchin et al., 1999, Raymond et al.,
2000) (Figures 10 & 11). A major feature located within the B-Q Transect, with a
similar trend, is the Booberoi Fault Zone, which is responsible for the linear nature of
the Booberoi Hills (Figure 11).
In the eastern half of the B-Q Transect, structures are controlled by the northeast
trending Parkes Fault Zone (Figure 11). Some interpreted splays from this Fault Zone
are approximately north-south trending.
In the centre of the B-Q Transect, two additional structural features are inferred, these
being the Parkes Thrust (the continuation of the Parkes Fault Zone from the Forbes onto
the Cootamundra 1:250,000 geology sheet) and the Springdale Fault (Warren, Gilligan
& Raphael, 1995).
Between the bounding structures of the Gilmore Fault Zone and the Booberoi Fault
Zone to the west and the Parkes Fault Zone to the east, the intervening lithologies
exhibit a synclinal basin structure, which has been termed the Bland Basin (Figures 15
& 20). The Bland Basin is a regional depression trending north south between the
towns of Wyalong on the western margin and Bimbi on the eastern margin. The Bland
Basin is interpreted to have originally established its course direction in either newly
eroded or exhumed strike-controlled valleys through less competent material such as
siltstones, shales and sandstones (Gibson & Chan 2000).
The broad depositional area centred on the Bland Basin may be a result of structural
deformation and preferential erosion of a non-competent lithology or a Cainozoic
graben or structurally down-warped area under the influence of the two major fault
systems to the east and west. Seismic and drill hole data does not support either concept
(Gibson & Chan 2000). Drill hole data on the Liverpool plains (Lake Cowal) and near
Marsden suggest a normal valley form with the base of the alluvial sediments at 120 m
depth (Raymond & Wallace, 2000 and Warren, Gilligan & Raphael, 1995) (Figure 22).
Borehole information (Raymond, Gibson & Chan, 2000) detailing the underlying
bedrock topography of the northern section of the Bland Basin reinforces the presence
of a palaeovalley and supports the scenario of structural deformation, followed by
preferential erosion of non-competent lithologies. Such erosion would also be
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concentrated around pre-existing faults and structural weaknesses, lithological
boundaries and lineaments.

Geological History
The oldest lithologies interpreted in the B-Q Transect area are the Late-Ordovician
Kirribilli and Jingerangle Formations (Appendix B, Table 47), which formed as marine
sedimentary basins between rifted volcanic arcs (Lyons, Raymond & Duggan, 2000).
The Mid- to Late-Ordovician Lake Cowal Volcanic Complex (Figure 10) located to the
north of the B-Q Transect formed one such rifted arc segment and now is expressed as a
volcanic belt extending north to Nyngan (Lyons, 2000).
During the Late-Ordovician to Early-Silurian the marginal basins closed. The resultant
deformation initiated the Gilmore and Parkes Fault Zones (Lyons, Raymond and
Duggan, 2000). Felsic volcanism was prevalent throughout the Lachlan Fold Belt at
this time and was initiated by the closure of the marginal basins (Lyons, Raymond &
Duggan, 2000). Locally significant intrusive igneous bodies resulting from this event
include the Ungarie Suite and the Bland Diorite (located west of the Gilmore Fault
Zone). Felsic igneous activity continued through the Silurian with the emplacement of
granitoids to the south, north and north east of the B-Q Transect.
At the end of the Silurian and into the Early-Devonian, sedimentation resumed in
marine troughs such as the Jemalong and Cowra Troughs and facilitated the deposition
of the Ootha and Derriwong Groups (Lyons, Raymond & Duggan, 2000).

The

Caragabal Granite was also emplaced at this time.
After an interpreted brief cessation of sedimentation (Lyons, Raymond & Duggan,
2000), both volcanism and sedimentation continued but in a shallow marine to subaerial
environment. Units deposited at this time included the Trundle Group.
During the Early- to Mid-Devonian, a major compressional event initiated thrusting,
and deformation of the volcanic and sedimentary units (Lyons, Raymond & Duggan,
2000). Intrusion of granitoids resumed as a result of basement melting and deformation.
Subsequent Early- to Mid-Devonian compression, widespread continental rifting
occurred along with the emplacement of granitoid magmas and extensive volcanism. In
the Late-Devonian, fluvial conglomerates, sandstones and shales of the Hervey Group
were deposited.
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Deformation during the Early-Carboniferous affected the sediments of the Hervey
Group, initiating the structurally controlled gold mineralisation observed around West
Wyalong and also activated the Marsden Thrust, a possible splay of the Gilmore Fault
Zone (Lyons, Raymond & Duggan, 2000).
The Carboniferous marked the start of regolith development to the north of the B-Q
Transect (Lyons, Raymond & Duggan, 2000), but to date no evidence exists over the
mapping area of any Carboniferous regolith development (Gibson & Chan, 2000).
The earliest record of regolith development or sedimentation within the B-Q Transect
occurred during the Miocene with the palaeo-Lachlan and palaeo-Bland Creek systems
flowing in deep, well-defined gorges and valleys (Figures 20 & 22) (Lyons, Raymond
& Duggan, 2000, Lawrie et al., 2003ab&c). Sedimentation from the south, west and
east in the form of low angle fans and large meandering stream systems has in-filled
many of these basin systems up to the level of the current surrounding plains, especially
the Bland Basin (Figure 22). Past mining for economic mineralisation such as gold has
focused on these buried ‘deep lead systems’, particularly around West Wyalong
(Figures 14 & 26) (Lawrie et al., 1999, Mackey et al., 2000, De Souza Kovacs, 2000).
Cainozoic sedimentation and surface modification as a result of climate change and
vegetation response has been well documented within the Lachlan Valley (Williamson,
1986) and to the north around Nyngan and Walgett (Watkins & Meakin, 1996). Three
different stratigraphic models cataloguing recent changes in sediment history exist and
include the Lachlan Valley (Table 10, Figure 21), Nyngan and Walgett (Figures 16-19)
and GILMORE Project stratigraphic models (Table 11). Further details are listed in the
regional regolith history.

Mineral Exploration
Current mineral exploration surrounding the B-Q Transect is predominantly focused on
targeting gold mineralization associated with lithologies hosting the West Wyalong
goldfields (Love, 1984, Lessman, 1985, Lessman, 1986, Ross, 1987, Tedder, 1992
Ingpen, 1992) and the Lake Cowal Gold Mine located to the north.

Shallow

palaeochannels in close proximity to West Wyalong have also been mined at various
times and may still represent possible economic ‘deep lead’ deposits (Lawrie, 1999,
Lawrie et al., 1999, De Souza Kovacs, 2000, Deen et al., 2000, Mackey et al., 2000).
Lithologies of interest to regional mineral exploration include the Jingerangle
Formation, Lake Cowal Volcanic Complex and the Narragudgil Volcanics.
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Mineral exploration within the Bland Creek catchment has historically been underrepresented compared with nearby bedrock terrain given that similar prospective
lithologies to the west and north that host the Wyalong goldfields and the Lake Cowal
gold mine continue under the Bland Basin (Figures 10, 12 & 13)(Raymond et al., 2000,
Warren, et al., 1995 Duggan & Lyons, 2000, Raymond. & Wallace, 2000).
The main reason for the discrepancy of exploration activity between bedrock (upland)
and regolith dominated (lowland) areas are the substantial transported alluvial
sequences resulting in increased costs and difficulties associated with exploration
drilling. Increased costs would also be associated with potential mine extraction costs
should economic mineralization be discovered. Frequent mention (Table 9) is made in
company drill reports of difficult drilling conditions including:
•

Alternating hard clay layers with sticky clay and fluid water-filled coarse sand
sequences frequently collapsing holes.

•

Significant contamination of holes due to collapse of transported materials in
conjunction with sometimes inappropriate drill methods.

•

Difficulties separating weathered basement materials (frequently volcanics or
meta-sediments) from the overlying transported sediments (often derived from
similar parent materials).

Two active exploration companies currently operating across the B-Q Transect include
Aurion Gold Exploration Pty Ltd and Newcrest Ltd with drilling programs east of the
Booberoi Hills and north of the Curraburrama Plain (NSW DMR, 2003)(Figure 13,
Table 8).
Table 8: Current exploration leases and leaseholders across the B-Q Transect area. Courtesy
NSW DMR, 2003.
Company

Exploration Lease

Aurion Gold Exploration Pty Ltd

5929, 5737, 6018, 5792, 5945, 5797, 2059, 5737, 2151

Barrick Australia Ltd

5616, 1590

Climax Australia Pty Ltd

4566

Compass Resources Pty Ltd

6090

Golden Cross Operations Pty Ltd

5915

Heemskirk resources Pty Ltd

5985

Newcrest Operations Ltd

5524

Range river Gold NL

5984
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Figure 12: Drill rig on sandy alluvial plain near Bland. February 2003. Recent drilling has focused
east of the Booberoi Hills and north of the Curraburrama Plain.
Table 9: Comments regarding drill conditions and regolith products across the B-Q Transect area.
Courtesy NSW DMR, 2003.
Report # And
Lease Holder

Comments

EL1819, 1987.
Paragon Gold Pty
Ltd

“In the last report a program of 2,000 metres of rotary airblast drill
was proposed, however a review of anticipated drilling conditions
suggested that this program be altered.”

EL 1549 & 1579,
1984. PekoWallsend

“Hard bedrock within the volcanic sequence is covered by a thick
sequence of poorly consolidated clays, sands, silts and C-horizon
loams which are generally in excess of 100 m and up to 168 m thick.
The overburden frequently contains very large volumes of
groundwater.”
“Severe drilling difficulties experienced in poorly consolidated
sands, silts and clays overlying basement resulted in the RAB
technique being replaced by the rotary-mud technique for
precollaring the holes….reverse circulation core drilling replaced
the above techniques and proved to be the most satisfactory method
for obtaining samples.”

EL 2252 & 2253,
1986. BHP /
Nationwide
Resources JV

“Several (Reverse Circulation) holes were planned….. but drilling
difficulties and severely wet conditions prevented further work in the
area.”
“Severe (Reverse Circulation drilling) difficulties were encountered
with flowing sands and the hole (RC36) was stopped before positive
identification of bedrock because of the flowing sands.”
Page 27

Part 1 Introduction, Setting and Previous Work - Chapter 2
EL5524
Newcrest Operations Ltd

EL1590
Barrick Australia Ltd

EL4566
Climax Australia Pty Ltd

EL5984
Range River Gold NL

EL5616
Barrick Australia Ltd

EL5915
Golden Cross Operations Pty Ltd

¹

EL6090
Compass Resources Pty Ltd

Figure 13: Selected
current
exploration
leases across the B-Q
Transect.
Courtesy
NSW DMR, 2003.
Red line represents BQ Transect area.

EL6018
Aurion Gold Exploration Pty Ltd

EL5737
Aurion Gold Exploration Pty Ltd
EL5792
Aurion Gold Exploration Pty Ltd
EL5929
Aurion Gold Exploration Pty Ltd
EL5945
Aurion Gold Exploration Pty Ltd
EL5985
Heemskirk Resources Pty Ltd

EL5929
Aurion Gold Exploration Pty Ltd

EL2151
EL5737
Aurion Gold Exploration Pty Ltd

EL2059
Aurion Gold Exploration Pty Ltd

EL5797
Aurion Gold Exploration Pty Ltd
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Regolith Development and Landform History
The understanding of regolith characteristics including fluid pathways, modification by
climate, classification and distribution of regolith types and the type of landforms are
fundamental in understanding the distribution of salinity and the methods for salt
emplacement in the landscape. In the case of the B-Q Transect, the mapping area is located
in an enclosed basin area in-filled with up to 168 m of sediments consisting of varying
proportions of sand, silt and clay (Lessman 1985, Lessman 1986 & Ingpen 1992) and where
drainage systems change from perennial to intermittent (partially through groundwater
recharge). Known aeolian deposits exist (King, 1998, Gibson & Chan, 2000, De Souza
Kovacs, 2000, Gibson, Tan & Wilford, 2002), and there are numerous complex water tables
which can be perched, separate or linked creating a complex fluid flow pattern and giving
rise to a complicated spatial distribution of areas both at risk and currently exposed to
dryland salinity (Holzapfel 2002(a b & c)).
Although successful attempts have been made to map the distribution of soils (King, 1998)
and regolith-landforms (Gibson & Chan, 2000) over the Forbes and Cootamundra map
sheets at scales varying between 1:250,000 and 1:86,000, very little is know about regolithlandform history and distribution at scales larger than 1:100,000 over the Bland Catchment.
Recently, the GILMORE Project has produced additional regolith (Gibson & Chan, 2000,
Gibson et al., 2002, Gibson 2003, pers. comm., Tan 2003, pers. comm.) and geophysical
information that has contributed to the understanding of regolith distribution in this region.
A particular emphasis has been placed on highlighting shallow palaeochannels partially infilled with maghemite (Figures 11 & 26)(Lawrie, 1999, Lawrie et al., 1999, De Souza
Kovacs, 2000, Lawrie et al., 2002, Lawrie et al., 2003(ab&c)).

The source of such

magnetic materials is restricted to the West Wyalong area, which is a region that drains the
mainly granitic terrain of the Burcher and West Wyalong Hills. The eastern half of the B-Q
Transect area was not investigated as part of the GILMORE Project.
Similar near surface palaeochannels are present around the Bimbi, Quandialla and
Bribbaree areas as this region drains a substantial upland catchment area and progresses
from a shallow, erosional environment to a broad depositional plain (King, 1998, Holzapfel
& Moore, 2002 (ab&c)). The expression of these palaeochannels differs to those found
around West Wyalong (Holzapfel & Moore, 2002 (ab&c)). Exposed palaeochannels in the
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eastern half of the B-Q Transect are frequently wider than palaeochannels to the west,
contain a high proportion of coarse to medium sands with variable clay contents and do not
contain detectable quantities of magnetic gravels.
Gamma-ray
airborne

spectrometry,
magnetics

electromagnetics

used

and
in

conjunction with a high quality
drill program has been able to
reconstruct the palaeotopography
and sedimentation history of a
section of the Bland Basin near
West Wyalong (Gibson et al.,
2002) (Figure 14).
Figure 14: Sketch of possible
palaeogeography and sediment
supply paths that led to the
formation of a palaeo-lake in the
western part of the ‘Bland Basin’
From Gibson et al., 2002.

Regional Regolith History
Major infill of previously incised basins commenced during the Late Miocene with ongoing
bedrock weathering (Gibson & Chan, 2000). The alluvial fill has been previously divided
into the Late Miocene or Pliocene Lachlan Formation and the Pleistocene Cowra Formation
(Williamson, 1986, Anderson et al., 1993). The allocation of these descriptions to the
Bland Basin is still unproven given the fact that these original descriptions only apply to the
immediate environs surrounding the Lachlan Palaeovalley. The GILMORE Project has
questioned the application of the Lachlan Valley stratigraphy to the Bland Basin as drill
hole information has failed to confirm the presence of these units. An alternative model
comprising 5 informal units (Gibson et al., 2002(a)., Gibson et al., 2002(b), Gibson,
Unpubl, Gibson 2003, pers. comm.) is proposed and is more able to reconcile the lateral
and vertical changes in sediment types.

It is unknown if the Bland Basin filled

contemporaneously and at the same rate as the Lachlan Valley so sediments of the Bland
Basin and the Lachlan Palaeovalley may intercalate or be coeval. AEM located on the
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Liverpool plains to the north of the B-Q Transect (Figure 34) may indicate a possible
bedrock influence separating the Lachlan Valley from the Bland Basin.
Infill of the Bland Basin could have been achieved by excess sedimentation in the PalaeoLachlan valley raising the base level and causing resultant infill of the Bland Basin (Gibson
& Chan, 2000). Sedimentation in the basin systems could also have been controlled by a
base level change in the Murray Basin (Gibson & Chan, 2000).

The Bland Basin
The Bland Creek catchment is approximately 145 km long, is located south of Lake Cowal
and is contained in the Lachlan River Catchment (Figure 15). The current Bland Creek
mirrors the position of the Bland Basin with drainage systems flowing north to Lake Cowal
and Nerang Cowal (Figure 3).
The Bland Basin is a relatively shallow and
wide N/S trending valley depression filled
by mainly local sedimentary sources. The
width of the Palaeovalley varies between 2040 km wide and at its deepest point is 168 m
thick although considerable variation does
occur due to both structural and lithological
changes (Figure 22). Surface expression is
typically very subdued with both current and
palaeodrainage flowing north.
Sedimentation is still on-going in the Bland

Figure 15: Bedrock terrain and the margins
Basin but at reduced levels with vegetation of the Bland Palaeochannel (also referred to
as ‘palaeovalley’ and ‘basin’). From White,
and a low rainfall climatic regime reducing 2000.

surface erosion and stream incision (Gibson
& Chan, 2000). Extensive floodplains and back plains have built up in low-lying areas in
close proximity to sinuous, meandering stream channels. The formation of floodplains and
overbank deposits has resulted in stream migration and the creation of relict stream
channels (Gibson 2002, pers. comm., Holzapfel & Moore, 2002).
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Remotely-sensed imagery confirms that current drainage closely resembles palaeodrainage
systems (Figure 26) before trending north to drain into Lake Cowal. A depth to slightlyweathered bedrock image has been generated across the Forbes 1:250,000 scale mapsheet
from borehole data and from open file mineral exploration report information (Figure
22)(Raymond et al., 2000(a), Raymond et al., 2000(b)) and covers the northern half of the
B-Q Transect.
Stratigraphic Descriptions
The study area encompassing both surface and sub-surface features has been previously
named as the Bland Creek catchment (Williamson, 1986, Anderson et al., 1993), the Bland
Palaeochannel or Palaeovalley (White, 2000) and recently the Bland Basin (Lawrie et al.,
2003(ab&c), Gibson et al., 2002(a&b)). For the purposes of this review the Bland Creek
catchment will refer the surface expression and surface features and the Bland Basin will
refer to sub-surface features.
Literature studies confirm that sediments in the Bland Basin are contiguous with sediments
in the Murray Basin, via sediments located within the Lachlan Valley (Gibson & Chan,
2000, Anderson et al., 1993). Age dates for sediments in the Bland Basin are not available
and stratigraphic models have been proposed even though dating of carbon fragments and
plant palynomorphs from partly weathered mud samples have been attempted (Williamson,
1986). Dating of sediment samples from the Bland Basin using Optically Stimulated
Thermoluminescence (OSL) is being attempted by BRS (Gibson 2003 pers. comm.) but
results are unknown at this stage.
It is widely accepted that the sediments within the Bland Basin are Pliocene to Miocene in
age (Gibson & Chan, 2000, Anderson et al., 1993). Such age determination is based on
correlation with the oldest nearby sediments in the Lachlan Valley, which have been dated
as Miocene (Williamson, 1986, Anderson et al., 1993, White, 2000).
There are three depositional models that can be used to describe the stratigraphy observed
in the Bland Basin:
•

Walgett / Nyngan Stratigraphy (Watkins & Meakin, 1996)

•

Lachlan Valley Stratigraphy (Williamson, 1986, Anderson et al., 1993)

•

GILMORE Project Stratigraphy (Gibson, In prep., Gibson et al., 2002a&b)
Page 32

Part 1 Introduction, Setting and Previous Work - Chapter 2

Walgett / Nyngan Stratigraphy
Mapping of Tertiary and Quaternary sedimentary cover located to the north of the B-Q
Transect over the mapsheets of Nyngan and Walgett have interpreted four palaeoriver
systems and approximate age relationships in part based on Optically Stimulated
Thermoluminescence (OSL), morphology, competency, capacity and whether the
palaeoriver was either bed load, mixed load or suspended load (Figures 16-19) (Watkins &
Meakin, 1996).
A summary of these morpho-stratigraphic units is included below based on perceived
similarities with sedimentary units within the Bland Basin (Holzapfel & Moore,
2002ab&c). These similarities include:
•

The presence of similar subdued topography.

•

The presence of a large area of deposited sediments in a fluvial environment.

•

The presence of slightly elevated and sinuous sand ridges interpreted to be relict
drainage systems (Figure 17).

•

Perceived similarities between relict drainage width, composition, sinuosity,
competence, capacity and cross sectional morphology.

•

The timing and nature of the changes in sedimentary units deposited in the Bland
Basin share similarities with the different morpho-straitgraphic units described from
Nyngan and Walgett.

The Trangie Formation.

Figure 16: The cross sectional morphology of the Trangie Formation. The Trangie Formation is
the oldest of the four units and is Pliocene to Late Pleistocene in age and represents a high energy
bed-load river system with meander wavelengths two to four times that of current drainage systems.
From Watkins & Meakin, 1996.
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The Carrabear Formation

Figure 17: The cross sectional morphology of the Carrabear Formation. The Carrabear
Formation is Late Pleistocene in age and represents a bed-load to mixed-load river system, which
was typically deposited over sandy meander plains. Sparse source bordering dunes may form on
the eastern side of the channel remnants. From Watkins & Meakin., 1996.

The Bugwah Formation

Figure 18: The cross sectional morphology of the Bugwah Formation. The Bugwah Formation is
Late Pleistocene in age and represents a narrower, short wavelength channel system dominated by
a mixed-load deposits. From Watkins & Meakin, 1996.
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The Marra Creek Formation

Figure 19: The cross sectional morphology of the Marra Creek Formation. The Marra Creek
Formation is Holocene in age and comprises modern suspended-load systems and marshes. From
Watkins & Meakin, 1996.

Lachlan Valley Stratigraphy
In comparison with the Nyngan / Walgett model, only two units separated by a
disconformity are recognised for the Lachlan Valley stratigraphic model (Williamson,
1986) (Figure 21, Table 10).
A summary of these stratigraphic units is included below based on perceived similarities
with sedimentary units within the Bland Basin. These similarities include:
•

The presence of similar deeply incised bedrock topography infilled by sediments.

•

The presence of bedrock uplands located to the east.

•

Perceived similarities between sedimentary history, sources of sediment and basin
cross sectional morphology.

•

The timing and nature of the changes in sedimentary units deposited in the Bland
Basin share broad similarities with the two stratigraphic units described from the
Lachlan Valley.

The sequence in the Lachlan Valley adjacent to and downstream from the Bland Basin has
been divided into two broadly defined ‘formations’, those being the basal ‘Lachlan
Formation’ and the overlying ‘Cowra Formation’.

These names are not officially

recognised as valid stratigraphic units (Gibson 2003 pers. comm.,Williamson, 1986) as
both units remain largely undefined and use names conflicting with previously accepted
geological units.
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Table 10: Descriptions and characteristics of the Lachlan and Cowra Formations. Summarised from Williamson, 1986.
Name

Age

Description

Cowra
Formation

Pleistocene

The Cowra Formation disconformably overlies the Lachlan Formation and consists of brown clays, sands and gravels which
are more oxidised than the underlying grey sediments of the Lachlan Formation (Figure 21). Clasts present within the
gravels are representative of proximal parent rock types (Gibson & Chan, 2000) and show a uniform distribution across the
valley indicating reworking by braided stream channels (Williamson, 1986). Palynology on wood and grass species has
revealed the presence of Eucalyptus resinfera with abundant daisy and native grass pollen which is typically found in a
grassland varying to an open wet sclerophyll environment with high rainfall with intervening dry periods (Williamson,
1986).

Lachlan
Formation

Pliocene

The Lachlan Formation (Figure 21) is the basal unit contained within the Lachlan Valley and consists of gravels, sands,
clays and silts. Finer sediments are usually grey and reduced. Clasts within the gravels are predominantly rounded quartz
pebbles (Gibson & Chan, 2000). Clays within the Lachlan Formation can be subdivided into variegated and calcareous
types (Williamson, 1986). The variegated clays are usually thinly bedded but have been recorded as varying in excess of 35
m (Williamson, 1986). Calcareous clays range in colour from grey to near black and occur as irregularly distributed lenses
through the Lachlan Formation and vary in thickness between 1 m and 6 m. Palynology of the calcareous clays has
revealed differences in vegetation type and density most likely due to changes in climate (Williamson, 1986). The
vegetation types imply that deposition occurred in an environment with no marked dry season. Furthermore, the presence
of Nothofagus pollen points to cool temperate or sub-alpine rainforest receiving approximately 150-180 cm rainfall
annually (Williamson, 1986). This is an increase of approximately three times when compared with current rainfall
regimes. Wood fragments found within the Lachlan Formation have been classed as coniferae, cf Podocarpus sp. that
indicates a rain forest habitat (Williamson, 1986). Pyrite has been recorded at depth as individual grains and as cement.
The presence of pyrite has been interpreted as representing reducing conditions at the time of deposition and lithification
such as those found within a swamp (Williamson, 1986).
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Figure 20: A sketch drawing of the northern half of the mapping area detailing basic bedrock
morphology prior to sedimentation. From Anderson et al., 1993.

Figure 21: A sketch drawing outlining the two major units infilling the Bland Basin and
stratigraphic relationship with deposition occurring within the Lachlan Palaeovalley. From
Anderson et al., 1993.
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GILMORE Project Stratigraphy
The GILMORE Project (Lawrie et al., 2002, Lawrie et al., 2003a&b, Gibson et al.,
2002a&b), covers a section of the western margin of the B-Q Transect (Figure 24) and
has challenged the use and application of the Lachlan Valley stratigraphy to the Bland
Basin and formulated an informal stratigraphy based on drill hole and AEM data
(Gibson et al., 2002a&b). The identification of units within GILMORE Project drill
holes are based on visual logging, grainsize analysis, XRD, PIMA, laser grainsize
analysis, magnetic susceptibility, salinity measurements and gamma ray spectrometry.
The units are named A through E (Table 11) (Gibson et al., 2002a&b).
Correlation of recent GILMORE Project drill holes against open file commercial drill
records failed to confirm the presence of either the Lachlan or Cowra Formations:
“No correlation between the sediments encountered by drilling in the ‘Bland Basin’ and
these two units (Cowra Formation and Lachlan Formation) is possible, due to difficulty
in recognising an erosional hiatus, lack of similarity of the sediments, and lack of
dating.”(Gibson et al., 2002a).
This stratigraphic model has only been applied to areas covered by the GILMORE
Project and areas flown by AEM (Figure 27).

GILMORE Project drilling and

stratigraphy observations compare well with DIPNR monitoring bores (Figure 99) and
Quandialla bore logs (Figure 101) outside of the GILMORE Project mapping area and
shows similar variations in regolith type with depth (Holzapfel & Moore, 2002).
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Table 11: Summary of informal stratigraphy including descriptive characteristics as part of the
GILMORE Project (Gibson, Unpubl, Gibson et al., 2002a&b).
Unit

Basic Description

Environment Of
Deposition

A

Composed of variable proportions of sand and mud. Generally
50-80% mud but locally sandier. Local thin aquifer sands and
gravels (most clasts are detrital maghemite). Quartz
predominates with mixed kaolinite and smectite clays. May
encompass the entire sedimentary sequence in some areas.

Low angle fans,
channel sands and
gravels, debris
flows.

B

Composed of clays (95-100% mud by visual estimate).
Kaolinite and smectite clays and quartz present. Clay sized
particles dominate the upper part of the unit grading to a high
coarse silt component in the lower part of the unit.

Lacustrine to
swamp deposits.

C

Composed of variable sands and silts with sandy components in
the middle part of the sequence. Underlies A or B, but locally
extends to surface where there is a good sandy sediment source
– such as proximal granites. Detrital maghemite clasts in many
areas, depending on availability in source areas. 0-50% mud,
locally more, by visual estimate.

Low angle fans,
channels, sheets
flow, debris flows.

D

Composed of mud rich sediments (70-100% by visual estimate),
mostly red and grey mottled (hematite) as opposed to yellow
and grey (goethite) above. Maghemite clasts very rarely
present. Dominantly kaolinite clays with silts. Characterised by
floating sand/gravel grains in mud matrix.

Probably derived
dominantly from
erosion of highly
weathered volcanic
saprolite on valley
sides.

E

Composed of basal sands and gravels with no maghemite.
Generally present only as narrow strips in lowest parts of the
palaeolandscape. Minor mud. Winnowed fluvial sediment.

Winnowed fluvial
sediment.

Table 12: Inferred age relationships between the Nyngan / Walgett, Lachlan Valley and the
GILMORE Project Stratigraphy models.
Epoch

Nyngan /
Walgett
Stratigraphy

Lachlan
Valley
Stratigraphy

Quaternary

Holocene

Marra Creek
Formation

Cowra
Formation

Pleistocene

Bugwah
Formation
Carrabear
Formation

Tertiary

Neogene

Pliocene
Miocene

Trangie
Formation

Lachlan
Formation

GILMORE
Project
Stratigraphy
No Ages Available for The GILMORE Project
- Relative Stratigraphy only

Periods

A
B
C
D
E
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Chapter 3 – Previous Work
Depth to Slightly Weathered Bedrock
For the northern part of the B-Q Transect area, a depth to slightly-weathered bedrock
image has been generated from borehole data and open file mineral exploration report
information (Figure 22)(Raymond et al. 2000). A major depression associated with the
north-south trending Bland Basin is apparent in the western central part of the B-Q
Transect area. Isolated bedrock high points are both structurally and lithologically
controlled. The slightly-weathered bedrock surface shallows to the north-west and
north-east adjacent to the Booberoi Hills and Weddin Mountains respectively (Figure
22). The depth to slightly-weathered bedrock image provides valuable information
about the depth of sedimentation and topography including the following points:
•

Resolves the broad outline of the Bland Basin with the central sections of the
basin buried by in excess of 150 m of transported sediments.

•

Resolves isolated bedrock high points which would influence patterns of
sedimentation.

•

Shows the transition from bedrock rises to transported sediments.

•

Highlights palaeo-drainage and palaeo-depocentres which correspond well to
current drainage.

Limitations of the depth to slightly-weathered bedrock image include:
•

The mapping does not extend to the south to cover the Cootamundra 1:250,000
scale mapsheet or the entire length of the Bland Basin.

•

The map does not resolve changes of sediment type with depth.
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Figure 22: The extent of the northern half of the Bland
Creek Palaeochannel based on bore data complied by
DIPNR. From Raymond et al., 2000.
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Past Soil Classification Schemes
Two recent soil-landscape studies at 1:250,000 scale have been completed over the
Forbes and Cootamundra sheets and provide useful information on the general
distribution of landforms, soil characteristics and botanical relationships between soil
types and landforms within the B-Q Transect.
General soil landscapes over the Cootamundra 1:250,000 map sheet (with generalisation
into physiographic regions) provide information similar to regolith-landform
descriptions as both landform features and soil characteristics are considered within
each feature classification (DIPNR, 2001)(Figure 23, Appendix D, Tables 52 & 53).
The 1:250,000 scale is insufficient for paddock-scale resolution and lacks detail over
much of lower-lying sections of the Bland and Burrangong Creeks (Figure 23) but is
useful in determining broad changes in landscape position and soil type. Other useful
information includes soil descriptions, characteristic vegetation assemblages and
potential hazards including risk of flooding, soil structure decline and sodicity.
General soil landscapes over the Forbes 1:250,000 map sheet (King, 1998)(Appendix D,
Tables 52 & 53) complement similar soil landscape mapping on the Cootamundra
1:250,000 scale map and are also similar to regolith-landform descriptions for the
GILMORE Project (Figure 25). Both landform features and soil characteristics are
considered with soil mapping, allowing for the integration of both soil and regolithlandform mapping (Appendix D, Tables 52 & 53).

Page 42

Part 1 Introduction, Setting and Previous Work - Chapter 3

0 2 4

8

12 16 20
Kilometers

Soil Landscape
bk Barmedman Creek
bn Billabong
bi Bimbi
bl Bland
bo Boginderra
bb Bribbaree

ma

ww

ma
grre
ww
bn bn ma
cy
wmbi wm
bn
ma
ma
ma
ma ww ma
pi bn bn
ma
ww bkbn sp
tere
ww
oabl regr ww
mama
ma pi
ma ma
bk
oa
re
ma
ma
bl
ma
oa
bl
ma ma ma
ma
oa oa
ma
ma
bn bnsp
ma bl bbbh
ma
ma
re
bh
pi ma
ww
wb
ma
bn ma
ma
oa oa
ma
wbwbwb
re re
bo
ww
bn
bo
wr oa
ma
bn
regr
wb wb ma
sp
oa oa
ma
wb
ji
bn
cs
wb ma ma
re
pn bn
ma
oaoa
wb
pi
ma
bo bn
bo
oa
ma wb wb we
ww
bn
in
wb
bo
cs
ji
cy
wb
ma
wb wbwb
bl re
ky
bo
cs
ji
bn
pi
bl
wb
bo
wa
pn
ma bnbbbh
mare pi
kl
ma
mhin in in
ji
gr
pipi
bb bn
wb

bh Bribbaree Hills
gr Greens
ma Marsden
oa Oakleigh
pi Pinnacle
re Reefton
wm Weddin Mountains
we Weedallion
ww Wah Way

Figure 23: LANDSAT Imagery (Courtesy Geoscience Australia – ACRES, 2003) with the Cootamundra soil mapping layer covering the
southern extents of the B-Q mapping area. Red line denotes southern margins of the B-Q Transect. Courtesy DIPNR, 1999.
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Gilmore Project
The GILMORE Project area broadly lies between the towns of West Wyalong in the north
and Junee in the south (Figure 24) and was a broad multi-disciplinary study highly relevant
to both mineral prospecting and land management. Mapping techniques used in the
production of the GILMORE 1:86,000 scale regolith-landform map (Gibson & Chan, 2000,
Wilford, 2002) included the use of detailed drill hole information, magnetics, gamma-ray
spectrometry and AEM as surrogates for detecting saline groundwaters, differences in
regolith-landform characteristics and prospective areas for mineral exploration. About
8000 line km of airborne EM survey was flown in the GILMORE Fault Zone, near Temora,
NSW (Green, 2003, Lane, 1999) along with Gamma-ray spectrometry, gravity and
magnetics (Figures 26, 30 & 31) (Lawrie et al., 1999, Lawrie et al., 2000, Gibson et al.,
2002a&b, Buselli et al., 2003). The placement of the GILMORE Project was located to
combine maximum information from the synthesis of a number of techniques for a variety
of end users (Lawrie et al., 2003a&b). The GILMORE study site is located in close
proximity to a complex and varied regolith cover distributed across upland and lowland
areas, known historic gold and copper mineralisation (Duggan & Lyons, 2000) and for its
potential to host other deposits beneath cover (Mackey et al., 2000). The western half of
the B-Q Transect overlaps the GILMORE Project mapping area (Figure 25) and regolithlandform information has been incorporated within the B-Q Transect 1:50,000 scale
mapping.
Regolith-Landform Mapping
The distribution of GILMORE Project regolith-landform units over the western half of the
B-Q Transect reflects the paucity of exposed weathered bedrock and the dominance of
transported alluvial cover (Figure 25). Elevated bedrock ridges of the Booberoi Hills are
located north east of West Wyalong with associated colluvium and colluvial sheet wash on
the flanks. The bedrock ridges continue south as the Yiddah Range but are expressed
differently with more subdued topographic relief and are represented by a line of
discontinuous rises with colluvial aprons (Figure 25). Surrounding these bedrock and
colluvial ridges and progressing east from Wyalong to Barmedman Creek is an extensive
low angle alluvial fan sourced from the weathering of granitic low hills and rises to the
west. This extensive low angle fan extends eastwards to Barmedman Creek and as far
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south as Barmedman and the granitic hills of the Boginderra Ranges. These Ranges produce
colluvial aprons and alluvial fans draining northwards. Between the Barmedman and Bland Creeks
lies an extensive alluvial plain with alluvial swamps and relict drainage depressions (Figure 25).
Three low bedrock rises and sheet flow deposits crop out over this alluvial plain. Further to the east
of the Bland Creek is another extensive alluvial fan sourced from the Burragong Creek system and
the Weddin Mountains (Summerell 2003, pers. comm.).
Several observations were noted about the GILMORE Project Regolith-Landform map and are
summarised below:
•

Regolith-landform mapping at 1:86:000 scale resolves broad changes between bedrock,
weathered bedrock and depositional environments and distinguished such features as the
low angle easterly draining alluvial fans from the broad alluvial plains of the Bland and
Barmedman Creeks (Figure 25). Resolution of more subtle regolith features was not
possible at 1:86,000 scale and thus reduces the desirability for paddock-scale interpretation.

•

Due to the scale of mapping, the GILMORE Project mapped both upland and lowland
areas(Figures 24 & 25). As the B-Q Transect lies dominantly in a lowland area, greater
definition of transported regolith-landforms is possible, especially over low-lying alluvial
plains where past mapping has not resolved subtle changes in elevation and regolith type
(Holzapfel

&

Moore,

2002)(Figure 24).

Figure 24: The GILMORE Project
Mapping area with the extents of the
B-Q Transect. From Lawrie et al.,
2002.
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Figure 25: A section of the GILMORE Project regolith-landform map and the overlapping western half of the B-Q Transect. Distinction between
additional alluvial units was not possible due to the scale of mapping and the proximity to bedrock rises to the east. From Gibson & Chan, 2000.
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Aeromagnetic Images
A high definition aeromagnetic survey verified drilling results undertaken as part of the
GILMORE Project and has highlighted several features of interest to the B-Q Transect:
•

Current drainage closely mirrors palaeodrainage patterns in selected areas (Figure
26). Where there is a difference, bedrock morphology (Gibson et al., 2002a&b) or
subsequent aeolian transport such as the case with the ‘Wyalong Palaeochannel’
(Figure 26)(Gibson 2003, pers. comm.) are interpreted to play in important role in
palaeostream direction.

•

Narrow, short wavelength magnetic features confirmed using drilling, represent
shallow, maghemite filled palaeochannels (Figure 26). Magnetic images show that
the channels range in length, depth, width and morphology, flow from west to east
and are visible draining from the magnetically less responsive lineaments.

•

Magnetically responsive bedrock lineaments are typically composed of volcanic
units and due to their higher weathering potential, correspond to topographic low
points. Buried palaeotopographic high points such as ridgelines (Figure 26)
correspond to sediments of the Manna Conglomerate and the Yiddah Formation.
These sediments have a generally low magnetic response and due to their lower
weathering potential, form elevated bedrock ridges.

•

Faults and bedrock structures including the Booberoi and Gilmore Fault zones
typically have a low magnetic response (Figure 26).
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Figure 26: First vertical derivative magnetic image over a section of the GILMORE Project and the B-Q Transect (red) showing different
magnetic properties of north east trending volcanics and metasediments. Shallow and discontinuous, north east trending magnetic features
(red arrows) are maghemite-filled palaeochannels showing palaeodrainage networks. Current drainage to the north west is observed to
correspond closely to the ‘Wyalong Palaeochannel’. Courtesy CRC LEME, Geoscience Australian, 2003.
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AEM (TEMPEST)
An airborne electromagnetic induction survey (AEM) has been used to reconstruct the
palaeo-land surface in the western Bland Creek catchment. AEM has resolved high
conductivity lenses, corresponding to high clay contents in drill logs that are interpreted
to represent lake or swamp sediments (Gibson et al., 2002a&b, Lawrie et al., 2003a&b)
(Figure 28). AEM has been able to image changes in the palaeo-land surface and the
effect it has played on sediment patterns. Conductivity depth images (CDI) produced
from AEM have been used to distinguish bedrock ridges (low conductivity), linked
palaeochannels (low conductivity) and palaeo-lake features (high conductivity) at a
range of depths resulting in the construction of a palaeohistory for the project area
(Lawrie et al. 2000, Gibson & Tan et al. 2002a, Gibson & Wilford et al., 2002b,
Wilford et al., 2002) (Figures 27 & 28).
Deeper conductivity depth images (CDI) processed from the AEM data shows that
initially, sedimentation was strongly controlled by north - south trending bedrock ridges
with sediments sourced from the west initially deposited in north - south trending
troughs, which filled up with sand and clay-rich lithologies (Figure 27). When these
troughs filled up, sediments drained further eastwards into lower-lying bedrock
depressions and formed clay-rich (lacustrine?) deposits (Figure 28). Folded bedrock
structure can be observed from the deeper CDI images influencing the position of these
conductive clay deposits (Figures 27 & 28). Stream flow between the now buried
palaeotopographic high
points

was

achieved

initially

by

either

diverted flow around
the

high

evidenced

points

as

by

the

magnetic images or by
passing through incised
valleys

between

bedrock ridges (Lawrie
et al., 1999 Gibson et
al., 2002, Lawrie et al.,
2003).
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Figure
27(above)
and: 28(right) AEM
CDI slices of deep
and shallow sections
in the west of the
Bland
Creek
catchment
respectively. Areas of
high
conductivity
coincide with clayrich sediments. The
blue
feature (less
conductive) represent
near-fresh
sedimentary bedrock.
Courtesy CRC LEME,
Geoscience Australia,
2003.

Hydrological Studies
Several Hydrological studies have been undertaken across the Bland Basin and have
detected rising groundwater levels across the Bland Basin with a highly variable water
table indicating stacked and perched water tables (Table 13). DIPNR bore studies also
show that groundwater quality in aquifers is highly variable and largely independent of
depth with hydraulic conductivity and connectivity to recharge zones of greater
influence. EC values can range between 19 dS/m (highly saline) and 1-2 dS/m
(potable)(Holzapfel & Moore, 2002).
DIPNR monitoring bores located in the centre of the B-Q Transect have highlighted an
average ground water rise of less than 2 m over 16 years. Piezometer studies into
groundwater quality do not exhibit as long a record history although anecdotal evidence
points to a general decline in water quality and salt contents indicating rising salt stores
in the Bland Basin (Muller pers. comm. 2000, Wooldridge pers. comm. 2000, Harris,
2003).

Page 50

Part 1 Introduction, Setting and Previous Work - Chapter 3

Table 13: Summary of Hydrological studies relating to the Bland Basin and the B-Q Transect
area. Summarised from McInnes, 1995.
Study

Comments

Bland Creek
Hydrographic Data
(DIPNR)

Bores primarily near the eastern boundary of the catchment (Grenfell)
show rising water levels. Although many bores still have a depth to
water table of between 20 m to 50 m, the greatest rises have been in the
order of 2 m. Towards the centre of the Bland Creek catchment it was
noted that the bores studies exhibited strong seasonal variations.

Dryland Salinity
Study: Changes in
Groundwater Levels
Southeastern NSW –
DIPNR, Water
Resources (Gates &
Williams 1988).

A significant increase in water level was determined with a maximum
water level increase of 24.4 m recorded. The study also included areas
outside of the Bland Creek catchment. The study concluded that the
bores with the largest recorded ground water rise were located within
large catchment areas with extensively cleared woodlands and reduced
seasonal cropping (particularly wheat) around Springdale east of
Temora. Another observation included the onset of discharging
groundwater on lower footslopes and sideslopes occurring in many
instances after a succession of wet years, although drought times do not
necessarily have an opposite effect.

Groundwater
Reconnaissance
Survey Forbes –
Condobolin – Lake
Cargelligo. DIPNR,
Water Resources
(Bish & Gates
1991).

This study concluded that in the Bland Creek Catchment, the Grenfell
district exhibited the largest increase in water level (>8 m) while the
area immediately surrounding West Wyalong had average increases of
less than 4 m.

DIPNR bore and
piezometer network,
2003.

DIPNR has installed a network of stratigraphic and monitoring
piezometers and bore sites close to Back Creek and the Eurabba State
Forest and has been recording long term (16 years) differences in water
table depth (or standing water level). Bore monitoring sites record
several trends depending on the water table intersected. Seasonal
recharge and long term drought / recharge trends can be observed in
several logs. Shallow piezometer logs are located in places where water
tables are significantly higher and have significantly high groundwater
conductivity values.

GILMORE Project,
2001-2003.

Geoscience Australia and the Bureau of Rural Science (BRS) have
undertaken extensive studies of sediments recovered from drill holes.
Data includes analyses of pore water, grain size and groundwater
chemistry. Some results are yet to be published.
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Palaeoclimate
Palaeoclimate information is useful in determining the degree of land surface
modification as a changing climate has first order effects on other regolith modifying
factors such as the availability of water, sedimentation patterns, sedimentation rates,
temperature and subsequent vegetation responses (Gibson & Chan, 2000, Stoian, 2002.).
Palaeoclimate is also important in determining the time periods in which aeolian derived
salt transport (and subsequent deposition on the southern highlands) was at a maximum
with sources of salt including the coast, the interior of Australia and the Murray Basin
(Figure 124). The timing of aridity is also important as arid phases may correlate with
an increase in groundwater salinity.
Regional climate change and vegetation response from the Miocene through the
Pliocene and Pleistocene to the Holocene (Table 14) has had a large influence on the
shape of the landscape, rate of sediment infill, stripping of soil profiles and the nature of
the sediments within the Bland Basin (Gibson & Chan. 2000) given the size of the
catchments draining from the east (Figure 5, Table 4). Generally, the climate during the
Tertiary was uniformly wet with no marked dry seasons and cool temperate to subalpine rainforest (Table 14)(White, 1994). The climate during the Quaternary was
generally apparently cooler than present (Watkins & Meakin, 1996) but also
encapsulated several intervening warmer intervals during the close of the last glaciation
and during the early stages of deglaciation (20,000 – 12,000 BP)(Table 14). The
headwaters of the Lachlan catchment were generally colder and drier than present
(Williams et al., 1986) coupled with seasonal levels in rivers. The likelihood of bed
load river systems (as outlined by the Nyngan-Walgett stratigraphic model) composed
of sands would be more common. During the warmer Holocene interglacial (10,000 BP
to present) vegetation in the Lachlan headwaters increased, decreasing the proportion of
sand to mud resulting in more suspended load river systems (similar to the Bugwah and
Mara Creek Formations outlined in the stratigraphic models) (Watkins & Meakin, 1996,
Gibson & Chan, 2000).
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Table 14: Palaeoclimate History of the Lachlan Valley, Murray Basin and South Eastern Australia. Modified from Williamson (1986), White (1994), Hill (2000)
and Evans (2001).
Periods

Epoch

Murray Basin Palaeoclimate

Lachlan Valley
Palaeoclimate

South East Australia
Palaeoclimate

Quaternary
0.0 – 1.6 My BP
Fluvo-lacustrine
conditions followed
by arid conditions
up to the present
resulting in an
aeolian mantle
mixed with post
settlement alluvium.

Holocene
0 - 10,000 yrs BP

Marra Creek Formation. Most lakes dry.

Semi arid, interglacial
conditions prevail. Winter
rainfall dominant

Pleistocene
10,000 – 1.6 My BP

Carrabear Formation.
16,000 BP Most lakes dry.
17,500 BP Major drying.
Ca 18,000 BP Brief high lake levels.
26,000 – 19,000 BP Drop in lake levels; first major deflation.
33,000 – 26,000 BP Lakes filled and probably overflowing.
35,000 BP Small brief lowering in lake levels.
45,000 – 36,000 BP Lakes filled, fresh water and overflowing.
Pre 45,000 BP Long periods of dry lakes; soil forming on lake beds.

Grassland varying to open
eucalypt woodland. Winter
rainfall predominates with
intervening dry periods.
Cowra Formation
Grassland varying to an open
wet sclerophyll environment
with high rainfall and
intervening dry periods

Tertiary
1.6 – 65 My BP
Several major
depositional events
with smaller
transgressive and
regressive events.

Pliocene
1.6 – 5.3 My BP

Trangie Formation.
Marine siliclastic shelf.
Increasing aridity towards the Pliocene – Pleistocene boundary
(Bowler, 1982 and Mcphail and Truswell, 1989).

Marine to paralic
conditions dominate
in the Murray
Basin.

Miocene
5.3 – 24 My BP

Early Miocene carbonate platform successions grading to peat
swamps. Mainly temperate rather than tropical conditions.
Evergreen rainforests dominated by Nothofagus brassi and
Myrtacaea (Truswell et al,. 1985).

Bugwah Formation.

Lachlan Formation
No marked dry season. Cool
temperate or sub-alpine
rainforest receiving
approximately 150-180 cm
annually. Reducing conditions
present indicating swamps.

Marked variation between
humid and arid conditions.
Winter rainfall dominant

Uniform wet conditions
prevailed until the Pliocene
– Pleistocene boundary
when seasonal aridity
started.

Mid to Late Miocene final
aridification only taking
place during ice age glacial
stages.Between 20 and 12
My BP arid conditions
prevailed. Between 12 – 6
My BP arid conditions
declined. Summer rainfall
dominant.
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Remote Sensing
Aerial Photography
Aerial photography is a valuable, high detail remotely-sensed resource and has been
used extensively for the compilation and verification of local and regional-scale
geology, soil and regolith-landform mapping over the Forbes and Cootamundra areas
(King, 1998, Raymond et al., 2000, Raymond et al., 2000, Raymond et al., 2000,
Bacchin et al., 1999, Chan & Gibson, 1999). Partial coverage is available for the B-Q
Transect area with 1:20,000 scale map areas around Back Creek and ‘Strathairlie’
available and selected coverage of the 1:50,000 scale map area available. The reasons
for using aerial photography include:
•

High resolution for mapping paddock-scale regolith-landform changes.

•

Relatively easy to obtain from State and Commonwealth agencies.

•

Minimal to nil processing required post acquisition compared with imagery.

Difficulties encountered with using aerial photography are summarized below:
•

Some aerial photograph runs are out of date (1967 and 1978) and no longer
adequately represent on-the-ground conditions.

•

Selected aerial photographs do not have the required contrast to make adequate
discrimination of regolith-landform features possible.

•

There is incomplete aerial photograph coverage across the B-Q Transect.

Aeromagnetics
Aerial magnetic images typically represent basement configurations of mafic rocks,
frequently volcanics, as these rock types have a high proportion of magnetite and related
magnetic minerals (Figure 29). In this region the Ordovician mafic volcanics are highly
prospective for gold and base metals and magnetic information has been used to infer
subsurface location of mafic volcanics. Across the Bland Basin, the granite intrusion
north of Quandialla also give a high response, indicating that it is enriched in magnetic
minerals and probably granodioritic or dioritic in composition (Raymond et al., 2000,
Bacchin et al., 1999).

Correspondingly, Siluro-Devonian sedimentary successions

dominated by siliciclastic sediments (e.g. Yiddah Formation or Hervey Group) are
characterised by low magnetic responses. Aeromagnetic results (Figure 29) also show
north-north-west trending structural control in the west, and the north-east trending

Page 54

Part 1 Introduction, Setting and Previous Work - Chapter 3

structural control in the east of the B-Q Transect field area corresponding to the regional
scale Booberoi Shear Zone and the Parkes Fault Zone respectively.
Higher resolution magnetic surveys (Lawrie et al., 1999) discern much greater detail in
the sub-surface. One notable application of this is the recognition of maghemitebearing gravels in palaeochannels within the Quaternary alluvial cover. An example of
this is the ‘Wyalong Palaeochannel’, which is a tributary to the major north-south
trending Bland Creek Palaeochannel system (Lawrie et al., 1999, de Souza Kovacs,
2000). Recent geology mapping at 1:100,000 scale (Duggan & Lyons, 2000) and the
GILMORE Project (Lawrie 1999, Lawrie et al., 1999) outline near surface
palaeochannels in greater detail (Figures 11 & 26).

Figure 29: Total Magnetic Intensity of the B-Q Transect area. West sun angle. Courtesy
Geoscience Australia.

Aerial Gamma Ray Spectrometric (Radiometric) Image
Gamma ray spectrometry is an excellent tool for surface mapping as there is a limited
depth of investigation (approximately 30 cm). It is therefore possible to discern
differences between transported and in situ materials and rock units and their
weathering products can be mapped from their surface extents.
The radiometric image is dominated by subdued blue green tones reflecting a mixture of
sedimentary materials that make up the Quaternary alluvial cover (Figures 30 & 31). A
large dendritic alluvial channel system passes through the field area in white and yellow
shades, closing to the north-west (Figure 31). Paler colours represent higher radiometric
counts hence more active alluvial channels.

This deposition originates from the
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Bribbaree Creek sub-catchment, which drains into Bland Creek catchment in the south
eastern corner of the mapping area. This sub-catchment receives 600-700 mm average
annual rainfall and contrasts with the main Bland Creek Catchment which lies within
the 400-500 mm and 500-600 mm average annual rainfall zones (Figure 31). It drains
predominantly granitic terrain yielding large quantities of K, U and Th. The older
sediments already infilling the Bland Basin would have lost the high total counts
through removal of clays by surface erosion and soil horizon formation.

In the

northeast the Devonian Caragabal intrusion has a pink response typical of potassiumbearing (mica- and K-feldspar-rich) granite. The central Curraburrama Hills have a
blue response indicating the presence of trace amounts of uranium in the Ordovician
sediments (Figure 31). Outside the field area the U-bearing conglomerates of the
Booberoi Hills and sandstones of the Weddin Mountains give a low radiometric
response. Remobilised material from these ranges extends into the field area. To the
south, Devonian intrusive rocks and associated talus give a high potassium response,
commonly associated with granites (Figure 31). To the northwest, in the Wyalong area,
a high thorium (green) response is caused by a ferruginous-nodule-rich gravel lag at the
land surface indicating an increases sediment residence times (Figure 31).
Gamma Ray Spectrometry used as part of current mapping initiatives over the adjoining
Cargelligo 1:250,000 scale geology sheet discern the Lachlan River Floodplain from
aeolian sandplains (Figure 30) and bedrock dominated terrain from quaternary sediment
cover including depositional plains and sand plains. Radiometric images of the
adjoining Cargelligo 1:250,000 scale mapsheet share similarities with features in the
Bland Basin (Figures
30 & 31).
Figure 30: Gamma-ray
spectrometric data for the
Cargelligo
1:250,000
map
area
with
spectrometric responses
differing according to
landscape, landform and
sediment
transport
pathways.
Gamma-ray
spectrometry from the
Cargelligo
1:250,000
map identifies similar
regolith-landform
features seen in the B-Q
Transect. Sourced from
Meakin, 2001.
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Cfa
Aap

Caragabal Creek

Aaf

Afa

Cfa

Yiddah and Gagies Creeks
Way Way Creek

Afa
Aap
Afa

Aap

Aaf
Burrangong Creek

Barmedman Creek
Bland and Narraburra Creeks

Figure 31: Gamma-ray spectrometric image of the B-Q Transect area showing sediment
distribution pathways and differences in bedrock composition. Afa – Alluvial fans, Aaf –
Alluvial floodplains, Aap – Alluvial plains, Cfa – Colluvial fans, SSeh – Bedrock hill, SSer –
Bedrock rise. Courtesy of Geoscience Australia.

Digital Elevation Model
Digital elevation models (DEMs) are an important tool in determining elevations and
the general topography of the mapping area (Brodie & Lane, 2003). The DEM image
(Figure 32) demonstrates the overall subdued topography over the Bland Creek,
Burrangong Creek, Wah Way Creek, and Barmedman Creek floodplains, which contrast
with the eastern, southern and western margins of the B-Q Transect mapping area. The
elevated margins of the mapping area consist of the Weddin Ranges (eastern margin),
Boginderra Ranges (southern margin) and the Booberoi Hills (north western margin)
(Figure 32). Anthropogenic influences are visible on the DEM image with several roads
and railway segments visible, particularly when these structures cross drainage systems,
abandoned alluvial channels and floodplains. ‘Paddock’ and ‘canopy’ effects (Brodie &
Lane, 2003) are also visible on the slopes of slightly sloping terrain found immediately
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to the west of the Weddin Ranges (Figure 32) and are artefacts related to the method of
acquisition relating to the detection of the tree canopy or scatter related to ploughed
paddocks (Brodie & Lane, 2003). These artefacts demonstrate that existing DEMs are
insufficient to resolve small changes in elevation and reduce the usefulness of DEMs
when applied to regolith-landform distribution of alluvial plains and floodplains, not
only at paddock and farm scales.

Figure 32: Digital elevations over the B-Q transect area showing the subdued topography
across most of the mapping area. Isolated bedrock rises in the mapping area correspond to the
Yiddah and Booberoi Hills to the west and the Curraburrama State Forest in the centre. A
broad alluvial fan located between Quandialla, Bribbaree and Bimbi is visible draining to the
west. Courtesy of Geoscience Australia, 2002.
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Airborne Electromagnetics
Airborne Electromagnetics (AEM), has the ability to map many of the landscape
attributes relevant to salinity management including the spatial distribution of salt stored
in the regolith (Sattel, 2003, Tan et al., 2002, Buselli et al., 2003. Green, 2003, Macnae
et al., 2003). AEM flown over the Liverpool Plains (located to the north of the mapping
area) yielded valuable information regarding several aspects of its application to salinity
detection (George et al., 1999)(Figure 34).
•

Evidence gained from the Liverpool Plains (Figure 33) indicates that AEM
combined with radiometrics can be used to identify soils that are highly
susceptible to saline outbreaks.

•

In conjunction with drilling information it can determine the method of salt
storage in the regolith such as matrix and mobile or lithologically bound.

•

AEM can also determine if high conductivities are either linked with percentage
clay content (moisture retention) or concentrations of Na+ and Cl- ions

•

Comparisons between early, middle and late time apparent conductance give a
qualitative, three dimensional measure of the distribution of salt.

Statistical analysis of AEM has allowed for reasonable estimates of groundwater
salinity to be quantified (Brodie et al., 1999). Interpreted water resource target maps
compiled from AEM data have yielded accurate discrimination between low salinity
groundwater and high salinity groundwater and
geological structures significant to groundwater
flow (Brodie et al., 1999).
A basement high located in the Liverpool Plains
area (Figure 33) is suspected of causing pooling
in groundwater. Such a basement high is also
defined on the Forbes Depth to Slightly
Weathered Bedrock map (Figure 22).

Figure 33: Location of the Liverpool Plains in
relation to the B-Q Transect. Red line denotes B-Q
Transect area. Modified from White, 1999.
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Figure 34: Apparent conductivity from the
Liverpool Plains. AEM images give good
qualitative indications of the three dimensional
distribution of conductivity. Bright parts of the
image correspond with highly conductive terrain
with the type of colour present indicative of
depth. From. Brodie et al., 1999.

Satellite Imagery
Remotely-sensed imagery has been widely
used in the geological community for
geological,

soil

and

regolith-landform

mapping (King, 1998, Raymond et al., 2000,
Raymond et al., 2000, Raymond et al.,
2000, Bacchin et al., 1999, Chan & Gibson, 1999) with current examples including
geological mapping of the Nyngan and Walgett (Watkins & Meakin, 1996) and
Cargelligo (Meakin, 2001) 1:250,000 scale map sheets.
A variety of satellite imagery sources are publicly accessible and a variety of imagery
types can be used to assist with regolith-landform mapping or provide a method for
validating and testing the accuracy and reliability of completed regolith-landform maps.
Satellite imagery will be used in the regolith-landform mapping process for this project
for several reasons:
•

Complete regional to local coverage, often at large-scales is ideal for regolithlandform mapping (Holzapfel & Moore, 2002).

•

Acquisition of areas of the visible, near infrared and thermal infrared sections of
the spectrum gives more information and supplements conventional aerial
photography (DOLA, 1996, DOLA, 1999).

•

Additional spectral information with vegetation and soil moisture used as
surrogates for detecting changes in regolith characteristics and landforms
(Holzapfel & Moore, 2002).

•

Provides additional information on vegetation, hydrology and moisture contents
in regolith materials (Holzapfel & Moore, 2002).
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LANDSAT TM and ETM+
LANDSAT has been a long term imagery resource since the late 1960’s enabling high
to medium resolution acquisition at regular intervals (revisit frequency of 16 days) for
temporal studies (DOLA, 1996, 1999). LANDSAT satellites 5 & 7 have been in
operation since 1984 and 1999 respectively with multispectral characteristics available
in 7 bands. The resolution of LANDSAT 5 (Thematic Mapper - TM) is reduced
compared with the more recent LANDSAT 7 (Enhanced Thematic Mapper - ETM+)
which has a combination of 30-60 m resolution TM data merged with a 15 m
panchromatic band (Appendix E, Table 54). LANDSAT 5 & 7 can detect changes in
mineralogy, moisture content including changes in vegetation (Table 15). LANDSAT 5
& 7 are both valuable tools that have been used in assisting with geological and
regolith-landform mapping at scales greater than 1:10,000 scale (Gibson & Chan 2000,
Gibson & Chan).

At scales larger than 1:10,000 LANDSAT does not have the

resolution required for paddock-scale mapping (Wang 2003, pers.comm., Holzapfel &
Moore, 2002). The use of LANDSAT imagery in conjunction with SPOT would allow
for enhanced resolution and a multi spectral coverage allowing for increased data
gathering capabilities (Appendix E, Tables 54 & 55).
Table 15: Summary of LANDSAT 5 and 7 band characteristics. Summarised from ACRES 2003
& AGRECON, 2000.
Band Colour

Band
(µm)

Resolution Application
(m)

1

Blue

0.450.52

30

Soil/vegetation discrimination and
deciduous/coniferous forest
discrimination.

2

Green

0.520.60

30

Growth/vigour indication for
vegetation and sediment estimation.

3

Red

0.630.69

30

Crop classification and ferric ion
detection.

4

Near Infrared (NIR)

0.760.90

30

Biomass surveys and water body
delineation.

5

Shortwave Infrared
(SWIR)

1.551.75

30

Vegetation moisture and snow-cloud
differentiation.

7

Shortwave Infrared
(SWIR)

2.082.35

30

Hydrothermal mapping, rock/soil type
discrimination for mineral and
petroleum industry.

6

Thermal Infrared
(TIR)

10.412.5

60

Thermal mapping, plant stress, and
land-use discrimination.

Pan

Panchromatic band

0.52 0.90

15

Only available with LANDSAT 7
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SPOT
SPOT (Satellite Pour l'Observation de la Terre) has been a long-term imagery resource
since the 1970’s (SPOT 1) enabling high to medium resolution acquisition at regular
intervals (revisit frequency of 26 days). The SPOT 2 satellite has been in operation
since January 1990 with both panchromatic and monochromatic characteristics
available (Appendix E, Tables 55 & 56). SPOT 2 resolution is greater compared with
TM or ETM+ imagery and allows for a pixel size of approx 10 m resulting in enhanced
resolution at larger-scales (Appendix E, Tables 55 & 56). SPOT 2 can detect limited
moisture content or vegetation information, albeit in a more generalised manner
compared with LANDSAT 5 & 7. With a resolution of 10 m, SPOT is a valuable tool
in assisting with regolith-landform mapping at scales smaller than 1:10,000 scale but
does not have the resolution required for paddock-scale mapping (Holzapfel & Moore,
2002).

ASTER
Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) has been
a recent imagery resource since 1999 enabling the acquisition of multispectral
information at medium resolution with a revisit frequency of 16 days. The ASTER
satellite has 14 bands available giving an enhanced multispectral capability compared
with LANDSAT 5 & 7 (7 bands). ASTER resolution is comparable with both SPOT 2
and LANDSAT ETM+ imagery. Three different pixel sizes exist depending on the
different bands (Appendix E, Table 55). The resolution of ASTER imagery coupled
with the multispectral capability allows for regolith-landform mapping at larger-scales
and can detect a wide variety of features due to its multispectral capability including the
discrimination between various minerals in addition to moisture content and vegetation
information (Table 16). With a variable resolution between 90 m and 15 m, ASTER is a
valuable tool in assisting with geology as well as regolith-landform mapping at scales
below 1:10,000 scale (Hewson & Creasey, 2002, Hewson et al., 2003, Wang 2003, pers.
comm.).
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Table 16: Spectral range of ASTER bands and mineral groups detectable using specific bands.
Sensor Range
(Um)
Visible near infrared (VNIR)
1
2
3
3a Backward looking
Shortwave Infrared (SWIR)
4
5
6
7
8
9
Mid or Thermal Infrared
(MIR or TIR)
10
11
12
13
14

0.52 – 0.60
0.63 – 0.69
0.76 – 0.86
0.76 – 0.86
1.6 – 1.7
2.145 – 2.185
2.185 – 2.225
2.235 – 2.285
2.295 – 2.365
2.360 – 2.430

8.125 – 8.47
8.475 – 8.82
8.925 – 9.27
10.25 – 10.9
10.95 – 11.6

Features Detectable
Iron oxides including Hematite and
Goethite. Vegetation.

(OH) bearing minerals
Clays such as Montmorillonite, Illite
and Kaolinite
(phyllosilicates),
sulphates
Carbonates

Silicates: Quartz, feldspars, garnets,
pyroxenes
carbonates
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Chapter 4 – Dryland Salinity
Introduction
Dryland salinity is a major issue through central New South Wales and increasingly
throughout the rural communities of Australia with significant damage to agricultural
lands and infrastructure set to rise the coming decades (NSW Government, 1997 &
2000). Dryland salinity is caused by increased rates of groundwater recharge and
subsequent groundwater rise caused by changing component(s) within the catchment
(Walker et al., 1999, Stirzaker et al., 2000). Frequently, groundwater rise has been
caused by clearing of native vegetation for the purposes of European style farming,
grazing and cropping and replacement of the native vegetation with exotic annual
grasses or crops with different water requirements. The resultant increased recharge
and groundwater rise remobilises salt to or near the surface, which has a toxic effect on
many plant and tree species (Table 18). As well as vegetation being affected, rivers and
other drainage systems are being affected by the poor quality of the water entering the
waterways.
Units Of Measurements
The quality of both groundwater and surface water is determined by the degree of
soluble salts in the surrounding geology and regolith. Groundwater salinity is usually
measured with an Electrical Conductivity meter determining the amount of soluble salts
based on the degree of conductivity of a solution. The broad range of groundwater
information examined from Commonwealth, State, local government and commercial
sources has presented salinity measurements in different styles. For the purposes of
comparison different units have been converted where possible to dS/m (Table 17).
Table 17: Conversion units for salinity.
Conversion units from dS/m (deciSiemens per metre)
mS/m = dS/m x 100 milliSiemens per meter
µS/m = dS/m x 1000 microSiemens per metre
ppm = dS/m x 640 (accepted average of salt solution) parts per million.
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Table 18: Salinity tolerances of different vegetation types. From McInnes, 1995, Taylor, 1993.
Salinity level (dS/m)

Tolerances

550.0

Dead Sea

58.0

Pacific Ocean

28.0

Barley grass ceases growing

23.0

Maximum for drinking water (sheep)

20.0

Wheat ceases growing

18.0

Phalaris ceases growing

17.0

Lucerne ceases growing

16.5

Maximum for drinking water (cattle)

8.0

Barley Grass yield declines

7.5

Maximum for drinking water (pigs)

6.0

Wheat yield declines

5.8

Maximum for drinking water (poultry)

2.5

Maximum for human consumption

Two major types of salinity are of particular interest to the B-Q Transect area include:
•

Dryland salinity and

•

River salinity:

Dryland Salinity
Dryland salinity occurs where there has been removal or loss of native vegetation, and
subsequent replacement with shallow-rooted crops or pastures with different and usually
reduced water use requirements. The replacement of vegetation results in reduced plant
water use and a greater degree of groundwater recharge. The groundwater is therefore
able to rise to near the ground surface where it can form discharge areas. As ground
waters rise to closer than two metres of the surface, salts enter the plant root zone. Even
if the ground water is low in dissolved salts, resultant waterlogging can kill vegetation.
Evapotranspiration is also possible close to the surface and will continue to concentrate
and precipitate salts at or near the surface. Estimations from the NSW Salinity Strategy
(2000) state that the area of land affected by dryland salinity in NSW lies between
120,000 and 174,000 hectares. The Murray-Darling Basin Salinity Audit (1999) states
that the area of land affected by salinisation could increase to 2-4 million hectares by
2050 in the NSW section of the Murray-Darling Basin given current land-use and
clearing practices.
The Bland Creek catchment has had a long history of dryland farming practices with
tree felling occurring early in the 1900’s (Martin, 2001). DIPNR bore monitoring sites
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and associated hydrological studies (Table 13) have shown a rise in water tables from a
few metres to a few tens of metres. Several sites have been determined by DIPNR to be
subject to dryland salinity including the ‘Back Creek’ and ‘Strathairlie’ areas.

River Salinity
River salinity is caused by saline discharge from dryland and irrigation salinity into
creeks and rivers. Creeks draining into the Bland Creek catchment typically have
values between 1-2 dS/m (Muller 2002 pers. comm.) and are ephemeral with stream
flow into Lake Cowal only occurring during flood events every 1-2 years. This has
implications for river salinity as floodwaters would initially have very high salinity
values.
Sources of Salt in the Landscape

Ocean Derived Aerosols and Aeolian Transport
Cyclic salts as the name implies are salts that are recycled in the landscape and come
from sources including wind blown dust or parna and salts such as aerosols. Ocean salts
can be deposited as aerosols and are interpreted to be carried inland from the east and
south east of Australia and are deposited by rainfall. Parna or clay dust and aggregates
are another source of salts and can be sourced from a variety of localities including
proximal deflated lakes and watercourses and more distal origins including the arid
interior. The accumulation of parna over time has resulted in the accumulation of a
significant storage of salt within the landscape with the accumulation of parna most
active during periods of glaciation (Brookfield, 1992, Hesse, 1994, Humphreys et al.,
2002). Aeolian influences are of particular interest to the B-Q Transect as previous
regolith-landform and soil mapping (Gibson & Chan 2000, Munday et al., 2000) make
mention of Aeolian deposits such as wind-deflated dunes and the presence of parna
within soil profiles. Gamma-ray spectrometrics images of the Forbes 1:250,000 scale
map sheet (Raymond et al., 2000, Gibson 2002, pers. comm.) delineated large
potassium-rich source bordering dunes on the eastern margins of Lake Cowal to the
north of the B-Q Transect. These dunes are much larger than the current extent of Lake
Cowal indicating both the effects of climate change affecting the size of Lake Cowal
and aeolian transport during times of aridity.

Connate Salts
This type of salt is sourced from groundwaters and pore fluids found in the bedrock.
These salts may already be present as trapped saline solutions or as fossil water present
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at the time of lithification. Although connate waters are still a valid method of salt
introduction into the regolith profile, sedimentary rock types located over the B-Q
Transect area have been regionally metamorphosed and are Ordovician to Late Silurian
in age. As a result no Cl- would be liberated on weathering.

Weathered Salts
This type of salt is sourced from the weathering and breakdown of bedrock releasing
constituents into soluble salt forms. The bedrock types present in the B-Q Transect area
include metasediments, volcanics and granitoids which weather to yield low chloride
ion concentrations with higher proportions of carbonates and sulphates. The weathering
and breakdown of bedrock may also yield clays with high cation exchange capacity and
the risk of saline soils. Current salt loads in the Bland Basin are inferred to be related to
the storage of aeolian derived salts (Evans, 1998) and salt transported by stream flow
(Muller 2002, pers. comm.).
Salinity Indicators
Indicators of saline conditions include vegetation distribution and health as a number of
various plant species are affected by the presence of salt in the root zone.

The

proportion and density of plant species, and the manner in which they change can give
an indication of the depth and magnitude of the salinity problem. Several key dryland
salinity indicator species are found in the B-Q transect area (Table 19) including salt
tolerant vegetation.
Table 19: Summary of Indicators Relevant to Dryland Salinity.
Indicator

Description

Waterlogged soils and
discharging runoff.

Waterlogged soils do not necessarily indicate saline ground, however it is a
useful indicator of how close the watertable is to the surface.

Bare patches of soil

Toxic levels of salt in the surrounding vegetation will result in bare patches and
will become progressively larger increasing the potential for erosion.

Stressed tree species,
yellowed grasses

Symptoms of saline ground include poor or uneven plant germination and
growth. Longer term consequence includes changes in pasture composition to
water tolerant and salt tolerant species with tree death in low-lying areas.

Salt licks

Efflorescing of salts on the surface result in a hard crust or puffy soils.

Very clear dam waters

Although not a conclusive test, clear dam waters can indicate the presence of
saline waters as salt actively flocculates clay particles.

Vegetation indicators

Vegetation indicators are important for the detection of dryland salinity as each
plant species has different tolerances to salt concentrations in the soil profile,
and coupled with different depths of root penetration provide information about
the lateral and vertical limits of saline ground. A list of indicator species in
central west NSW includes: Sea Barley (Critesion marinum), Couch (Cynodon
dactylon), Cumbungi (Typha spp), Salt Sandspurrey (Spergularia marina),
Curley Ryegrass (Parapholis incurva), Annual Beard Grass (Polypogon
monspeliensis) and Spike Rush (Juncus acutus).
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Soil Sodicity
Both soil sodicity and salinity are closely related problems in part caused by the
presence of too much salt in the soil profile. Sodic and saline soils have different
problems associated with them and require different management techniques.
Saline soil becomes sodic through the leaching of salt through the soil profile
(Rengasamy & Walters, 1994). As the salt is dissolved through the soil profile some
sodium is left behind, bound to clay particles.

The bonding to the clay particles

displaces cations such as calcium. This method of sodium uptake by clay particles
builds up in the soil and interferes with soil structure as the dispersed clay particles can
move through the soil profile blocking soil pores and reducing infiltration (Rengasamy
& Walters, 1994).
The degree of sodium and salt left in the profile determines the sodicity. The soil can be
categorised as non-sodic (very little sodium), sodic (a high level of sodium) or saline
and sodic (very high levels of sodium and salt).
Sodicity can occur at any depth in the soil profile, although in many soils that are
agriculturally productive, a sodic layer commonly exists below the root zone.
Symptoms are heavily dependant upon the depth, climate (rainfall) and slope
(Rengasamy & Walters, 1994).
Regional-scale soil mapping (King, 1998) mentions of the presence of sodic soils and
the potential hazard of sodic soils located on floodplains and backplains. Given the
large areas subject to seasonal flooding and the current salinity values of the creek
systems within the B-Q Transect area, there is a risk of sodic soil formation and the
storage of appreciable quantities of salt in the soil profile close to floodplains, back
plains and swamps (Gibson, 2002 pers. comm., Muller, 2002 pers. comm.).
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Chapter 5 - Methods
Regolith – Landform Mapping
Regolith-Landform Mapping Schema
Regolith-landforms were characterised according to the classification scheme of Pain et
al. (2000) which recognises regolith materials as in situ, colluvial or alluvial and
classifies these materials along with landforms. Modifiers used in the descriptions
include the general composition, typical land-use and characteristic native vegetation on
a regolith-landform unit, in addition to the physical dimensions and gradients of the
related landscape features (Figure 35).
Original mapping extents of the B-Q Transect mapping areas were recommended by
DIPNR staff (Wooldridge 2000 pers. comm., Muller 2000 pers. comm.). The 1:20,000
scale mapping areas targeted areas of current dryland salinity outbreaks, namely the
Back Creek area at the base of the Booberoi Hills and the ‘Strathairlie’ area located
south of Quandialla.
Figure 35: Regolithlandform classification
scheme descriptor with
accompanying
explanatory notes. After
Pain et al., 2000.

Field Mapping
Field mapping was accomplished over four separate one-week field surveys between
2000 and 2003. Two additional final surveys were dedicated to field checking regolithlandform polygons and landform extents.
during both summer and winter seasons.

Field mapping surveys were conducted
Two additional field surveys, each

approximately a week in duration were carried out in the summer and autumn of 2003
for the purposes of undertaking TEM (NanoTEM) and seismic refraction surveys
respectively.
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Aerial photography with clear film overlays was used extensively over the 1:20,000
scale map area extents but coverage did not extend to the full 1:50,000 scale B-Q
Transect map area. Satellite imagery was used to fill in the remaining areas.
Field traverses were undertaken principally along access routes including roads, vehicle
tracks and internal farm tracks and numerous field observations were made off access
tracks on foot (Figure 36).
Informal interviews were conducted with several farm owners across the B-Q Transect
(Table 20) revealing accurate and reliable details about water levels, water quality, long
term changes to crop productivity and changes to drainage on a farm-scale. Farmers
were enthusiastic in supporting field mapping activities and were keen to understand the
reasons behind the variable groundwater quality and were searching for ways to
mitigate the effects of drought such as soil loss and locating potential potable
groundwater reserves. Field sites were located using a combination of aerial photograph
overlays and satellite imagery plots. Field observations were taken at each site detailing
landscape position, vegetation and regolith characteristics.
Table 20: Properties that have provided anecdotal information about the location, depth and
quality of groundwater in the B-Q Transect.
Property

General location

Comments

‘East Lea’

South of the Booberoi Hills.

Quality of groundwater in the northern
section of the B-Q Transect.

‘Laurella’

South of the Booberoi Hills.

Quality of groundwater in the northern
section of the B-Q Transect.

‘Strathairlie’

Between Quandialla and the Eurabba
State Forest.

Depth, location and quality of groundwater
in the eastern section of the B-Q Transect.

‘Eurabba’

East of the Eurabba State Forest.

Depth, location and quality of groundwater
in the eastern section of the B-Q Transect.

‘Glenrock’

Between Burrangong Creek and Bimbi.

Quality of groundwater in the eastern
section of the B-Q Transect.

‘Timberscombe’

Between Warralonga Cowal and Bland
Creek.

Location and quality of groundwater in the
northern section of the B-Q Transect.

Map Compilation
Several steps were used for each map to progress from field mapping observations to
the final map product. The map compilation process was iterative in nature with some
changes occurring after each field survey. A summary of the compilation process is
outlined below.
•

Clear film overlays set over satellite imagery or aerial photography were used
for the two 1:20,000 scale maps and the 1:50,000 scale map. The 1:20,000 map
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areas were originally compiled at 1:10,000 scale. The smaller-scale map was
compiled at 1:50,000 scale.
•

The two 1:20,000 scale areas were mapped and compiled first followed by the
1:50,000 scale area. The two large-scale map areas were then used to compile
the smaller-scale 1:50,000 scale map on clear film overlay. Generalisation of
selected feature types was achieved at this point due to the differences in scale.

•

GILMORE Project regolith-landform mapping was used initially as a guide to
highlight changes in landscape position and general changes in regolith type.
Use of GILMORE Project regolith-landform descriptions also assisted in
forming a basic legend which was used to record field observation.

•

Cultural features including roads and hydrology features were also copied onto
separate clear film overlays and provided added reference when defining the
extents of polygons.

•

After field verification, substantial additional changes were made.

•

Final legend information and regolith descriptions were compiled from field
observations and input from previous large-scale soil mapping (King, 1998,
DIPNR, 2002) and GILMORE Project regolith-landform descriptions (Gibson &
Chan, 2000).

•

The clear film overlays were then copied to paper for each of the two 1:20,000
scale maps and the 1:50,000 scale map. The end products were then given to the
Geospatial and Audio Visual Section (GAV) of the National Mapping Division
(NMD, Geoscience Australia). The hardcopy maps were scanned, reduced in
scale, digitised and converted to both hardcopy and digital products.

•

Hardcopy maps were provided to allow for changes to be made and for final
field checking.

•

The completed maps were produced as both hardcopy and digital information
(supplied in arc export format). The digital supply of the completed map data
allowed for comparisons of landform type and regolith characteristics to be
made against remotely-sensed products in a GIS environment for validation and
checking.
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Map Reliability Diagram
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Figure 36: Reliability diagram of
regolith-landform mapping field sites.
Field sites are commonly restricted to
roads and vehicle tracks with the highest
density of field locations situated in the
1:20,000 scale map areas. Topographic
map background courtesy of NMD,
Geoscience Australia, 2003. Note that
some roads shown on the topographic
map background no longer exist or
represent private farm tracks.
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Remotely-Sensed Sources
Scanned and ortho-rectified aerial photography and selected satellite imagery
incorporating SPOT, LANDSAT and ASTER have been used extensively for the
compilation and verification of the compiled 1:50,000 scale and 1:20,000 scale regolithlandform maps.

Aerial photography at a variety of scales (Table 22) was used

extensively in the mapping and compilation of the 1:20,000 scale regolith-landform
maps.

Satellite imagery including ASTER, SPOT and LANDSAT was also used

extensively in the mapping and compilation process at 1:20,000 and 1:50,000 scales.
Remotely-sensed imagery and aerial photography provide high to medium resolution
information about vegetation cover, soil type and due to the larger-scales, offer sound
landform analysis.
Aerial Photography
Aerial photography after processing (Table 21) was used extensively at several stages of
the regolith-landform mapping process in conjunction with LANDSAT and SPOT
imagery:
•

Originally, aerial photography was plotted at 1:10,000 scale across both the
1:20,000 scale map areas for use in the field. Aerial photography coverage was
restricted to the 1:20,000 scale map extents and selected areas of the Bland and
Barmedman Creeks.

•

Aerial photography was used as a digital and hardcopy backdrop in the map
compilation process using clear film overlays.

•

Scanned and digitised aerial photography were used to compare and validate the
final 1:20,000 and 1:50,000 scale maps. Aerial photography was used to assess
the horizontal accuracy of polygons and determine if any mis-registering of the
final map products had occurred. Aerial photography was also used to assess if
selected regolith-landform polygons were attributed correctly before final
printing.

Page 73

Part 2 Methods and Results - Chapter 5 - Methods

Table 21: Processes performed on available black and white and colour aerial photography.
Process

Comments

Sourcing from
authoritative
agencies

Aerial photography was acquired from State and Commonwealth agencies
(Table 22) in hardcopy photo format as black and white and colour 24 cm x 25
cm prints.

Photocopying
and scanning

Photos were scanned at 350dpi and converted to .tif file format for use in a GIS
system.

Geocoding

Due to overlap (approximately 60%) between frames, every second scanned
image was then geo-referenced and ortho-rectified into .img file format using
SPOT scenes and ARCGIS software. Road and fence junctions and large
individual trees were used as reference points with horizontal error margins
comparable to that of level 10 ortho-rectified SPOT imagery (approx. 20-40 m).

Rectification

The georeferenced .tiff files were then warped to correct for spherical aberration
and mosaiced together. On average, greater than 25 ground control points (GCP)
were used for each aerial photo to ensure accurate ground control and ensure
consistent warping. The combined resolution of the aerial photographs is
approximately 4 m which is twice that of the SPOT imagery (14 m), although the
horizontal accuracy is the same as the SPOT (approx. 20-40 m).

Table 22: Summary of aerial photography examined covering the B-Q Transect.
Source

Type

Scale
(Approx)

Height
(A.S.L)

Date

Runs

Run #

ID #

CRC
LEME
(GA)

B/W

1:80,000

25,000 (ft)

10/12/67

1, 8

7018

2152, 2195

DIPNR

Colour

1:50,000

8138 (m)

04/09/93
05/09/93

4,5,6

4157

62, 63, 64,
65, 66, 83,
84, 85, 86,
114, 115,
116, 117,
118

DIPNR

B/W

1:50,000

4907 (m)

20/10/78

1,2

2726

301, 302,
303, 304,
339, 340,
341, 342

DIPNR

B/W

1:50,000

8077 (m)

09/08/86
10/08/86

1,2

3531

12, 13, 14,
15, 16, 17,
18, 73, 74,
75, 76, 77,
78
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Imagery

SPOT and LANDSAT
SPOT and LANDSAT imagery was supplied from the Australian Centre for Remote
Sensing (ACRES) via the National Mapping Division (Geoscience Australia) in .bil and
.img formats which are compatible with ARCGIS software. SPOT (Figure 180) and
LANDSAT (Figure 190) imagery was contrast stretched and georeferenced with
horizontal precision generally within 20-40 m (Wang 2003, pers. comm.). Dates of
acquired SPOT imagery vary (Table 56) between 1993 and 1997. Dates of acquired
LANDSAT imagery vary between 1995 and 2003 (Table 57) and have been acquired in
both summer and winter seasons. Very little difference in vegetation can be noticed
between the various ETM+ and SPOT imagery swaths. This is not the same for TM
scenes with strong differences in vegetation due to seasonal differences (Figure 191).
SPOT and LANDSAT imagery was used extensively to undertake preliminary
reconnaissance of regolith materials and landforms both at 1:50,000 and 1:20,000 scales
and supplement aerial photography within the 1:20,000 scale map areas and provide
total coverage for the 1:50,000 scale map extents. Later validation and testing of the
1:20,000 scale and 1:50,000 scale regolith-landform maps was also undertaken (Figures
108 & 109).

Processing of SPOT and LANDSAT
SPOT and LANDSAT 5 (TM) & 7 (ETM+) imagery was used at several stages of the
regolith-landform mapping process:
•

Originally, SPOT and LANDSAT 5 (TM) & 7 (ETM+) imagery was plotted at
1:25,000 scale across the whole of the B-Q Transect area for field investigation
purposes and to locate prominent regolith-landform boundaries.

•

SPOT and LANDSAT imagery was used as a digital and hardcopy base in the
map compilation process.

•

SPOT and LANDSAT imagery was used to compare and validate the final
1:50,000 and 1:20,000 scale maps. Imagery and aerial photography were used
to assess the horizontal accuracy and attributes of polygons and determine if any
mis-registering of the final map products had occurred.

•

LANDSAT imagery was also used to assess catchment sizes with catchment
analysis useful in relating sizes of alluvial fans with current catchment areas
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•

Riparian vegetation, vegetation vigour and degree of land clearing were also
assessed using LANDSAT as selected vegetation characteristics were used as a
mapping surrogate for selected regolith units.

ASTER
Recent ASTER Level 1B imagery (Tables 61 & 62) covering the B-Q Transect was
ordered from the NASA website (http://asterweb.jpl.nasa.gov/) in mid 2002 and was
supplied free in .hdf format on 9 CD’s. Level 1B (image radiance) comprises the raw
sensor data (A1) and incorporates applied radiometric and geometric coefficients.
Acquired ASTER imagery was supplied in .hdf format which is compatible with ENVI
and ERmapper software but incompatible with IMAGINE and ARCVIEW software.
For this reason the imagery was converted to .img format facilitating easier
interpretation using ACRVIEW software. As a result of the conversion to .img format,
separate files had to be created for very near infra-red (VNIR), short wave infra-red
(SWIR) & thermal infra-red (TIR) bands, primarily due to the difference in resolution
(Wang 2003, pers. comm.). As the total 14 bands were divided into the three groups no
comparisons could be made between bands outside of their groups. This resulted in
only superficial comparisons. A summary of converted files is included (Tables 61 &
62). A total of 42 ASTER .hdf files were converted into 168 .img files. Of these, only
7 .hdf scenes covered sections of the B-Q Transect mapping area (Tables 61 & 62) and
of these only 2 .hdf scenes or the equivalent 6 .img files were required. Dates of
acquired ASTER imagery vary (Tables 61 & 62) between the summer months of 2000
and 2001. Difference in vegetation can be noticed between the various ASTER swaths.
ASTER imagery was not used to undertake preliminary reconnaissance of regolith
materials and landforms but was used in later stage validation and testing of the
regolith-landform maps.

Drill Holes
Numerous drill hole logs exist over the B-Q Transect and are sourced from a variety of
Commonwealth, State and commercial organisations (Table 62). Drill holes over the BQ Transect are widely distributed with the highest concentrations and closest drill
spacings located close to West Wyalong and Barmedman reflecting the continued
interest in the historical mining past of the Wyalong Goldfields (Lawrie, 1999, Lawrie
et al., 1999, Leslie et al., 2000, Mackey et al., 2000, Nationwide Resources Pty Ltd,
1985, Palmer & Jones, 2003, Sattel, 2003).
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Data quality varies greatly between drill log data sets with the poorest quality regolith
descriptions attributed to commercial sources (Table 23). The highest quality results
were attributed to the Gilmore Project data with other Commonwealth and State drill
datasets exhibiting good to fair quality with descriptive notes (Table 23).
A number of sources (Table 23) were used to compile depth to bedrock diagrams with
in excess of 223 drill hole examined. Of this number, only 184 were used in the
compilation of the numerous cross section diagrams (Table 62).
Examination and compilation of drill hole data as part of this study has been used in a
variety of roles and was necessary for several reasons:
•

The depth of transported material reduced the effectiveness of using the regolithlandform maps as a sole tool for indicating potential dryland salinity areas.
Strong variation in regolith materials with depth was noted, including buried
palaeochannels which play an important role in local and intermediate
groundwater flow regimes.

•

Drill hole examination constrains the three dimensional characteristics of
regolith distribution and is an important tool in ground-truthing remotely-sensed
geophysical methods including electrical conductivity (NanoTEM, AEM), and
magnetics. Knowledge of subsurface features and characteristics such as depth
to water level (SWL) or the presence of aquifers (sands) and aquitards (clays)
provided by drill hole data has assisted in interpreting the different geophysical
results.

•

The compilation of drill hole diagrams illustrate not only depth to basement but
any discernable differences in transported sediments with depth including
palaeochannels (aquifers) and clay lenses (aquitards).

•

The compilation of drill hole diagrams extends the usefulness of previously
compiled drill hole information used to derive depth to slightly weathered
bedrock information (Raymond et al., 2000) and hydrology studies (Anderson et
al., 1993) southwards onto the 1:250,000 scale Cootamundra map area.

•

Drill hole interpretation has assisted in the development of a palaeotopographic
reconstruction model similar to the GILMORE Project (Lawrie et al., 2003). By
developing a palaeotopographic model of the B-Q transect it will extend
knowledge of sub-surface changes and development history across the
remainder of the Bland Basin.
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•

Drill hole interpretation has assisted in the development of a shallow fluid flow
model across the B-Q Transect.

Table 23: Source information for drill hole analysis with additional comments on the
usefulness, accuracy and reliability of the data.
Type

Source

Comment And Data Quality

Commercial

Aurion Gold Pty
Ltd

Drill log information supplied from company offices.
Generally good to fair quality data although highly
generalized due to database format. Drill log information
recorded with little knowledge of regolith principles. Grain
size descriptions sometime inaccurate. Bedrock information
not supplied.

Newcrest
Mining Pty Ltd

Drill log information supplied from company offices.
Generally good to fair quality data although highly
generalized due to database format. Drill log information
recorded with little knowledge of regolith principles. Grain
size descriptions sometime inaccurate. Bedrock information
not supplied.

Central
Tablelands Water

Quandialla Borefield Log information supplied from
Central Tablelands Water. Good quality drill log and water
quality data in an accessible format.

DIPNR (formerly
DLWC and Dept.
of Water
Resources)

Piezometer, monitoring bores and stratigraphic bore
information. Groundwater and stratigraphic bore
descriptions are of good quality (in hardcopy format only).
Difficult when converting to GIS.

NSW
Department of
Mineral
Resources

Open file mine report information is easily accessible. Drill
log information generally fair to poor quality with drill log
information recorded with little knowledge of regolith
principles. Some descriptions are highly generalized or
inaccurate. Difficult when converting to GIS.

State
Government

Commonwealth BRS: Bureau of
Government
Rural Science.

GA: Geoscience
Australia
(Incorporating
GILMORE
Project
information).

Drill log, sediment and groundwater information. Good to
excellent quality data and highly detailed in digital format
making conversion to GIS relatively easy. Drill log
information recorded with sound to very good knowledge of
regolith principles. Grain size descriptions accurate.
Drill log, sediment, groundwater and geophysical
information. Good to excellent quality data and highly
detailed. In digital format making conversion to GIS
relatively easy. Drill log information recorded with very
good knowledge of regolith principles and verified using
several techniques. Grain size descriptions accurate.
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Drill Hole Data Integration and Quality Issues
•

Drill results were compiled from reports and sorted into Commercial, Private,
Local, State or Commonwealth sources (Table 62). Hardcopy information was
entered into tables which were later converted into shapefiles and were
displayed visually using ACRGIS software (Figure 102). Information already
supplied in digital format was converted to shapefiles and displayed visually
using ACRGIS software (Figure 102).

•

The position of north-south and east-west oriented drill hole cross sections were
determined based on high concentrations of drill holes. Selected areas could not
be studied due to insufficient drill hole coverage (Appendix I).

•

A series of hand drawn preliminary drill hole comparisons including hole
position, depth and regolith characteristics were compiled and a basic
interpretation was then made.

•

The diagrams incorporating the preliminary drill analysis were then scanned at
200dpi. The scanned images were redrawn and annotated using Corel Draw.
Due to the difference in scale (V/H 0.25), vertical exaggeration is over
emphasized (Appendix I).

•

Due to the different sources and quality of information, matching grain size and
basic lithology information between drill holes of different origins was difficult.
A generalized set of descriptors to adequately match between drill holes of
different origins was designed and included the following generalized
descriptions: clay, silts, silty clays, sandy clays, clayey sands, sands, sandy
gravels, gravel, scree, silcrete, saprolite, weathered bedrock / saprock, and fresh
bedrock.

•

Colour variations, the presence of mottling or maghemite pisolites were noted in
selected drill logs but are not catered for with the basic descriptions. These
additional features are not shown on the cross sections. However, differences
between similar lithologies have been noted and shown as separate polygons.
This has resulted is a somewhat disjointed appearance where units of the same
type are located adjacent together but serve to show that difference exist
between drill hole points.
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•

Due to the different sources of information, a wide variety of methods and
descriptors were used to describe regolith materials, often with variable
reliability. For this reason a degree of interpretation was used when comparing
drill holes from different sources.

•

Although basic information such as rock type was widely (but not always)
available (with varying degrees of quality), additional information such as
colour, pH and grain size were rarely available.

•

Noting the depth to weathered bedrock was in some cases very difficult given
the basic drill log statements and the similarities between the composition of
transported sediments and weathered bedrock. As many of the exploration drill
program focus on obtaining fresh bedrock samples only, descriptions of the
overlying regolith and weathered bedrock transition were basic, misleading or
over generalized.

•

Matching grain size and basic sediment types between drill holes of different
origins was difficult as several commercial datasets relied on in-house, nonstandard descriptions. Adequate matching descriptions between drill holes of
different origins required the design of a generalized set of units.

•

Morphogenetic assumptions were made in several commercial drill logs without
adequately describing the physical characteristics of the materials. Mention of
‘lateritic’ or ‘lateritised sediments’ was made with no additional descriptive
comments.

•

The majority of traverses were compiled using State and commercial drill logs.
Selected GILMORE Project drill holes were used in some traverses but the
majority of GILMORE Project drill information was not incorporated as the
information was not freely available at the time of analysis (Gibson 2003,
pers.comm.).

•

Bedrock lithology was not divulged in several supplied commercial datasets for
reasons of confidentiality. This reduced the overall effectiveness of the traverses
as differences in bedrock topography or differences in the thickness of
weathered bedrock could not be explained in terms of bedrock composition.
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NanoTEM
Early time transient electromagnetics (TEM) is a well establish geophysical method
used for informing land managers about the spatial extent and magnitude of near surface
conductive features (Carlson & Zonge, 2003, Broadfoot et al., 2002).

The TEM

technique detects changes in conductivity including saline groundwater and saturated
clays which may indicate a potential salinity problem (Gibson 2003, pers. comm.).
TEM studies, specifically, early time (shallow) TEM studies have been completed in
recent years over a wide variety of landscapes including areas of substantial transported
regolith cover and the technique has worked well in delineating saline groundwater
stores in environmental studies (Barrett et al., 2002a&b, Broadfoot et al., 2002 Hatch et
al., 2002, Barrett et al., 2003). TEM data has already been acquired across sections of
the B-Q Transect by DIPNR but was not made available at the time of this research.
In addition to regolith-landform mapping, three shallow TEM traverses using the Zonge
NanoTEM system (Hatch et al., 2002, Hatch et al., 2003) were undertaken to assess the
extent of salinity in areas already deemed by DIPNR to be at risk or currently affected
by dryland salinity. Two of the traverses are located at the Base of the Booberoi Hills in
close proximity to piezometers installed along to ‘Back Creek’. The third traverse is
located parallel to the Stockinbingal to Parkes Railway and in close proximity to the
properties of ‘Eurabba’ and ‘Strathairlie’. All three of the traverses corresponded with
local piezometer networks installed by DIPNR and assisted in validating the results of
the NanoTEM surveys. The reasons for using early time TEM are summarised below:
•

To gain an understanding of how regolith features on the surface may vary with
depth.

•

To gain an appreciation of the methods of saline groundwater movement and
relate this to other traverse sites and formulate a model for shallow fluid flow.

•

Complement and value add to existing State and Commonwealth datasets such
as drill holes, groundwater and existing geophysical datasets as acquired by the
GILMORE Project to assist land managers in assessing mitigation strategies.

•

Understand and map in cross sectional view, possible near surface features
located above weathered bedrock interpreted to represent aquifers.

•

Compare TEM with other geophysical methods such as seismic refraction.
Comparison of data between different geophysical techniques would greatly
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enhance the knowledge base for land managers to draw from as well as validate
the effectiveness of both geophysical methods.
The three traverses were chosen for several reasons summarized below. Generally:
•

The three lines traverse areas of known salinity problems reported initially by
farmers (Chisholm 2003, pers. comm., Harris 2003, pers. comm.) with on-going
investigation by DIPNR including the installation of a regional piezometer
network.

•

Previous regional-scale and small-scale seismic refraction data exists to the
north, west and south of the B-Q Transect area, acquired by Geoscience
Australia (Korsch, 1999, Barton & Jones, 2003, Deen et al., 2000, Leslie et al.,
2000). Depth to bedrock information can be used to help constrain fluid flow
models. Reprocessing of reflection and refraction data across segments of these
lines (Barton & Jones, 2003) have derived additional shallow seismic data for
selected areas of the Bland Basin.

•

The three lines traverse two known and one suspected palaeochannel expressed
as localized topographic highs of less than 5 metres relief.

Acquisition
Three early time, near surface transient electromagnetic (TEM) surveys were
undertaken within the B-Q Transect area, located between the towns of West Wyalong
and Quandialla, western NSW between January 29 and February 04 2003 for the
purposes of research into dryland salinity.
Zonge Australia carried out the field work in conjunction with the Dryland Salinity
Hazard Mitigation Program (DSHMP) at the University of Canberra.
The equipment was deployed on the line upon arrival with good access to the three
traverse lines and no line clearing was required for these surveys. Access was provided
via country lane ways, internal farm tracks and in the case of the Quandialla traverse, an
unsealed access track paralleling the Stockinbingal to Parkes Railway.
Processing of the acquired NanoTEM information was performed by Zonge staff using
proprietary company software.
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Test Program
A small test program was carried out prior to undertaking production-scale acquisition
on January 29 and 30 for the purposes of determining the best parameters to image near
surface structures given the changeable ground conditions which varied between hard
clay floodplains and sandy rises. Operational variables were determined during this test
program (Table 25). The field setup required for NanoTEM acquisition (Figures 37 &
40, Table 26) is reasonably simple and relies on a transmitter (doubling as the power
source)(Figure 37) coupled to the receiver (Figure 37) and the transmitter loop (Figure
37). The receiver is coupled to the transmitter and the receiver loop. Both transmitter
and receiver are modified from normal TEM equipment by an additional NanoTEM
hardware upgrade to operate in the upper, early time sections of a normal conductivity
decay curve.

Figure 37: Generalised diagrammatic sketch of the NanoTEM field setup. Courtesy Zonge
Engineering Australia, 2003.
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Figure 38: NT-20 Transmitter used as part of the NanoTEM survey. Courtesy Zonge Engineering Australia,
2003.
Figure 39: GDP-32 receiver, closely resembling the GDP-16 used as part of the NanoTEM survey.
Courtesy Zonge Engineering Australia, 2003.

TX – Transmitter loop
20 x 20 m
RX – Receiver loop 5 x
5m

20 m move position

Direction of travel

NanoTEM receiver

NanoTEM transmitter

Figure 40: Field setup of the NanoTEM system used for the three traverses, ‘Quandialla’, ‘Booberoi’ and
‘Sandy’.
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Several field variables were required to be determined before field production could
begin (Tables 23A and 24).
Table 23A: Variables requiring field testing..
Parameter

Comments

Loop size and
configuration

Larger loop sizes, coupled with higher transmitter loop current increase
the size and penetrative depth of the transmitted field. Loop sizes for
NanoTEM studies vary between 2, 5, 10 and 20m and are significantly
smaller compared to loop sizes required for large-scale mineral
exploration (>200-500 m). Loop configurations vary depending on the
type of survey required (Table 24).

Station spacing

Smaller station spacing such as 2 m, 5 m or 10 m have the ability to
acquire higher definition data but decreases the penetrative depth and
overall distance covered. As the total survey distance totalled 8.5 line
kilometers and the available time was less than one week, a line spacing of
20 m was determined to be ideal where optimal resolution was required
(over palaeochannels) and a line spacing of 40 m was determined to be
ideal on the flatter clay-rich alluvial plains and floodplains.

Induced current

The higher the induced current the higher the induced transmitted field
and the greater the depth of penetration. In the case of this survey, power
was supplied via a heavy duty internal 12 Volt DC power supply in the
GDP-16 so current higher that 2 amps would have drained the internal
batteries.

Window time (in
milliseconds)

Represents the early time sampling rate and affects not only the sample
depth but the sample density with depth. The two window times available
using the NanoTEM system include 1.6 µs, representing sampling at
increased depths and 1.2 µs, representing higher sampling at shallower
depths. For this study a window time of 1.6 µs was selected to image both
near surface features and image down to depths in excess of 80-90 m.

Frequency

Transmitter frequency for the NanoTEM can be varied from either 16Hz
or 32Hz depending to the quantity of data required. The transmitter
frequency affects the acquisition of data as higher transmitter frequencies
allow for larger quantities of data to be collected per given station. As
data is stacked by the receiver to remove random noise, a much larger set
of results is built up contributing to a lower signal to noise ratio. A
sampling frequency of 32Hz was selected.

Table 24: Different loop configurations possible with TEM studies.
Loop type

Comments

In-loop

the receiver is located in the centre of the transmitter loop

Coincident loop

the receiver loop is located just inside the transmitter loop and both loops are
of similar sizes

Fixed loop

the receiver loop varies in position and distance from the transmitter loop
and the transmitter loop remains stationary

Moving loop

the receiver loop is located outside the transmitter loop and both loops are
separated by a distance which remains constant
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Test Production Parameters and Equipment
Based on the test program the following production parameters were selected:
Table 25: Acquisition parameters for the Zonge NanoTEM system.
Station spacing

20m AND 40m

Loop size and type

20m transmitter loop. 5m receiver loop.
In-loop configuration

Window Time

1.6usec other window is 1.2 for shallow

Current

2 amps

Hz

32 Hz

NanoTEM field equipment was readily transportable and consisted of the following:
Table 26: Equipment list for the NanoTEM survey.
Equipment
GDP16-reciever with NanoTEM card
NT-20-transmitter with NanoTEM card
Hand held Garmin 12 channel GPS receiver
20 m transmitter loop
5 m receiver loop
Zonge Engineering Field vehicle
Extra vehicle

Data Quality Control
NanoTEM data quality control was achieved in the field by observing the stacked decay
curve from the received (or induced) magnetic field at each station before progressing
onto the next station. Where poor quality data was suspected, individual time windows
could be selected and deleted or the station could be re-sampled, usually taking an
additional 4 minutes.
Problems encountered in the field included electric fences and random early time
conductivity spikes in selected records. Electric fences pose a hazard when crossing
and create a magnetic field which interferes with the secondary (or induced) magnetic
field. The problem was solved by talking with landowners and seeking their approval to
turn the electric fences off. The problems with high conductivity early time results lead
to checking of the operational parameters and hardware including the NanoTEM
transmitter, receiver and loop wires to ensure their accuracy and reliability. These were
ruled out as the source of the problem. Cultural features located between 100 m and
150 m away including a buried fibre-optic cable, railway infrastructure and abandoned
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power lines were attributed as the source. The early time channels were removed from
the data prior to processing.
Processing
Processing of NanoTEM data acquired from the three traverses was achieved by Zonge
Engineering Australia using proprietary in-house 1-D EM inversion software
(STEMINV).

STEMINV creates 1-dimensional models of each station point by

matching a theoretical resistivity model based on the acquired resistivity data. The 2-D
traverse models are created by adding successive 1-D resistivity models from each
station together.

Seismic Refraction
Between June 29 and July 3 2003 the Australian National Seismic Imaging Resource
(ANSIR) collected both high resolution refraction and reflection seismic data in the
Bland Creek catchment near Quandialla in western NSW on behalf of the Dryland
Salinity Hazard Mitigation Program (DSHMP) at the University of Canberra. This data
set utilized a P-wave seismic source to demonstrate the successful imaging of shallow
features using seismic refraction. Although planning and project proposals (Appendix
G) anticipated three traverses (Appendix G), time constraints restricted the number of
traverses to one, subsequently named Line 03GA-QD1.
Scientific objectives for this survey include:
•

Determine the suitability of using high resolution seismic refraction to
investigate near surface regolith features.

•

Determine if any near surface regolith structures can be imaged using seismic
refraction and if so, investigate depth constraints.

•

Determine the depth to weathered bedrock and the depth to fresh bedrock.

•

Compare the acquired seismic refraction information against other sources of
spatial and geophysical information and contribute towards the formulation of
shallow fluid flow models.

This survey used a range of ANSIR facility equipment including a T15000 IVI
MiniVib, 10 Hz geophones and support vehicles (Table 63). The Strataview 48 channel
acquisition system (Figure 44) was provided by Macquarie University.
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Location
The seismic survey was located approximately 3 km south of Quandialla (Figure 41)
adjacent to the Eurabba State Forest and parallel to the Stockinbingal to Parkes railway
in western NSW.
Site Planning
The traverse 03GA-QD1 was chosen for several reasons summarized below:
•

The line traverses an area of known salinity problems.

•

Previous seismic reflection data exists to the north and south of the B-Q
Transect area and was acquired by Geoscience Australia (Formerly AGSO) in
1999. Useful depth to bedrock information can be used to help constrain fluid
flow models. Reprocessing of reflection and refraction data across segments of
these lines (Barton & Jones, 2003) have derived additional shallow seismic data
for selected areas of the Bland palaeovalley.

•

The B-Q Transect area incorporates Commonwealth, State, Local government
and commercial drill hole data which can be used to aid in the interpretation of
the seismic results.

•

The line traverses two known palaeochannels expressed as localized topographic
highs of less than 5 meters relief. An electrical conductivity survey (principally
NanoTEM) has been partially successful in imaging conductive sections of the
saline

aquifers.
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Figure 41: Location of Line GA03-QD1 and nearby population centres including Quandialla
and Bribbaree (from Geoscience Australia 2003). Satellite imagery and topographic map
overlay. Imagery courtesy of ACRES, Geoscience Australia, 2003.

Field Acquisition
Acquisition of seismic refraction data was conducted by University of Canberra,
DSHMP and ANSIR staff with funding from DSHMP and in-kind support from
ANSIR.

A vibe operator from ANSIR was used for the IVI MiniVibe and a

geophysicist was also provided by ANSIR (Tables 65 & 66).

This survey was

scheduled for the 26th June 2003 with all of the equipment moved by University of
Canberra and ANSIR personnel to West Wyalong on the 28th June. The seismic survey
consisted of three stages. Firstly, a short test program using P-wave mode for source
parameter selection. The second and third phases were conducted concurrently and
included a refraction production phase in P-wave mode and a reflection production
phase in P-wave mode.
The location of stations along the seismic line was acquired using a Garmin 12 channel
hand held GPS receiver (Table 65).
For this survey, 413 stations were pegged at 10 m intervals numbered from station 1000
starting at the northern end of the line. The recording car was sited approximately 5 m
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to the east of the line (Figure 47) for the entire survey for several reasons outlined
below:
•

There was minimal space between the access vehicle track and adjacent
infrastructure including power lines, fences (barbed wire and electric) and a
buried fiber optic cable. The only spare space available that did not obstruct the
access track was the rail reserve between the vehicle track and the railway.

•

Minimal risk of noise from the car to the active spread and

•

The Strataview recording system could only record 48 channels resulting in
frequent moves.

The ANSIR IVI T15000 MiniVib (Figure 42) was used as the energy source for the
seismic survey and is designed to generate either vertical (P-wave) or horizontal (Swave) movements. Two different baseplates can be used to couple energy into the
ground, a flat baseplate used for P-wave generation on pavement surfaces, and a
corrugated baseplate which can be used for both P- and S-waves (Figure 43). For this
survey, the corrugated plate was used. The P-wave production phase commenced on
June 30, after completion of the test program. P-wave production acquisition was
completed on the afternoon of July 3. Demobilisation and packing was completed on
the same day. The type of recording sensor used for this survey was single component
(vertical) 10 Hz geophones in strings of 4.
Technical difficulties with the Geostuff ™ Roll-along switch (Figure 47) were
encountered but repairs
were completed in the
field without significant
delays in production.

Figure
MiniVib

42:

T15000
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Figure 43: T15000 MiniVib
corrugated vibrating plate in
retracted position.

Strataview System
The acquisition system used for
the survey is a Geometrics
Strataview 48 Channel receiver
(Figure 44), on loan from
Macquarie University.
The Strataview system records
48 channels of information and when
linked with the IVI Vibroseis through the
RTS-100 switch, uses one channel to coordinate and correctly time the vibroseis
sweeps (Figures 45 & 46). The format of
the acquired sweeps is stored in SEG2
format and was later converted to DISCO /
FOCUS format for processing.

An

onboard printer (Figure 44) was used
during field testing to assist in designing
the optimal sweep frequencies and refraction parameters (Appendix G).
Figure 44: The Strataview 48 channel receiver.
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Figure 45: Basic diagram showing the general layout of the receiving system and how it
connects to the seismic array.

Figure 46: The RTS-100 Minivib sweep controller.
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Figure 47: The field setup arrangement of the Strataview, roll-along switch, batteries and RTS100 in an ANSIR field vehicle

Test Program
The experimental program was started on the morning of June 29th and concluded the
same day. The small test program was planned on site for several reasons outlined
below:
•

Testing of the hybrid spread design.

•

Optimisation of sweep frequencies.

•

Testing of the sweep length.

•

Optimisation of the number of sweeps at each source point.
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Figure 48: Deployment of geophones along spread. Red markers (seen bottom right) are
stations spaced 10m apart.

Acquisition Parameters
The production parameters, designed by ANSIR staff, remained unchanged after field
testing (Appendix G, Tables 68 & 69). The spread design consisted of 48 sets of single
component geophones deployed at 10 m group spacing along the receiver line. The
geophones were orientated parallel to the line over 1 m to assist in reducing ground roll.
A comparison of data showed that a sweep frequency range between 10-250 Hz
provided good data quality. Note that for the production spread, the receiver stations
are numbered from the north (1000) to the south (1413). The source line was parallel to
the receiver line with an offset (to the east) of approximately 1 m. The centre of the
MiniVib baseplate (VP position) was at a peg location (Figure 48). All data from the
test and production programs were collected with the MiniVib in P-wave configuration.
Data Quality Control And Field Processing
During the test and production programs, field monitor displays and printouts (Figure
49) from the Strataview system were used to choose optimal acquisition parameters.
All data was recorded on the Strataviews internal hard drive with nightly backups onto a
personal laptop computer. A complete record of the collected data was also burnt to CD
when the Strataview was returned to Macquarie University.
A geophysicist was supplied from GA to assist in in-field processing, spread geometry
and quality control for the entire program.
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Three examples of raw seismic data records are listed below and include an off-end
(Figure 49), end-of-spread (Figure 49b) and mid-spread (Figure 50) source. Noisy
traces can be observed and attributed to several cultural and natural sources.

Figure 49: An example of an off-end source refraction data record. First breaks highlighted by
red line.

Figure 49b: An example of an end source refraction data record. First breaks highlighted by
red line.
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Figure 50: An example of a mid spread source reflection data record. First
breaks highlighted by grey line.

Data Processing
Processing of the acquired seismic refraction data (413 shot records) was performed at
Geoscience Australia using ANSIR facilities under supervision by ANSIR staff.
Seismic refraction and reflection data was analysed for first break information only
using UNIX based DISCO V12.3 and FOCUS V4.3 software (Table 27). Steps used in
processing the data are listed below.
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Table 27. Processing steps used prior to data modelling of line GA03-QD1
Processing Step

Description

Data Conversion

The Strataview System captured the original data as SEG2 format. Processing of SEG2 is not possible using DISCO and
FOCUS platforms so the data was converted to DISCO format. Problems were encountered in the data conversion process as
the Strataview System occasionally generated erroneous header information when creating the original SEG2 file. The
converted data was compared against the observers logs and all header errors were corrected.

Geometry Definition

Geometry definition uses the LINE, PATTERN and SOURCE modules of FOCUS to input x, y and z co-ordinates (elevation,
station location and station numbers) for receivers and source points. The geometry underpins each processing phase.

Line Definition

Line definition is where the x, y and z co-ordinates of the stations are specified for later processing stages.

Pattern Definition

Pattern definition specifies the relationship between channel number and the station number.

Source Definition

Source definition specifies the location of the sources (vibe points) in relation to the stations. Different source jobs were created
for the reflection and refraction data due to the different relationship between source and receiver. Shot number, shot station
and the position and pattern of the spread are all specified.
After LINE, PATTERN and SOURCE have all been run, the complete geometry for the line can be accessed for further
processing including picking the first arrivals (first picks).

Picking First Breaks

Picking the first break for each trace was accomplished through the FOCUS first break routine FBNET. For each shot record,
47 traces were examined and the first arrival time was stored. First breaks were picked for both the reflection and refraction
surveys (Figure 49).
First breaks were defined as the first major trough as opposed to a peak. This is consistent with the methodology and original
calibration of the MiniVib (Barton 2003, pers. comm., Johnston 2003, pers. comm.).
Several problems were encountered at this stage as a reasonable level of experience was required to consistently and reliably
pick the first arrivals (first breaks). Several iterations of picking first breaks were required with later quality control and editing
before the next phase of creating models could begin.

Creating Model Solutions

Creating model solutions was accomplished through the FOCUS modeling routine FBSOL The first break picks for each stack
are displayed on a distance / time graph (Figure 191) where linear regression is used to determine lines of best fit (the gradient
representing the velocity). Only a two layer model could be created in FBSOL so an early time (shallow) and a late time
(deeper) model were created. Areas incorporating different velocities were noted and two different model solutions were
created.
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Processing Step

Description
Model 1: Early Time
Velocities gained from the analysis of the first break picks frequently highlighted an initial low velocity layer of 400 – 450 ms-1
followed by a slightly higher velocity layer of 800 – 850 ms-1 (Figure 51). Both values were used as generalized velocity
values for later processing as part of the early time model. These velocity values are consistent with observations made of
regolith and weathered bedrock characteristics on regional seismic surveys 99agsl1, 99agsl2 and 99agsl3 (Barton & Jones,
2003., Jones 2003 pers. comm.).
Model 2: Late Time
Velocities gained from the analysis of later reflectors highlighted the same 800 – 850 ms-1 layer with an additional higher
velocity layer of 1500 - 2500 ms-1 (Figure 51). Both values were used as generalized velocity values for later processing as
part of the late time model. These velocity values are consistent with observations made of weathered bedrock lithologies on
regional seismic surveys 99agsl1, 99agsl2 and 99agsl3 (Barton & Jones, 2003., Jones 2003 pers. comm.).

Final Stage Processing Solutions

Creating final stage solutions was accomplished through the REFSOL modeling routine. The REFSOL routine also generates
statics which can be used as a correction to the processed data to gain information on reflectors when processing the reflection
data. No reflection information was processed as part of this study due to time constraints. Only refractor information was
processed as part of this report.
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Model 1: Early Time
Model 2: Late Time
Figure 51: Creating 2 layer model solutions resulted in two models; an early time and a late
time model. The gradient of the line of best fit for each model represent the average velocity.
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Chapter 6 Results - Regolith-Landform Mapping
Regolith-landform mapping has been able to differentiate 33 different regolith landform
polygon types (Appendices J, M, N & O) which can be further grouped into 9 broad
landscape types (Figure 52) reflecting both landscape position, regolith type and
sediment source.
1. Drainage systems including creeks and poorly-defined drainage depressions.
2. Alluvial floodplains
3. Alluvial plains
4. Partially buried palaeochannels and sand plains
5. Alluvial swamps
6. Alluvial fans
7. Alluvial depositional plains
8. Sheet flow and colluvialdeposits
9. Bedrock.
Drainage is unevenly distributed across the B-Q Transect with numerous minor
drainage channels trending east and west from alluvial fans situated near West Wyalong
and Bimbi respectively (Figure 52 & Appendix J). Major drainage channels located in
the centre of the B-Q Transect exhibit a northerly trend with extensive alluvial plains
and alluvial floodplains between the Bland and Burrangong Creeks (Figure 52). The
distribution of drainage channels serves to illustrate the disproportionate size of alluvial
fans, palaeochannels and sandplains draining west from Bimbi when compared to
extensive alluvial fans east of West Wyalong (Figure 52 & Appendix J). Depositional
plains are located on the north eastern and south eastern corners of the mapping area
and reflect the generally subdued topography and lack of well defined drainage.
Bedrock is restricted to low hills and ridges on the western and eastern margins with
isolated low hills in the centre of the mapping area (Figure 52 & Appendix J).
Regolith-landform mapping at 1;50,000 and 1:20,000 scale (Appendices J, M, N & O)
has been able to illustrate relationships between different landscape position and
regolith materials. Bedrock rises and low hills are flanked by colluvial materials grading
to alluvial fans. Alluvial plains and alluvial floodplains have been resolved to a higher
degree when compared to previous soil and regolith-landform mapping (Figure 52).
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BOOBEROI-QUANDIALLA 1:50,000 SCALE REGOLITH-LANDFORMS
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Figure 52. Grouped regolith-landforms at 1:50,000 scale showing broad changes in regolith type and landforms from west to east. Of particular interest is the
broad alluvial fan between Bimbi, Bribbaree, Quandialla and Bland. Alluvial fans flank colluvial aprons. Colluvial materials surround bedrock outcrop. Imagery
background courtesy of ACRES, Geoscience Australia.
Page 101

Part 2 Methods and Results - Chapter 6 Results - Regolith-Landform Mapping

In situ Bedrock
In situ bedrock features located within the B-Q Transect area are sparsely represented
compared with transported alluvium (Figure 52). Slightly weathered bedrock crops out
along the western, southern and eastern margins of the B-Q Transect and rarely in the
Bland Basin. State Forests cover most areas where bedrock crops out and include the
Wyrra, Boxalls, Back Creek, Curraburrama, Caragabal, Eurabba and Bimbi State
Forests (Appendix J).
In situ bedrock forms hills, low hills and erosional rises and contrasts strongly with the
dominant low angle alluvial fans and alluvial plains present over much of the B-Q
Transect area (Figures 52 & 53). The hills and low hills are commonly surrounded by
colluvial aprons grading into colluvial depositional plains with some sheetwash
observed (Figure 54). The bedrock materials that crop out as prominent exposures
include the Yiddah Formation and the Manna Conglomerate which are both part of the
broader Siluro-Devonian Ootha Group. Other bedrock materials include the Ordovician
Jingerangle and Kirribilli Formations and Siluro-Devonian Granitoids. Differences in
composition aside, the main reason for the difference in outcrop style along the
Booberoi Hills and the low line of hills close to Yiddah is due to silicification of
sediments (grading to conglomerates) relating to shearing along the Gilmore and
Booberoi Fault Zones.

Figure 53: Booberoi Hills looking north east across the B-Q Transect detailing changes in
regolith type and landforms. Bedrock hills (SSeh) and erosional rises (SSer) grade to colluvial
low hills (Cel), erosional rises (Cer) and depositional plains (Cpd). Alluvial plains (Aap) are
present with alluvial channel deposits (ACa) representing current drainage channels.
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Slightly Weathered Bedrock Regolith-Landforms.
Slightly weathered bedrock is separated into two outcrop types: bedrock outcrops
standing greater than 0.5 m (type 1) or less than 0.5 m (type 2) above the surrounding
surface cover. Outcrop type 1 is usually metaconglomerates (selected outcrops are
silicified and sheared) and metasediments (Figure 54).

Outcrop type 2 is usually

weathered granite or metasediments. Areas of slightly weathered bedrock typically
preserve remnant stands of native vegetation with minimal pasture modification. They
are usually located on erosional rises, low hills and hills with the largest rocky outcrops
on hillcrests (Figure 54 & Appendix J). Differentiation between hill (90-300 m), low
hill (30-90 m) and rise (9-30 m) is based on height above surroundings.
Slightly Weathered Bedrock On Erosional Hill (Sseh1 Sseh2)
Slightly weathered bedrock on erosional hills (SSeh1 and SSeh2) are located on the
highest points in the landscape including the Booberoi Hills with elevations ranging
between 220 and 350 m A.S.L with slopes between 5-10o and up to 20o in steeper areas.
Rock types include sheared and intensely foliated low grade metaconglomerates (Figure
54) and metasediments consisting of siltstone, sandstone, shales and minor felsic
volcanics of the Yiddah Formation and the Manna Conglomerate (Siluro-Devonian
Ootha Group). Vegetation is uncleared due to the shallow, skeletal to lithic soils and
low grazing and cropping potential. Vegetation present includes a tall to medium
Eucalypt woodland with shrub and grass understorey (Appendix J).

Gamma-ray

Spectrometry shows a subdued total count response with a low to medium uranium
response on the eastern colluvial slopes of the Booberoi Hills (Figure 31). Slightly
weathered bedrock on erosional hills are commonly flanked by colluvial aprons grading
to

colluvial

depositional plains.

SSeh1

Figure 54: Slightly
weathered bedrock on
an
erosional
hill
(SSeh1) with outcrop
greater than 1.5 m high.
Located
on
the
Booberoi Hills. Field
assistant for scale.
Looking north west.
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Slightly Weathered bedrock Over Erosional Low Hill (SSel1 SSel2)
Slightly weathered bedrock on erosional low hills (SSel1 and SSel2) are located across
the western, southern and northern sections of the B-Q Transect including the Booberoi
Hills, Curraburrama State Forest and Gibraltar Rocks, flanking slightly weathered
bedrock on erosional hills (SSeh1 and SSeh2) and forming isolated low hills with
elevations ranging between 220 and 300 m A.S.L with slopes typically < 5-10o (Figure
55 & Appendix J).

Rock types include sheared and intensely foliated low grade

metaconglomerates (Figure 55) and metasediments consisting of siltstone, sandstone,
shales and minor felsic volcanics of the Yiddah Formation and the Manna
Conglomerate (Siluro-Devonian Ootha Group). Vegetation is uncleared varying to
partially cleared on the lower margins due to the shallow, skeletal to lithic soils and low
grazing and cropping potential.

Vegetation comprises a tall to medium Eucalypt

woodland with shrub understorey. Total count gamma-ray spectrometric responses for
slightly weathered bedrock located on the Booberoi Hills, Gibraltar Rocks and within
the Curraburrama State Forest is subdued and related to low potassium, uranium and
thorium counts for the Ootha Group (Figure 31).

Slightly weathered bedrock on

erosional low hills are commonly flanked by colluvial aprons grading to colluvial
depositional plains (Figure 52).

SSel1
SSel2

Figure 55: Slightly weathered bedrock on an erosional low hill (SSel1 & 2) located in the
Curraburrama State Forest.
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Slightly Weathered bedrock On Erosional Rise (SSer1 SSer2)
Slightly weathered bedrock on erosional rises are distributed across numerous subdued
low rises in the B-Q Transect area including the Booberoi Hills, Yiddah Range,
Curraburrama State Forest, Jingerangle State Forest, Gibraltar Rocks and isolated
erosional rises north and south of Caragabal and west of the Weddin Mountains (Figure
54, 56 & 57). Elevations range between 220 and 300 m A.S.L with slopes typically <
5o. Rock types are low grade metasediments consisting of mudstone, conglomerate,
siltstone, sandstone, shales and minor felsic volcanics of the Yiddah Formation, Manna
Conglomerate, Pullabooka Formation, Jingerangle and Kirribilli Formations (Figures 56
& 57). Vegetation is partially cleared varying to cleared on the lower margins due to
shallow, lithic soils and low grazing and cropping potential (Appendix J). Vegetation
comprises a tall to medium Eucalypt woodland with shrub or grass understorey. Total
count gamma-ray spectrometric responses for erosional rises corresponding to the
Booberoi Hills, Gibraltar Rocks and within the Curraburrama State Forest are subdued
and are related to low potassium, uranium and thorium counts for the Ootha Group
(Figure 31). Other erosional rises located south of Caragabal and west of the Weddin
Mountains corresponding to the Jingerangle and Kirribilli Formations have high total
counts indicating high uranium and thorium. Slightly weathered bedrock on erosional
rises are commonly flanked by colluvial aprons grading to colluvial depositional plains
or alluvial fans (Figure 52 & Appendix J).

SSer2

Figure 56: Slightly weathered bedrock on an erosional rise (SSer2) located north of
Barmedman near Yiddah. Note salt efflorescing on the surface.
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Figure 57: Slightly weathered bedrock on an erosional rise (SSer1) located east of Barmedman
near the Boginderra Hills.

Transported Regolith Materials
Colluvium:
Colluvial Regolith-Landforms (Ceh, Cel, Cer, Chfc, Cfc)
Colluvial materials are typically found on the flanks of bedrock rises, low hills and hills
located on the periphery of the B-Q Transect and separately as isolated hills within the
B-Q Transect (Figure 54 & Appendix J).

They commonly include colluvial

depositional plains at the slope break and are generally surrounded by alluvial plains
and depositional plains. They are localised in areas of higher relief and are uncleared
with native trees and a grass understorey present with minimal pasture modification.

Colluvium Over Erosional Hill (Ceh)
Colluvium on erosional hills (Ceh) are typically located on the flanks of bedrock hills
such as the Booberoi Hills (Figures 52 & 58). Elevations range between 220 and 350 m
A.S.L with slopes between 5-10o and up to 20o in steeper areas. The parent rock type is
the Manna Conglomerate. Vegetation is uncleared due to the shallow, lithic soils and
low grazing and cropping potential.

The vegetation comprises a tall to medium

Eucalypt woodland with shrub and grass understorey (Figure 58).

Gamma-ray

spectrometry shows a subdued total count response with a low to medium uranium
response on the eastern colluvial slopes of the Booberoi Hills (Figure 31). Colluvial
fragments are angular except where rounded pebbles and cobbles weather out from the
conglomerate matrix to form a well rounded, unsorted lag. Colluvium on erosional hills
(Ceh) is commonly flanked on the down slope side by colluvial low hills grading to
colluvial depositional plains and alluvial fans (Figure 52).
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Cer

Cpd

SSeh

Ceh

Cel

Figure 58: Slightly weathered bedrock (SSeh1) located on the flanks of the Booberoi Hills with
colluvium on erosional hills (Ceh) grading to low hills (Cel) and depositional plains (Cpd).
Looking north.

Colluvium over Erosional Low Hill (Cel)
Colluvium on erosional low hills (Cel) is located only on the flanks of the Booberoi
Hills, flanking slightly weathered bedrock on hills and low hills (SSel1 and
SSel2)(Figures 52 & 59). Elevations range between 220 and 300 m A.S.L with slopes
typically < 5-10o.

Rock types include sheared and intensely foliated, low grade

metaconglomerates of the Manna Conglomerate. Vegetation is uncleared due to the
shallow, skeletal to lithic soils and low grazing and cropping potential. Vegetation
comprises a tall to medium Eucalypt woodland with shrub and grass understorey.
Gamma-ray spectrometry shows a subdued total count response with a low to medium
uranium response on the eastern colluvial slopes of the Booberoi Hills (Figure 31).
Colluvial fragments are angular except where rounded pebbles and cobbles weather out
from the conglomerate matrix to form a well rounded, unsorted lag. Colluvium on
erosional low hills is commonly flanked on the down slope side by colluvial rises
grading to colluvial depositional plains and alluvial fans (Figure 52).

Cel
Cer
Cpd
Figure 59: Colluvium on erosional hills and low hills (Ceh and Cel) grading laterally to
colluvial depositional plains. Located east of the Booberoi Hills. Looking north east.
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Colluvium Over Erosional Rise (Cer)
Colluvium on erosional rises are located at several sites across the B-Q Transect as low
angle colluvial aprons flanking a variety of topographically higher regolith-landforms
including the flanks of all areas of slightly weathered bedrock such as ranges, hills and
isolated erosional rises including areas in State Forests (Figure 54). Colluvium on
erosional rises are also located as isolated erosional rises where slightly weathered
bedrock is not evident (Figure 60). Elevations range between 220 and 300 m A.S.L
with slopes typically < 5o. Rock types are variable and include the Yiddah Formation,
Manna Conglomerate, Jingerangle and Kirribilli Formations. Vegetation is partially
cleared varying to extensively cleared on the lower margins due to improving grazing
and cropping potential.

Vegetation comprises a tall to medium Eucalypt / pine

woodland with a shrub and grass understorey developed on shallow and lithic soils.
Gamma-ray spectrometric responses for colluvial erosional rises varies considerably
depending on the parent rock type (Figure 31)

with the Yiddah, Kirribilli and

Jingerangle Formations exhibiting high total and high potassium counts. Low total
counts and medium thorium counts are representative for all other erosional rises
regardless of parent lithology. In upland areas colluvial erosional rises are commonly
flanked by colluvial depositional plains or alluvial fans. In lowland areas colluvial
erosional

rises

grade

quickly to alluvial plains
or

alluvial

depositional

plains. Colluvial fragment
characteristics depend on
the parent lithology.
Figure
60:
Colluvial
erosional rises (Cer) on the
flanks of a low bedrock rise
located to the east of
Bribbaree.

Colluvial Sheetwash Over Colluvial Fan (CHfc)
Colluvial sheetwash on colluvial fans (CHfc) are located on subdued colluvial fans and
footslopes of the Booberoi Hills and the Weddin Mountains (Figures 52 & 61).
Elevations range between 220 and 300 m A.S.L with slopes typically < 5o. Regolith
types include lithic red and brown soils with sands, silts and clays common. Lithic
fragments are subrounded to subangular. Strong colour variations are present in the soil
profile with depth. Upper margins are modified from cropping with vegetation cover
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partially varying between cleared at the base of the Weddin Mountains to extensively
cleared on the lower footslopes of the Booberoi Hills due to improving grazing and
cropping potential.

Vegetation comprises a Eucalypt / pine woodland with grass

understorey. Gamma-ray spectrometry shows elevated uranium and thorium counts
representing dispersion pathways of the Weddin Sandstone and Manna Conglomerate
respectively (Figure 31). Gilgai (vertisols, also known as cracking and swelling clays)
are present west of the Booberoi Hills. Gilgai more frequently occurs on the lower
gradient and lower-lying alluvial fans (Afa2 and Afa3) which commonly flank colluvial
fans.

Figure 61: Colluvial sheetwash on colluvial fans (CHfc) located on the flanks of a colluvial
erosional rise (Cer ) trending west from the Weddin Mountains. Looking north.

Colluvium Over Colluvial Fan (Cfc)
Colluvium on colluvial fans (Cfc) are located on

Cfc

footslopes of the Weddin Mountains immediately east
of the B-Q Transect area (Figures 52 & 62).
Elevations range between 260 and 400 m A.S.L with
slopes typically < 10o. Regolith types include lithic
red and brown soils with colluvium composed of
subrounded to rounded lithic pebbles and cobbles with
sands and silts (Figure 62). Strong colour variations
occur in the soil profile with depth. The vegetation
cover is partially cleared to uncleared. No grazing or
cropping is present over this regolith-landform (Figure
62).

Vegetation comprises a Eucalypt / pine

woodland with grass understorey.

Gamma-ray

Figure 62: Colluvium on a
colluvial fan (Cfc) located in
the Bimbi National Forest.
Looking north east.
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spectrometry shows elevated uranium counts representing dispersion pathways of the
Weddin Sandstone (Figure 31). Colluvium on colluvial fans are typically flanked by
colluvial sheetwash and alluvial fans.

Alluvium
Alluvial Regolith-Landforms
Alluvial landforms comprise most of the B-Q Transect mapping area and are intimately
associated with relict and current drainage systems and floodplains associated with
Warralonga Cowal, Gagies, Yiddah, Barmedman, Bland, Burrangong, Wah Way and
Caragabal Creeks (Figure 52 & Appendix J). Small changes in elevation result in
strong lateral variations of regolith distribution with many relict and current drainage
systems and drainage depressions poorly expressed in the landscape, especially across
low-lying alluvial plains and floodplains (Figure 52 & Appendix J). Soil types vary
according to the landscape position with black soil plains, red earths and red to brown
sandy loams restricted to alluvial plains and depositional plains. Black clays (Figure
71) and sticky grey, plastic clays (Figure 69) are restricted to floodplains and low-lying
sections of alluvial plains subject to periodic inundation by sheetwash (Figure 52). The
upper portions of many soil profiles exhibit a red sandy loam horizon interpreted to
represent aeolian input. Due to extensive cropping and pasture improvement, the upper
surfaces of many regolith-landforms have been modified.
Alluvial Fans (Afa1, Afa2, Afa3)
Low-angle alluvial fans are located on the western, southern and eastern margins of the
B-Q Transect between colluvial rises and the alluvial plains associated with major
drainage channels (Figure 52 & Appendix J). Land-use includes intensive cropping and
grazing on modified pasture and as a result, native vegetation has been heavily cleared
with the exception of State Forests, riparian zones, laneways and stock routes (Figure
180).

Alluvial fans are divided into three types based on regolith characteristics,

landscape position, proximity away from bedrock rises and the presence of very low
angle sheetwash. Afa1 represents alluvial fans closest to bedrock rises composed of
more lithic fragments and sands with strong colour variations in the soil profile with
depth (Figure 63). Afa1 grades to Afa2 which is composed of fine to medium sand and
clayey-silts with minor clay located between upland alluvial fans draining bedrock rises
and established drainage channels. Afa3 is located farthest from bedrock uplands and is
located on low-lying areas not mapped as alluvial plains and as a result of the low-lying
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nature, occasional flooding with sheetwash may occur. Mottling is observed with depth
and soils are composed of fine to medium sand and clayey-silts with minor clay.

Alluvium On An Alluvial Fan (Afa1)
Alluvium located on alluvial fans (Afa1) flanks uplands composed of granites,
weathered granites and Devonian sediments located south, west and east of the B-Q
Transect area respectively (Figure 52). Elevations range between 260 and 220 m A.S.L
to the west and south and between 300 and 260 m A.S.L to the east. Slopes are
typically < 10o. Gradients for upland alluvial fans (Afa1) are higher compared with
alluvial fans on lower gradients (Afa2 or Afa3). Regolith types include lithic red and
brown soils with coarse to medium sand and silt with minor gravels. Gravels are
subrounded to rounded and range in size from coarse sands to lithic pebbles (Figure 63).
There is a strong colour variation with depth in the soil profile (Figure 63). Vegetation
cover is extensively cleared. Grazing and cropping are widespread over improved
pastures. The vegetation comprises a Eucalypt / pine woodland with grass understorey.
Gamma-ray spectrometry shows elevated potassium and thorium counts for alluvial fans
located on the western margins of the B-Q Transect draining Siluro-Devonian
sediments. High uranium counts
for alluvial fans draining the
Weddin Mountains are visible
and

represent

pathways

from

dispersion
the

Weddin

Sandstone (Figure 31) and high
potassium counts for alluvial fans
on the southern margin represent
dispersion
Devonian

pathways
granites.

from
Upland

alluvial fans (Afa1) are flanked
by other alluvial fans (Afa2 and
Afa3)

and

poorly-defined

drainage depressions (Aed).

Figure 63: Cross section through an
upland alluvial fan (Afa1) exposed
in a creek at the base of the Weddin
Mountains. Looking north
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Alluvium On An Alluvial Fan (Afa2)
Alluvium on intermediate alluvial fans (Afa2) are located on low angle alluvial fans
draining uplands and upland alluvial fans composed of granites and sediments located
south, east and west of the B-Q Transect area (Figure 52). Elevations range between
250 and 220 m A.S.L and slopes are typically < 5o. Regolith types include red and
brown soils with coarse to medium sand, clays and silt with minor gravels (Figures 64
& 65). The vegetation cover is extensively cleared for grazing and cropping over
improved pastures. Vegetation comprises a Eucalypt / pine and acacia woodland with a
grass understorey. Gamma-ray spectrometry (Figure 31) shows patterns similar to
alluvial fans in upland areas (Afa1) with elevated potassium and thorium counts for
alluvial fans located on the western margins of the B-Q Transect and high potassium
counts on the southern margins. Alluvium on alluvial fans (Afa2) is flanked on the
upper margins by upland alluvial fans (Afa1) and on the lower margins by other alluvial
fans (Afa3), poorly-defined drainage depressions (Aed) or alluvial depositional plains
(Apd). Gilgai (vertisols, also known as cracking and swelling clays) are present across
broad areas and occur on the lower-lying sections of alluvial fans (Afa2 and Afa3).

Figure 64: Property dam situated on an alluvial fan (Afa2) draining south from the Booberoi
Hills. Sediments on lower gradient alluvial fans (Afa2) differ from upland alluvial fans (Afa1)
with an increasing clay and sand content and a decreasing proportion of rounded pebbles and
gravels due to the lower gradient.
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Figure 65: Sediments sourced from a property dam situated on an alluvial fan (Figure above)
(Afa2) draining south from the Booberoi Hills. Sediments comprise coarse to fine sands with an
increasing clay content and a decreasing proportion of rounded pebbles and gravels due to the
lower gradients. Flanks of the dam are low angle indicating low cohesion (highly dispersive).

Alluvium On An Alluvial Fan (Afa3)
Alluvium on low-lying alluvial fans (Afa3) is located on low angle alluvial fans draining
uplands and other, slightly elevated alluvial fans composed of granites and Devonian
sediments located west of the B-Q Transect area (Figure 52 & Appendix J). Elevations
range between 240 and 220 m A.S.L and slopes are typically < 5o. Regolith types
include red and brown loams varying to hard clay-rich soils with coarse to medium
sand, clays and silt with occasional, well-rounded gravels (Figure 67). Due to highly
variable sand and clay contents, selected soils may be highly dispersive (Figure 66).
Soil profiles become mottled with depth (Figure 66).

The vegetation cover is

extensively cleared for cropping and grazing over improved pastures and includes a pine
/ belah / acacia woodland with grass understorey. Gamma-ray spectrometry (Figure 31)
shows patterns similar to upland alluvial fans (Afa1) with elevated potassium and
thorium counts for alluvial fans located on the western margins of the B-Q Transect.
Alluvium on low-lying alluvial fans (Afa3) is flanked on the upper margins by other
alluvial fans (Afa1 and Afa2) and on the lower margins by drainage channels (some
poorly-defined) (Aca1, Aca2 and Aed) or alluvial flood plains (Aaf1). Gilgai are present
across broad areas and occur on the lower-lying sections of alluvial fans (Afa2 and
Afa3). Due to the subdued gradient, alluvium on low-lying alluvial fans (Afa3) is
subject to sheetwash and periodic inundation (Figure 66).
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Figure 66: Property dam situated on a low-lying alluvial fan (Afa3) draining south from the
Booberoi Hills near Back Creek and Gagies Creek. Sediments on low gradient, low-lying
alluvial fans (Afa3) differ from upland alluvial fans (Afa1 and Afa2) with an increasing clay and
sand content and a decreasing proportion of rounded pebbles and gravels due to the lower
gradient. Flanks of the recent dam are low-angle indicating low cohesion (highly dispersive).

Figure 67: Sediments sourced from a property dam situated on a low-lying alluvial fan (Afa3)
draining south from the Booberoi Hills. Sediments comprise coarse to fine sands with an
increasing clay content and a decreasing proportion of rounded gravels due to the lower
gradients. Flanks of the dam are low angle indicating low cohesion (highly dispersive).
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Alluvial Plains (Aap1, Aap2, Aap3, Aap4, Aap5)
Alluvial plains encompass a wide variety of regolith types and landform features across
the B-Q Transect but generally are typically very low-angle to flat and are located in the
centre of the B-Q Transect adjacent to major drainage channels (Figure 52). Alluvial
plains also exhibit a variety of widths with alluvial plains ranging from broad to narrow.
Alluvial plains for this reason are divided into several types based on:
•

Distance away from floodplains and drainage channels

•

Likelihood of inundation.

•

Changes in proportion of sands and clays including the presence of black soil
plains.

•

Position in the landscape, width and height above surrounding alluvial plains
and floodplains.

In the Quandialla and Morangarell areas, selected near surface sand-rich units
(palaeochannels)(Figures 74 & 52) form slightly elevated rises above the surrounding
alluvial plains. The difference in height is inferred to be a result of partial landscape
lowering accomplished by compaction of clay-rich lithologies. As clays have the ability
to compact to a greater extent when compared to well-sorted sands, sand-rich lithologies
related to these units remain at a higher landscape position. These sand-rich units have
been mapped as alluvial plains as the difference in height above the surrounding alluvial
plains and floodplains was insufficient to define as a rise. The characteristic sandy soils
indicative of these
units occur as broad
to narrow plains.

Figure 68: Alluvium
on an active alluvial
plain (Aap1) located
north east of the W. J.
English Bridge on the
Quandialla
Road.
Loooking east from
Barmedman Creek.
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Alluvium on an Alluvial Plain (Aap1)
Alluvium on active alluvial plains (Aap1) (Figures 52 & 68) forms discontinuous, low
angle alluvial plains and localised high points typically proximal to drainage channels
and floodplains. Alluvium on active alluvial plains (Aap1) is generally located on the
margins of alluvial depositional plains (Apd) and alluvial fans (Afa) on the southern and
eastern margins of the B-Q Transect. Elevations range between 280 and 200 m A.S.L.
Slopes < 5o. Regolith types include variable proportions of coarse to medium sands,
clays, silts and minor gravels (Figure 69). Soil profiles typically become mottled with
depth (Figure 68). The vegetation cover is extensively cleared for cropping and grazing
on improved pastures and comprises a eucalypt / pine woodland with grass understorey
(Figure 70). Gamma-ray spectrometry (Figure 31) shows high total and thorium counts
for alluvial plains located adjacent to drainage channels. Alluvium on active alluvial
plains (Aap1) is flanked by other alluvial plains, drainage channels (some poorlydefined) or alluvial flood plains and depositional plains (Appendix J). Several dams
examined in the field (Figure 69 & 70) contained calcrete nodules. Sediments were
observed to be highly dispersive with sands and silts readily weathering from mottled
clays.
Figure 69: Local property
dam located on an alluvial
plain
(Aap1)
exposing
mottled, sandy clay. Due to
the high proportion of sand
the soil can be dispersive.
Sands are typically wellrounded to subrounded and,
when not combined with
mottled clays are typically
white to beige in colour.
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Aap1
Figure
70:
Surface
expression of alluvial plains
(Aap1)
proximal
to
drainage including cowals
(bottom right) and the
Barmedman
Creek
(Background) with extensive
clearing. Looking north west
from the Quandialla Road.

Alluvium on an Alluvial Plain (Aap2)
Alluvium on low-lying alluvial plains (Aap2) forms broad, low-lying alluvial plains
typically situated between the established drainage channels of the Bland and
Barmedman Creeks (Figures 52 & 71) and linked by poorly-defined drainage
depressions (Aed) or floodplains (Aaf1 and Aaf2) and host black soil plains and large
areas of gilgai. Alluvium on low-lying alluvial plains (Aap2) not located between the
Bland and Barmedman Creeks is composed of black, brown and red - brown claydominant soils distributed as narrow to broad, discontinuous areas proximal to drainage
channels flanking regularly inundated floodplains or areas draining sand-dominated
alluvial plains (Figures 71 & 72). Elevations range between 220 and 200 m A.S.L with
slopes < 5o. Regolith types include highly variable proportions of clays and silts with
minor sands. The vegetation cover is extensively cleared for cropping and grazing on
improved pastures and includes a pine / belah / eucalypt woodland with grass
understorey. Gamma-ray spectrometry shows high total and thorium counts (Figure
31). Alluvium on low-lying alluvial plains (Aap2) is flanked by drainage channels
(ACa)(some poorly-defined and relict) and flood plains (Afa) and may be seasonally
inundated. Broad areas of alluvium on low-lying alluvial plains (Aap2) have poor
drainage resulting in large areas at risk of waterlogging.
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Figure 71: Alluvium on low-lying alluvial plains (Aap2) is exposed in a recently excavated dam
positioned to receive floodwaters from a nearby poorly-defined drainage channel (ACa4).
Upper margins of the profile are composed of black soil grading to brown clays. The dam is
located north of the Quandialla Road between the Bland and Barmedman Creeks.

Aap2

Figure 72: Surface expression of alluvium on low-lying alluvial plains (Aap2) showing
extensive clearing and presence of black soil plains. Looking north east from Warralonga
Cowal located between the Bland and Barmedman Creeks.

Alluvium on an Alluvial Plain (Aap3)
Alluvium on alluvial plains (Aap3) forms sinuous, thin and discontinuous alluvial plains
and sand ridges located adjacent to broad sand plains (Figures 52 & 73). Elevations
range between 260 and 230 m A.S.L with slopes < 5o. Regolith type includes wellsorted, cross-bedded quartzose sands with well preserved, laminated, cross bedding and
scour–fill structures (Figure 74). Selected soil profiles vary with depth with an upper
margin containing a transported, modified component and strong colour variations with
depth (Figure 73). Other profiles exhibit very little change with depth (Figure 74 & 75).
The vegetation cover is extensively cleared for cropping and grazing on improved
pastures and includes a pine / eucalypt woodland with grass understorey. Gamma-ray
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spectrometry (Figure 31) shows high total and potassium counts. Alluvium on alluvial
plains (Aap3) is flanked by other alluvial plains (Aap4 and Aap5), depositional plains
(Apd) or poorly-defined drainage (Aed). Sand ridges representing alluvium on alluvial
plains (Aap3) are located south of Quandialla and north of Morangarell with many sand
ridges trending to the south west (Figure 52). At the base of several cross sections a
hardpan feature (Figure 76) was intercepted exhibiting a porous and mottled pisolitic to
vermiform habit (Figure 76).
Figure 73: Cutting
located on pastoral
property north of
Morangarell showing
the surface expression
of
alluvium
on
alluvial
plains
(Aap3).
Extensive
clearing of native
vegetation.
Strong
colour variation with
depth.
Sedimentary
structures
present
including
cross
bedding.
Looking
south
towards
Morangarell.

Figure
74.
Cutting located
on a pastoral
property south
of the Eurabba
State
Forest
showing a cross
section through
alluvium
on
alluvial plains
(Aap3) Looking
to the west.
Field assistant
for scale.

Aap 3
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Figure 75. Cutting located on a pastoral property south of the Eurabba State Forest showing a
cross section through alluvium on alluvial plains (Aap3). Structures present include well-sorted,
cross-bedded quartzose sands with well preserved, laminated, cross bedding and scour–fill
structures (camera lens cap for scale).

Figure 76. A siliceous hardpan exhibiting a mottled, pisolitic to vermiform habit. Located north
of Morangarell at the base of a property dam excavated on the flanks of a sinuous sand ridge
(Aap3).
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Alluvium on an Alluvial Plain (Aap4)
Alluvium on alluvial plains (Aap4) forms the flanks of sinuous, thin sand ridges mapped
as alluvium on alluvial plains (Aap3)(Figure 52). Elevations range between 260 and
230 m A.S.L with slopes < 5o. Compared to alluvium on alluvial plains (Aap3), regolith
includes quartzose sands with increasing minor clay and silt components (Figure 78).
Sands are rounded to subrounded, often with frosted surfaces and are stained red or
brown. Upper margins are substantially modified by grazing and cropping with an
interpreted aeolian component (Figure 78).

The vegetation cover (Figure 77) is

extensively cleared for cropping and grazing on improved pastures with sparse pine and
eucalypt with grass understorey. Narrow sand plains representing alluvium on alluvial
plains (Aap4) are located south of Quandialla and north of Morangarell and trend to the
south west (Figure 52). Gamma-ray spectrometry shows high total and potassium
counts. Alluvium on alluvial plains (Aap4) are flanked by broad sandy alluvial plains
(Aap5), depositional plains (Apd) and poorly-defined drainage (Aed).
Figure
77:
Mixed
vegetation
stands
at
‘Strathairlie’, located on a
palaeochannel
with
vegetation used to reduce
water table depth with the
additional
benefit
of
providing a windbreak.
Eucalypt
species
are
interspersed with a saltbush
understorey.

Figure
78:
Surface
expression of alluvium on
alluvial plains (Aap4)
showing
extensive
modification
from
aeolian
processes.
Modification by aeolian
processes
has
redistributed sands on
paddock
boundaries
resulting in a modified,
rectilinear
drainage
similar
to
patterns
observed on alluvial fans
(Afa2, Afa3).

Aap 4
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Alluvium on an Alluvial Plain (Aap5)
Alluvium on alluvial plains (Aap5) is located across the eastern and central sections of
the B-Q transect area as broad sand-rich plains, slightly elevated compared with the
surrounding depositional plains and floodplains (Figure 52). Elevations range between
250 and 230 m A.S.L with slopes < 5o. Regolith includes quartzose sands with variable
minor proportions of clay and silt (Figure 79).

No sedimentary structures were

observed as no recent cross sections exist across the mapping area. Sands are rounded
to subrounded, often with frosted surfaces and are stained red or brown. Upper margins
of the soil profile are substantially modified by grazing and cropping and have an
interpreted aeolian component (Figure 79). The vegetation cover is extensively cleared
for cropping and grazing on improved pastures and includes a pine / eucalypt woodland
with grass understorey (Figure 79). Selected property boundaries and paddock margins
south of Bland are planted with established eucalypt species and aeolian modification in
these areas is substantially reduced (Figure 80). Sand plains representing alluvium on
alluvial plains (Aap5) are located south of Quandialla and north of Morangarell trending
to the south west (Figure 52). Gamma-ray spectrometry shows high total and potassium
counts. Sandy alluvium on alluvial plains (Aap5) are flanked by clay-rich alluvial
plains (Aap2), floodplains (Aaf2), poorly-defined drainage (Aed) and depositional plains
(Apd).

Property owners have long recognised the presence of near surface

palaeochannels as a potential source of potable groundwater for stock watering (Figure
79).

Figure 79: Surface
expression of alluvium
on alluvial plains
(Aap5)
showing
extensively
cleared
vegetation and grass
understorey.
Upper
margins of the soil
profile are modified
from
cropping,
grazing and aeolian
processes.
Located
south west of the
Eurabba State Forest.
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Figure 80: Name of
local property located
on alluvium on an
alluvial plains (Aap5).
Located south west of
Bland.

Alluvial Depositional Plains (Apd1, Apd2, Apd3)
Alluvial depositional plains are typically very low-angle (>3°) to flat and are located
across the eastern, northern and central sections of the B-Q Transect adjacent to
colluvial depositional plains, floodplains and sandy alluvial plains (Figure 52). Alluvial
depositional plains are typically broad, low-angle features forming slightly elevated
areas away from drainage systems. Sheetwash may occur where depositional plains
flank floodplains. Depositional plains are divided into several types (Apd1, Apd2,
Apd3) and are defined on the basis of:
•

Distance away from bedrock rises, floodplains and drainage channels

•

Estimated likelihood of inundation.

•

Changes in proportion of sands to clays.

•

Position in the landscape and height compared to surrounding alluvial plains and
floodplains.

Alluvium on depositional plains (Apd1) represents upland depositional plains and is
located proximal to colluvial depositional plains and forms broad slightly elevated
plains compared to alluvium on lower depositional plains (Apd2 or Apd3) and
comprises a higher proportion of sands with minor rounded lithic fragments. Alluvium
on depositional plains (Apd2) is located at lower points in the landscape comprising
higher proportions of silts and clays. Alluvium on depositional plains (Apd3) is subject
to occasional flooding and is composed of higher proportions of clays similar to
alluvium on depositional plains (Apd2).

Large areas of gilgai are present across
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depositional in general and are typically >10 m in diameter and > 1.5 m deep (Figure
81). The vegetation is extensively cleared with native vegetation assemblages varying
according to the proportions of sand, silt and clay. Cropping and grazing are intensive.

Figure 81: Alluvium on depositional plains (Apd1) with extensive gilgai east of Barmedman.
Gilgai depressions act as temporary water storage sites and coupled with the higher clay
contents, create differences in crop and native grass distribution.

Alluvium on A Depositional Alluvial Plain (Apd1)
Alluvium on depositional plains (Apd1) represents upland depositional plains and are
located across the south eastern and northern central sections of the B-Q Transect area
as broad, slightly elevated plains compared against the surrounding depositional plains
and floodplains (Figure 52). Elevations range between 260 and 220 m A.S.L with
slopes < 3o. Regolith includes silts and silty-sands (Figures 81 & 82). The upper
margins of the soil profile are substantially modified by cropping and grazing and have
an interpreted aeolian component (Figures 81 & 82).

The vegetation cover is

extensively cleared for cropping and grazing on improved pastures and includes a pine /
eucalypt woodland with grass understorey. Depositional plains representing upland
depositional plains (Apd1) are located to the south between the towns of Bribbaree and
Bimbi and flanking Mile Post Creek and Bribbaree Creek. Upland depositional plains
(Apd1) are also located south of Caragabal between the Bimbi National forest and the
Bland Creek. Gamma-ray spectrometry (Figure 31) shows moderate to low uranium
and thorium counts with moderate potassium responses for areas with gilgai.
Depositional plains representing upland depositional plains (Apd1) are flanked by other
depositional plains (Apd2, Apd3), clay-rich alluvial plains (Aap2), floodplains (Aaf2) or
poorly-defined drainage (Aed).
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Figure 82: Upland alluvial depositional plains (Apd1) located west of Round Hill and south of
Bimbi. Gilgai are present on lower-lying sections and characterized by the presence of higher
proportions of grey and brown clays. Land use includes extensive cropping and grazing and
extensive to moderate clearing of native vegetation.

Alluvium on A Depositional Alluvial Plain (Apd2)
Alluvium on depositional plains (Apd2) are located across the south, south eastern and
northern central sections of the B-Q Transect area as broad, slightly elevated plains
flanking upland alluvial depositional plains (Apd1) or colluvial depositional plains
(Cpd) (Figure 52). Elevations range between 260 and 220 m A.S.L with slopes < 3o.
Regolith includes silts and silty sands with minor coarse sands (Figure 83). Upper
margins of the soil profile are substantially modified by grazing and cropping and an
interpreted aeolian component (Figure 83). The vegetation cover is extensively cleared
for cropping and grazing over improved pastures and includes a Eucalypt woodland
with grass understorey. Alluvium on depositional plains (Apd2) are located to the south
between the towns of Bribbaree and Bimbi flanking Burrangong Creek, south of
Caragabal between the Bimbi National forest and the Bland Creek and flanking
colluvial depositional plains west and south of Curraburrama State Forest and Gibber
Hill.

Gamma-ray spectrometry (Figure 31) shows moderate to low uranium and

thorium counts with moderate potassium responses for areas with gilgai. Alluvium on
depositional plains (Apd2) are flanked by other depositional plains (Apd3), clay-rich
alluvial plains (Aap2), floodplains (Aaf2) or poorly-defined drainage (Aed).
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Figure 83: Alluvium on depositional plains (Apd2) located north of Burrangong Creek. Looking
south.

Alluvium On A Depositional Alluvial Plain (Apd3)
Alluvium on low-lying depositional plains (Apd3) are located across the south, south
eastern and northern central sections of the B-Q Transect area as low-lying depositional
plains flanking colluvial depositional plains, alluvial fans and floodplains (Figure 52).
Elevations range between 260 and 220 m A.S.L with slopes < 3o. Regolith includes
clays, silts and silty sands (Figure 83). The upper margins of the soil profile are
substantially modified by cropping and grazing and an interpreted aeolian component
(Figure 84). The vegetation cover includes a eucalypt / pine woodland with grass
understorey and is extensively cleared over improved pastures. Alluvium on low-lying
depositional plains (Apd3) are located to the south between the towns of Bribbaree and
Bimbi, south of Caragabal between the Bimbi National forest and the Bland Creek and
flanking the colluvial depositional plains west and south of Curraburrama State Forest
and Gibber Hill.

Gamma-ray spectrometry (Figure 31) shows moderate to low

potassium, uranium and thorium counts with higher potassium responses for areas with
gilgai. Alluvium on low-lying depositional plains (Apd3) are flanked by clay-rich
alluvial plains (Aap2), floodplains (Aaf2) or poorly-defined drainage (Aed).
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Figure 84: Brown silty clays grading to brown and grey clays representing alluvium on lowlying depositional plains (Apd3). Located west of the Weddin Mountains. Drain located in the
foreground is used to divert extensive run-off from the footslopes of the Weddin Mountains .

Alluvial Floodplains (Aaf1, Aaf2)
Alluvial floodplains are typically very low-angle (>3°) to flat and are extensive across
low-lying sections of the B-Q Transect and areas adjacent to relict and current drainage
channels (Figure 52). Alluvial floodplains are divided into two types based on size and
proximity to drainage systems (both current and relict).

Alluvium on an alluvial

floodplain (Aaf1)(Figure 52) are typically located over small discontinuous areas
proximal to drainage channels and is flooded on a regular basis. Alluvium on an
alluvial floodplain (Aaf2) is typically located away from established drainage channels
(although may drain directly into active drainage channels), are broader and are flooded
less often but still subject to waterlogging (Figures 85 & 86).

Alluvium on an Alluvial Floodplain (Aaf1)
Alluvium on an alluvial floodplain (Aaf1) is located proximal to current drainage
systems across most of the B-Q Transect area and are expressed as extensive varying to
thin and discontinuous low-lying areas subject to inundation flanking alluvial
depositional plains and alluvial fans (Figure 52). Elevations range between 260 and 200
m A.S.L with slopes < 3o. Regolith includes clays and silts with minor silty-sands
(Figure 85).

The upper margins of the soil profile are substantially modified by

cropping and grazing and an interpreted aeolian component (Figure 85). The vegetation
cover is uncleared to extensively cleared for grazing and cropping on improved pastures
and includes a eucalypt / pine / belah woodland with grass understorey. Alluvium on an
alluvial floodplain (Aaf1) are located as thin, discontinuous areas close to existing
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drainage including Warralonga Cowal, Bland, Barmedman, Wah Way and Caragabal
Creeks. Alluvium on an alluvial floodplain (Aaf1) are expressed as broader plains in the
lower-lying areas of the B-Q Transect between the Bland and Barmedman Creeks.
Gamma-ray spectrometry (Figure 31) shows high total counts and moderate thorium
counts, especially across the Curraburrama plain and Wah Way, Burrangong, Bland,
Barmedman and Caragabal Creeks. Low total counts are represented by Bribbaree
Creek which is heavily incised with only thin, elevated floodplains. Alluvium on an
alluvial floodplain (Aaf1) are flanked by channel deposits and poorly-defined drainage
depressions.

Figure 85: Alluvium on an alluvial floodplain (Aaf1). Located on the margins of an unnamed
cowal (ACa4) draining into Barmedman Creek. Looking north.

Alluvium on an Alluvial Floodplain (Aaf2)
Alluvium on an alluvial floodplain (Aaf2) is located away from current drainage
systems as extensive low-lying areas across most of the B-Q Transect area flanking
alluvial depositional plains and alluvial fans (Figure 52). Elevations range between 260
and 200 m A.S.L with slopes < 3o. Regolith includes clays, silts and silty sands (Figure
86). The upper margins of the soil profile are substantially modified by grazing and
cropping and have an interpreted aeolian component (Figure 86). The vegetation cover
is extensively cleared for cropping and grazing over improved pastures and includes a
eucalypt / pine / belah woodland with grass understorey. Alluvium on an alluvial
floodplain (Aaf2) are located as broad plains parallel to Warralonga Cowal, Bland,
Barmedman, Wah Way and areas away from established drainage channels in the
lower-lying areas of the B-Q Transect between the Bland and Barmedman Creeks.
Gamma-ray spectrometry (Figure 31) shows high total counts and moderate thorium
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counts. Alluvium on an alluvial floodplain (Aaf2) are flanked by other floodplains
(Aaf1), channel deposits (ACa) and poorly-defined drainage depressions (Aed).

Figure 86: Alluvium on an alluvial floodplain (Aaf2) located in a poorly-drained depression
situated between Barmedman Creek, associated cowals and alluvial depositional plains
surrounding the Curraburrama State Forest. Looking north.

Alluvial Channels (ACa1, ACa2, ACa3, ACa4)
Alluvial channels are separated into four types based on width, degree of incision and
landscape position. Drainage channels typical of upland settings and incised channels
on low-lying alluvial plains include alluvium in an alluvial channel (ACa1) which are
typically of low sinuosity, V-shaped and are moderately incised.

Alluvium in an

alluvial channel (ACa2) are typical of major drainage channels in upland areas and are
commonly deeply incised, V-shaped with low sinuosity (Figure 52). Alluvium in an
alluvial channel (ACa3) represents broader flat-bottomed alluvial channels at the
transition between low angle alluvial fans and depositional plains. Alluvium in an
alluvial channel (ACa4) are typical of alluvial channels in the lowest sections of the B-Q
Transect area and are characterized by a high degree of sinuosity, broad and shallow
construction, typically 20-40 m in width and up to 5 m deep. Alluvium in an alluvial
channel (ACa4) may form complex anastomosing channel systems and often meanders
due to the low gradient. Poorly-defined alluvial erosional depressions (Aed) located on
alluvial fans and plains form incipient channel systems. Little meandering is observed
and they may be incised or have steep banks.
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Alluvium in an Alluvial Channel (Aca1)
Alluvium in an alluvial channel (ACa1) is located traversing a wide variety of
landforms from both upland alluvial and colluvial fans to lowland alluvial floodplains
and alluvial plains (Figure 52). Regolith materials forming the channel deposits include
angular to rounded lithic cobbles and pebbles with gravelly sands. Cross-sectional
morphology of channels are incised and V-shaped, typically <3 m wide and <2 m deep
(Figure 87 & 88). Due to the width of alluvium in an alluvial channel (ACa1), gammaray spectrometry cannot resolve this feature. Channels confining alluvium in an alluvial
channel (ACa1) are flanked by alluvial (Afa) and colluvial fans (Cfa), depositional
plains (Apd) and floodplains (Aaf).

Figure 87: Alluvium in an alluvial
channel (ACa1) located in the upper
margins of Burrangong Creek.
Looking west.

Figure 88: Alluvium in an alluvial
channel (ACa1) located in the upper
margins of Bribbaree Creek. Looking
east.

Alluvium in an Alluvial Channel (Aca2)
Alluvium in an alluvial channel (ACa2) traverse upland alluvial and colluvial fans and
are located along sections of Caragabal, Burrangong, Bribbaree and Bland Creeks
(Figure 52). Alluvium in an alluvial channel (ACa2) are the most incised channel type
and are only located in upland areas which can generate sufficient stream flow to
actively erode into alluvial fans such as upland sections of Burrangong and Bribbaree
Creeks (Figure 89, 90 & 52). Regolith materials comprising alluvium in an alluvial
channel (ACa2) include angular to rounded lithic cobbles and pebbles with gravelly
sand and sandy silts. Channels confining alluvium in an alluvial channel (ACa2) are
incised and V-shaped typically <5 m wide and <5 m deep. Gamma-ray spectrometry
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(Figure 31) shows that alluvium in an
alluvial channel (ACa2) has a moderate
uranium and thorium response with a
moderate potassium response along sand
and

clay-rich

sections.

Channels

confining alluvium in an alluvial channel
(ACa2) are flanked by alluvial (Afa) and
colluvial fans (Cfa), depositional plains
(Cpd) and floodplains (Aaf) (Figure 52).
Figure 89: Alluvium in an alluvial channel
(ACa2) showing a deeply incised section of
Bribbaree Creek. Looking east.

Figure 90: Alluvium in an
alluvial channel (ACa2) with
the Bribbaree – Bimbi road
cutting through an incised
section of the Bribbaree
Creek. Depth of incision is
between 5 -7 m.

Alluvium In An Alluvial Channel (Aca3)
Alluvium in an alluvial channel (ACa3) are located across the transition from upland to
lowland areas and are distributed along sections of Caragabal, Burrangong, Bribbaree,
Barmedman and Bland Creeks where alluvial fans meet with alluvial plains and
depositional plains (Figure 52). Channels confining alluvium in an alluvial channel
(ACa3) exhibit a flat-bottomed cross section with dimensions typically <3 m wide and
<2 m deep (Figure 91). Regolith materials found in ACa3 channel deposits include
rounded lithic cobbles and pebbles with sandy silts with minor gravels. Gamma-ray
spectrometry (Figure 31) shows alluvium in an alluvial channel (ACa3) has a moderate
uranium and thorium response with a moderate potassium response along sand and clayPage 131
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rich sections (Figure 92). Channels confining alluvium in an alluvial channel (ACa3)
are flanked by alluvial fans (Afa), depositional plains (Apd), alluvial plains (Aap) and
floodplains (Aaf).
Figure 91: Section of
alluvium in an alluvial
channel (ACa3) in
Burrangong
Creek
adjacent to the Eurabba
State Forest. Looking
south.

Figure 92: Section of
alluvium in an alluvial
channel (ACa3) in
Caragabal
Creek.
Looking east.

Alluvium in an Alluvial Channel (ACa4)
Alluvium in an alluvial channel (ACa4) are located across lowland areas including
alluvial plains, depositional plains and floodplains and distributed along sections of
Warralonga Cowal, Barmedman, Bland and Wah Way Creeks (Figure 52). Channels
confining alluvium in an alluvial channel (ACa4) typically exhibit a flat bottomed cross
section with dimensions <10 m wide and <3 m deep. Bank collapse is common.
Regolith materials found in alluvial channel deposits (ACa4) include minor rounded
lithic cobbles and pebbles with sandy silts with minor gravel dominant. Gamma-ray
spectrometry (Figure 31) shows alluvium in an alluvial channel (ACa4) has a moderate
uranium and thorium response with a moderate potassium response along sand and clayPage 132
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rich sections. Active floodplains (Aaf1 and Aaf2) flanking alluvium in an alluvial
channel (ACa4) have high total counts with less active floodplains having a moderate
uranium and thorium response. Field observations show substantial overbank deposits
along some sections of alluvium in an alluvial channel (ACa4) possibly leading to
stream migration Relict stream channels, also mapped as alluvium in an alluvial channel
(ACa4), trend in similar directions to current drainage. Relict streams located within
alluvial floodplains tend to have a poorly-defined expression (Figure 94).

Figure 93: Section of alluvium in an alluvial channel (ACa4) located in Barmedman Creek with
a narrow margin of riparian vegetation.

Figure 94: Section of alluvium in an alluvial channel (ACa4) in Wah Way Creek. Flood marker
in background. Creek crossing in foreground. Alluvium in an alluvial channel (ACa4) can
exhibit poorly-defined banks. Riparian vegetation has been extensively cleared.
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Alluvium in an Erosional Deposition (Aed)
Alluvium in an erosional depression (Aed) is distributed widely across the B-Q Transect
area including upland areas of alluvial fans and alluvial plains in addition to lowland
areas incorporating alluvial plains and floodplains (Figure 52). Due to the subdued
topography over much of the B-Q Transect area, alluvium in an erosional depression
(Aed) is frequently poorly-defined and poorly-interconnected with shallow drainage
depressions showing irregular, rectilinear orientation as a result of modification by
cultural features.

Roads, road verges and fences obstruct or divert poorly-defined

alluvium in an erosional depression (Aed) from established courses (Figure 95). The
shape of channels confining alluvium in an erosional depression (Aed) range from 5-10
m wide and are typically < 1 m deep. Regolith materials comprising alluvium in an
erosional depression (Aed) include coarse to medium sands with minor silty and clayey
sands.
alluvium

Due to the size of
in

an

erosional

depression (Aed), gamma-ray
spectrometry cannot resolve
this feature.

Figure 95: Alluvium in an
erosional depression (Aed)
located in a road side verge
south of the Booberoi Hills.
Looking east. Car for scale

Alluvial Swamp (Aaw)

Alluvium in an Alluvial Swamp (Aaw)
Only one type of alluvium in an alluvial swamp (Aaw) is recognised within the B-Q
transect area. They are distributed adjacent to both current and relict drainage channels
or on alluvial plains and floodplains with interior drainage (Figures 52 & 96). Regolith
materials consist of dark grey colored organic-rich heavy clays, silty muds and silt.
Local relief is typically <5 m. There is moderate cropping (e.g. canola and wheat) with
grazing and pasture modification on these areas. Dominant vegetation includes isolated
eucalypt / pine stands with an understorey consisting of cumbungi (Typha spp.), spike
rush (Eleocharis spp. and Juncus spp.) and limited couch (Cynodon dactylon), sea
barley grass (Critesion marinum) and strawberry clover. Alluvium in an alluvial swamp
(Aaw) is commonly flanked by alluvial plains (Aap), floodplains (Aaf) and channel
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deposits (ACa).

Gamma-ray spectrometry (Figure 31) for alluvium in an alluvial

swamp (Aaw) shows low total counts with a low potassium and thorium response.

Figure 96: Alluvium in an alluvial swamp (Aaw), located north of the W.J. English Bridge
between the Bland and Barmedman Creeks. The dominant vegetation type includes water-loving
plants such as couch, sea barley grass and strawberry clover.

Aeolian Materials (ISUD1, ISUD2)
Aeolian input has been observed in several soil profiles across the B-Q Transect.
Mappable aeolian deposits are not widely distributed across the B-Q Transect area and
are restricted to the western margin of the map area at the base of the Booberoi Hills
(Figure 52).

Aeolian deposits have been split into 2 different units with ISUD1

representing sand ridges and ISUD2 representing the sandy clay-rich flanks. Substantial
modification by agricultural practices such as cropping and grazing has affected the
upper margins of the soil profiles. Field studies confirm that wind deflation and aeolian
transport of surface materials is continuing, especially during summer months and in
paddocks where crop stubble has been ploughed into the soil or where grazing by sheep
has removed the crop stubble altogether.

Aeolian Sands in a Dune or Dunefield (ISUD1)
Aeolian sands in a dune (ISUD1) is restricted to the western margins of the B-Q
Transect mapping area at the base of the Booberoi Hills and is expressed as isolated
arcuate sand ridges of low gradient (<5°)(Figures 52, 97 & 98). Regolith materials
include well-sorted, red coloured, massive, quartzose medium sands with minor silt and
clay.

Sand grains are well-sorted and exhibit a frosted, red, iron stained surface.

Shallow cross sections in a massive exposure examined found no sedimentary
structures. At the base of the sands a hard, porous and mottled surface was observed
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(Figure 76). Moderate cropping and grazing with pasture modification coupled with
aeolian processes has resulted in modification the upper margins of the soil profile The
vegetation cover is a moderately cleared Eucalypt woodland with grass understorey.
Gamma-ray spectrometry (Figure 31) for aeolian sands in a dune (ISUD1) shows a very
low total count with a low potassium response, possibly due to the addition of low total
count weathering materials
from the Booberoi Hills.
Sand ridges (ISUD1) with
sandy flanks (ISUD2) grade
to alluvial fans (Afa2 and
Afa3)

and

poorly-defined

erosional depressions (Aed).
Figure 97: Aeolian sands in a
dune (ISUD1) located south of
the Booberoi Hills. Looking
west.
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Aeolian Sands in a Dune or Dunefield (ISUD2)
Aeolian sands in a dune (ISUD2) are restricted to the flanks of aeolian sands in a dune
(ISUD1) and are located on the western margins of the B-Q Transect mapping area at
the base of the Booberoi Hills (Figures 52 & 98). Regolith materials include wellsorted, massive, red quartzose medium sands with minor silt and clay.

Moderate

cropping and grazing with pasture modification coupled with an extensively cleared
Eucalypt woodland has resulted in substantial deflation from aeolian processes.
Gamma-ray spectrometry (Figure 31) for aeolian sands in a dune (ISUD2) shows a very
low total count with a low potassium response. Sand ridges are located adjacent to
alluvial fans and poorly-defined erosional depressions.

Figure 98: Aeolian sands in a dune (ISUD2) on the flanks of aeolian sands in a dune (ISUD1),
located south of the Booberoi Hills. Looking east.
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Chapter 7 Results - Drill Holes
Drill-hole logs of varying quality and from a number of sources (Appendix I, Table 62)
have been compiled for several reasons:
•

Constrain the three-dimensional configuration of regolith units in the Bland
Creek catchment.

•

Cross-sectional diagrams (Appendix I, Figure 156) along separate areas of the
B-Q Transect will augment previous cross sections located to the north (Figure
7)(Anderson et al., 1993).

•

Extend the usefulness of GILMORE Project datasets including AEM and drill
investigations in determining stratigraphy by extrapolating across the B-Q
Transect.

The highest quality drill hole information is from GILMORE Project drilling (Gibson &
Tan et al. 2002) and State Government stratigraphic bores.

Company drill hole

information collected since the early 1980’s reflects a poor understanding of the benefits
of regolith classification and characterisation (Appendix I, Table 71)(Tan 2003 pers.
comm.).

Regardless of drill type and placement, piezometer, monitoring bore,

commercial mineral exploration drill log information and anecdotal evidence points to
strong lateral variation in sediment type (Appendix I, Table 71) resulting in varied
groundwater quality (Table 28).

DIPNR Shallow Piezometers and Monitoring Bores
Shallow piezometers (Figure 102) have been installed by DIPNR during late 1998 and
early 1999 in response to concerns of rising groundwater and deteriorating groundwater
quality (Wooldridge and Muller 2002 pers. comm.). Piezometer are located in close
proximity to current areas of dryland salinity and detail information on water quality
and water level.
Long term records from monitoring bores installed since the early to mid 1980’s (Table
29, Figure 99) have enabled the monitoring of groundwater variations at several depths.
Monitoring bores are widely distributed across the B-Q Transect (Figure 99) with their
installation predating recent dryland salinity occurrences. Results (Table 29 Appendix I,
Table 68) demonstrate three general patterns of groundwater movement (Table 29)
reflecting different long and short term recharge and discharge events in
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aquifers located at a variety of depths. The three trends include long term climatic
change, consistent but small groundwater rise and variable (seasonal) groundwater rise.
Aquifer depth is not considered to be a key factor in affecting groundwater quality with
individual aquifer characteristics playing a dominant role. Analysis of drill and
groundwater logs show the key attributes affecting water quality include:
•

Aquifer yield.

•

Aquifer hydraulic conductivity.

•

Aquifer porosity.

•

Connectivity of the aquifer to recharge zones or other aquifers.

•

Aquitard composition.

Greatest seasonal variability is observed in bores intersecting aquifers of good hydraulic
conductivity and where the water table is close to the surface. Restricted seasonal
variability in bore logs is observed where the bore intersects sediments of low porosity
or intersects aquifers with deeper groundwater which has longer residence times and
does not exhibit seasonal variations.
Table 28: Selected DIPNR piezometer data with supplementary water quality information from
other field sites for comparison.

Location Of

Comments

Piezometers
Strathairlie area

Range between 6 and 12 dS/m (canola, wheat and phalaris have their upper
tolerances around 6-8dS/m and @12 only saltbush survives). Initially were
fresher - around 2 dS/m.

Back Creek area

Measured salinity levels greater than 15 dS/m (tolerance limit of saltbush).

Water for the
Barmedman Pool

Sourced from an abandoned mine shaft. EC values obtained varied between 18.5
and 19.75 dS/m (nothing grows).

Creeks in general

Generally run between 1 and 2 dS/m, but dry up for part of the year.
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Figure 99: Location of
DIPNR monitoring bores
(Table 29, Appendix I, Table
68) with annual records of
standing
water
levels.
Monitoring bores are widely
distributed across the B-Q
Transect area and intersect a
number of aquifers with
different properties (Table 29,
Appendix I, Table 66).
LANDSAT 7 as background,
courtesy
of
ACRES,
Geoscience Australia, 2003).
Bore
monitoring
data
courtesy of DIPNR, 2001.

Page 140

Part 2 Methods and Results - Chapter 7 Results - Drill Holes

Table 29: Summary of long term (16 year) water level trends observed in DIPNR monitoring bores. Data courtesy of DIPNR, 2002.
Comments
Trend one represents broad water level changes on the scale of half-decades and are observed in bores GW036604,
GW036605 and GW036606. Varying degrees of annual and possibly seasonal recharge are superimposed but assume
secondary importance when compared to the long term recharge / depletion cycles of 4-5 year cycles (Figures 144,
145, 146). Water tables typically occur at depths between 23-27 m. The dominant sediment types in the water bearing
zones include sandy grey pink clays (GW036605) and sands and gravels (GW036606) at depths ranging from 80-86 m,
92-115 m and 99-105 m. As porosity is variable, reduced porosity cannot be attributed to the reduced influence of
seasonal recharge with the aquifers interconnectivity and depth more likely to filter out seasonal influences.

Diagramatic Trend

4-5 years

Trend two represents small but consistently increasing water levels and are observed in bores GW036628 (lower) and
GW036741 (upper and lower). Annual or seasonal influences are typically small. No long term variation in recharge
or depletion cycles are recognized with water levels increasing at a small but consistent rate (Figures 149, 153). Water
tables typically occur at depths between 49-51 m. The dominant sediment types in the water bearing zones include
fine sand, sands and gravels at depths ranging from 88-98 m. As porosity is good, reduced porosity cannot be
attributed to the reduced influence of seasonal recharge with the aquifers interconnectivity and depth more likely to
filter out seasonal influences. Drill hole logs indicate a low yield which may indicate low hydraulic conductivity or
poor interconnectivity with near surface aquifers.
Trend three represents water levels with varying degrees of seasonal recharge and depletion superimposed on
generally increasing water levels. This trend is observed in bores GW036603, GW036627, GW036628 (upper),
GW036630, GW036629, GW036632 and GW036825. Annual or seasonal recharge is noticeable and typically occurs
in water levels located close to the surface. No broad cycles of recharge or depletion are recognized on scales of half
decades with water levels generally increasing but with a highly variable seasonal input (Figures 143, 147, 149, 151,
148, 152 & 155). Water tables exhibiting this trend occur at a variety of depths including 55-42 m, 35-36 m, 33-32 m
and 27-22 m. The dominant lithology in these holes includes variable proportions of clays with the majority of
sediments consisting of sands and gravels at depths ranging from 38-40 m and 118-124 m. Aquifers exhibiting this
trend are not necessarily close to the surface but all exhibit good yields, hydraulic conductivity and interconnectivity to
recharge zones.
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Quandialla Borefield
Information from the recently installed Quandialla borefield (Central Tablelands Water,
2003)(Figure 100) was acquired and examined to validate the quality of State
government and commercial drill logs. Preliminary studies into the viability of the
Quandialla borefield (Figures 100 & 101, Tables 31, 30 & 32) included detailed
investigations into groundwater quality and ground conditions of neighbouring DIPNR
monitoring bores including analysis of stratigraphy, gamma-ray logging, sediment
analysis of the production bore, pumping (yield) tests and water quality.

Basic

correlation using the Lachlan Valley Stratigraphic model (Williamson 1986, Anderson
et al., 1993)(Figure 101) has been applied to the sediments in both production and
DIPNR monitoring bores (Figure 100). This model has been demonstrated as part of the
GILMORE Project to be unsuitable when applied to sediment analysis in the Bland
Basin (Gibson et al.,2002). Generally, data from bore hole analysis is of a high quality
and exhibits a good degree of correlation with earlier mapping of DIPNR bore logs
(Figures 100 & 101). Changes in sediment characteristics can be traced laterally
between the two holes and can be divided into 5 separate segments; the upper, upper
middle, lower middle, upper base and base (Table 31).
Generally, gamma counts are high for all clay-rich sediments and very low for sands
and the base of the production bore intersects basalt or ultramafics at 109 m (Figure
101). Drill hole logging interprets very little weathering of the basalt, possibly stripped
when overlying high-energy sediments were deposited.
Monitoring bore 36604 (Figure 100) intercepted bedrock at 118 m with sedimentary
sequences observed in the Quandialla borefiled logs thickening to the west. This trend is
consistent with the map of Depth to Slightly Weathered Bedrock (Raymond et al.,
2000) showing a deepening of the Bland Basin to the west.
Table 30: Conductivity field test for production bore with the production aquifer located
between 94 – 109 m depth representing basal gravels, sands and minor clays. Data courtesy of
Central Tablelands Water, 2003.
Conductivity field test for production bore

0.98 dS/m

Conductivity field test for monitoring bore 36604

1.13 dS/m
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Table 31: A summary of observations from Quandialla borefield logs. Subdivisions broadly
resemble unit descriptions of a stratigraphic model outlined as part of the GILMORE Project
(Gibson et al., 2002). Data courtesy of Central Tablelands Water, 2003.
Upper section
0 m to 30 m

Both production and monitoring bores are composed of soils grading to clays and
sandy clays and then back to clays. At the base of the clays is a coarse sand layer
which correlates between both bores. Standing water levels are at approximately
26 m below surface. Gamma counts are high for clay-rich sediments and low for
sand-rich sediments.

Upper middle
section
30 m to 60 m

Both production and monitoring bores are composed of clays. At the base of the
clays is an aquifer composed of coarse sand which correlates between both bores.
Gamma counts are high for all clay-rich sediments.

Lower middle
section
60 m to 80 m

Both production and monitoring bores are composed of clays and silts. Clays are
common in the upper portions of this section with the proportion of silts increasing
with depth up to 80 m. At the base of the clays is an aquifer composed of coarse
sand which correlates between both bores. Gamma counts are high for all clayrich sediments and low for silts.

Upper base
section
80 m to 94 m

Both production and monitoring bores are composed of alternating coarse sands
and clays. Upper coarse sands are aquifers. At the base of the section is an
aquifer composed of coarse gravel which correlates between both bores. Gamma
counts are high for all clay-rich sediments and very low for sands.

Base section
between
94 m to 109 m

Both production and monitoring bores are composed of coarse gravel with clay
layers located at the top and bottom of the section. The production bore is
screened at this depth due to the high ground water quality and yields with water
conductivity readings of 0.98 dS/m and 1.13 dS/m for the production bore and
monitoring bore 36604 respectively.

¹

Bore 36627

Bore 36604 / 39379

Bore Test Bore 1
Bore 30252

Bore 30252

Legend
BQ_transect
DIPNR_bores
!
(

0 1.5 3

6

9

12
Kilometers

DIPNR_piezos
DIPNR_bores
BQ_transect

Figure 100: Location of DIPNR Bores examined prior to the installation of the Quandialla
Borefield. Information courtesy of Central Tablelands Water, 2003).
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Table 32: Information regarding DIPNR bores examined prior to the installation of the Quandialla Borefield including construction, yield and water quality.
Information courtesy of Central Tablelands Water (CTW), 2003.
Bore
Number

Owner

Drill
Date

Drill
Depth
(m)

Aquifer Type

Aquifer
Depth

Yield
(L/sec)

SWL
(m)

Groundwater
Quality
(µS/cm)

Bedrock
Geology

Comments

36604

DIPNR (formerly
Dept Water
Resources)

1985

118

Sand & grav

96-105

22.24

25.3

1129

Basalt

Excellent yield and
quality.

39379

DIPNR (formerly
Dept Water
Resources)

1986

111

Fine sand
Fine sand
Fine/med sand

61-62
73-76
94-100

NA
9.7
28.5

NA
26
25

1300
1123

Highly
weathered
bedrock

Bore in poor condition
with flowing sands
blocking bottom aquifer.

36632

DIPNR (formerly
Dept Water
Resources)

1986

115

Unconsolidated
Fine sand
Sand & grav

81-92
97.5-98.5
103-105

25.7
NA
NA

42.3
NA
NA

1594

Shale /
Siltstone

Excellent yield with fair
quality.

36627

DIPNR (formerly
Dept Water
Resources)

1985

125

Sand & grav

118-124

< 0.5

55.4

5000

Hard rock

Saline and ‘hard’ with
poor yield.

30252

DIPNR (formerly
Dept Water
Resources)

1972

109

Sand & grav
Silty sand
Congl. Sand. Silt

64.9-66.4
71.6-73.1
72-73

0.1
0.6
NA

NA
NA
NA

1500

Slate

Thin aquifer of low yield.

Test
Bore 1

CTW

1998

110

Congl. Sand

72-73

1

50

1500

Shale

Thin aquifer of low yield.
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Figure 101: Quandialla production bore and DIPNR monitoring bore results. Changes in
sediments can be traced laterally between holes. Courtesy Central Tablelands Water, 2003.
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Drill Hole Cross Sections
Both State and commercial drill hole information (Figure 102) was used extensively to
produce cross-section diagrams across the B-Q Transect to gain an understanding of the
three dimensional changes in regolith distribution (Appendix I, Figure 156, Table 71).
Where available, State government drill hole information is used in preference due to the
better quality drill logs. Selected Commonwealth data was also incorporated but did not
include the majority of GILMORE Project drill hole information sourced from the Bureau
of Rural Science (BRS) and Geoscience Australia (Gibson et al., 2002, Gibson, In prep.).
Problems Encountered
•

Due to the different sources of information, a wide variety of methods and
descriptors were used to describe regolith materials. For this reason a degree of
interpretation was used when comparing drill holes from different sources.

•

Whilst basic information such as bedrock type was usually available (with varying
degrees of quality) depending on the source, additional information such as colour,
pH and grain size were rarely available.

•

Noting the depth to weathered bedrock was in some cases very difficult given the
basic drill log statements. Often the drill program was focused on obtaining fresh
bedrock samples and descriptions of the overlying regolith were basic, misleading
or over generalized.

•

Several drill logs comment of the difficulty of accurately mapping the boundary of
transported sediments and In situ bedrock given the similarities between sediments
and weathered bedrock composition.

•

Bedrock lithology is generally not shown in commercial datasets die to reasons of
confidentiality. The depiction of bedrock type would have allowed for the
comparison between bedrock type and the depth of slightly weathered bedrock
giving a generalized impression on the resistance to weathering.
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Drill Hole Observations
Observations gained from the production and analysis of drill cross sections include:
•

Drill hole analysis in general has failed to delineate units representing the Lachlan
Valley Stratigraphy with more complex sediment patterns resembling a loosely
defined 5 layer model (Table 31)(Holzapfel, 2002).

•

Drill hole data has revealed a highly changeable basement topography (Appendix I).
Comparison with GILMORE Project data showed that buried basement high points
have initially strongly controlled the pattern and style of sedimentation.

•

Buried basement high points (Appendix I) resulted in damming and lake formation
and the deposition of significant quantities of finely bedded grey clays in lowenergy depocentres.

•

Sands were deposited in areas of higher stream flow and higher gradients which
correspond to breaks or gaps in the buried basement high points. Sand-rich layers,
inferred to represent palaeochannels, could only in limited cases be traced
horizontally between drill holes.
•

To the west of the B-Q Transect these gaps are highlighted with maghemite
gravels representing palaeochannels.

•

To the east of the B-Q Transect the manner of sedimentation differs with the
formation of a large low angle alluvial fan reflecting a substantial increase in
catchment size and a larger sediment supply.

•

Palaeodepocenters outlined by drilling closely resemble areas of current drainage
with stacked sections of sands observed to represent palaeo-Barmedman Creek and
palaeo-Bland Creek equivalents (Appendix I).

The original positions of

depocentres were strongly affected by bedrock high points with the influence
decreased over time with sedimentary infill.
•

Bedrock high points currently expressed in the landscape continue to influence
sedimentation through stream diversion.
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•

Transported sediment thickness increases from the eastern and western margins of
the Bland Basin into the center of the B-Q Transect with deepest sections of
transported sediments in excess of 168 metres (Table 37, Appendix I).

•

Sand and gravel–rich sediments are located at a variety of depths and are described
in drill hole records and show two different styles:
•

(A) Typically thin (1-5 m), laterally extensive and continuous between drill
holes (Appendix I, Figure 156, Table 71) and;

•

(B) Stacked, discreet intersections which are not intersected in neighbouring
holes at similar depths and are often several metres thick (2-10 m)(Appendix
I, Figure 156, Table 71).

•

Sand and gravel–rich sediments are also typically located as basal sediments and
usually occupy bedrock depressions, often with a reduced thickness of underlying
weathered bedrock indicating possible erosion or stripping of weathered profiles
(Appendix I, Figure 156, Table 71).

•

Lithologies representing aquifers consist of sands, gravels and mixtures of clayey
sands, clayey gravels and silty sands (Appendix I, Figure 156, Table 71). These
aquifers are a major source of groundwater but quality is highly variable.
Groundwater is also located between basal sediments and bedrock (fresh to
weathered).
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Figure 102: The location of State, Commonwealth and commercial drill holes, bores and piezometers. Imagery background courtesy of ACRES,
Geoscience Australia, 2002.
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Chapter 8 Results – Geophysics
NanoTEM
Three NanoTEM traverses have been undertaken across the B-Q Transect in separate areas
including two traverse located at the Base of the Booberoi Hills and one traverse located
south of Quandialla near ‘Strathairlie’. These three traverses are positioned to target areas
of existing dryland salinity and complement regolith-landform mapping and shallow
piezometer drill logs.
The three NanoTEM surveys (Booberoi, Sandy and Quandialla) are designed to collect and
contrast shallow, high-resolution TEM dataset against nearby regional-scale drill hole
datasets and other complementary sources of spatial information including shallow seismic
refraction, satellite imagery and regolith-landform mapping.

The combined aims of

utilizing a multi-disciplinary approach including NanoTEM include:
•

Imaging shallow conductive sedimentary structures and determining depth to
bedrock.

•

Increasing the understanding shallow fluid flow within the Booberoi-Quandialla
Transect area and how this relates to observed outbreaks of dryland salinity.

•

Compare and contrast against shallow seismic refraction results obtained across the
same area with a similar transect length. Additional regional seismic reflection and
refraction results exist to the north and south.

•

Incorporate observations into the development of a shallow fluid flow model for the
Bland Creek catchment and the Booberoi-Quandialla Transect area.

NanoTEM results have imaged a multi layer sedimentary system with the position and
depth of the palaeochannels correlating well with existing seismic, drill hole and regolithmapping results (Table 33). Additional information about depth to bedrock was also
acquired and has been integrated into shallow fluid flow models of the BooberoiQuandialla.Transect.area.
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Table 33: Tabled results of NanoTEM surveys across the Booberoi, Sandy and Quandialla surveys (Figures 103-112).
Traverse
& Length
(km)

Comments

Quandialla
4.5 km

The upper margins of the traverse are typically resistive with values ranging between 3.0-15.8 ohm-m. The depth of this low conductivity layer is
highly variable and shallows from north to south with thicknesses varying from greater than 100m to 20-25 m respectively. Considerable variation is
noted on the northern end of the traverse where the low conductivity layer is thickest. The northern end can distinguish an upper, ‘layered’ section and
a lower, ‘blocky’ section where conductivity values exhibit strong vertical and horizontal changes. Considerable variations in conductivity were noted
when the line traversed sandy ridges know to represent palaeochannels with water table close to the surface and of variable water quality. Underlying
the generally low conductivity layer a discontinuous lens-shaped high conductivity layer is present. Conductivity values between 2.5-0.4 were noted.
The high conductivity layer exhibits generally uniform thickness and depth, typically 30 m thick and situated between 25-55 m from the surface. The
high conductivity layer is discontinuous in places creating a pod like or discontinuous appearance. The lower layer imaged by NanoTEM exhibits low
conductivity results and is poorly imaged when overlain by the high conductivity layer. When present, the lower layer exhibits very little variation.

Booberoi
3.3 km

The upper margins of the traverse vary between 10-15 m thick and exhibit noticeable variations in resistivity but generally are of low conductivities
between 3-9 ohm-m. As with the short traverse ‘Sandy’, this upper low conductivity layer is laterally extensive across the whole traverse but exhibits a
greater degree of internal variation. Poorly-defined surface drainage at stations 4840, 4080 and 3040 account for the strong changes in conductivity
due to the presence of variable quantities of saturated clays in an otherwise sandy matrix. Between 10-15 m ground conditions change to a second,
higher conductivity layer with resistivity readings between 1-2.5 ohm-m. The boundary between the low and high conductivity layer is distinct but not
as flay lying as for traverse ‘Sandy’. The high conductivity layer is also laterally extensive across the traverse with internal variations creating a pod
like or discontinuous appearance. Conductivities are highest underlying poorly-defined surface drainage. The lower layer imaged by NanoTEM
exhibits low conductivities and ranges between 35-45 m from the surface. The lowest layer exhibits increasing resistivity with depth. Very little
variation is observed within this layer.

Sandy
0.75 km

The upper margins of the traverse between 0-10 m exhibit small variations in resistivity but generally are of low conductivities between 3-7.9 ohm-m.
This upper low conductivity layer is laterally extensive across the whole traverse. Slight rises in resistivity correspond to elevated sandy areas between
poorly-defined sand and clay areas subject to sheetwash. Between 10-50 m ground conditions change with high conductivity readings between 2.5-1.3
ohm-m. This high conductivity layers is also laterally extensive across the traverse with a flat, well defined upper margin and a varying lower margin.
While the high conductivity layer is laterally extensive, internal variations create a pod like or discontinuous appearance. The thinnest section of the
high conductivity layer occurs in the vicinity of the slightly elevated sand ridge possibly indicating an extension of the sand-rich sediments with depth.
The high conductivity layer is observed to thicken at the expense of the underlying low conductivity layer either side of the elevated sand ridge. The
lower layer imaged by NanoTEM exhibits low conductivity results and range in depth between 50-75 m and exhibits increasing resistivity with depth.
Very little variation is observed within this layer.
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Quandialla

Figure 103. NanoTEM traverse ‘Quandialla’. Orientation is left (north) to right (south).

Figure 104. Northern half of the NanoTEM traverse ‘Quandialla’. Orientation is left (north) to right (south).

Figure 105. Southern half of the NanoTEM traverse ‘Quandialla’. Orientation is left (north) to right (south).
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Figure 106. Legend information for the NanoTEM survey. SPOT image of the location
of the NanoTEM survey.
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Figure 107: NanoTEM traverse ‘Booberoi’. Orientation is left (south) to right (north).
Figure 108: SPOT image of the location of the NanoTEM survey.
Figure 109: Legend information for the NanoTEM survey.

1760

Page 153

Part 2 Methods and Results - Chapter 8 Results – Geophysics

Sandy

South

North

Main sand ridge extent

0

0.3

0.6

1.2
Kilometers

Legend
1700 1720
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

1680
15401560
Trend
14001420
of low
1280
sa n d
ridge 1260
1140
1120
1000

BQ_transect

Figure 110: NanoTEM traverse ‘Sandy’. Orientation is left (south) to right (north).
Figure 111: SPOT image of the location of the NanoTEM survey.
Figure 112: Legend information for the NanoTEM survey
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Seismic Refraction
The plot of velocity refractor elevation on line GA03-QD1 was produced at the end of
processing (Figures 115 & 116) along with associated tables of refractor elevations and
incorporated an early and a late time model (Figures 117 & 118, Table 34). The quality of
the refraction data was good with shallow palaeochannel features, sediment changes and
depth to bedrock detected. Near surface sedimentary structures detected using seismic
refraction also exhibit a good degree of correlation with NanoTEM anomalies. Results are
constrained by velocity data initially gained from regional-scale seismic studies (Figure
113)(Barton & Jones, 2003) and other local seismic studies (Deen et al., 2000, Leslie et al.,
2000). Interpretative models use generalised velocities of 450ms-1, 800-850ms-1 and 2,000
ms-1 for the upper, middle and deepest layers respectively. These values have imaged a
multi (3) layer sedimentary system with the position and depth of the palaeochannels
correlating well with existing geophysical, drill hole and regolith-mapping results (Table
38, Figure 136). Additional results highlighted from processing include:
•

Combined first break pics and shot records (Figure 191) show that velocity values
correspond to general changes in lithology. P-wave velocities are reduced in the
vicinity of known palaeochannels and areas of clay-dominant sediments show
higher velocity values.

•

The first refractor lies between 0 -10 m (Figure 136) and is locally elevated in close
proximity to known palaeochannels with water levels within 5 - 10 m of the surface
(Chisholm 2003, pers. comm, Harris 2003, pers. comm,) and intersects the surface
on the flanks of established drainage. This refractor most like represents a local
water table.

•

The second refractor lies between 25 – 45 m depth (Figure 136) corresponding to
basal sands, clays and weathered bedrock in nearby DIPNR monitoring Bores
GW036629 and GW036631.

•

The third and deepest refractor varies in depth with deepest sections occurring in the
north of the traverse (>170 m) before shallowing steeply to the south (<40 m).

•

Low points defined by the third refractor correspond to palaeochannels located
higher in the sequence. The shape of the third refractor is inferred to have
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influenced the position of palaeochannels with sedimentation preferentially directed
into predefined palaeotopographic low points. Such a possibility is also observed in
drill hole analysis over the Bland, Wah Wah and Barmedman Creeks with stacked
sections of sands and clays overlying bedrock low points.
Additional information about depth to bedrock was also acquired and has been integrated
into shallow fluid flow models of the Booberoi-Quandialla.Transect.area. Results acquired
as part of this traverse will contribute to existing regional seismic studies which transect the
Bland Basin to the north and south.
Only seismic refraction data is presented. Seismic reflection data acquired as part of the
hybrid survey was not processed due to time constraints but has the potential to detect
additional changes in regolith properties and further resolve sedimentary features including
near surface and buried palaeochannels.
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Table 34: Results of seismic refraction with additional comments based on field observations and post acquisition processing.
Refractor

Comment

Observation

Deep

The deepest refractor shown as red (Figures 115 & 118) represents a
high velocity layer of 2,000 ms-1 (probable basement). This high
velocity layer varies in depth with deepest sections occurring in the
north of the traverse with depths greater than >170 m. The high
velocity layer initially shallows to approximately 90 m then deepens
to approximately120 m before rising steeply on the southern margins
to depths of 40 m.

The late time model depicting the high velocity layer (red) and the
middle refractor (green) image deeper structures. Both the middle
refractors for both early (yellow) and late time (green) models
exhibit a good degree of correlation. Examination of first break
pics compared against time (ms) and station number gives a good
appreciation of ground conditions

Middle

The middle refractor shown as yellow and green (Figures115 & 118)
represents a velocity of 850 ms-1 and maintains a generally constant
depth of between 25-45 m across the traverse. Slight changes in the
depth of the middle refractor occur in close proximity to sand ridges
previously mapped as palaeochannels with the depth of the middle
refractor decreasing to 20-30 m. Between palaeochannels at stations
1064-1096 and 1224-1240 respectively, the middle refractor
elevation is typically 35-40 m below the surface.

Both the middle refractors for both early (yellow) and late time
(green) models exhibit a good degree of correlation. The creation
of early and late time models enhanced the ability to define more
than one layer although differences in first break pics did
complicate modelling (Figure 136).

Upper

The uppermost refractor representing the low velocity layer of 450
ms-1 is located close to the surface between 7-10m and does not
exhibit large changes in elevation (Figures115 & 117). Slight
changes in the depth of the upper refractor occur in close proximity to
sand ridges previously mapped as palaeochannels with the upper
refractor either missing or at shallower depths.

Transmission of the vibroseis P-Wave through sand-rich sediments
mapped as palaeochannels was difficult due to the reduced return
signal and attenuation of the higher frequencies. Traces of the
spread exhibited a ‘stepped’ appearance demonstrating a strong
change in seismic velocity with underlying sediments.
Transmission of the vibroseis P-Wave through clay-rich sediments
close to established drainage lines did not pose any problems due
to the high return signal quality and reduced signal attenuation.
Traces of the spread exhibited a smooth transition away from the
source point indicating minimal change in seismic velocity with
underlying sediments.
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Figure 113. The placement of refraction line GA03-QD1compared to regional seismic lines.
Velocity values used in the interpretation of GA03-QD1 early and late time models originated from
regional seismic interpretation. Imagery courtesy of ACRES, Geoscience Australia 2002.
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Figure 114. The placement of refraction line GA03-QD1 compared to regional seismic lines.
Velocity values used in the interpretation of GA03-QD1 early and late time models originated from
regional seismic interpretation. Imagery courtesy of ACRES, Geoscience Australia 2002.
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Figure 115: Combined refraction results of the early time REFTEST 5 model and late time
REFTEST 6 model. Surface elevation for reference. The first refractor (purple) and is located
close to the surface and remains at a uniform depth of less than 10 m from the surface. The
second refractor (green / orange) is located between 30 - 45 m depth is a shared boundary for
the early and late time models and shows a good degree of fit. The third refractor represents the
highest velocity layer (fresh bedrock) and exhibits a wide depth extent between 175 m to 50 m.
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Figure 116: Composite of all first break picks and shot records showing broad changes in
velocity across line GA03-QD1. Palaeochannels located on low sandy rises typically exhibit
low velocities.
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Figure 117: Early time model with surface elevation for reference. The first refractor (green)
shows only small changes in depth being elevated close to palaeochannels and current drainage
lines. Differences in vertical exaggeration exist between the early time model shown here and
the late time model shown below.

Figure 118: Late time model with surface elevation for reference. Refractor two (green) and
refractor three (red) are shown here. The second refractor shows two localised high points
broadly corresponding to palaeochannels located at the surface. The second and third
refractors intersect at the southern end of the traverse indicating a shallowing in the depth to
bedrock. Differences in vertical exaggeration exist between the late time model shown here and
the early time model shown above.
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Sources of Noise
Field quality checking revealed point sources of noise from a variety of field based
sources. Additional sources of noise were sourced to the Strataview and were screened
out during later processing.

Field Based Noise Sources
Noise from a number of sources were observed in both field observations and later
processing back in Canberra.

The sources are listed below with a summary of

mitigation strategies.

Powerline Induced Noise
Powerlines spaced approximately 25-30 m apart and located adjacent to the vehicle
track (Figure 119) were a major source of high frequency, audible noise.

Wire

vibrations caused by wind and trees were easily transmitted along the 12 wires to the
ground via the powerline base constructed of spare railway track. Geophones located
immediately adjacent to the powerlines did yield noisy traces (Figures 133 & 134).
Mitigation strategies included placing the geophone strings as far as practicable away
from the western side of
the access track where the
powerline

was

located.

Care was taken not to
place the geophone strings
immediately

opposite

powerline poles.
Figure 119: Powerlines
shown above were observed
to a constant source of high
frequency, audible noise and
showed up regularly on
trace records.

Stock Induced Noise
Cattle movement was a minor source of noise that affected several stations (Figure 120).
Due to the drought, large numbers of cattle were attracted to the seismic vehicles as they
thought the vehicles may contain feed. Mitigation strategies included chasing the cattle
away on foot. This strategy was only partially successful.
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Figure 120: Cattle were
another source of noise

Rail Induced Noise
Traffic on the Stockinbingal to Parkes Railway was intermittent with only three to four
trains per day (Figure 121). Due to the subdued topography these trains could be seen
from several kilometres and production was halted until the spread was clear of noise.
The trains produced a large amount of noise ranging between high and low frequencies
as the distance between geophones and the railway was usually less than 50 m. The
noise persisted for some time after the trains passing with noise transmitted through the
train tracks.
Figure 121: Trains produced
the strongest noise and the
survey would be suspended
for several minutes before,
during and after a trains
passing.

Vegetation Induced Noise
High grasses, trees and densely vegetated areas were a source of high frequency noise
both from moving geophone cables (in the case of grasses) and also movement of grass
and tree roots in the root zone (Figure 122). Mitigation strategies included avoiding tall
grasses where possible and taking extra care placing geophone cable close to the ground.
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Figure 122: Low grassland
and trees produced high
frequency noise. Remediation
methods included avoiding
installing
cable
and
geophones close to vegetated
areas and stopping reflection
and refraction acquisition
during times of high wind.

System Based Noise
The Strataview system was also observed to be a source of noise. Occasional noisy or
dead geophones were checked and replaced but revealed no problems. In addition,
several noisy stations were observed in several records which did not change position
even after the spread changed.
The roll-along switch was also observed to be a possible source of noise. Maintenance
by ANSIR staff of the roll-along switch revealed intermittent, rusted contacts which
were then cleaned. Problems with the roll-along switch persisted through the survey
and noisy traces were noted in the observers log.
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Part 3 Discussion
Chapter 9 Discussion: Distribution of Surficial Materials
Regolith-Landform Mapping
Existing soil and regolith-landform maps at scales between 1:100,000 and 1:50,000 for
the Bland Creek catchment (Gibson & Chan, 1999, Gibson & Chan, 2000, King, 1998)
have provided regional context and accurately map broad surface and subsurface
features relating to dryland salinity (Wilford, 2002, Wilford et al., 2002 ) but do not
yield information at local or farm-scales for on-ground land management decision
making (Holzapfel & Moore, 2002). The two 1:20,000 and one 1:50,000 scale maps
(Holzapfel & Moore, 2002 a, b & c) (Figure 52, Appendices M,N & O) provide the
necessary paddock-scale regolith-landform information to aid land managers and
Landcare groups in producing Land Management Units (LMU’s)(Agar et al, 2002,
Haddrill & Moore, 2002).
The compilation and interpretation of 1:50,000 and 1:20,000 scale regolith-landforms
(Appendices M,N & O)(Figure 52) has been successful in highlighting not only lateral
variations in regolith products but soils in danger of wind erosion, soil waterlogging and
major recharge zones for shallow groundwater flow-systems. Interpretation of the
regolith-landform units has revealed ‘provinces’ of regolith products sourced from
different dispersion pathways and different bedrock types (Table 41).
The compilation and interpretation of 1:20,000 scale regolith-landforms (Figure 52,
Appendices N & O) has been successful in highlighting: paddock-scale variations in
regolith products; recharge zones; near-surface palaeochannels, poorly-defined and
modified drainage systems and the presence of large areas of gilgai (cracking and
swelling clays). These features have been omitted to various degrees from previous,
more regional scale mapping but cannot be ignored at scale less that 1:50,000 as they
play an important role in soil formation, soil distribution in addition to influencing the
distribution of dryland salinity. Given the degree of landscape modification (Appendix
J, Figures 154, 155 & 156) and low gradients over most of the Bland Catchment (Figure
32), the importance of mapping these subtle differences in regolith and landform type
has increased.
Despite the drill hole analysis demonstrating a need for additional information on the
third dimension to constrain subsurface regolith configuration and fluid flow, the
completed regolith-landform maps remain an effective method for deriving land
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management units (LMUs). Dividing a property into LMUs on the basis of surficial
regolith-landform characteristics, current land-use patterns and other available data
allows land managers to plan ongoing land-use and mitigation strategies.
The approach to regolith-landform mapping across the B-Q Transect area (Holzapfel &
Moore, 2002a,b & c) and the GILMORE Project area to the west (Lawrie et al., 2003a)
has been integrated with geophysical methods including the widest possible use of
remotely-sensed imagery (e.g. DEM models, aerial photographs and satellite imagery),
geophysical data (e.g. gamma-ray spectrometry, aeromagnetic imagery) and drill hole
information.

The three-dimensional integration of regolith-landform mapping with

other techniques is critical in determining the interaction, distribution and movement of
groundwater in the Bland Creek catchment as buried palaeochannels are the preferred
fluid pathways. The surface and subsurface extents of several palaeochannels located
south of Bland and Quandialla (also at the base of the Booberoi Hills)(Figure 52) play
an important role in local, near-surface flow systems and have been recognised along
with their importance with respect to water quality.

Aeolian Input and Land Degradation
Transport and modification by aeolian processes is on-going in the landscape,
particularly with the current drought conditions over much of western NSW (Figures
123 & 124). The influence of aeolian processes have been observed at several sites in
the B-Q transect area, especially in areas where soils comprise a high sand component
such as at the base of the Booberoi Hills, Weddin Mountains (Figure 123) and south of
Quandialla. An increased sand component reduces the effectiveness of the soil to resist
wind erosion thorough the reduction in soil cohesion compared with clay-rich
sediments.
Figure
123:
Sandy
soils
exhibiting
modification and
transport by wind
with deposition
along
low
obstructions
including fences.
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With the current cropping regime, large areas have been cleared of their native tree and
understorey vegetation increasing the risk of wind erosion.

Regolith-landform

boundaries were also obscured not only by pastoral improvements but by aeolian
materials (Figure 123).
Field observations, both from regolith–landform mapping and geophysical surveys have
highlighted key areas where wind erosion is having a detrimental effect on soil
structure, possibly contributing to areas already subject to dryland salinity and posing
other health and safety hazards (Neil et al.; 1995). Due to the timing of selected field
mapping, observations during the current summer drought were made and are
summarized below:
•

Strong summer winds and dust storms (Figure 124) were observed on several
occasions to have transported large quantities of topsoil from areas not protected
from the wind. Due to the nature of farming within the Bland Creek catchment,
large areas have been cleared (Figure 3)and do not offer much protection from
strong winds.

•

Areas offering substantial protection such as travelling stock reserves (Davidson,
2002), riparian zones along major drainage channels and roadside nature
corridors were often observed to be places where aeolian materials were
deposited, frequently in deposits measuring greater than 30 cm deep in the
leeward side of native grasses or established trees (Figure 123).

•

Aeolian deposits of vegetation and topsoil were also observed to collect along
fence lines as these features also offered varying degrees of wind protection.
These Aeolian deposits (Figure 123) were observed to affect poorly-defined
drainage networks (Figures 127 & 175 ).

•

Areas affected by wind erosion often exposed a hard clay surface that exhibited
very little water penetration. Vegetation was observed to be sparse in these
areas with small plants having exposed root systems and poor plant vigour.

•

Paddocks that had either established native tree windbreaks (established trees
with heights over 7-10m on all sides of the paddock) or crop stubble present and
limited sheep grazing were observed to have suffered minimal wind erosion.

•

Paddocks that had either sparsely planted or no native tree windbreaks, no crop
stubble, or were ploughed or had excessive crop grazing were observed to have
suffered greater degrees of wind erosion.
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Figure 1: 23/10/2002
Dust Storm as seen by
the ‘Terra’ Satellite
(ACRES, Geoscience
Australia, 2002).

Remotely sensed imagery of Australia

From analysis of the compiled 1:20,000 and 1:50,000 scale regolith-landform maps,
areas observed to be at risk from wind erosion are listed below:
•

The low angle alluvial fans draining east from West Wyalong situated
between the Booberoi Hills to the north and the low Yiddah Hills to the south
(Figure 52). The soils in this area are proportionally sandier than the alluvial
plains located between the Barmedman and Bland Creek systems.

•

The alluvial plains and alluvial depositional plains located south and south
west of Quandialla (Figure 52). These areas were shown from field mapping
to host several near surface palaeochannels and the soils are proportionally
sandier than the dominantly clay-rich alluvial plains located between the
Curraburrama Plain, Bland or Burrangong Creeks.
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Estimation of Salt Stores and a Model for Increasing Salt Stores
Salt input in the form of aerosols (Keywood et al., 1997) has been measured at about
one million tonnes per year in the Murray Darling Basin alone given an average of
5mg/L of deposited salt in rainfall (Acworth, 2002a & b, Weaver et al, 2002, Anderson,
1996). As the Bland catchment covers an area of 8346 km2 (Table 4) and assuming a
conservative annual rainfall of 450mm/yr (Figure 4) and an average of 5mg/L of
deposited salt in rainfall, a total volume of salt of 18,780 Tonnes/yr is deposited within
the Bland catchment (Table 39).

As drainage in the Bland Creek catchment is

ephemeral and does not flow north into Lake Cowal without the assistance of flood
events, most of the salt load entering the B-Q Transect is concentrated in the soil
profile, established drainage channels or goes to groundwater recharge.
Table 35: Total salt volume calculations of the B-Q Transect catchment
Total Area
(km2)

Rainfall
(m)

Vol water
(m3)

Vol water (L3)

mg total

Tonnes Total

8346

0.45

3755779504

3.75578E+12

1.87789E+13

18778.89752

Parna or clay dust and aggregates is another source of salt which is harder to quantify as
the salt store can be ‘recycled’ in the landscape by aeolian processes redistributing salt
back onto the southern highlands (Figure 125)(Greene et al., 2002, Munday et al.,
2000.).
Parna, another source of salt, can be sourced from a variety of localities including
proximal deflated lakes and watercourses (Humphreys et al., 2002, Meakin, 2001) and
from more distal origins including the Murray Basin and central Australia (Figures 124
& 125). The transport of parna over time has resulted in the associated accumulation of
a significant storage of salt in the landscape with an increase in parna deposition, and
higher salt contents, during periods of drought (Figure 124) or on longer timescales in
periods of glaciation (Chivas, 2002) (Figure 125). Commercial, exploration, DIPNR
piezometer and monitoring bore networks at a variety of sites in the Bland Creek
catchment have recorded slight long term increases in water levels (Table 29). Salt
associated with rainfall and normal river flow into the Bland Catchment is thought to
accumulate in the soil profile through evaporation on floodplains, back plains and broad
meandering creek systems (Figure 124, Tables 28, 30 & 32).

The magnitude of

groundwater rise indicates that most of the input by rivers is lost through evaporation.
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Figure
125:
The
distribution of recent
aeolian material sourced
from the Murray Basin
during glacial maxima
stages 2 and 6. From
Hesse, 1994.

This buildup of salt in the landscape between flooding events is observed to be affecting
the groundwater quality at one locality (‘Strathairlie’) with the potential to affect many
other sites. The mechanism for salt emplacement (Figure 126) is as follows:
•

Surface recharge of palaeochannels may occur during seasonal winter rainfall
and through flood events via ponding of water on floodplains.

•

Subsequent evaporation will concentrate the salt load in the soil and remaining
standing water.

•

The remaining floodwater is absorbed into the sandier sediments either by
gravity or by capillary action.

•

Repeated flood events and ingress of proportionally higher salinity floodwaters
will cause salt concentration in the sandier sediments.

•

Due to the shallow nature of these partially exposed palaeochannels, evaporation
and evapotranspiration from vegetation further concentrates salt in the upper
parts of the regolith profile (Figure 126).

Palaeochannels south and west of Quandialla and located further away from current
drainage systems do not seem to be affected by rising salt loads and have water quality
comparable to sandy granitic soils and colluvium located on hill flanks in the study area.
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Infiltration and concentration of
saline water

Evaporation

Watertable

Sandy clay interior

Current Drainage

Floodplains and swamps

Sand ridges / Palaeochannels

Figure 126: Basic diagram showing the concentration of salts from floodwaters and infiltration
into adjoining palaeochannels.

Gamma-Ray

Spectrometry

Image

Interpretation:

Distribution

Pathways
Gamma-ray spectrometry (K-red, Th-green, U-blue) was used extensively to facilitate
regolith differentiation in the field (Figure 31) in addition to post field map production
and determination of landform features. Gamma-ray spectrometry has proven to be
very useful in conjunction with field mapping for determining preferred colluvial and
alluvial sediment dispersion pathways not only in the Bland Creek catchment but on
smaller scale (>1:100,000 scale) geological mapping projects (Meakin, 2001). Gammaray spectrometry was able to distinguish separate provinces based on bedrock type,
drainage orientation and sedimentation style. Granite uplands are visible due to the high
potassium content and the sandstones are spectrometrically less evident, or are tinged
blue. The current pattern of transported alluvium, when compared with reconstructions
of the Bland Basin, show that the drainage pathways have remained relatively
unchanged. Sediment is typically sourced from the east, west and south. Saddles
between low-rises and watersheds have high thorium counts correlating with an increase
in surface ironstone lags (Chan & Gibson 1999) and a high residence time.
Palaeochannels and regions of clay-rich sands (Meakin, 2001) are evident from
combined total count and high potassium gamma-ray signals in the centre of the B-Q
Transect. These define near-surface and partially exhumed palaeochannels sourced
from the east and draining west and northwest. The palaeochannels are composed of
well-sorted quartzose sands and clayey sands, typically less than 150 m in width (Figure
135, Table 38).
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Chapter 10 Discussion: Validation of Map Products
Remote Sensing Techniques Used to Characterise Surficial Materials
Aerial Photography
Aerial photography at a variety of scales complemented SPOT and LANDSAT imagery
as aids for mapping regolith and landform variations across the B-Q Transect (Appendix
J, Figure 153). Stereographic interpretation of aerial photographs was of limited value
for landform analysis due to the subdued topography. The same low gradient made
mapping drainage features difficult, but colour aerial photography highlighted
established drainage channels, poorly-defined channels and areas subject to inundation
(Appendix J, Figures 177 & 178).

Vegetation patterns helped define clay-rich

lithologies including overbank deposits. Colour aerial photographs were helpful in
determining drainage patterns and compared well with LANDSAT imagery which had
poorer resolution. Colour aerial photography assisted with the mapping of; gilgai,
alluvial fans, areas subject to occasional inundation and hydrological features including
poorly-defined drainage depressions (Appendix J, Figure 154).
Subdued topography and cultural modifications including roads (Figure 95), fences,
drains and ploughed paddocks affected drainage patterns (Figure 127). The acquisition
of the aerial photography coincided closely with seasonal rainfall and flooding in the BQ transect and allowed for the detection of the subtle changes in landscape as the lowerlying areas were inundated with ponded water. Some discrimination between soil
moisture and vegetation vigour could be made which SPOT and ASTER did not
illustrate.

LANDSAT imagery (Lourens et al., 1999) was partially successful but

lacked paddock-scale resolution (less than 1:10,000 scale).
Subtle changes in landforms and regolith type were present between the Bland and
Barmedman Creeks with small changes in elevation resulting in ponding of water
changing the regolith types and changing the vegetation communities from native
grasses to water-loving and salt-tolerant species. Colour aerial photography was able to
adequately reflect these changes.
Black and white aerial photography covering the 1:50,000 scale B-Q Transect mapping
area was also useful but did not provide the same level of information as colour
photography or LANDSAT satellite imagery:
•

Acquisition dates for black and white photography were outdated (1967 and
1978).
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•

Selected black and white aerial photographs were too dark or did not have the
required contrast to make adequate discrimination of regolith-landform features
possible.

•

Black and white aerial photography provided limited information on hydrology,
vegetation and soil moisture content and type.

•

Black and white aerial photography showed poorly-defined drainage but did not
provide the added details of colour photography including the distribution of
gilgai and modified drainage from cultural features including fences and roads
(Figure 127).
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Figure 127: Colour 1:50,000 scale aerial photography with regolith-landform mapping
overlay. Poorly-defined drainage modified by cultural features including roads and fences.
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Figure 128: Colour and black and white aerial photography with 1:50,000 scale regolithlandform polygons. Regolith-landform polygons show good spatial accuracy corresponding to
features on the aerial photography. Fences and roads correspond in many cases to diverted or
impeded drainage.

Imagery
Regolith-landform characteristics including sand and clay-rich areas and floodplains are
possible to detect using LANDSAT and SPOT imagery using vegetative surrogates, soil
moisture content and differences in thermal properties (Tables 70 & 71, Figure 130), but
only during times of minimum crop growth such as mid to late summer (fallow season
for the B-Q Transect area). Stressed vegetation caused by waterlogging or saline
ground can be detected using TM bands 2,4 and 6.
LANDSAT and SPOT imagery was used extensively in the compilation of 1:20,000 and
1:50,000 scale maps due to several reasons:
•

Complete coverage of the mapping area.

•

Consistency of vegetation growth between SPOT and LANDSAT ETM+ scenes.

•

Consistency between 1:20,000 and 1:50,000 scale maps and map areas.

•

Ability of LANDSAT to detect changes in thermal properties and soil and
vegetation moisture content, especially important when discriminating between
sand and clay-rich sediments.

•

Enhanced resolution of SPOT.
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Regolith and landform characteristics were able to be detected using ASTER imagery
(Figure 192, Table 30) with various band combinations sourced from previous
mineralogical studies (Hewson, Cudahy, Mah & Dunne, 2003, Hewson & Creasey
2002). ASTER data was examined in VNIR, SWIR and TIR bands (Figure117 & 119,
Table 30). Processes (Hewson & Creasey 2002) that were not performed on the data as
a result of time constraints which could have resulted in better quality information
included Band unmixing and Band ratioing.
Overall, significant processing of the ASTER data (Wang 2003 pers. comm.) and the
lack of specialised analytical software (such as ENVI or ER Mapper) resulted in a
cursory investigation of features and band combinations.
Further work using ASTER would have been beneficial given the number of products
that can be generated by additional processing (Wang 2003 pers. comm., Hewson,
Cudahy, Mah & Dunne, 2003, Hewson & Creasey 2002). Examples of additional
products and their benefits include:
•

Thermal products derived from further processing of TIR bands may assist
regolith-landform mapping by differentiating between sand-rich and clay-rich
lithologies.

•

Band mixing / ratioing could yield more accurate distribution of several regolithlandforms including alluvial fans, clay-rich lithologies and could better
differentiate areas subject to inundation.

•

Digital Elevation Models derived from further processing would greatly assist
future land management decisions given the very low gradients across most of
the B-Q Transect and the effect this has on surficial drainage.
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SPOT
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Figure 129: SPOT imagery with 1:50,000 scale regolith-landform polygons. Regolith-landform
polygons show good spatial accuracy corresponding to features on the SPOT imagery.
Uncleared vegetation correspond to bedrock hills, low hills and erosional rises. SPOT imagery
courtesy of ACRES, Geoscience Australia.

LANDSAT
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Figure 130: LANDSAT imagery with 1:50,000 scale regolith-landform. Regolith-landform
polygons show good spatial accuracy corresponding to features on the LANDSAT imagery. The
eastern half of the B-Q Transect shows a dominant westerly trending, low angle alluvial fan
distinguished by the presence of low moisture, sand-rich sediments. LANDSAT imagery
courtesy of ACRES, Geoscience Australia.
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Validation and Testing of the Regolith-landform Maps
Regolith-landform maps were validated against SPOT and LANDSAT imagery and
aerial photography (where available) (Figure 128). Positional accuracy of regolithlandform polygons against boundaries determined from remotely sensed sources is
generally good with observed changes in sediments and landscape position
corresponding well to mapped changes in regolith-landforms (Table 36).
Table 36: Imagery type validating regolith-landform polygon accuracy
Type

Comments

Aerial
photography

For 1:50,000 scale mapping, selected areas between the Bland and Barmedman Creeks
exhibit a high level of complexity and the 1:50,000 scale mapping can only represent a
generalized drainage and floodplain distribution (Figure 128). 1:20,000 scale mapping
would be sufficient to resolve this detail. A generalised drainage network has been
primarily captured from SPOT and LANDSAT imagery with minor input from aerial
photography and exhibits a good degree of spatial accuracy with existing drainage.
Bedrock rises, low hills and hills are accurately depicted along with associated colluvial
fans (Figure 128). Spatial accuracy of regolith-landforms correspond well with features
observed from aerial photography (Figure 127). Areas of gilgai (cracking and swelling
clays) were highlighted using aerial photography and also exhibit a high level of spatial
accuracy. For 1:20,000 scale mapping, poorly-defined and modified drainage (Figure
127) has been accurately mapped using aerial photography with regolith-landform
polygons showing a high degree of spatial accuracy with other sources such as SPOT and
LANDSAT. Bedrock rises, low hills and hills are accurately depicted along with
associated alluvial and colluvial fans (Figure 127). Generally, the spatial accuracy of
regolith-landforms correspond well with features observed from aerial photography and
field observations. Areas of gilgai (cracking and swelling clays) were highlighted using
aerial photography and captured on the Booberoi 1:20,000 scale map with a high degree
of spatial accuracy.

SPOT

For 1:50,000 scale mapping, regolith-landform polygons of bedrock rises and associated
colluvial and alluvial fans show good spatial accuracy when compared with SPOT
imagery (Figure 129). Polygons representing alluvial channel deposits are well depicted
along established drainage channels, particularly in the north of the B-Q Transect area
where channels become poorly-defined with substantial floodplains (Figure 129).
Generally, the spatial accuracy of regolith-landforms correspond well to features
observed from SPOT and field observations. For 1:20,000 scale mapping, SPOT imagery
is able to handle the larger scale mapping without becoming too pixilated and is still able
to resolve changes in regolith-landforms. The spatial accuracy of regolith-landforms is
improved if mapped in conjunction with aerial photography. Generally, the spatial
accuracy of regolith-landforms correspond well with features observed from SPOT and
field observations.

LANDSAT

For 1:50,000 scale mapping, regolith-landform polygons of bedrock rises and associated
colluvial and alluvial fans show good spatial accuracy when compared with LANDSAT
imagery (Figure 130). The spatial accuracy of palaeochannels and alluvial regolithlandform polygons mapped using aerial photography and LANDSAT imagery (using
changes in thermal characteristics and soil moisture) exhibit good spatial control.
Alluvial channel polygons are well depicted along established drainage channels,
particularly in the north of the B-Q Transect area where channels become poorly-defined
with substantial floodplains (Figure 130). Generally, the spatial accuracy of regolithlandforms correspond well to features observed from LANDSAT and field observations.
For 1:20,000 scale mapping LANDSAT imagery starts to become pixilated and less
useful for paddock-scale mapping but is still able to resolve changes in regolithlandforms based on differences in thermal properties, moisture content and plant vigour.
Spatial accuracy of regolith-landforms is improved if mapped in conjunction with aerial
photography.
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Chapter 11 Discussion: Constraining the Third Dimension
Geophysical Methods
NanoTEM
High conductivity results south of Quandialla (Line ‘Strathairlie’)(Figures 131 & 132)
start from 30-35m depth and are detected to 60 m. High conductivity values at these
depths correspond to drill hole information which illustrate basal clay and minor sand
units overlying weathered bedrock on a broad alluvial fan (Figure 52).

DIPNR

monitoring bore GW036629, located 2 km to the west of the NanoTEM traverse (Figure
99, Appendix H) has been logged with a high clay component throughout the length of
the hole. Variable proportions of sand and gravels reflect similar pattern in NanoTEM
results at station 4500 (Figures 131 & 132). Higher conductivity values correspond
with clay-rich sediments with variable proportions of gravels and sands, possibly
including weathered bedrock between 40-60 m. Fresh bedrock at around 60 m exhibits
low conductivity values. The underlying bedrock type over much of the area includes
Ordovician quartzose sediments of the Bribbaree Formation. The weathered bedrock
does not differ strongly to overlying sand and clay-rich sediments (Figure 110,
Appendix H) and the weathered bedrock may facilitate water movement resulting in
high conductivity values. As a result, both the clay-rich sediments and the weathered
bedrock may represent the high conductivity values acquired by NanaoTEM (Hatch et
al., 2003, Hatch et al., 2002).
Sand ridges (Figures 131 & 132) also show high conductivity values consistent with
evaporation and concentration of salt loads emplaced during flood events (Figure 126).
Confirmed palaeochannels on the ‘Strathairlie’ line can be detected using NanoTEM at
stations 2300 and 640. Possible palaeochannels shown by anomalous TEM patterns are
located at stations 4760, 4220 and 1520 (Figure 110).

Of these three possible

palaeochannels, two are located under low sandy rises possibly indicating a mappable
surface extent.
High conductivity results south of the Booberoi Hills (Lines ‘Sandy’ and ‘Booberoi’)
(Figures 107 & 110) start from 10-15 m depth and are detected to 45 m.

High

conductivity values were compared against drill hole information and are comparable to
clay-rich units overlying weathered bedrock. Drill holes and DIPNR piezometers to the
west of the NanoTEM traverses have high clay components throughout the length of the
holes with variable proportions of sand and gravels similarly reflected by changes in
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NanoTEM results (Appendix I, Figure 136). Higher conductivity values correspond
with clay-rich sediments deposited in the Bland Basin when upland basins were already
filled to capacity facilitating the rapid sedimentation over low bedrock rises. The
underlying bedrock type over much of the area includes Siluro-Devonian sediments and
Ordovician intermediate volcanics and intrusives. The weathered bedrock does not
exhibit a strong contrast to overlying sand and clay-rich sediments (Appendix I, Figure
157) and the weathered bedrock may facilitate water movement.

As a result,

groundwater, clay-rich sediments and the weathered bedrock may be highlighted using
NanoTEM.
Aeromagnetic data over the NanoTEM lines ‘Sandy’ and ‘Booberoi’ also confirm the
presence of palaeochannels at depth. On line ‘Sandy’ (Figure 110), palaeochannels
correspond to a localized decrease in conductivity values between stations 1280 and
1320.
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Station 4940
GW036629

Station 4000

Topsoil and grey/yellow clays
GW092199

Legend
!

Grey clay with sand and gravel
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Kilometers

Grey/yellow clays
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Water bearing clays with minor gravels
Floodplain

Low sandy rise

North

Weathered bedrock varying to fresh
Low sandy rise

Station 4500
Figure 131: Interpreted section of Line ‘Strathairlie’ between stations 4940 (north) and station 4000 (south) showing changes in conductivity attributed
to changes in lithology. Lithology information from nearby DIPNR Bore GW036629. LANDSAT imagery inset courtesy of ACRES, 2002.
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Figure 132: Interpreted section of Line ‘Strathairlie’ between stations 540 (South) and station 2600 (north) showing changes in conductivity attributed to
changes in lithology. Locations of mapped palaeochannels are shown. LANDSAT imagery inset courtesy of ACRES, 2003.
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Seismic
The final seismic refraction image (Figure 136), compiled from the early time and late
time layer models (Figures 51, 115 & 116) show a good degree of correlation between
the shared middle refractor (Figures 115 & 116). Different velocity values sourced from
regional studies (Korsch, 1999, Palmer & Jones 2003, Barton & Jones, 2003)(Figure
113) were used to model the upper, middle and lower refractors with values of 400450ms-1, 800-850ms-1 and 1500-2500ms-1 used respectively.
Field studies of farm bores positioned on two know palaeochannels reveal standing
water levels at between 3 - 7 m. The higher velocities of a saturated palaeochannel
(higher than the originally stated 450ms-1) were not included with either early time or
late time models. The relatively constant elevation of the first refractor compared to the
surface elevation could reflect a water table which is locally higher around the
palaeochannels (Figure 190 & 116).
Changes in the shot records that are indicative of clay and sand-rich sediments
representing alluvial plains and palaeochannels respectively include:
•

Palaeochannles composed of sands show a very ‘stepped’ appearance (Figure
133) indicating a large change in velocity contrast over a short distance.
Receivers situated further away from the source exhibit higher levels of noise as
the sands increase the attenuation of the signal, particularly higher frequencies.

•

Alluvial plains and floodplains composed of clay and silt-dominant sediments
show a very smooth curve (Figure 134) indicating only subtle changes in
velocity across the length of the spread. Receivers situated away from the
source exhibit generally low levels of noise as the clays does not show similar
degrees of attenuation.

Comparison with regional reflection surveys (Korsch, 1999) demonstrates a similar
basin structure with line GA03-QD1 highlighting fresh bedrock but at shallower depths
consistent with a decrease in sediment thickness to the south east. Due to the length of
line GA03-QD1, differences in bedrock composition were not observed to influence the
depth of slightly weathered bedrock or transported sediment distribution as was the case
with regional lines 99EL1, 99EL2 and 99EL3 (Korsch, 1999, Palmer & Jones 2003,
Barton & Jones, 2003). Subsequent additional processing of regional reflection data
from seismic line 99EL1 (Barton & Jones, 2003) has shown promise in outlining
regolith structures. Similar processing of Line GA03-QD1 may yield additional
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information on sedimentary structures including near surface palaeochannels which has
been attempted in the West
Wyalong area (Deen et al.,
2000).
Figure 133: Data acquired
over the northerly ‘Eurabba
palaeochannel’ showing a
‘stepped’ appearance and
attenuation
of
higher
frequencies.

Figure 134: Data acquired
over clay-dominant sediments
showing greater transmission
of MiniVib P-wave signal.

Strathairlie Traverse - Comparisons
Comparison between seismic and NanoTEM surveys can only be achieved between line
GA03-QD1 (Seismic Line) and line ‘Strathairlie’ (NanoTEM), paralleling the Eurabba
State Forest (Figure 136). The NanoTEM and seismic refraction traverses are separated
by a distance varying between 50 and 200m. The offset was required due to interference
between the NanoTEM receiver and cultural features such as powerlines and railway
tracks.
Page 182

Part 3 Discussion - Chapter 11 Discussion: Constraining the Third Dimension

The ‘Strathairlie’ NanoTEM traverse shows a discontinuous high conductivity layer at a
consistent depth of between 30 - 35 and 60 m from the surface. The high conductivity
layer is discontinuous to lenticular in places with intervening regions of low
conductivity. Areas of low conductivity are located both above and below the high
conductivity layer.

Variations in electrical conductivity with the bottom lower

conductivity layer are poorly constrained as a result of the overlying high conductivity
layer (Figures 103 & 136). This problem of reduced ability to image low conductivity
layers overlain by high conductivity layers has been a well-documented problem with
TEM systems. Examples include mineral exploration in WA (the Yilgarn Craton in
particular) where large loop TEM surveys (>200 m) have been hampered in the past by
conductive maghemite lag.
Variations in electrical conductivity with the uppermost lower conductivity layer are
well constrained and show the highest degrees of complexity in localized areas
corresponding with known palaeochannels (Figure 136).
The second refractor velocity layer (Figure 136) corresponds well with the boundary
between conductive and non-conductive layers from the NanoTEM results. DIPNR
drill hole data located to the north and south demonstrate that several factors may
represent the reason for both the velocity and electrical conductivity contrast:
•

The presence of a water table located between a basal sediment layer and
weathered bedrock at approximately 35 - 40 m. Fluid flow at the base of
sedimentation through both sediments and the upper margins of weathered
bedrock has been demonstrated by drill hole analysis at several sites within the
B-Q Transect area. Both a change in sedimentation coupled with the presence of
water would affect the velocity contrast and possibly account for a contrast in
conductivity.

•

The presence of aquifers was noted in drill logs. Saline groundwater restricted
to aquifers maybe the source of the high conductivity and the velocity contrast.
Comparison with the known aquifer at ‘Strathairlie’ did not produce a high
conductivity signature so the presence of such a discontinuous, high saline
aquifer across all three NanoTEM traverses is doubtful. GILMORE Project
AEM data shows that clays exhibit the highest conductivity values and not sandrich palaeochannels (Leslie et al., 2000, Lawrie et al., 1999, Lawrie et al., 2000,
Gibson, Unpubl, Gibson & Tan, 2002., Gibson et al., 2002.).
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•

The presence of aquitards as sticky, heavy grey, brown and mottled clays was
noted in drill logs.

GILMORE Project AEM results have also delineated

lacustrine and similar high clay environments based on the high conductivity
AEM responses (Lawrie et al., 2000, Gibson, Unpubl, Gibson & Tan, 2002.,
Gibson et al., 2002., Gibson 2003 pers. comm.).
•

Presence of pyrite. Commercial exploration reports and State investigations
mention the presence of pyrite in both lacustrine clays in sediments of the Bland
Basin (Williamson, 1986) and within mineralized veins (Ross, 1987, Love,
1984, Lessman, 1985 & 1986, Ingpen, 1992). The presence of iron sulphides
could produce a highly conductive anomaly.

As the detected conductive

anomaly is so laterally extensive and drill hole logs show that swamp lacustrine
deposits are unlikely in these areas, the presence of pyrite in unlikely.
The model most likely given bore hole analysis is that NanoTEM and seismic refraction
methods have imaged a clay and weathered bedrock transition, possibly with
groundwater. The basal clay-rich layer is positioned lying directly above a substantial
thickness of saprolite.
Commercial surveys commissioned to locate groundwater reserves for local farmers
using the Multi-phase saturation (MPS) technique (Figures 135 & 195) (Blight, 2003,
Blight 2003 pers. comm.) confirm similar observations to NanoTEM and seismic
refraction although the MPS survey does infer palaeochannel depths down to
approximately 70 m. Closer inspection of NanoTEM shows that over the ‘Eurabba
palaeochannel’ (Figure 135 & 136) low conductivity values associated with
palaeochannel deposits are present in excess of 60 - 70 m and constrained between high
conductivity clays indicating possible compaction as mentioned in the MPS report
(Appendix K, Figure 195).
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Figure 135: Strathairlie’ and ‘Eurabba’ areas with NanoTEM (Yellow), seismic refraction (red)
and MPS (blue) traverses shown. Mapped palaeochannels are shown in red. Background
LANDSAT (bands 2,4,6 BGR) courtesy of ACRES, Geoscience Australia, 2003).
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Figure 136: Section of seismic refraction traverse corresponding to the same length as the NanoTEM traverse. Offset between
the two traverses is between 200 and 50 metres. View is from the south west. Drill hole information for lines V1-V2
incorporating DIPNR drill holes GWO36629 and GWO36631. Both drill holes lie to the north and to the south of both
NanoTEM and seismic refraction traverses respectively.
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Drill Hole Information
Drill Hole Analysis
Drill hole interpretation has proven to be an invaluable methods in assisting not only
with regolith-landform mapping but the following aims of this project including:
•

Quantifying vertical variations in regolith distribution.

•

Increased understanding of patterns of sedimentation, groundwater quality, the
location of buried channel deposits (palaeochannels) and the role bedrock
topography has played in the evolution of the Bland Basin.

•

Validation of a number of geophysical surveys including seismic refraction and
NanoTEM.

•

Increase the understanding of 3-dimensional regolith characteristics and
distribution and aided in the development of a shallow fluid flow model and
palaeotopographic reconstruction.

Drill hole description, quality and reliability between different sources are observed to
vary considerably (Appendix F & I). Generalization of sediment units and descriptions
used in the drill hole traverses had to be made in the interests of generating a series of
depth to basement diagrams (Appendix I, Figure 157) to illustrate variations in regolith
type with depth.
Generally, the commercial drill hole descriptions were of highly variable (Table 37)
quality but still gave satisfactory details given the following restrictions:
•

Many of the drill reports stated that obtaining an understanding of bedrock
lithology and structure was the main objective with transported regolith
materials of little relevance.

•

Many of the drill holes were not logged by geologists who had a background in
regolith mapping or showed an understanding of regolith materials. Grain size
analysis and descriptions were often basic or misleading (Tan & Gibson 2003
pers. comm.).

•

Nomenclature used within specific mining company databases generally fails to
adequately provide sufficient detail for regolith mapping. Frequently, valuable
field observations were generalized to ‘laterite’ (Eggleton, 2001) or similar short
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codes and placed within company databases. Examination of the original drill
logs themselves showed a greater level of detail.
Examination of selected commercial bore logs exhibit poor logging practices of
transported sediments resulting in a great deal of valuable regolith information being
lost. Recent company drill logs obtained since 1999 still have not kept pace with the
benefits of mapping regolith materials but the general level of detail has improved. The
focus still remains on obtaining bedrock samples without detailing changes in
transported sediments.
Drill information sourced from State government agencies exhibited a higher quality
with detailed and well attributed drill logs and datasets (Muller 2002 pers. comm.,
Wooldridge 2002 pers. comm.).

Drill information sourced from Commonwealth

agencies was of the highest standard with well documented and attributed datasets
(Gibson 2002 pers. comm.).
The majority of traverses (Appendix I, Figure 156) were compiled using State and
commercial drill hole logs. Selected GILMORE Project drill holes (Gibson, In prep.,
Gibson, Tan. & Wilford, 2002) were used in some traverses but the majority of
GILMORE Project drill information was not incorporated as the information was not
freely available at the time of analysis (Gibson, In prep.).
Limitations of Drill Hole results
Comparison of company drill hole data with nearby GILMORE Project drill logs
revealed large difference in grain size.
‘..Little credence could be given to any descriptions of sediment type: Clay, sand, gravel
etc.” (Gibson et al., 2002).
As a result of these observations, a degree of caution and generalization was necessary
when interpreting the commercial drill reports. Commercial drill holes which formed
part of a larger drill program tended to have a consistent approach and allowed for some
assumptions to be made when compared against either State or Commonwealth
government drill holes. As these drill holes are widely distribution across the B-Q
Transect, they allowed for comparison against the commercial drill holes and the
assessment of which ones provided the highest level of consistency.
The density of company drill holes in many cases was insufficient to resolve bedrock
structures and buried channel deposits with a high degree of confidence. The reduced
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drill hole sampling density resulted in some localized buried bedrock highs near the
surface failing to be captured (Appendix I, Figure 156).
Selected commercial drill holes also targeted either magnetic high or low points
resulting in a sampling bias (Appendix I, Figure 150). Only with available infill drilling
was a true representation of bedrock topography available. Until that point, observations
inferred; a significantly higher bedrock topography, incorrect logging or failure to
convert drill log measurements from feet to meters.
Drill hole transects and DIPNR monitoring bores have been able to delineate the
following general features:
•

Current drainage mirrors palaeo-depocentres with modification by alluvial fans.

•

Shape of Bland Basin is influenced by bedrock structure and previous
weathering / erosion history.

•

The influence of isolated bedrock rises decreases over time as they become
progressively buried.

•

Piezometer, monitoring bore information, commercial mineral exploration drill
log information and anecdotal evidence points to strong lateral variation in
groundwater quality.

•

The non-uniform water composition throughout the catchment is the result of
changes in regolith-lithology forming perched water tables.

•

Coarse, well-sorted sands laid down as part of palaeochannel systems act as the
main aquifers with clay layers laid down as overbank deposits, lake or swamp
deposits acting as the aquitards. The regional groundwater table is interpreted to
be at approximately 100 m (Block 2002, pers. comm.) at the intersection of the
northern margin of the B-Q Transect and Barmedman Creek.

•

Anecdotal evidence suggests that the deeper groundwater generally has higher
salt contents where hydraulic conductivity and connectivity with other aquifers
are restricted. The groundwater quality is more a function of hydraulic
conductivity, porosity and the degree of connectivity with recharge zones rather
than the depth of the aquifer.

•

Aquifers close to the surface generally exhibit cood hydraulic conductivity,
porosity and yield, except in areas where clay-rich sediments are dominant such
as the lower-lying sections of the Bland and Barmedman Creeks.
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Stratigraphy
Even before analysis of commercial, State and Commonwealth drill logs was
performed, analysis of commercial, open file mineral exploration reports (BHP, 1985,
Lessman, 1985, Lessman, 1986, Nationwide Resources Pty Ltd, 1985, Ross, 1987,
Tedder, 1992, Ingpen, 1992) describe a complex sediment pattern with significant
variation with depth that cannot be explained in terns of the two layer, Lachlan Valley
Stratigraphic model (Table 37).
Table 37: Summery of models and observations gained from commercial, open file mineral
exploration reports. Information courtesy of NSW DMR, 2002.
Model 1

Reliquishment Report For EL1549 And EL1579 GS1984/334

A thick sequence of poorly consolidated clays, sands, silts and C-horizon loams frequently in
excess of 100m and up to 168m thick. Overburden frequently contains large volumes of
groundwater
Comment 1: Upper portion composed primarily of clays for the uppermost 100m and
overlies a thick sand zone in excess of 40m in an apparent bedrock depression adjacent to the
Quandialla Road and to the north of the Jingerangle SF.
Comment 2: Area in Comment 1 is bounded to the north and to the south by a transported
sequence of clay with frequent, often narrow sand horizons up to 8m in thickness.
Comment 3: The transported sequence covering the rest of the EL is composed primarily of
clay with only occasional sand horizons.
General: Basement is in excess of 100m over the majority of EL 1579 shallowing to the south
and southwest and in the vicinity of Gibraltar Rock and the Jingerangle SF. Depth to
basement also deepens to the north and west from the Jingerangle SF. Large volumes of
fresh groundwater, particularly from towards the end of the hole, were intersected in the
central portion of EL1579.
Model 2

Gained From Relinquishment Report For EL3618 GS1992/234

Comment 1: Transported cover material throughout EL3618 consists of the following:
Minor soil material and grey to dark black-grey, variable ‘sticky’ lake bed clays that range
from non-existent over areas of sub-outcrop to in excess of 100m thickness. The lake bed
clays often include silty and sandy horizons with occasional sandy gravel beds.
Clay layers contain numerous, narrow, variably ferruginised and pisolitic horizons possibly
representing preserved near surfaces. White to grey-white, mottled clay zones are sometimes
encountered within clays close to the boundary between the transported cover and the
underlying weathered bedrock.
The sandy horizons mentioned above contain occasional flowing clean sands up to 10m
thickness with abundant groundwater flow.
Comment 2: Weathered bedrock consists of loamy tan-yellow to yellow, orange or reddish
brown saprolite.
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Stratigraphic Models
Commercial, State and Commonwealth drills holes examined within the B-Q Transect
do not detect the Cowra and Lachlan Formations although drill reports do encounter
sedimentary layers that have similar properties to descriptions of the Lachlan and Cowra
Formations (Table 11) (Anderson et al., 1993). The use of this stratigraphic model
should no longer be applied to the Bland Basin even though the use of this model is still
continuing (Figure 101) in current mining and land management literature (Central
Tablelands Water Unbupl., 2003). Although the use of the Lachlan Valley stratigraphy
should not be applied to the Bland Basin, observations underpinning the development of
this model still have relevance to sediments within the B-Q Transect and the Bland
Basin in general. Observations regarding the presence of black, lacustrine to swampy
clays, substantial deposits of sands and clays and higher velocity drainage systems
compared against today’s equivalents are confirmed from drill logs (Figure 101). The
lack of dating methods to constrain sediment ages and accurate sediment descriptions
has hindered the usefulness and accuracy of this model, particularly to the B-Q Transect
and the Bland Basin (Tables 10 & 12).
The informal stratigraphic model determined as part of the GILMORE Project (Gibson
In prep., 2004, Gibson et al., 2002, Tan et al, 2002)(Table 12) accounts for the greater
variations in sediment distribution with depth with five informal units described in
detail along with a relative sequence order. The five informal stratigraphic units appear
to better represent observed variations caused by the more proximal sedimentary
environment of the Bland Creek catchment compared to the Lachlan Valley. Both the
Lachlan Valley and the GILMORE Project stratigraphic models are not constrained by
firm estimates of age and both rely on relative positing of units to identify approximate
age estimates (Gibson 2003 pers. comm., Gibson et al., 2002, Tan et al, 2002).
The relevance of the stratigraphic model used across the Nyngan and Walgett mapsheets
(Watkins & Meakin, 1996)(Figures 16, 17, 18 & 19, Table 12) has identified five
relative morphostratigraphic units with similar characteristics to the GILMORE Project
stratigraphic model and has the potential to refine future stratigraphic models over the
Bland Basin given the general similarities between drainage evolution based on climate,
sediment supply and similar low-lying topography. Well constrained age estimates from
a variety of dating methods should be used in any future stratigraphic models.
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Chapter 12 Discussion: Synthesis and Model Development
Characterisation of Mapped Near Surface Palaeochannels
Thick sediment cover has proven a significant impediment for mineral exploration
companies with a large proportion of past exploration activity preferentially targeting
existing bedrock areas (Figure 13). The western margin of the B-Q Transect has been
investigated over several periods in the past for palaeochannels (Humphreys, Hesse,
Kamper & Field, 2002, Hou, Frakes & Alley, 2002) starting with the long established
gold mining history of West Wyalong (Lawrie et al., 1999. Mackey. et al., 2000, De
Souza Kovacs, 2000). Economic mineralisation located in ‘deep leads’ first started in
the late 19th and finished in the early 20th centuries and recently a high resolution
airborne electromagnetic induction survey has been able to delineate near-surface
maghemite-filled palaeochannels such as the ‘Wyalong Palaeochannel’ (Lawrie et al.,
1999, Gibson In prep., 2004) (Figure 158) draining granitic rises situated west of West
Wyalong and opening up the possibility of continuing deep leads or deposits of heavy
mineral sands. Field observations confirm that palaeochannel morphology changes
from the west to the east across the B-Q Transect. Palaeochannels in the east generally
lack maghemite gravels and pisoliths, are typically wider and contain well-sorted coarse
sands.
The reasoning behind the difference in palaeochannel style between east and west is
related to differences in source bedrock composition, catchment size and the level of
weathering before erosion and transport.
The catchment size of the West Wyalong area is generally small (Figure 5, Table 4)
with bedrock composed of Silurian S-types granites and Ordovician mafic volcanics.
Weathering of this slightly elevated area has produced maghemite lag with later erosion
and transport concentrating this lag in short, discontinuous easterly draining
palaeochannels and channel deposits, detectable using aeromagnetic surveys (Figures 27
& 28).

The bedrock type results in sands comprising a high proportion of the

transported weathering products.
By comparison, the Burrangong and Wah Way catchments (Figure 5, Table 4) drain a
significantly greater upland area of higher gradient, have higher erosion potentials and
comprise a number of different bedrock types. As a result of the greater catchment size,
reduced sediment residence times and the difference in bedrock type, the alluvial fans in
the eastern half of the B-Q Transect are less likely to host maghemite palaeochannels.
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Gamma-ray spectrometry and airborne electromagnetics (AEM) are better tools for
discerning palaeodrainage features.
Regolith-landform mapping around ‘Strathairlie’ (Figures 74 & 75) has detected
shallow, well-sorted, coarse to medium grained sand-filled palaeochannels trending in a
SW direction, consistent with modern day drainage channels south of Quandialla
(Figures 75 & 137). The width of these palaeochannels varies considerably between
330 m at ‘Strathairlie’ to 200 m several kilometres to the south (Table 38). Structures
examined in cross section included current cross bedding (Figures 74 & 75). No other
sedimentary structures such as ripples or scour fill structures were noted.
Attempting to determine the flow regime for the observed palaeochannels will assist in
reconstructing the depositional environment of palaeodrainages in the Bland Basin and
how they vary from the modern day equivalent. Commercial and State drill hole
records make mention of lacustrine clays and black, reduced swampy clays indicating a
much wetter environment possibly with perennial streams. The GILMORE Project
(Lawrie, 1999, Lawrie et al., 2000, Gibson et al., 2002a. Gibson et al., 2002b. Tan et
al., 2002, Gibson, In prep.) has also reconstructed a palaeodepositional history for a
section of the Bland Basin based on AEM interpretation (Figure 14).

This

reconstruction has highlighted lacustrine deposits in low-lying areas linked by
maghemite and sand-rich palaeochannels draining now buried bedrock high points
(Figures 27 & 28).
Indications determined from field mapping include:
•

Many of the mapped palaeochannels have low sinuosity compared with current
drainage channels indicating faster stream flow (Figure 137).

•

Palaeochannels are composed of coarse, moderately well-sorted sands with
highly variable degrees of sphericity. Silts and clays comprise only a small
component.

This contrasts with current drainage channels where upland

channels comprise a poorly-sorted mixture of sands, gravels and cobbles.
Lowland drainage channels commonly contain clays, sands and pebbles. The
comparison indicates that past stream flow was consistent enough to allow for
the deposition and sorting of sands but too fast for clay deposition and not fast
enough to allow for the movement of pebbles or cobbles.
•

Palaeochannel width varies ranging from 100 m to 230 m (Table 38).
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•

Palaeochannel morphology changes in cross section at several locations (Figure
138). Frequently, two topographic high points are separated by a low poorlydefined channel. The two high points are interpreted to represent sandy silt and
clay deposited as overbank deposits and the intervening depression contains
sand representing channel deposits.

•

The depth of the palaeochannels under study is approximate only as accurate
measurements could not be obtained. The cutting examined (Figure 74) was in
excess of 4 m deep. Further to the south, a dam examined encountered the base
of the channel at a depth of approximately 10 m (Figure 75). The base of the
palaeochannel is heavily mottled, silicified and has a vermiform to pisolitic
texture (Figure 76).

@ @ @

@

@ @ @@

@

@

@ @
@ @ @
@
@
@ @ @ @ @ @
@
@
@
@ @ @

C

@ @

@

@ @@ @
@
@
D
@@
@
@
@
@

A
B

E

Legend
0 0.5 1

2

3

4
Kilometers

BQ_transect

Figure 137: Mapped palaeochannels and inferred continuations (red) based on field mapping.
Black lines represent width measurement points. LANDSAT imagery courtesy of ACRES,
Geoscience Australia, 2003.

The use of the Froude number (F) (Conybeare & Crook, 1968 Friedman & Sanders,
1979, Allen, 1982 a & b) is an important way of characterising flow particularly if there
are wave-like disturbances in the water column. In palaeochannels, if sedimentary
structures are preserved, these structures can give an estimate of stream flow conditions.
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The generalized formula for the Froude number is as follows:
Where:
Fr = Froude number
u = Flow velocity in the channel (in ms-1)
g = gravity (ms-2)
h = depth of the channel (m)

The Froude number can then be used to quantify the type of flow;
•

If the Froude number is less than 1.0, the flow is subcritical (Figure 139). The
flow would be characterized as tranquil. With subcritical flow the surface looks
irregular due to deep turbulent cells (Figure 139).

•

If the Froude number is equal to 1.0, the flow is critical.

•

If the Froude number is greater than 1.0, the flow is supercritical and would be
characterized as rapid flowing (Figure 139). This type of flow has a high
velocity, which can be potentially damaging. Supercritical flow looks more
glassy on the surface and shallow flow appears to be somewhat streaked with
turbulence being suppressed.

Based on field observations including the sedimentary structures present in the cutting
(Figures 74 & 75), variations in width and an estimation of the depth the following
values have been used to determine an estimate of the flow velocity (Table 160).
Table 38: Field observations of palaeochannels.
Observations

Estimated Value

Sedimentary structures

Cross bedding

Cross sectional length A

230m

Cross sectional length B

230m

Cross sectional length C

200m

Cross sectional length D

270m

Cross sectional length E

200m

Cross sectional length (max)

230

Cross sectional length (min)

200

Depth max (m)

10

Depth min (m)

3
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Note that the width of these traverses may be exaggerated due to the following:
•

Overbank deposits may be included in the estimate.

•

Cultivation has modified the surface regolith and obscured many regolith
boundaries.

A minimum stream velocity needed to transport coarse-sand rather than deposited is 0.5 ms1

(after Hjulstrom, 1935) (Figure 139). Given the sedimentary structures present, a Froude

value of 0.1 was used in calculations (Pettijohn, 1975). Velocity calculations of 0.4, 0.7
and 0.9 ms-1 were achieved for depths 2, 5 and 10 metres respectively. The last two values
are in excess of the minimum value required to transport coarse-sand without forming
ripples or other characteristic sedimentary structures.

Therefore consistent stream

velocities for the coarse sand-dominated palaeochannels are interpreted to be in the range
of 0.7 to 0.9 ms-1 or higher.

Figure 138:
Graph showing
velocity / grain
size plot. Velocity
values were
initially taken
from here. From
Pettijohn, 1975.
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Figure
139:
Sedimentary
features
and stream conditions
relating to the Froude
number.
From
Pettijohn, 1975.

Palaeotopography
Palaeotopography and sedimentary patterns interpreted from drill hole and GILMORE
Project AEM, have changed through time (Tables 39 & 40) with both initial and later
sediment patterns influenced by the following factors:
•

Sediment supply and initial drainage pathways.

•

Basement bedrock topography.

•

Bedrock composition and resistance to weathering.

•

Bedrock structure including the location of faults.

•

Alluvial and colluvial fans flanking bedrock rises modifying drainage.

•

Catchment size, and

•

Gradient.

Bedrock affects sedimentation patterns in the western and eastern sections of the Bland
Creek catchment (Figures 141 & 142). As the sediment infilled lower parts of the basin
low bedrock rises were buried. Corespondingly the influence of bedrock on sediment
patterns was reduced markedly. The environment of deposition has also changed with a
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reduction in gradient resulting in a decrease in the average flow velocity in many areas
across the Bland Basin. This change in depositional environment is observed as a change
from coarse gravels and sands in basal sequences to clay and silt dominant sediment types
higher in the profile. Depocentres were higher velocity depositional environments and
exhibit a good correlation to modern day drainage (Figures 141 & 142). Across the B-Q
Transect, GiILMORE Project AEM (Lawrie, 1999, Lawrie et al., 2000, Gibson et al.,
2002a. Gibson et al., 2002b. Tan et al., 2002, Gibson, In prep.), Gamma ray spectrometry
(Raymond et al., 2000, Warren, Gilligan & Raphael, 1995), Depth to Slightly Weathered
Bedrock information (Raymond, Gibson & Chan, 2000) and drill hole data can broadly
distinguish five different provinces (Table 39) based on distinct sedimentary patterns and
characteristic variations through the sedimentary profile. These are the western, central,
northern, eastern and south eastern (Table 39, Figure 141).
Table 39: Description and surface extent of the five different provinces observed from drill hole and
palaeotopographic analysis.
Province

Extent

Western

The western province comprises the western margin and a section of the south
western corner of the B-Q Transect including the Booberoi, Yiddah, Boginderra and
Narraburra Hills. Sediment distribution pathways include the eastern and north
draining Yiddah, Gagies and upper margins of the Barmedman Creek.

Central

The central province comprises an area defined by the lower reaches of the Bland
and Barmedman Creeks. Sediment distribution pathways include the Bland,
Barmedman and Wah Way Creeks.

Northern

The northern province comprises an area defined by the Caragabal Creek catchment
with the southern margin bounded by a series of low bedrock hills around
Berendebba including the Caragabal State Forest. Sediment distribution pathways
include Caragabal and Little Caragabal Creeks.

Eastern

The northern province comprises an area defined to the north by the northern
province and the Caragabal State Forest and to the south by the south eastern
province and Wah Way Creek. The Way Way Plain is located in the centre of the
province. Sediment distribution pathways include poorly interconnected drainage
depressions flowing to the south and Wah Way Creek.

South
Eastern

The south eastern province comprises an area defined by the Way Way and
Bribbaree Creeks and trends west towards the Curraburrama State Forest in a lobe
shaped extension. Sediment distribution pathways include Wah Way, Burrangong,
Mile Post and Bribbaree Creeks.
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Figure 140: Sedimentary provinces defined by bedrock type, catchment size and sediment type and
composition. Topographic map background courtesy of NMD, Geoscience Australia, 2004.

Palaeotopography across the B-Q Transect has highlighted the following features of
interest:
•

North-westerly trending bedrock features have strongly controlled the style and
location of sedimentation. Resistant bedrock ridges have dammed sediments with
deposition of clay-rich sediments in lacustrine environments.

•

As sedimentation exceeded the storage capacity of the bedrock ridges and other
structurally and lithologically controlled areas, sediment started filling the central
sections of the Bland Basin via sand dominant drainage diverted around bedrock
ridges or through gorges.

•

The increase in sediment depths in previously low-lying areas allowed for the
development of substantial alluvial fans further speeding up sedimentation in the
central sections of the Bland Basin facilitating the formation of large lacustrine /
clay sequences separated by occasional bedrock ridges and fed by sand dominant
drainage.
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•

Large lakes represented by preserved clay sequences formed between bedrock
ridges and were fed by sand dominant drainage systems.

•

Current drainage correlates well with past depocentres.

•

Catchment size has affected the size of alluvial fans.

•

Alluvial and colluvial fans sourced from buried bedrock high points have a strong
influenced in regolith distribution for both palaeo and current landscapes.
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Table 40: Description of bedrock topography and early sedimentary patterns for the different provinces within the B-Q Transect.
Province

Description (with reference to Figures 141 & 142)

Western

Early sediment and bedrock patterns are characterized by isolated NW trending depocentres with low interconnectivity and localised sediment supply. NW trending depressions (A) are the result of lithology differences and
structural influences from the Gilmore (B) and Booberoi (C) Fault Zones forming NW trending ridges (D). The Boginderra and Narraburra Hills (E) form distinct rounded weathering resistant landforms which differs from the
typically linear outcrop style of the Ordovician and Siluro-Devonian metasediments and volcanics. Sediments located in depocenters include a broad mixture of both sands (F)(non-conductive) and clays (G)(conductive).
Sands are initially more common in the upland depocentres (H) possibly a result of the stripping of weathering profiles. Clays are preferentially accumulating in the central province. In upland areas west of the B-Q Transect,
drainage systems such as the Wyalong Palaeochannel (I)(Gibson 2003 pers comm.) were established with current drainage systems reflecting a close degree of similarity. With the formation of NW trending depocentres, flow
orientation is preferentially oriented in a similar direction. Break points in NW trending ridges form easterly trending drainage points (J) flowing into increasingly better connected but still NW oriented depocentres. Alluvial
fans composed of low conductivity materials (gravels and sands) have formed at these localities (K). The clay content in each of these depocentres is observed to increase further to the east.

Central

Early sediment patterns are characterized by NW to N trending bedrock ridges separating shallow, elongate depocentres with low connectivity (L). Sediments are sourced from the south from the Boginderra and Narraburra
Hills (E) and from uplands to the west (D). Sediments are also sourced locally from isolated bedrock ridges (M). The province is located over the Ordovician Lake Cowal Volcanic Complex and the Late Devonian Hervey
Group bedrock. Due to their relatively low resistance to weathering they form the lowest sections of the Bland Basin. More resistant bedrock rises are composed of the Siluro-Devonian Manna Conglomerate or Yiddah
Formation. Depocenters are broad and more elongate when compared to the west (N). Sediments located in depocenters include high conductivity clays in the more active depositional areas (O) with low conductivity sands
and gravels occupying areas between bedrock rises and lacustrine deposits (P). Depocentres in the upper margins of the province are isolated by bedrock rises including the Boginderra and Narraburra Hills, Gibber Hill and the
Curraburrama State Forest. Immediately north of the Boginderra Hills a steeply plunging syncline and anticline bedrock structure can be observed forming low resistant ridgelines resulting in the partial damming of clays
forming lacustrine deposits. Located to the north, depocentres exhibit a greater degree of connectivity (Q) although available bedrock information is too widely spaced to resolve short wavelength changes in bedrock structure
(Figure). The shape of depocentres located to the north is also influenced by alluvial and colluvial fans from bedrock high points (R). Flow orientation is oriented to the north and assisted by the general NW to N trend
exhibited by bedrock structures. To the north of the B-Q Transect, drill hole information has intersected a highly variable bedrock topography with initial company drill holes positioned to target magnetic low points
corresponding to bedrock ridges. Subsequent infill drilling has highlighted the lowest sections of the profile are filled with sand and gravels with sediments then changing to clays indicating a sharp change in sediment style.

Eastern

Initial sedimentation was affected by isolated bedrock rises (S) without a NW trend. Sediment supply was achieved from adjacent bedrock rises such as the Caragabal State Forest, Gibralter Rocks, Berendebba and the Weddin
Mountains and also from the palaeo-Burrangong Creek catchment draining a significant area to the east. Drill hole information shows a well defined depocentre trending from Bimbi to Quandialla (T), possibly larger than
indicated with seismic refraction and NanoTEM traverses indicating a general increase in sediment thickness between Quandialla and the Eurabba State Forest. Connectivity between depocentres located along the palaeo-Way
Way Creek is good due to the presence of coarse gravels and coarse to fine sands. Inferred palaeodrainage (U) may also have trended to the SW in line with indicated basement structures observed from seismic refraction. A
large palaeodepocentre is located west of Quandialla with drill records showing large deposits of clays. Drainage was achieved through this depocentre with well-sorted coarse to fine sands also intersected in drill records.
Alternating layers of clays and sands in a stacked sequence located under the current Wah Way Creek infer a continued history of deposition with a highly variable flow velocity. Coarse gravels observed in the Quandialla bore
field also confirm higher flow regimes. Minor drainage originates from the north from bedrock rises near Caragabal State Forest, Gibralter Rocks and Berendebba. Drainage from the Weddin Mountains (V) would have
consistently deposited large quantities of sand-rich sediments and drained south toward the depocentre located west of Quandialla. Drainage would have only diverted into the Caragabal Creek catchment (W) at a later stage
when alluvial fans located within the Bimbi State Forest and sourced from the Weddin Mountains diverted stream flow. Drainage between the northern and eastern provinces between the bedrock high points centred on the
Caragabal State Forest, Berendebba and Gibraltar Rocks is initially inferred from the depth to slightly weathered bedrock image (Raymond, Gibson & Chan, 2000) although a watershed would have developed from converging
alluvial and colluvial fans. Basal sediment types change depending on original landscape position. Basal sequences include coarse sands and gravels in the lower sections. Silty sands varying to sandy silts through to clays are
observed to extensively cover the coarser basal sequences. The proximal influence of alluvial fans sourced from bedrock rises and low ridges on drainage is also inferred in drill logs. The influence of bedrock structures within
the eastern province is reduced with the Parkes Fault Zone (X) poorly expressed in drill hole logs. Changes in the depth of weathered bedrock give a relative indication of the resistance to weathering.

South Eastern

Early sediment patterns are characterized by well connected depocentres located between extensive low bedrock rises with proximal sediment input from local rises and the palaeo-Burrangong Creek catchment. Sedimentation
is restricted to depocentres located proximal to the current Burrangong and Wah Way Creeks with stream flow direction to the west. Very little sedimentation is inferred to have taken place on slightly elevated bedrock rises
located between Bribbaree and the Eurabba State Forest (Y). Drainage on this bedrock rise is inferred to trend to the NW in line with bedrock structures observed from seismic refraction and NanoTEM traverses. Drainage was
initially restricted to bedrock low points trending west into the centre of the Bland Basin. Subsequent infill of the palaeo-Wah Way Creek resulted in deposition of an extensive low grade alluvial fan located between Quandialla
and Bribbaree. Basal sediments typically include a mixture of gravels, sandy gravels and sands which are laterally extensive between drill holes suggesting a broad alluvial plain. Substantial clay deposits occur in the upper
margins of the sediment profile indicating a change in the manner and style of deposition. Bedrock structures and composition are observed to exert a strong influence on early sediment patterns in the south eastern province as
slightly elevated bedrock rises have restricted sediments to well defined depocentres. The influence of alluvial fans would have strongly restricted drainage to the palaeoWah Way Creek. Alluvial fans from the Weedallion
Hills would have also restricted drainage to previously incised and established drainage channels. The Silurian Bribbaree Formation forms the lower sections of the province with Siluro-Devonian Volcanics forming a northerly
trend cropping out on the eastern margin of the B-Q Transect. It is inferred that due to the strong difference in weathering potential, incision of the Bland Basin did not proceed beyond the volcanics.

Northern

Early sediment patterns are characterized by isolated depocentres nested between bedrock rises consisting of Ordovician Kirribilli Formation, Siluro-Devonian Ootha Group and Devonian granites with proximal sediment input
only. Streams flow to the west and north without contributing sediment to the B-Q Transect. Sediments observed from drill logs include clays with minor sandy clays indicating a lower energy depositional environment. Major
depocentres are located north, west and east of Junction Hole and are separated by NW trending bedrock ridges (Z). Minor drainage originates from bedrock rises near Caragabal State Forest, Gibralter Rocks and Berendebba.
Possible drainage between the northern and eastern provinces between bedrock high points may have been possible although a watershed would have developed from converging alluvial and colluvial fans. Drainage from the
Weddin Mountains would have diverted into the Caragabal Creek catchment (W) at a later stage when alluvial fans located within the Bimbi State Forest and sourced from the Weddin Mountains diverted stream flow.
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Table 41: Description of upper sedimentary patterns for the different provinces within the B-Q Transect.
Province

Description (with reference to Figures 141 & 142)

Western

Recent sediment and bedrock patterns are characterized by larg, elongate upland basins almost filled to capacity (A), draining to an extensive clay-rich depocentre in the central section of the Bland Basin. Upland basins
exhibit a higher degree of interconnectivity with sand-rich alluvial fans developing between depocentres (B). NW trending bedrock ridges comprising the Yiddah Hills form resistant landforms and affect sediment
distribution by low angle alluvial fans at a substantially reduced level (C). Drainage is diverted around the bedrock ridges to the north although to a reduced extent as the number of break points increases. Sediments
located in depocenters are composed of clays (highly conductive). Sands are restricted to drainage channels (D) and alluvial fans draining bedrock ridges. Flow orientation is similar to early flow directions with an easterly
direction from the Yiddah Hills changing to a general northerly trend at the base of the Boginderra and Narraburra Hills. As the depth of sediment has increased in the upland basins, a number of break points in NW
trending ridges are observed forming easterly trending palaeochannels (E). Alluvial fans composed of low conductivity materials (gravels and sands) have formed at these localities (F).

Central

Recent sediment and bedrock patterns are characterized by a large, broad, clay-rich depocentre (G) infilling low bedrock depressions and burying bedrock rises (H). The depocentres exhibits a higher degree of connectivity
by linking with previously isolated depocentres. NW trending bedrock ridges comprising the Curraburrama, Boginderra and Narraburra Hills form weathering resistant landforms and affect sediment distribution by low
angle alluvial fans at a substantially reduced level (I). Sediments located in depocenters are composed of clays (J). Sands are restricted to the upland depocentres and the western margins. Flow orientation is similar to
early flow directions with an easterly direction from upland areas west of Barmedman changing to a general northerly trend in the lower-lying sections of the Bland Basin (K). As the depth of sediment has increased in the
upland basins, a number of break points in NW trending ridges are observed forming easterly trending palaeochannels. Alluvial fans have formed at the base of the Curraburrama, Boginderra and Narraburra Hills (L).

Eastern

Recent sediment and bedrock patterns are characterised by continued deposition, changing from sand-rich to clay and sand-rich sediments. Isolated bedrock rises (M) including the Caragabal State Forest, Gibralter Rocks,
Berendebba and the Weddin Mountains still affect deposition. Depocentre trend from Bimbi to Quandialla (N). Connectivity between depocentres located on the palaeo-Way Way Creek is good due to several substantial
laterally extensive clay deposits indicating a lower energy depositional environment. Inferred palaeodrainage (O) may also have trended to the SW into the south eastern province in line with indicated basement structures
observed as part of seismic refraction. The large palaeodepocentre is located west of Quandialla is inferred to have expanded with large deposits of clays across a wide area. Drainage to the west was no longer concentrated
through this depocentre but across a wide plain with well-sorted coarse to fine-sands intersected in drill records. Times of low connectivity are represented by large clay deposits. Alternating layers of clays and sands in a
stacked sequence under the current Wah Way Creek infer a continued history of deposition with a highly variable flow velocity. Coarse gravels observed in the Quandialla bore field also confirms flow velocities varied to
significantly higher flow regimes. Minor drainage in the eastern province originates from the north from bedrock rises situated near Caragabal State Forest, Gibraltar Rocks and Berendebba. Drainage from the Weddin
Mountains (P) would have been diverted into the Caragabal Creek catchment (Q) when alluvial fans located within the Bimbi State Forest and sourced from the Weddin Mountains diverted stream flow. Drainage between
the northern and eastern provinces between the bedrock high points centred on the Caragabal State Forest, Berendebba and Gibraltar Rocks is inferred to have ceased early on as a watershed would have developed from
converging alluvial and colluvial fans. Sediment types change across the area depending on original landscape position. Upper sedimentary sequences include coarse sands and gravels in the lower sections. Silty sands
varying to sandy silts through to clays are observed to cover the coarser basal sequences.

South Eastern

Recent sediment and bedrock patterns differ markedly from early sedimentation with many of the bedrock rises originally restricting flow to the palaeo-Wah Way Creek now buried with deposition across a wide alluvial fan
(R). Stream flow still trends to the west but has changed in style to divergent and anastomosing (S) with stream flow contributing sediment to the central province east of the Curraburrama State Forest (T). Sediments
include a high proportion of sands resulting in the deposition of silty and clayey sands in areas away from higher stream flow. Coarse to fine-sand units are restricted to palaeochannels (U) which are expressed at a variety
of levels including the surface. Clay-rich units exhibit a greater degree of compaction (V) resulting in slightly elevating sand-rich areas. Bedrock influence on the formation of the low angle alluvial fan is negligible
although the southern extent is constrained by the Weedallion Hills (W).

Northern

Recent sediment and bedrock patterns are characterised by the joining of previously isolated depocentres into a large alluvial plain (X) achieved by deposition of clay and silt-rich sediments in a proximal environment. An
expansion of the catchment area would have occurred with the diversion of southerly trending drainage (into the eastern province) to the northwest (Y). The stream diversion would have been a result of alluvial and
colluvial fans sourced from the Weddin Mountains (Q). Minor drainage from bedrock rises situated near Caragabal State Forest, Gibralter Rocks and Berendebba would have continued unchanged but yielding less gravel
and coarse sands and more silt and clays as a result in the reduction of slope gradient.
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PALAEOTOPOGRAPHIC RECONSTRUCTION - EARLY SEDIMENTARY PATTERNS
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Figure 141: General B-Q Transect early palaeotopography. Summarised from Depth to Slightly Weathered Bedrock Image (Raymond, Gibson & Chan, 2000), GILMORE Project information (Lawrie et al., 2003b) and commercial drill
information (NSW DMR).
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PALAEOTOPOGRAPHIC RECONSTRUCTION - MATURED SEDIMENTARY PATTERNS
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Figure 142: General B-Q Transect matured palaeotopography. Summarised from Depth to Slightly Weathered Bedrock Image (Raymond, Gibson & Chan, 2000), GILMORE Project information (Lawrie et al., 2003b) and commercial drill
information (NSW DMR).
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Shallow Fluid Flow Model
The development of a shallow fluid flow model for the B-Q Transect area (Table 44)
attempts to account for the varying shallow fluid flow patterns, water table depth and
water quality across a number of drill holes, piezometers and bores in the B-Q Transect
area. Broad trends relate to aquifers deposited in previously mentioned subdivisions,
namely the central, western, northern, eastern and south eastern provinces (Tables 39,
40 & 41). Drill log examination notes a strong variation in sedimentary characteristics
between basal and upper sections of the Bland Basin. Basal sequences frequently
contain coarse sands and gravels with the upper margins containing substantial clay and
silty clay sequences. For the purposes of this study only the characteristics of shallow
fluid flow are discussed (Table 44).
Shallow fluid flow within the B-Q Transect is strongly influenced by factors including
bedrock topography, palaeotopography, style of sedimentation and degree of sediment
compaction (Tables 42 & 43). Examination of drill hole logs in conjunction with field
observations shows shallow fluid flow is usually facilitated by narrow, stacked, sand
and gravel-rich palaeochannels that may or may not be evident from the surface. Water
tables in palaeochannels are often perched and separate from other shallow water tables
and intermediate flow regimes (Appendices F & J).
Shallow palaeochannels are observed draining buried bedrock high points on the
western margins of the B-Q Transect and are distinct from palaeochannels comprising
the upper portions of low angle sand-rich alluvial fans located south of Quandialla and
Bland (Figures 141 & 142).
The groundwater quality of shallow fluid flow is variable and influenced by several
factors including; the location of floodplains which may increase salt concentrations
prior to recharge through evaporation; the location of recharge zones composed of sandrich sediments (including palaeochannels); and the location of drainage channels
including poorly-defined drainage. The 1:50,000 and 1:20,000 scale regolith-landform
maps for the B-Q Transect have determined the extents of floodplains, drainage
channels, poorly-defined drainage and have defined sand-rich areas of recharge
potential (Table 42).
Once recharged, aquifer groundwater quality is then influenced by aquifer type, yield,
hydraulic conductivity, connectivity to other aquifers and sediment composition
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Table 42. Areas mapped as recharge zones from 1:20,000 and 1:50,000 scale regolith-landform
mapping.
The western half of the B-Q Transect south of the Booberoi Hills on low-angle sand-rich
alluvial fans showing intensely modified drainage.
The eastern half of the B-Q Transect area south of Bland and Quandialla and north of the
Curraburrama Plain with near-surface palaeochannels and sand rich-alluvial plains in close
proximity to floodplains and poorly-defined drainage.
Flanks of bedrock rises and associated colluvial aprons including the Weddin Mountains,
Bogginderra Hills, Booberoi, Yiddah and Weedallion Hills.

Water quality is independent of depth with water quality generally poor where aquifer
yield and hydraulic conductivity are low allowing for greater interaction with
surrounding aquitard sediments, usually composed of clays, clayey sand and clayey silt.
Water quality is generally good where aquifer yield, porosity and hydraulic conductivity
are high, usually corresponding to aquifers composed of sands, coarse-sand and gravels.
Land clearing and farming practices across recharge zones will affect shallow
groundwater quality.

Methods that may assist in protecting groundwater quality

include:
•

Targeted tree plantings (Stirzaker et al., 2000, Daamen et al., 2002) and an
expansion of wind breaks and vegetation belts (Bell, 1991, Walker et al., 1999,
Semple, 1998, Tobler, 2000).

•

A preference for deep-rooted cropping during seasonal recharge events.

•

Earthworks and drainage diversion (Mason-Jones, 2000, Jankowski & Acworth,
2002).

•

Pumping of aquifers of both fresh and saline varieties (Aral & Sparrow, 2002,
Woolnough, 2001).

•

More accurate elevation models (Wilford, Dent, Dowling & Braaten, 2001,
Brodie, 1999, Brodie & Lane, 2003) to resolve poorly-defined drainage.
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Table 43: Recommendations used to pinpoint groundwater and incorporated into the
shallow fluid flow model from analysis of the palaeotopography.
Province Recommendations to pinpoint good quality groundwater
West

Target between bedrock rises as palaeochannels may be located between them.
Highly weathered bedrock at depth may yield good quality groundwater.
Alluvial and colluvial fans located on the flanks of bedrock rises have a good chance of
yielding good quality groundwater.

East

Avoid bedrock rises.
Target between bedrock rises as palaeochannels may be located between them at depth.
Target the deepest sections of existing alluvial plains as they occupy generally thick
sequences of sediments with basal sequences including coarse sands and gravels.
Alluvial and colluvial fans located on the flanks of bedrock rises have a good chance of
yielding good quality groundwater.

South
East

Target sand plains, specifically slightly elevated rises. Cypress pine is one geobotanical
indicator.
Target the deepest sections of existing alluvial plains as they occupy generally thick
sequences of sediments with basal sequences including coarse sands and gravels.

North

Avoid bedrock rises.
Target between bedrock rises as palaeochannels may be located between them.
Avoid existing alluvial plains as they occupy generally thick sequences of clay-rich
sediments.
Alluvial and colluvial fans located on the flanks of bedrock rises (especially the Weddim
Mountains) have a good chance of yielding good quality groundwater.

Central

Basal units and highly weathered bedrock may yield good quality groundwater even
though the overlying clay-rich sediments may have generally poor quality groundwater.
Stacked sections of clays and sands representing palaeo-Bland or palaeo-Barmedman
Creek equivalents may yield good quality groundwater.
Avoid thick sequences of clays unless drill hole density is sufficient to resolve
palaeochannels. The two areas that exist with reasonable drill densities include areas
including Aurion and Newcrest drill programs.
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Table 44: Shallow fluid flow models for the B-Q Transect.
Province Shallow fluid flow
Central

Northerly trending aquifers correspond to palaeodrainage depressions with stacked units of sands closely correlating with current drainage channels
including the Bland and Barmedman Creeks. Palaeodrainage is generally discontinuous as drainage would have connected large depocentres filled with
clays now acting as aquitards. Groundwater tables are usually deeper compared with other provinces and do not exhibit wide variations in water table depth
between drill holes indicating less chance for extensive perched water tables away from stacked sand and clay sequences. Due to the generally higher
proportions of clays, aquifers representing channel deposits exhibit a reduced degree of connectivity, porosity and hydraulic conductivity.

Western

Aquifers trend to the east and correspond to palaeodrainage depressions situated between bedrock rises and break points in the Yiddah Hills. Alluvial and
colluvial fans at these break points facilitate groundwater flow. Small north west trending basins located to the west of the Yiddah Hills do have northerly
trending palaeochannels. Palaeodrainage is generally discontinuous as drainage would have connected upland depocentres filled with varying proportions
of sands and clays. Due to the higher proportions of sands, aquifers representing palaeochannels generally exhibit a higher degree of connectivity, porosity
and hydraulic conductivity. In piezometers examined at the base of the Booberoi Hills, water table depths are uniform and do not exhibit stacked or
perched water tables. Groundwater quality is poor indicating poor aquifer connectivity. Fluid flow is strongly influenced by bedrock and bedrock
structures. Break out points between the Yiddah Hills are frequent sites for palaeochannels in addition to associated colluvial and alluvial fans draining
northerly trending bedrock rises.

Northern

Few aquifers were interpreted from drill hole information although a northerly trend is interpreted corresponding to palaeodrainage depressions. Drill hole
information indicates sediments composed of clay and silty clays. As a result of the high clay content, connectivity between aquifers (if present) is
generally poor.

Eastern

Southerly and westerly trending shallow aquifers correspond to palaeodrainage depressions with the upper margins of the sedimentary sequence generally
composed of aquitards including clays and silty clays. Isolated clayey sands representing palaeochannels occur infrequently. Depth variations in
groundwater tables are unknown due to poor drill hole density. Drill hole logs indicate stacked sand and clay sequences in the upper margins close to the
base of the Weddin Mountains but these stacked sections are not repeated to the west of Quandialla. The lack of numerous stacked shallow palaeochannels
west of Quandialla indicates a reduced likelihood of aquifers. DIPNR monitoring bores confirm that aquifers exhibit low connectivity.

South
Eastern

Westerly trending aquifers correspond to a low bedrock rises now covered by numerous stacked alternating sand and silty clay sequences deposited across a
broad, low angle alluvial fan. Sands are both laterally extensive representing sand plains whilst others are highly localized corresponding channel deposits.
Aquifers exhibit good connectivity with highly variable perched water tables in close proximity to palaeochannels. Aquifers are generally long and
continuous as drainage would have connected to depocentres located to the west of the broad, low angle fan. Numerous stacked shallow aquifers
representing channel deposits exhibit a good degree of connectivity, porosity and hydraulic conductivity.
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Regolith – Landform Mapping
•

Regolith-landform mapping at 1:20,000 and 1:50,000 scales has proven to be an
effective method for identifying changes in regolith and landforms at paddockscale and identifying areas at risk from dryland salinity and waterlogging in an
area of substantial regolith cover.

The three large-scale maps should be a

valuable addition to land managers in this area as previous regolith-landform
and soil mapping lack the necessary detail to be used for land management
purposes at farm-scale.
•

Mapping at scales less than 50,000 gives much better resolution of regolithlandform units, especially over areas of subdued topography and areas of
transported cover.

•

Regolith mapping was successful in highlighting the effect that subdued
topography plays on the local drainage network south of the Booberoi Hills and
other similar low-lying areas. Due to the low gradient, roads and infrastructure
are having a major impact on surface flow directions:
•

Roadside verges were shown to have re-routed many poorly-defined
drainage channels away from their usual courses with resultant ponding
of water (often for significant periods of time).

•

Pastoral boundaries, especially fences were shown to have re-routed
many poorly-defined drainage channels from their established patterns.

•

Pasture modification such as ploughing in selected areas also has reduced
the surface expression of drainage channels resulting in a widening of
inundated areas and increasing the area effected by sheet wash and
erosion

•

Aeolian transport plays a significant role in the current distribution of surface
materials. This transport is enhanced by the lack of natural vegetation on fence
boundaries and the presence of sand-rich lithologies located on low angle
alluvial fans and alluvial plains.

•

Some shallow palaeochannels intersect current drainage systems and are the
cause of localized dryland salinity outbreaks.

The mechanism for salt
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emplacement at this type of location is suspected to be driven by floodwaters
interacting with the sand-rich sediments representing near-surface aquifers.
Concentration of the groundwater would occur through evaporation both prior to
and after infiltration into the sand-rich sediments. Palaeochannels expressed at
the surface exhibit a small degree of topographic inversion, possibly a result of
the differences in sediment compaction rates between sand and clays.

Commercial, State and Commonwealth Drill hole Information
•

Commercial drill hole data examined as part of the compilation of several crosssections have aided in mapping the general three dimensional distribution of
transported regolith materials in the Bland Basin and extended the usefulness of
the 1:250,000 scale Depth to Slightly Weathered Bedrock map (Raymond et al.,
2000), and the GILMORE Project data.

•

Drill hole analysis have assisted in achieving other original objectives including:
•

Assisting in validating geophysical surveys

•

Contributing to the formulation of a shallow fluid flow model

•

Aiding in the constructing a palaeotopographic history and extending the
usefulness of the GILMORE Project to the east across the Bland Basin.

•

Compilation of drill hole logs have further defined changes in basement
topography in addition to distinguishing and correlating changes of sediment
type across the B-Q Transect area. Basement topography is highly variable in
places and initially controlled sediment type and distribution. This influence
declined as bedrock topographic high points were gradually buried by
transported sediments.

•

Palaeodepocentres broadly reflect the positions of current drainage with stacked
alternating sequences of clays, coarse sands and sandy gravels closely
resembling the position of current drainage systems including Bland, Wah Way
and Barmedman Creeks.

•

Commercial drill hole data quality is highly variable with grain size descriptions
generally poor resulting in difficulties matching observations between drill
holes. The quality of State and Commonwealth drill hole data by comparison is
significantly higher reflecting a better understanding of regolith mapping
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principles investigating a range of properties, not just bedrock type and sediment
thickness.
•

No observations of the Cowra and Lachlan Formations were made from the
review of numerous drill logs and confirm that this stratigraphic model should
not be applied to the B-Q Transect. By comparison, the five part stratigraphic
model proposed as part of the GILMORE Project (Gibson et al., 2002) exhibits a
greater degree of correlation with observed State, Commonwealth and
commercial drill data.

GIS Technology and Integration
•

The use of GIS technology has proven to be invaluable in the integration and
comparison of the many and varied data sources. Datasets including digital
elevation models (DEM’s), Satellite imagery (LANDSAT, SPOT and ASTER),
topographic mapping (at scales between 1:250,000 and 1:25,000), catchment and
sub-catchment analysis, drill hole, monitoring bores and piezometer data and
previous soil and regolith mapping have been useful not only in assisting in
regolith-landform mapping but for later validation of the mapping products and
integration with the geophysical and drill hole studies:

•

The use of GIS systems in assisting accurate land management decisions is
becoming increasingly relevant given the large volumes and varied sources of
data that need to be considered. Given the increased information sources
available and the current difficulties faced by land management decision makers
to sort through this data, the use of GIS systems provides a method to integrate
these different information sources facilitating informed land management
decisions.

Imagery and Remotely-Sensed Methods
•

Satellite imagery was used extensively in the compilation and later validation of
the 1:50,000 and 1:20,000 scale regolith-landform maps and provided a level of
information that aerial photography could not provide. Correspondingly, the
resolution of aerial photography was superior to satellite imagery. In areas
between the Bland and Barmedman Creeks, especially floodplains, satellite
imagery was not able to resolve subtle changes in landscape position at scales
less than 1:25,000. In future, regolith-landform mapping a combination of both
sources should be considered.
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•

LANDSAT imagery was determined to be the most reliable satellite imagery
source to assist regolith-landform mapping due to the ability to distinguish
vegetation health, soil moisture content and changes in thermal characteristics
and use these properties as mapping surrogates. Soil moisture content was
useful in discriminating between moisture retaining heavy clay soils associated
with drainage channels and floodplains from the dryer, sandier sediments on
alluvial fans and plains.

•

Gamma-Ray Spectrometry was used extensively in the compilation of the
1:50,000 and 1:20,000 scale regolith-landform maps and reliably distinguished
regolith distribution pathways across the B-Q Transect area. The discrimination
of different soil ‘provinces’ based on bedrock type and distance away from
bedrock assisted in the mapping and classification of regolith-landform
polygons.

Geophysical Surveys
•

In terms of providing a relative listing of the effectiveness of the two
geophysical methods the following comments should be noted:
•

NanoTEM results were acquired and processed quicker compared to
seismic results, however, both methods were able to differentiate
aquifers and aquitards based on their physical and conductive properties.

•

Both traverses worked well in conjunction with bore data to assist
validating results but could not be used to successfully image large areas
for a reasonable cost.

•

The NanoTEM method was better able to image aquifers and aquitards,
acquired more data over a similar time frame and was a lower-cost
solution. However, it should be noted that seismic reflection results were
not calculated as part of this body of work and could still yield beneficial
results on par with that of the NanoTEM results.

Transient Electromagnetics
•

NanoTEM was a reliable method of determining changes in transported
sediments and distinguishing depth to bedrock in areas of significant regolith
cover if used in conjunction with drill hole and piezometer data. NanoTEM
results compared favourably against one seismic refraction traverse with high
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conductivities corresponding to a refractor and the presence of clays, sandy clays
and groundwater from nearby drill hole information. NanoTEM traverses were
able to detect known near-surface aquifers (palaeochannels) with higher
conductivity responses corresponding to aquifers with generally poor water
quality. Palaeochannels generally had low conductivity.
•

NanoTEM traverses were able to detect basin-wide high conductivity layers
occurring between 15-40m on lines located south of the Booberoi Hills and 2560m south of Quandialla. These high conductivity features correspond to claysrich sediments usually overlying weathered bedrock.

Seismic Refraction
•

High resolution seismic refraction was a reliable method of determining the
depth of transported sediments and depth to bedrock in areas of significant
regolith cover if used in conjunction with drill hole data.

•

High resolution seismic refraction was successful in imaging shallow regolith
features and depth to weathered and fresh bedrock. The line GA03-QD1 was
compared against regional seismic lines (99agsl1, line 99agsl2 and 99agsl3) and
showed a reduced thickness of sediments in the order of between 40-50 m
consistent with a shallowing of the Bland Basin to the south. The acquired
seismic information corresponds well with drill hole information, piezometer
data and landholder interviews.

•

Processing of the acquired seismic reflection data could potentially yield more
information about the depth of sedimentation, changes in sediment character
(especially between 0 and 40-50m) and the thickness of weathered bedrock.

Paleotopography
•

Whilst the western margins of the B-Q Transect have been covered as part of the
GILMORE

Project,

already

highlighting

several

key

aspects

of

palaeotopography, the eastern margins of the B-Q Transect have only been
investigated using commercial and State drill hole information.

Future

consideration should be given to providing a basin-wide palaeotopographic and
a well constrained stratigraphic model.
•

The B-Q Transect is broadly subdivided into western, southern and eastern low
angle alluvial fans with sizes determined by catchment surface area. Across the
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B-Q Transect, the alluvial fan situated on the eastern margin representing the
Burrangong and Wah Way Creeks is the largest and is inferred to have
contributed a greater component of sediments to the Bland Basin.
•

Bedrock structure and topography has had a strong affect on the style and
positions of sedimentation within the Bland Basin. Initially, sedimentation was
strongly influenced by bedrock ridges and the effect it had on drainage
diversion. The influence of bedrock ridges has been reduced through gradual
burial with only a few bedrock high points remaining at the surface.

•

Palaeodepocentres as outlined by GILMORE Project data and State and
commercial drill data correlate well with existing drainage patterns indicating a
sustained and on-going (although somewhat reduced) influence through drainage
diversion.

Shallow Fluid Flow Model
•

The shallow fluid flow model represents one product of integrating geophysical
datasets with drill hole information and regolith-landform mapping.

•

Shallow fluid flow within the B-Q Transect is highly variable and strongly
influenced by factors including bedrock topography, palaeotopography, style of
sedimentation and degree of sediment compaction. Shallow fluid flow is usually
facilitated by narrow, stacked, sand and gravel-rich palaeochannels that may or
may not be evident from the surface. Water tables in palaeochannels are often
perched and separate from other shallow water tables and intermediate flow
regimes.

•

Water quality is generally poor where aquifer yield and hydraulic conductivity
are low allowing for greater interaction with surrounding sediments, usually
corresponding to aquifers composed of clayey sands and silty sands.

•

Water quality is generally good where aquifer yield, porosity and hydraulic
conductivity are high usually corresponding to aquifers composed of sands,
coarse sand and gravels.

•

Deeper groundwater was also observed from drill hole logs to preferentially
flow along the boundary between weathered bedrock and transported sediments
and sometimes only within weathered bedrock.
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•

Deeper ground water quality is highly variable with good quality ground water
(<1.20 dS/m) accessed from basal gravels to supply the town of Quandialla
contrasting with poor quality ground water sourced from clays and silts around
Berendebba (>5.0 dS/m) and ground water sourced from clays and weathered
bedrock used to fill the Barmedman community pool (18.5 – 19.75dS/m).

Future Considerations
R-L mapping across the B-Q Transect has been a valuable addition to understanding the
Bland Creek catchment and the Bland Basin in general as both lie within an area
receiving sediments from both upland and lowland settings. Continued study of this
area is important for several reasons:
•

Regolith-landform mapping completed as part of this project was greatly
assisted by a generalized digital elevation model (DEM). Aerial photography
was also useful in determining landforms, particularly low-lying areas. Together
with aerial photography, highly detailed DEM’s allow for the analysis of the
Bland Creek catchment at paddock-scale and can highlight areas subject to or at
risk from drainage modification, flooding, seasonal waterlogging and dryland
salinity. DEM’s can also assist in the placement of drainage diversion schemes,
road culverts and drains and targeted tree plantings. The creation of a high
resolution DEM model will be particularly useful in aiding any further
examination of the Bland Creek catchment.

•

The uses of acquiring high resolution AEM in areas of substantial regolith cover
to determine palaeotopography, potential salt stores as well as groundwater
reserves in general has been demonstrated both here and as part of the
GILMORE Project.

The application of this geophysical technique in

conjunction with drill hole information needs to be expanded across the eastern
and central portions of the Bland Creek catchment to fully explore the 3dimensional variation in sediment and the effect that the variations have on fluid
flow and the effect this will have on predicting future areas of groundwater rise.
the benefits of expanding the coverage of AEM include:
•

Increased accuracy when locating good quality groundwater reserves

•

Increased understanding of groundwater flow at near surface, medium
and at depth.
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•

Locate possible groundwater resources that may help ‘drought proof’ (or
at best alleviate many of the worst symptoms of drought) many farms in
the event of prolonged drought.

•

Continued dryland salinity, wind erosion, water logging and rising groundwater
hazards are present across the B-Q Transect mapping area and require a
sustained monitoring program coupled with further study.

•

DIPNR should expand the current piezometer and bore monitoring site network
and institute an increased sampling and monitoring regime.

•

Undertake community consultation and liaison with existing Landcare groups
and shire councils to examine the following possible strategies:
•

Investigate runoff and drainage schemes (as are currently in place along
sections of the Quandialla Road) or the installation of culverts along
roads. Where costs prohibit earthworks or drainage, native vegetation
should be considered.

•

Survey farmers and locate properties willing to install tree breaks.
Targeting willing participants will assist in creating community
momentum and awareness.

•

In addition to road side verges, tree plantings should target areas at risk
from wind erosion including sites located between the base of the
Booberoi Hills and the Quandialla Road and recharge zones representing
large sand-rich alluvial plains south of the Quandialla Road between
Bland and Quandialla.

•

The utilization of GIS platforms and technology would be a valuable asset in
integrating field data with remediation strategies. The setting up of a Bland
Creek catchment GIS database with datasets needing to be considered including
digital elevation models (DEM’s), scanned and georeferenced colour aerial
photography, satellite imagery (LANDSAT, SPOT and ASTER), topographic
mapping (at scales between 1:250,000 and 1:25,000), catchment and subcatchment analysis, drill hole information and piezometer data and soil and
regolith mapping.
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Final Statement
The integration of several disciplines including regolith-landform mapping, drill hole
analysis and geophysics (AEM, NanoTEM and seismic refraction) have been utilised
and combined to gain a three dimensional perspective of large-scale regolith distribution
and complete of the original aims including:
•

The completion of paddock-scale regolith-landform mapping at 1:20,000 and
1:50,000 scale.

•

The formulation of a shallow fluid flow model and a regolith development
model for the B-Q Transect.

•

Determine the mechanisms for dryland salinity emplacement at ‘Strathairlie’ and
‘Back Creek’.

•

Increasing the level of understanding regarding regolith distribution in the Bland
Catchment and the Bland Basin.

Regolith-landform mapping, drill hole analysis in conjunction with commercial, State
and Commonwealth data have outlined a large store of salt in the Bland Basin
accumulating through aeolian processes and evaporation of stream flow. This salt store
is increasing and can be observed by decreasing groundwater quality observed in
piezometers and DIPNR monitoring bores. One factor mitigating the risk of dryland
salinity has been the generally slow increase in water tables over the last 16 years
observed from long term DIPNR monitoring programs. The risk of dryland salinity will
rise if recharge to water tables is increased through additional land clearing in recharge
zones (mapped as part of this project) or a succession of unseasonably high rainfall
years.
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Appendix A - Location
Table 45: Grid Co-ordinates for the B-Q Transect Area
Corner Point

Map Sheet

Scale

Grid Reference
(AGD66)

NE corner

Marsden

(R651-8430)

1:100,000

530 6255

NW corner

Wyalong

(R651-8330)

1:100,000

585 6255

SE corner

Temora

(R651-8429)

1:100,000

585 6225

SW corner

Barmedman (R651-8329)

1:100,000

530 6225

Appendix B - Geological Unit Descriptions
Table 46: Summary of interpreted bedrock types over the B-Q Transect listed from west to east.
Rock Type from west to east (age included)

Inclusive Rock Types

Ordovician mafic to intermediate volcanics

Goonumbla Volcanics

Late Silurian – Early Devonian sediments and
volcanics

including Yiddah Formation

Ordovician mafic volcanics, intrusives and
sediments

Belimebung Volcanics, Lake Cowal
Volcanic Complex

Late Silurian – Early Devonian sediments and
volcanics

Yiddah Formation

Ordovician mafic volcanics, intrusives and
sediments

Boonabah Volcanics, Lake Cowal Volcanic
Complex

Late Devonian sediments

Hervey Group

Late Ordovician sediments (and volcanics)

Curruburrama Volcanics, Jingerangle
Formation

Early Devonian felsic intrusions (granites) north
of Quandialla

Berendebba Granite, Caragabal Granite

Ordovician metasediments and cherts

Bribbarree Formation, Kirribilli Formation)
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Table 47: Geological descriptions summarised from 1:250,000 and 1:100,000 geological mapping and listed from oldest to youngest. From Lyons,
Raymond & Duggan, 2000.
Age

Name

Description

Ordovician Girilambone Group

The Girilambone Group (Pogson 1991, Glen 1994, Russell & Lewis 1965 and Rayner, 1969) is composed of poorly
outcropping, tightly folded turbidites, quartzose sandstones, siltstones, phyllites and chert (Scott & Lyons, 2000).
Sediments are located north west of the Booberoi Hills and Booberoi Shear Zone as an arcuate belt trending north
with up to greenschist facies metamorphism (Scott & Lyons, 2000). The Ordovician sediments are faulted against the
Ordovician Lake Cowal Complex and are unconformably overlain by the Siluro-Devonian Manna Conglomerate and
Cainozoic deposits (Scott & Lyons, 2000). The Ordovician Girilambone Group sediments show low to moderate K
and Th responses.

Kirribilli
Middle to
Formation.
Late
Ordovician

The Kirribilli Formation (Sherwin et al., 1987, Krynen et al., 1990) is composed of shales and phyllites with
interbedded siltstones and sandstones. This unit is tightly folded with strong foliation in shales and phyllites in the
vicinity of major structures (Raymond & Wallace, 2000). The Kirribilli Formation occurs over the east of the B-Q
Transect and is commonly exposed as low rises covered by an in situ regolith layer. The Kirribilli Formation is
intruded by the Early Devonian Bogalong Suite Granites and the Early Devonian Caragabal Granite and is overlain
by the Late Devonian Weddin Sandstone (Raymond & Wallace, 2000). Gamma ray spectrometry over outcrops
reveals high counts for K, U and Th due primarily to the presence of detrital clays. The presence of abundant soil
cover and paucity of outcrop have subdued this gamma ray response.

Ordovician Narragudgil
Volcanics, Jindalee
Group.

The Narragudgil Volcanics (Warren et al., 1995) consist of metabasalts with minor cherts, chlorite schists and
ultramafic rocks (Duggan, 2000). These lithologies have been metamorphosed to greenschist facies and locally
elevated to amphibolite facies near to the Bland Creek Diorite (Duggan, 2000), located to the west of the B-Q
Transect. Outcrop of the Narragudgil Volcanics is restricted to Wyalong Hill, south east of West Wyalong forming a
belt which traverses the western edge of the B-Q Transect area (Lyons, Raymond & Duggan, 2000). Both eastern
and western extents are fault bounded against the Ungarie Suite.

Ordovician Lake Cowal
Volcanic Complex

The Lake Cowal Volcanic Complex (Miles & Brooker, 1998, Scott & Lyons, 2000) is composed of volcanics and
intrusive rocks hosting the Lake Cowal gold – copper province (Lyons, 2000) and can be defined by the distinct
magnetic signature that extends northwards from the B-Q Transect area for a distance of approximately 85 km
(Lyons, 2000). The Lake Cowal Volcanic Complex is poorly outcropping and in some places is unconformably
overlain by up to 100 m of cover (Scott & Lyons, 2000). The Lake Cowal Volcanic Complex has a complex lithology
consisting of intermediate volcanics and volcaniclastics (Scott & Lyons, 2000). Structurally, the Lake Cowal
Volcanic Complex is fault bounded to the west by the Booberoi Shear Zone and the Ordovician Girilambone Group
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(Lyons, 2000).

Late
Jingerangle
Ordovician Formation.

The Jingerangle Formation was first named by Warren et al., (1995) and describes successions of thinly bedded,
shallow to moderately dipping (0°-30°) siltstones and mudstones (Percival & Lyons, 2000). The mudstones are
commonly weathered to clays with the siltstones remaining moderately resistant. The type locality is situated in the
Jingerangle State Forest (Percival & Lyons, 2000) and located approximately 37 km east of West Wyalong.

Early
Silurian

Bland Diorite.

The Bland Diorite is a massive, dark gray medium-grained diorite, located as small bedrock rises of low relief northeast of West Wyalong and to the east of the B-Q Transect. Contact relationships with surrounding rock types are
unknown due to extensive regolith cover (Duggan, 2000). The eastern margins of the Bland Diorite are faulted
against the Yiddah Formation and to the northwest the Bland Diorite is faulted against the Ungarie Granite.

Early
Silurian

Ungarie Suite,
Ungarie Granite.

The Ungarie Granite is grouped into the Ungarie Suite (Duggan, 2000) and comprises granitoid rocks trending northwest outcropping north of West Wyalong and to the east of the B-Q Transect. Outcrop is generally poor with
scattered tors exhibiting a high gamma ray spectrometric K response. The Ungarie Granite is described as a grey,
medium grained biotite-muscovite granite grading to granodiorite (Duggan, 2000). The main structure of the granite
is mostly massive and unfoliated, however strong foliation is observed at the margins of the Ungarie Granite
suggesting a faulted contact (Duggan, 2000).

SiluroDevonian

Ootha Group,
Moura Formation.
Manna
Conglomerate and
Yiddah Formation.

The Ootha Group comprises sedimentary and volcanic rocks in a series of irregularly shaped lenses trending roughly
coincident with the Gilmore Fault Zone and the western half of the B-Q Transect. The Ootha Group can be
subdivided into the Manna Conglomerate (oldest), Yiddah Formation, Yarnel Volcanics and the Mulguthrie
Formation (youngest) (Scott, Sherwin, Raymond & Lyons, 2000). Only the Manna Conglomerate and the Yiddah
Formation are found within the B-Q Transect.

The Manna Conglomerate forms the basal unit to the Ootha Group and outcrops as a northerly trending corridor along the Booberoi Hills as medium to
thickly bedded exposures. The Manna Conglomerate generally forms prominent ridges and consists of very poorly sorted polymict conglomerate and
sandstone (Scott, Sherwin, Raymond & Lyons, 2000). Close to the Booberoi Shear Zone, the Manna Conglomerate changes from a relatively undeformed
unit dipping at 50° to a strongly foliated rock with dip angles increasing to a maximum of 85° E and W. Clasts within the conglomerate are notably
elongated in the direction of N/S shear. The environment of deposition is inferred to be a deep water marine basin. The Manna Conglomerate is
conformably overlain by the Yiddah Formation, however in many cases is unconformably overlain by Cainozoic and Quaternary alluvium and colluvium.
The Yiddah Formation, originally described by Warren et al. (1995) has a similar strike and outcrop extent over the mapping area to the Manna
Conglomerate and is located as a line of disjoined hills and rises to the west of the Booberoi Hills (Raymond & Duggan, 2000). A separate outcrop of
Yiddah Formation is also present north of the Berendebba Granite and is located to the north and north west corner of the B-Q Transect and forms an
arcuate Flat-bottomed belt opening to the north. This arcuate belt is intersected by several faults resulting in the southerly sections being displaced to the
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east. The Yiddah Formation consists of well-sorted fine to medium grained sandstones with some intermixed siltstone and pebbly sandstone and
conglomerate lenses (Raymond & Duggan, 2000). In both areas foliation within the Yiddah Formation is generally sub-parallel to bedding.
Mid to
Late
Devonian

Trundle Group,
Pullabooka
Formation.

The Pullabooka Formation is a constituent unit of the broader Trundle Group which forms a north to south trending belt.
This belt of sediments and interbedded felsic volcanics terminates in the south against north easterly trending faults
located north of the Berendebba Granite and is located in the north and north-western corners of the mapping area. Only
the Pullabooka Formation is present over the mapping area. The Trundle Group mainly comprises sediments and
interbedded felsic volcanic rocks and parallels the conspicuous sandstone ridges of the Hervey Group. The Trundle Group
can be grouped into separate components including the Pullabooka Formation (oldest), Coonardoo Sandstone,
Carawandool Volcanics, Kadungle Volcanics, Euchabil Gap Formation and the Beugamel Sandstone (youngest). The
Pullabooka Formation comprises well-sorted, medium to fine grained, thickly bedded sandstones and quartzites. Minor
constituents include thinly bedded siltstones and shales. The Pullabooka formation yields generally low gamma ray
spectrometric signatures in K, U and Th.

Devonian

Bundaburrah
Granodiorite,
Caragabal
Granite.

The Caragabal Granite outcrops over Mount Wheoga and along the Mid Western Highway to the north and north-east of
the mapping area and forms part of an elongate body trending north-east and intrudes the Ordovician Kirribilli Formation
(Raymond, 2000). The Caragabal Granite is described as a pink and medium to coarse-grained granite (Raymond, 2000).
The magnetic susceptibility of the Caragabal Granite is low to moderate and can be easily distinguished from the low
magnetic properties of the surrounding sedimentary lithologies (Raymond, 2000). Gamma-ray spectrometric imagery
over weathered materials reveals a high response from K, U and Th.

Devonian

Berendebba
Granite

The Berendebba Granite is located approximately 11 km south of Caragabal, lies within the mapping area but does not
have any surface expression and is interpreted from aeromagnetic data. The granite has contact metamorphosed sediments
of the Ordovician Kirribilli Formation and the Siluro-Devonian Derriwong Group.

Late
Devonian

Hervey Group.
/ Weddin
Sandstone

The Hervey Group (Young, Sherwin & Raymond, 2000) has been subdivided on the basis of revised geologial mapping
and for the purposes of this review only the Weddin Sandstone will be reviewed. The term Weddin Sandstone now
applies to the light-brown, cliff-forming sandstone unit found on the eastern side of the B-Q Transect. The Weddin
Sandstone comprises sandstones with only minor conglomerate, siltstone and mudstone. The various lithologies mapped
as Hervey Group along the Tullamore Syncline and Marsden Thrust have been subdivided into several stratigraphic
subdivisions including the Cookamidgera Subgroup, the Weddin Sandstone, the Cudgelbar Sandstone Member, the
Calarchy Sandstone Member and the Cloghnan Shale. The Weddin Sandstone and trends south-west adjacent to Marsden
(Raymond & Wallace, 2000).

.
Page 236

Appendices

Appendix C - Vegetation Types in The Bland Catchment
Table 48: The various major tree species, habitats and preferential soil types found over the mapping area. Summarised from Cunningham et al., 1981).
Name

Description and Habitat

White Cypress Pine
(Callitris columellaris)

White cypress pine is a medium tree growing to 20 m in height and has a wide distribution over western NSW. The white cypress pine
prefers coarse textured red and brown earths but can also be found in association with silty soils in drainage depressions and streams as
well as shallow soils on hillslopes (Cunningham et al.,1981).

Black Cypress Pine
(Callitris endlicheri)

Black cypress pine is similar in appearance to the white cypress pine but the foliage is usually greener and coarser (Cunningham et al.,
1981). The habitat of the black cypress pine prefers hills and stony ridges and is commonly associated with currawang, mugga ironbark
and mallee communities.

Belah (Casuarina
cristata)

Belah is a medium tree growing to 15 m in height with numerous slender branches and conspicuous dark grey fissured bark. Distribution
is widespread with the different habitats including brown soils, sandy red earths, brown gibber soils, clay soils with gilgai, sandplains,
foothills and sandplains. Belah occurs as scattered individuals, as dense pure stands or as mixed communities with rosewood, nelia and
wilga (Cunningham et al., 1981).

Bull Oak (Casuarina
luehmannii)

Bull oak is a medium tree growing to 15 m in height and distinguished by the rough, deeply furrowed bark and the upward pointing
branches. The habitat of the bull oak varies between deep sandy ridges to red, brown and grey clays and occurs with white cypress pine
and belah (Cunningham et al., 1981).

Currawang (Acacia
doratoxylon)

Currawang is a tall shrub to small tree growing to 10 in height. The habitat of the Currawang is restricted to skeletal soils varying to red
earths on hillslopes and footslopes. Occurs as dense stands or in conjunction with mugga ironbark (Cunningham et al., 1981).

Myall (Acacia pendula)

Myall is a medium tree growing to 10 m in height and is distinguished by the greyish to silverish colour and conspicuous drooping leaves
and branches (Cunningham et al., 1981). The habitat is restricted to extensive stands over major river floodplains and areas of heavy clay
soils.

River Cooba (Acacia
stenophylla)

River cooba is a straggly shrub or tree growing to 10 m in height with conspicuous drooping leaves and small branches. The habitat is
wide ranging including heavy clay soils, river and creek bank environments and swamp margins. River cooba is known to occur with
river red gum communities, black box, bimble box, coolibah, belah and mitchell grass (Cunningham et al., 1981).

Rosewood
(Heterodendrum
oleifolium)

Rosewood is a small to medium sized tree growing to 9 m in height and is widely distributed throughout western and central NSW
(Cunningham et al., 1981). Rosewood is most commonly associated with sandy calcareous soils and can be found with Belah.
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River Red Gum
(Eucalyptus
camaldulensis)

River red gum is a medium to large tree growing between 25 – 40 m in height. Across the mapping area the river red gum is restricted to
grey heavy clay soils along river banks and on floodplains subject to frequent or periodic flooding. The River Red Gum is also found as
ribbon stands as riparian vegetation lining channels and as dense stands over regularly flooded flats (Cunningham et al., 1981).

Tumbledown Gum
(Eucalyptus dealbata)

Tumbledown gum is a small to medium sized tree growing to 10 m in height. The tumbledown gum is commonly found on low stony
rises with granitic derived skeletal soils and less commonly on sandstone ridges and sandplains (Cunningham et al., 1981).

Fuzzy Box (Eucalyptus
conica)

Fuzzy box is a medium sized tree growing to 10 m in height and best characterised by the presence of many drooping branches and a
light to grey rough, fibrous bark (Cunningham et al., 1981). The fuzzy box is confined to a small section around West Wyalong and
prefers loam soils found along flats and is frequently found in conjunction with communities of grey box, bimble box and white cypress
pine (Cunningham et al., 1981).

Black Box (Eucalyptus
largiflorens)

Black box is a mediun sized tree growing to 10 – 20 m in height with characteristic hard, rough dark and furrowed bark and a large
spreading crown and drooping branches (Cunningham et al., 1981). The habitat of the black box is commonly heavy clay soils of
periodically flooded alluvial plains, along dry lake margins and depressions and drainage lines. The black box occurs as stands or can be
found in association with coolibah and river red gum (Cunningham et al., 1981).

Bimble Box (Eucalyptus
populnea)

Bimble box is a medium sized tree growing to 20 m in height with a light grey to grey brown fibrous bark and a box like trunk. The
habitat is variable with a wide distribution including more commonly red earths with a loam to sandy loam component and less
frequently with sandplains with loamy sands (Cunningham et al., 1981).

Grey Box (Eucalyptus
microcarpa)

Grey box is a medium sized tree growing to 20 m in height with a fibrous greyish white trunk and smooth ribbony bark on the smaller
branches. The habitat for this particular tree includes low ridges with shallow gravelly soils, flats and footslopes with red brown earths
and heavy clay to loamy alluvial soils. Grey box can also be found in conjunction with white cypress pine, bimble box and black box
(Cunningham et al., 1981).

Red Stringybark
(Eucalyptus
macrorhyncha)

Red stringybark is a medium to tall straight tree growing to 20 m in height and prefers sandy soils and drainage lines (Cunningham et al.,
1981).

Mugga Ironbark
(Eucalyptus sideroxylon)

Mugga ironbark is a medium to large tree growing to approximately 12 m in height. The bark is black and deeply furrowed. The habitat
is mostly restricted to low ridges and footslopes with a gravelly to loam soil (Cunningham et al., 1981).
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Appendix D – Soil Mapping
Table 49: A summary of soil classification units and properties used as the basis of soil mapping for the Cootamundra 1:250,000 scale sheet. Summarised from
DIPNR,. 2001.
Soil Type

Description and Associated Vegetation Types

Barmedman Located in drainage depressions and adjacent floodplains of the Barmedman and Bland Creek systems with relief <5 m. Soils poorly drained, highly
plastic, deep grey clays with high shrink swell potential and low permeability. Situated within the Wah Wah Plains physiographic region which
Creek
continues north onto the Forbes 1:250, 000 scale soil map area. Partially to extensively cleared open woodlands with a mixed tussock and grass
(bk)
understorey. Eucalyptus camaldulensis (Red River Gum) in drainage lines and depressions. Acacia pendula (Myall), Casurina cristata (Belah) and
A. sterphylla (River Cooba) on surrounding plains.
Billabong
(bn)

Circular to oblong closed depressions or billabongs formed on recent Quaternary alluvium associated with major creek systems within the
Barmedman and Bland Creek flood plains. The soil type includes deep (>100 cm), imperfectly drained grey clays. Vegetation present is partially to
extensively cleared open Eucalypt woodlands.

Bimbi
(bi)

Gentle to moderately inclined footslopes and gently undulating rises formed on Quaternary colluvium beneath the Weddin Mountains and within the
Weddin Range physiographic region. Relief is <30 m, and is associated with partially cleared to extensively cleared box / pine woodland. The soils
vary between well drained moderately deep (<100 cm) lithic soils on mid to upper slopes to poorly drained deep (>100 cm) brown soils in drainage
depressions and imperfectly drained deep (>100 cm) bleached and mottled red soils on lower slopes. Vegetation includes Eucalyptus microcarpa
(Grey Box) and Callitris endlicheri (Black Cypress Pine). Eucalyptus sideroxylon and E. dealbata/ E. dwyer (Red Gum) on upper slopes. Casurina
cristata (Belah), C. Leuhmannii (Bulloak) and Eucalyptus camaldulensis (Red River Gum) along drainage lines.

Bland
(bl)

Extensive alluvial plains associated with Barmedman, Narraburra, Bland and Burrangong Creeks in association with the Bland/Wah Way Plains
physiographic region. Narrow sand ridges and prior streams occur throughout the plains with gilgai microrelief in small isolated bands. Soil types
vary according to the landscape position. A partially to extensively cleared open Eucalypt woodland consisting of Eucalyptus microcarpa (Grey
box), Callitris columellaris (White Cypress Pine), E. meliodora (Yellow box), Casurina cristata (Belah) and C. luehmannii (Bull-oak) with
Eucalyptus camaldulensis (Red River Gum) along creek lines and in drainage depressions.

Boginderra
(bo)

Rolling to steep low hills and hills formed on Devonian granites with accompanying dense native woodland and scrub understorey. Eucalyptus
dwyeri (Red Gum) and E. dealbata (Tumble Down Redgum) and Callitris enlicheri (Black Cypress Pine). Other species commonly found include
Eucalyptus albens (White Box) and E. macrorhynca (Red Strinybark) on mid and lower slopes. Shrubs include Acacia doratoxylon (Currawong)
and Casurina stricta (Drooping She Oak).

Bribbaree

Gently undulating colluvial slopes associated with the Bribbaree Hills. Soils vary according to landscape position and range between moderately
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deep (<100 cm) moderately well drained red brown earths on the upper to mid lower slopes to moderately deep (<100 cm) imperfectly drained
bleached-mottled red soils on lower slopes. Extensively cleared Eucalypt woodland with the majority of vegetation being cleared for agricultural
development with remnants remaining along road and fence reserves. Vegetation includes Eucalyptus microcarpa (Grey Box) and Callitris
columellaris (White Cypress Pine) on mid to upper slopes with Eucalyptus meliodora (Yellow Box) and Casurina luehmamii (Bull-oak) on lower
slopes.

Bribbaree
Hills
(bh)

Rolling to steep low hills and rises composed of Devonian sediments of the Hervey Group. Soils include very shallow (<25 cm) well-drained lithic
soils on mid to upper hill slopes and crests varying to moderately deep (<100 cm) moderately well drained red to brown soils on mid to lower slopes.
Partially to extensively cleared low mallee Eucalypt/Pine woodland including Eucalyptus dealbata (Tumble Down Red Gum) and Callitris
endlicheri (Black Cypress Pine) on mid to upper slopes and crests. Eucalyptus macrorhyncha (Red Stringybark) on mid slopes.

Greens
(gr)

Gently sloping footslopes associated with the Reefton soil landscape, occurring along the highway between Temora and Barmedman. Soils have
formed from Quaternary colluvium. Soil types vary according to landscape position and include moderately deep (<100 cm) moderately well
drained red soils on upper slopes grading to a moderately deep (<100 cm) imperfectly drained brown soils on lower slopes. Vegetation resembles
partially to extensively cleared Eucalypt woodland including Eucalyptus microcarpa (Grey Box), Callitris columellaris (White cypress Pine) and E.
sideroxylon (Mugga Iron Bark) on upper slopes. Eucalyptus microcarpa and Callitris collumellaris on mid to lower slopes.

Marsden
(ma)

Broad alluvial plains on recent Quaternary deposits with conspicuous gilgai microrelief. Topography is very subdued with elevations between 218222 m. Very poorly drained deep (>100 cm) grey self mulching mottled soils (grey clay) varying to imperfectly drained deep (>100 cm) red, brown
and grey soils occurring on mounds and shelves between gilgai depressions. Resembles partially to extensively cleared woodland with the dominant
species including Casurina cristata (Belah) and Acacia pendula (Myall). Gilgai depressions have a community of moisture tolerant rushes and
forbs.

Oakleigh
(oa)

Undulating to rolling low granite hills and rises east of Barmedman trending to the north and north east into the southern half of the mapping area.
Soils of high permeability and low fertility have formed on Silurian granites associated with the Ungarie Suite of granites. Soil types vary from
moderately deep (<100 cm) imperfectly drained lithic soils and earthy sands to moderately deep (<100 cm) moderately well drained red soils.
Extensively cleared Eucalypt woodlands including Eucalyptus dealbata (Tumble Down Red Gum), E. dwyeri (Red Gum) and Callitris columellaris
(White Cypress Pine) on upper slopes and crests. Eucalyptus albens (White Box) and Callitris columellaris on mid to lower slopes.

Pinnacle
(pi)

Undulating low hills and rises extending to the Combaning State Forest located in the south of the mapping area and grouped within the Bribbaree
Hills physiographic regions. Soils have formed on Silurian and Ordovician sedimentary rocks associated with the Yiddah Formation. Soil types
vary according to landscape position including very shallow to shallow (<50 cm) well drained lithic soils on mid, to upper slopes and along ridge
lines to moderately deep (<100 cm) imperfectly drained yellow soils on side slopes and shallow (<50 cm) well drained gravelly brown soils on lower
slopes. Extensive to partially cleared open Eucalypt woodland including the species of Eucalyptus sideroxylon (Mugga Ironbark), E. microcarpa
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(Grey Box) and Callitris columellaris (White Cypress Pine) on upper , mid and lower slopes. Eucalyptus dealbata (Tumble Down Red Gum) and
Callitris endlicheri (Black Cypress Pine) occur on upper slopes, crests and along ridge lines.

Reefton
(re)

Gentle to undulating rises and low narrow sedimentary ridges between Temora and West Wyalong continuing north. Soils formed on relative
topographic highs consisting of Silurian sediments associated with the Yiddah Formation. Soil types include well drained very shallow (<25 cm)
lithic soils occurring on crests, ridge lines and hill slopes. Partially cleared to extensively cleared Eucalypt woodland with species including
Eucalyptus sideroxylon (Red Iron Bark), Eucalyptus dealbata/ (Tumble Down Red Gum), E. dwyeri (Red Gum), Callitris endlcheri (Black Cypress
Pine), Eucalyptus sideroxylon and E. microcarpa (Grey Box)

Weddin
Mountains
(wm)

Rolling hills with local relief varying between 60-180 m and lies within the Weddin Range physiographic region. Soils have formed from parent
materials including sandstone, conglomerate and siltstone. Soil cover is discontinuous with sandstone outcrops and colluvial debris on most slopes.
Very shallow well drained lithic soils on upper, mid and lower slopes and deep imperfectly drained yellow and brown soils along narrow drainage
lines and lower slopes. Uncleared to partially cleared open woodland including Eucalyptus dealbata - Eucalyptus dwyeri (Tumbledown Red Gum),
Callitris glaucophylla (White Cypress Pine), C. endlicheri (Black Cypress Pine) and Acacia doratoxylon (Currawang) with occasional Brachychiton
populneus (Kurajong), Eucalyptus albens (White Box) E. microcarpa (Grey Box) and E. sideroxylon (Red Ironbark).

Weedallion
(we)

Gently undulating footslopes and colluvial plains with local relief varying between 10-30 m and slope angles generally <5 % lying within the
Bribbarree Hills physiographic region. Soils vary strongly with landscape position and steeply dipping underlying lithology. Moderately deep (<100
cm) well drained to imperfectly drained red-brown earths occur on side slopes, moderately deep (<100 cm) poorly drained bleached-mottled soils
occur in drainage depressions and deep (>100 cm) imperfectly drained red and brown soils and poorly drained mottled grey gilgai occur on some
lower slopes. Extensively cleared Eucalypt woodland with the majority of native vegetation having been cleared for agricultural development.
Remnant vegetation remains along road and fence corridors and consists of Eucalyptus albens (White Box), E. meliodora (Yellow Box) and Callitris
collumellaris (White Cypress Pine).

Wah Way
(ww)

Level plains and floodplains with slope gradients <1% and local relief <5m encompassing parts of Wah Way, Barmedman, Warralonga and Bland
Creeks and associated backswamps and lower floodplains and less frequently inundated upper floodplains. Isolated areas of Gilgai. Soils highly
plastic, of low permeability and low fertility with high shrink/swell capacity and subject to soil structure decline. Soils comprise very deep
(>150cm), poorly drained red, grey and brown clays. Very deep (>150cm) red brown earths and red clays on more elevated plains. Extensively
cleared open woodland including Casurina cristata (Belah) and Acacia pendula (Myall). Eucalyptus camaldulensis (Red River Gum) and A.
sterphylla (River Cooba) in drainage lines. Lignum and Cumbungi often abundant in drainage lines and depressions.
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Table 50: Summary of soil landscapes for the Forbes 1:250,000 scale mapsheet. Summarised from King, 1998.
Burcher-West Wyalong
Hill and Rises

Located around West Wyalong, Burcher and Wallaroi Hill. Developed on Ordovician metasediments and minor basalts, porphyries,
granites and Silurian metasediments. The landforms are undulating rises with occasional steep hills.

Manna Range

Slopes are steep to precipitous where small cliffs are present. Elevation varies between 220m and 480m. Topographic high points
include the Booberoi Hills, Kerribrew Ridge and Manna Mountain. Units comprising this physiographic grouping include Manna
Mountain and Boxalls.

Wah-Way-Marsden
Plains

Hosts the major drainage lines of Barmedman Creek, Wah Way Creek and Bland Creek. The topography is flat with broad plains and
large expanses of gilgai. Numerous swamps such as Rusby Swamp and Gum Swamp occur in the physiographic region. Soil
landscapes of the Wah Way-Marsden Plains region are Wah Way, Barmedman Creek and Marsden.

Weddin Range

Steep to very steep hills of the Weddin Range. Steep to very steep and undulating footslopes. Drainage lines are narrow and deeply
incised. Elevation between 280m and 733m. Soil landscapes within the physiographic unit include the Weddin Mountains and Bimbi
units.

Wheoga-Carrawandool
Hills

Steep to very steep hills with undulating rises and low hills. The steep to very steep hills are overlying Devonian silicic volcanics and
granites. Undulating rises, low hills and footslopes are on granites and mixed Ordovician sediments including shales, schists and
sandstones. Soil landscapes composing this physiographic region include the Weddin Mountains and Bimbi soil landscapes.

Table 51. Summary of previous soil mapping units, their associated landscape position and characteristic vegetation types for the Forbes 1:250,000 scale map sheet
Summarised from King, 1998.
Soil Type

Description

Associated Vegetation Types

Manna
Mountain

The Manna Mountain soil type is localised around rolling to steep hills on Silurian
conglomerates, sandstones and quartzites comprising the Booberoi Hills. Soils are shallow,
well drained lithosols varying to well drained siliceous sands on lower slopes. Topsoils are
dark reddish brown sands to gravels. The Manna Mountain Soil type has a low cation
exchange capacity and is strongly acidic, non-sodic and non-saline.

Different vegetation types found over the Manna
Mountain soil group reflect uncleared to partially
cleared woodland such as dwyer’s red gum (E. dwyeri),
tumbledown red gum (Eucalyptus dealbata),
currawang (Acacia doratoxylon), white cypress pine
(Callitris columellaris), mugga ironbark (E.
sideroxylon) and black cypress (Callitris endlicher)

Weddin
Mountians

The Weddin Mountains soil type occurs over steep to very steep hills to the east of the Vegetation types are consistent with uncleared to
mapping area over the Weddin Mountains. The dominant soil types are well drained stony partially cleared open woodland and include
to sandy lithosols on the upper margins varying to Yellow and Brown Solosols in narrow Tumbledown red gum (Eucalyptus dealbata), White
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drainage lines on lower slopes. The primary rock types over the Weddin Mountains include cypress pine (Callitris columellaris), Black cypress
sandstones, conglomerates and siltstones yielding shallow, stony acid soils of high pine (Callitris endlicher) and currawang (Acacia
permeability and low fertility and low cation exchange capacity on weathering.
doratoxylon).
Minor
kurrajong
(Brachychiton
populneus),
western
grey
box
(Eucalyptus
microcarpa), and mugga ironbark (E. sideroxylon) and
red stringybark (Eucalyptus macrorhyncha) also occur
at higher elevations.
Bimbi
National
Forest

The Bimbi soil type is located on the footslopes and undulating rises immediately
surrounding the Weddin Mountain Ranges. Soils on upper slopes are deep, moderately
well drained brown earths graduating to imperfectly drained gray-brown podzolic soils and
yellow podzolic soils on lower slopes. Occasional moderately deep well-drained sands to
earthy sands are also present and are located on selected mid to upper slopes. Colluvium
comprising bedrock materials is common.
Brown earths are characterised by a brownish black loamy sand. The subsoil is brown
clayey sand increasing to sandy clay loam at depth. Yellow podzolic soils are characterised
as having a brown loamy sand. The subsoil is brown mottled sandy clay loam to sandy clay
at depth.

Vegetation over the Bimbi soil type includes western
gray box (Eucalyptus microcarpa), black cypress pine
(Callitris endlicher), belah (Casurina cristata), river
red gum (Eucalyptus camaldulensis), and bulloak
(Casurina luehmamii).

Wyalong

The Wyalong soil type is located surrounding Wyalong with soil types varying between
shallow and moderately deep, well drained brown soils over low rises to shallow or
moderately deep red soils occurring over crests and upper slopes. The main landforms
include gently undulating to undulating rises. These soils are highlighted as having soil
structure decline.

Vegetation is comparable to an extensively cleared
open woodland with tree species including white
cypress pine (Callitris columellaris) and yellow box
(Eucalyptus meliodora).

Boxalls

The Boxalls soil type is characteristic of gently undulating footslopes below the Manna
Mountain Range, Booberoi Hills and associated low hills comprising colluvium derived
from Silurian Conglomerates, sandstones, quartzites and sands. Westerly facing slopes
may have an aeolian component present. Soils are moderately deep and moderately well
drained Red Earths and Brown earths on slopes varying to deep, well drained aeolian sands
and earthy sands occurring in areas of active sheet erosion and westerly facing slopes.

The vegetation grades between partially to extensively
cleared open woodland including tree species such as
white cypress pine (Callitris columellaris), bimble box
(Eucalyptus populnea), and bulloak (Casurina
luehmamii).

Spy Hill

The Spy Hill soil type is located to the west of the mapping area, which receives Vegetation
transported weathered material from the west along active drainage, lines northwest of woodland.

resembles extensively cleared open
Tree species include bimble box
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West Wyalong. The soil type along upper, mid and lower slopes is described as moderately
deep and moderately well drained red earths. Along drainage lines the soil description
changes to either a shallow to moderately deep well drained earthy to siliceous sand or an
imperfectly drained yellow to brown solodic soil.

(Eucalyptus populnea), white cypress pine (Callitris
columellaris) and less commonly red box (E. dwyeri),
kurrajong (Brachychiton populneus) and western grey
box (Eucalyptus microcarpa). Trees preferring the
sandier, well-drained soils include mugga ironbark (E.
sideroxylon) and bulloak (Casurina luehmamii).

Barmedman The Barmedman Creek soil type is situated within the drainage lines of the Barmedman
and Bland Creeks located south of Lake Cowal. These creeks are generally intermittent and
Creek
when flowing, are directed northwards towards Lake Cowal. The river channels are
meandering with several back swamps and occasional anabranches typical of very low
relief (<5m) The dominant soil types are deep poorly drained grey clays with deep poorly
drained brown clays occurring over backswamps and floodplains. Lower floodplains and
terraces immediately adjacent to drainage lines typically have red clay/ red brown earth
soil intergrades. This landscape soil unit is characterised by the generally low relief, the
seasonal inundation and the presence of terraces, floodplains and gilgai.

The vegetation resembles partially cleared woodland
with partially cleared riparian vegetation. River red
gum (Eucalyptus camaldulensis) is the most abundant
tree species with minor stands of myall (Acacia
pendula), belah (Casurina cristata) and river coobah
(Acacia stenophylla).

Wah Way

Vegetation is comparable to an extensively cleared
open woodland and includes tree species such as belah
(Casurina cristata), myall (Acacia pendula) and
rosewood (Heterodendrum oleifolium). Drainage lines
host river red gum and sparse river cooba (Acacia
stenophylla).

The Wah Way soil type extends between the Manna Range to the east and westwards to
the Barmedman Creek floodplain and is found over level plains and floodplains with low
relief (<5m). Soils are predominantly very deep, poorly drained clays with red, grey and
brown clays present. Gilgai is also present and confined to localised areas correlating with
stands of belah. On slightly elevated plains soil types vary to very deep imperfectly drained
red brown earths / red clay intergrades. The soil types are highly plastic, highly sodic and
alkaline with low permeability and low fertility. Grey clays are described as having a
yellowish grey coloured topsoil composed of moderately pedal and plastic clay which
exhibits seasonal cracking. The subsoil is a yellowish grey medium heavy clay which is
strongly pedal and moderately plastic. Brown clays are described as having a brown to
reddish brown medium clay topsoil exhibiting seasonal cracking and is moderately pedal.
The subsoil is described as bright brown to reddish brown, moderately pedal with
calcareous segregations with depth. Red Brown Earths/ Red Clay intergrades are composed
of a brown silty clay topsoil grading to a reddish brown medium clay.
Regardless of soil description, these soils have low fertility and are typically slightly sodic
at the surface to strongly sodic and occasionally saline at depth.
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Caragabal

The Caragabal soil unit lies over level to gently undulating plains and rises surrounding
Caragabal with relief <10m. The dominant soil type comprises deep, moderately well
drained red brown earths and red solodic soils although well drained red earths exist on
upper plains and imperfectly drained red solodic soils and brown clays exist over poorly
drained depressions and adjacent to creeks.

Vegetation is sparse reflecting heavy cultivation and
abundant cereal cropping and resembles extensively
cleared woodland. Remnant tree species include
western grey box (Eucalyptus microcarpa) and fuzzy
box (Eucalyptus conica) with occasional river red gum
(Eucalyptus
camaldulensis)
along
drainage
depressions. Sandier soils support bulloak (Casurina
luehmamii).

Back Creek
Road

The Back Creek Road soil unit is confined to east of West Wyalong on Back Creek Road
and is confined to a small area. The unit is comprised of a relatively thick sequence of
aeolian sands with very little variation across this unit. Soils are rapidly draining and
exhibit moderate sorting.

Vegetation present over this small occurrence
resembles an extensively cleared open woodland with
species including white cypress pine (Callitris
columellari), tumbledown red gum (Eucalyptus
dealbata) and bulloak (Casurina luehmami).

Marsden

The Marsden soil unit is a series of broad alluvial plains in the vicinity of Marsden and
west of Caragabal associated with conspicuous gilgai microrelief. The soil types present
include self-mulching, deep, very poorly drained grey clays, brown clays and occasional
humic gleys associated with gilgai depressions. Soil types characteristics of gilgai crests
include moderately deep to deep imperfectly drained red clays. All of these soil types
exhibit shrink-swell properties and have additional sodic and saline properties

The vegetation resembles partially cleared woodland
with partially cleared riparian vegetation. River red
gum (Eucalyptus camaldulensis) is the most abundant
tree species with minor stands of myall (Acacia
pendula), belah (Casurina cristata) and river coobah
(Acacia stenophylla).
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Appendix E – Imagery
Table 52: Summary of LANDSAT 7 characteristics. Summarised from ACRES, 2003.
General Information
Launch Date:

15/Apr/1999

Design Lifetime:

5 years

Operator:

NASA / NOAA

Orbit Characteristics:

Sun Synchronous

Altitude:

705 km

Repeat Pattern:

14+9/16

Sensor Name:

ETM+

Sensor Type:

Mech. Cross Scanner

Swath Width:

184 km

Temporal Resolution:

16 days

B1: 0.45 - 0.52 um

30 m Resolution

B2: 0.52 - 0.60 um

30 m Resolution

B3: 0.63 - 0.69 um

30 m Resolution

B4: 0.76 - 0.90 um

30 m Resolution

B5: 1.55 - 1.75 um

30 m Resolution

B6L: 10.4 - 12.5 um

60 m Resolution

B7: 2.08 - 2.35 um

m Resolution

PAN: 0.52 - 0.90 um

m Resolution

Table 53: Selected characteristics of SPOT 2 compared against other SPOT satellite platforms.
Courtesy of ACRES, 2003.
Satellite

SPOT
1–5

SPOT 4, 5
SPOT 1 - 3,
5

Band

Spectral
Range

Electromagnetic
Region

Generalised Application
Details

XS1
Xi1

0.50 - 0.59
µm

Visible Green

Green reflectance by healthy
vegetation, some water details
in shallow areas

XS2
Xi2

0.61 - 0.68
µm

Visible Red

Chlorophyll absorption by green
vegetation - plant differentiation

XS3
Xi3

0.79 - 0.89
µm

Near Infrared

Vegetation reflectance, biomass
studies, water body delineation

Xi4

1.58 - 1.75
µm

Short Wave Infrared

Classification for agriculture
and geoscience

PAN

0.51 - 0.73
µm

Visible

Tonal and textural data,
particularly useful for urban
studies
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Satellite

Band

Spectral
Range

Electromagnetic
Region

Generalised Application
Details

SPOT 4

MONO

0.61 - 0.68
µm

Visible

Tonal and textural data,
particularly useful for urban
studies

Table 54: Summarised comparison of multispectral and panchromatic components of SPOT
satellite platforms. Courtesy of ACRES, 2003.
Satellite

Multispectral

Panchromatic/Mono

No. of bands

Pixel size

No. of bands

Pixel size

SPOT 1,2,
3

3

20m

1

10m

SPOT 4

4

20m

1

10m

SPOT 5

4

10m, Bands1-3
20m, Band 4

1

5m and 2.5m

SPOT 1-5

Scene size

Scene size

60km × 60km

60km × 60km

Table 55: Details of the TERRA (ASTER) platform. Courtesy of ACRES, 2003.
Name

Advanced Spaceborne Thermal Emission and Reflection
Radiometer

Controlling Authorities

Joint Japan/US effort

Date Launched

December 1999 on Terra satellite platform with planned five
year life

Swath width

60 km

Orbit

Sun Synchronous

Altitude

705 km

Repeat Cycle

16 days

Resolution
VNIR visible-near infrared
SWIR Shortwave infrared
TIR Thermal infrared

15 m
30 m
90 m

Data Format:

HDF-EOS
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Table 56: Acquisition dates for SPOT imagery used in regolith-landform mapping. Note that all
SPOT imagery is SPOT2 and was supplied in AGD66 map datum, zone 55. Imagery courtesy of
ACRES and NMD, Geoscience Australia.
SPOT Swath

Header Information

SI5507A_PAN.HDR

1997/06/19

SI5507B_PAN.HDR

1997/06/19

SI5507C_PAN.HDR

1998/03/23

SI5507D_PAN.HDR

1998/03/23

SI5511A_PAN.HDR

1993/11/16

SI5511B_PAN.HDR

1994/03/31

SI5511C_PAN.HDR

1994/03/31

SI5511D_PAN.HDR

1993/11/16

Table 57: LANDSAT 5 header information including acquisition date. Note: for all LANDSAT
5 scenes, the sensor type is TM. Map UTM datum and zone is AGD66 and zone 55 respectively.
Bands supplied include 1,2,3,4,5 and 7. Band 6 was not supplied.
LANDSAT 5 Swath header

Header Information

SI5507A_TM.HDR

1997/10/13

SI5507B_TM.HDR

1997/11/23

SI5511A_TM.HDR

1996/04/01

SI5511B_TM.HDR

1995/04/24

Table 58: LANDSAT 7 header information including acquisition date. Note: for all LANDSAT
7 scenes, the sensor type is ETM+ . Map UTM datum and zone is GDA94 and zone 55
respectively. Bands supplied include 1,2,3,4,5 and 7. Band 6 was not supplied.
LANDSAT 7 Swath Header

Header Information

SI5507A_TM.HDR

2003/04/29

SI5507B_TM.HDR

2003/04/06

Table 59: Original NASA ASTER file names and converted file names.
Original File Name

Converted file name

Acquisition Date

pg-PR1B0000-2001061802_020_001

017_01, 02, 03, 04

2000-10-07

pg-PR1B0000-2001012202_053_001

010_01, 02, 03, 04

2001-01-11

Table 60: Summary of ASTER files converted and used for mapping and comparison purposes.
Original File Name

Converted file name

Relevant to the B-Q
Transect

pg-PR1B0000-2001012202_053_001

010_01, 02, 03, 04

Required

pg-PR1B0000-2001021302_050_001

014_01, 02, 03, 04

Required

pg-PR1B0000-2001061802_020_001

017_01, 02, 03, 04

Required

pg-PR1B0000-2001092002_165_001

027_01, 02, 03, 04

Required

pg-PR1B0000-2001092402_119_001

030_01, 02, 03, 04

Required

pg-PR1B0000-2001110302_083_001

036_01, 02, 03, 04

Required

pg-PR1B0000-2001110802_033_001

037_01, 02, 03, 04

Required
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Table 61: File extensions used in the conversion from .hdf to .img file format
File Extension

Number of Bands

Band Grouping

_01

3 BAND

VNIR

_02

1 BAND

VNIR / NADIR

_03

6 BAND

SWIR

_04

5 BAND

TIR

Appendix F – Drill Holes
Table 62: Drill holes examined and used in the creation of cross section diagrams.
Drill Number

Source

Comments

BC118/9

DLWC (DIPNR)

Supplied from DIPNR

BC119/9

DLWC (DIPNR)

Supplied from DIPNR

BC117/9

DLWC (DIPNR)

Supplied from DIPNR

BC112/9

DLWC (DIPNR)

Supplied from DIPNR

BC113/9

DLWC (DIPNR)

Supplied from DIPNR

BC123/9

DLWC (DIPNR)

Supplied from DIPNR

GW701289

DWR/BRS

Supplied from BRS

GW036607

DWR/BRS

Supplied from BRS

GW036603

DWR/BRS

Supplied from BRS

GW036605

DWR/BRS

Supplied from BRS

GW036604

DWR/BRS

Supplied from BRS

1579-26

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-1

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-18

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-15

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-16

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

GW036606

DWR/BRS

Supplied from BRS

1579-17

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

GW036608

DWR/BRS

Supplied from BRS

GWO36628

DWR/BRS

Supplied from BRS

GW701295

DWR/BRS

Supplied from BRS

GAC037

Aurion Gold Pty Ltd

Supplied from company.

BLAC001

Aurion Gold Pty Ltd

Supplied from company.

BLAC 002

Aurion Gold Pty Ltd

Supplied from company.

BLAC 003

Aurion Gold Pty Ltd

Supplied from company.

BLAC 004

Aurion Gold Pty Ltd

Supplied from company.

TRAVERSE H1-H2

TRAVERSE H3-H4
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Drill Number

Source

Comments

BLAC 005

Aurion Gold Pty Ltd

Supplied from company.

BLAC 006

Aurion Gold Pty Ltd

Supplied from company.

BLAC 007

Aurion Gold Pty Ltd

Supplied from company.

GW701286

DWR/BRS

Supplied from BRS

3618RA7

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

DH5

BHP / Nationwide

EL2252 report #GS1985/021

3618RA8

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

1579-13

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

CBAC103

Aurion Gold Pty Ltd

Supplied from company.

CBAC106

Aurion Gold Pty Ltd

Supplied from company.

CBAC015

Aurion Gold Pty Ltd

Supplied from company.

CBAC105

Aurion Gold Pty Ltd

Supplied from company.

CBAC108

Aurion Gold Pty Ltd

Supplied from company.

CBAC017

Aurion Gold Pty Ltd

Supplied from company.

GW701283

DWR/BRS

Supplied from BRS

BLAC001

Aurion Gold Pty Ltd

Supplied from company.

GAC024

Aurion Gold Pty Ltd

Supplied from company.

GW701281

DWR/BRS

Supplied from BRS

GW701285

DWR/BRS

Supplied from BRS

DH13

BHP / Nationwide

EL2252 report #GS1985/021

GW701298

DWR/BRS

Supplied from BRS

GAC031

Aurion Gold Pty Ltd

Supplied from company.

BHAC009

Aurion Gold Pty Ltd

Supplied from company.

BHAC010

Aurion Gold Pty Ltd

Supplied from company.

BHAC008

Aurion Gold Pty Ltd

Supplied from company.

BHAC007

Aurion Gold Pty Ltd

Supplied from company.

BHAC006

Aurion Gold Pty Ltd

Supplied from company.

BC101/9

DLWC (DIPNR)

Supplied from DIPNR

BC102/9

DLWC (DIPNR)

Supplied from DIPNR

BC103/9

DLWC (DIPNR)

Supplied from DIPNR

BC104A/104

DLWC (DIPNR)

Supplied from DIPNR

BC105/9

DLWC (DIPNR)

Supplied from DIPNR

Newcrest Mining Pty Ltd

Supplied from company.

TRAVERSE H5-H6

TRAVERSE H7-H8

TRAVERSE H9-H10
ACMW034
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Drill Number

Source

Comments

ACMW043

Newcrest Mining Pty Ltd

Supplied from company.

ACMW055

Newcrest Mining Pty Ltd

Supplied from company.

ACMW056

Newcrest Mining Pty Ltd

Supplied from company.

ACMW045

Newcrest Mining Pty Ltd

Supplied from company.

ACMW050

Newcrest Mining Pty Ltd

Supplied from company.

ACMW041

Newcrest Mining Pty Ltd

Supplied from company.

ACMW053

Newcrest Mining Pty Ltd

Supplied from company.

ACMW051

Newcrest Mining Pty Ltd

Supplied from company.

ACMN114

Newcrest Mining Pty Ltd

Supplied from company.

ACMN115

Newcrest Mining Pty Ltd

Supplied from company.

ACMN131

Newcrest Mining Pty Ltd

Supplied from company.

ACMN130

Newcrest Mining Pty Ltd

Supplied from company.

ACMN147

Newcrest Mining Pty Ltd

Supplied from company.

ACMN129

Newcrest Mining Pty Ltd

Supplied from company.

ACMN146

Newcrest Mining Pty Ltd

Supplied from company.

ACMN092

Newcrest Mining Pty Ltd

Supplied from company.

ACMW007

Newcrest Mining Pty Ltd

Supplied from company.

ACMW006

Newcrest Mining Pty Ltd

Supplied from company.

ACMW018

Newcrest Mining Pty Ltd

Supplied from company.

ACMW020

Newcrest Mining Pty Ltd

Supplied from company.

ACMW008

Newcrest Mining Pty Ltd

Supplied from company.

PB6

BP Minerals Australia

EL1819 report #GS1986/112

ACMW009

Newcrest Mining Pty Ltd

Supplied from company.

PB5

BP Minerals Australia

EL1819 report # GS1986/112

ACMW001

Newcrest Mining Pty Ltd

Supplied from company.

ACMN083

Newcrest Mining Pty Ltd

Supplied from company.

PB4

BP Minerals Australia

EL1819 report # GS1986/112

ACMN082

Newcrest Mining Pty Ltd

Supplied from company.

PB3

BP Minerals Australia

EL1819 report # GS1986/112

PB2

BP Minerals Australia

EL1819 report # GS1986/112

PB1

BP Minerals Australia

EL1819 report # GS1986/112

1549-2

Peko-Wallsend Operations Ltd

EL1549 report #GS1984/334

1549-3B

Peko-Wallsend Operations Ltd

EL1549 report #GS1984/334

1549-4

Peko-Wallsend Operations Ltd

EL1549 report #GS1984/334

TRAVERSE H11-H12

TRAVERSE H13-H14
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Drill Number

Source

Comments

1549-5

Peko-Wallsend Operations Ltd

EL1549 report #GS1984/334

CBAC54

Aurion Gold Pty Ltd

Supplied from company.

CBAC33

Aurion Gold Pty Ltd

Supplied from company.

CBAC51

Aurion Gold Pty Ltd

Supplied from company.

CBAC22

Aurion Gold Pty Ltd

Supplied from company.

CBAC48

Aurion Gold Pty Ltd

Supplied from company.

1579-21A

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-21

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

CBAC90

Aurion Gold Pty Ltd

Supplied from company.

WATERBORE

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

CBAC47

Aurion Gold Pty Ltd

Supplied from company.

CBAC28

Aurion Gold Pty Ltd

Supplied from company.

CBAC46

Aurion Gold Pty Ltd

Supplied from company.

CBAC007

Aurion Gold Pty Ltd

Supplied from company.

3618RA2

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

CBAC006

Aurion Gold Pty Ltd

Supplied from company.

CBAC005

Aurion Gold Pty Ltd

Supplied from company.

1579-25

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-14

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-23

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

CBAC110

Aurion Gold Pty Ltd

Supplied from company.

CBAC132

Aurion Gold Pty Ltd

Supplied from company.

CBAC044

Aurion Gold Pty Ltd

Supplied from company.

CBAC109

Aurion Gold Pty Ltd

Supplied from company.

CBAC108

Aurion Gold Pty Ltd

Supplied from company.

CBAC107

Aurion Gold Pty Ltd

Supplied from company.

CA02

Newcrest Mining Ltd

EL3835 report #GS1992/206

GW036825

DWR/BRS

Supplied from BRS

1579-4

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

3618RA9

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

GW036627

DWR/BRS

Supplied from BRS

GW036608

DWR/BRS

Supplied from BRS

GW036629

DWR/BRS

Supplied from BRS

TRAVERSE H15-H16

TRAVERSE V8-H17

TRAVERSE V1-V2
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Drill Number

Source

Comments

GW036634

DWR/BRS

Supplied from BRS

GW036741

DWR/BRS

Supplied from BRS

GW036628

DWR/BRS

Supplied from BRS

GW036745

DWR/BRS

Supplied from BRS

GAC035

Aurion Gold Pty Ltd

Supplied from company.

3618RA5

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

CBAC015

Aurion Gold Pty Ltd

Supplied from company.

CBAC080

Aurion Gold Pty Ltd

Supplied from company.

CBAC100

Aurion Gold Pty Ltd

Supplied from company.

CBAC126

Aurion Gold Pty Ltd

Supplied from company.

CBAC094

Aurion Gold Pty Ltd

Supplied from company.

CBAC024

Aurion Gold Pty Ltd

Supplied from company.

CBAC124

Aurion Gold Pty Ltd

Supplied from company.

1579-21

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

CBAC043

Aurion Gold Pty Ltd

Supplied from company.

CBAC 021

Aurion Gold Pty Ltd

Supplied from company.

CBAC109

Aurion Gold Pty Ltd

Supplied from company.

CBAC139

Aurion Gold Pty Ltd

Supplied from company.

CBAC112

Aurion Gold Pty Ltd

Supplied from company.

CBAC116

Aurion Gold Pty Ltd

Supplied from company.

3618RA1

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

CBAC121

Aurion Gold Pty Ltd

Supplied from company.

CBAC120

Aurion Gold Pty Ltd

Supplied from company.

1579-16

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-25

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-19

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1579-26

Peko-WallsendOperations Ltd

EL1579 report #GS1984/334

1549-04

Peko-Wallsend Operations Ltd

EL1549 report #GS1984/334

CA01

Newcrest Mining Ltd

EL3835 report #GS1992/206

GW036825

DWR/BRS

Supplied from BRS

3618RA8

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

DH5

BHP / Nationwide

EL2252 report #GS1985/021

TRAVERSE V3-V4

TRAVERSE V5-V6

TRAVERSE V7-V8

TRAVERSE V9-V10
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Drill Number

Source

Comments

3618RA6

Peko-WallsendOperations Ltd

EL3618 report #GS1992/234

DH4

BHP / Nationwide

EL2252 report #GS1985/021

DH8

BHP / Nationwide

EL2252 report #GS1985/021

DH6

BHP / Nationwide

EL2252 report #GS1985/021

BHAC001

Aurion Gold Pty Ltd

Supplied from company.

BHAC002

Aurion Gold Pty Ltd

Supplied from company.

BHAC006

Aurion Gold Pty Ltd

Supplied from company.

GW036603

DWR/BRS

Supplied from BRS

DH10

BHP / Nationwide

EL2252 report #GS1985/021

DH9

BHP / Nationwide

EL2252 report #GS1985/021

DH11

BHP / Nationwide

EL2252 report #GS1985/021

DH3

BHP / Nationwide

EL2252 report #GS1985/021

BC118/9

DLWC (DIPNR)

Supplied from DIPNR

BC120/9

DLWC (DIPNR)

Supplied from DIPNR

BC119/9

DLWC (DIPNR)

Supplied from DIPNR

BC110/9

DLWC (DIPNR)

Supplied from DIPNR

BC111/9

DLWC (DIPNR)

Supplied from DIPNR

BC111A/9

DLWC (DIPNR)

Supplied from DIPNR

BC112/9

DLWC (DIPNR)

Supplied from DIPNR

BC109/9

DLWC (DIPNR)

Supplied from DIPNR

BC108/9

DLWC (DIPNR)

Supplied from DIPNR

BC107/9

DLWC (DIPNR)

Supplied from DIPNR

BC106/9

DLWC (DIPNR)

Supplied from DIPNR

BC101/9

DLWC (DIPNR)

Supplied from DIPNR

BC123/9

DLWC (DIPNR)

Supplied from DIPNR

BC122/9

DLWC (DIPNR)

Supplied from DIPNR

BC121/9

DLWC (DIPNR)

Supplied from DIPNR

BC104/9

DLWC (DIPNR)

Supplied from DIPNR

ACMW045

Newcrest Mining Pty Ltd

Supplied from company.

ACMW055

Newcrest Mining Pty Ltd

Supplied from company.

ACMW056

Newcrest Mining Pty Ltd

Supplied from company.

TRAVERSE V11-V12

TRAVERSE V13-V14
NO TRAVERSE
TRAVERSE V15-H7

TRAVERSE V16-V17
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Drill Number

Source

Comments

ACMW058

Newcrest Mining Pty Ltd

Supplied from company.

ACMW065

Newcrest Mining Pty Ltd

Supplied from company.

ACMW025

Newcrest Mining Pty Ltd

Supplied from company.

ACMW023

Newcrest Mining Pty Ltd

Supplied from company.

ACMW024

Newcrest Mining Pty Ltd

Supplied from company.

ACMN137

Newcrest Mining Pty Ltd

Supplied from company.

ACMN151

Newcrest Mining Pty Ltd

Supplied from company.

ACMN149

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 110

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 122

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 135

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 142

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 105

Newcrest Mining Pty Ltd

Supplied from company.

ACMN 111

Newcrest Mining Pty Ltd

Supplied from company.

ACMW009

Newcrest Mining Pty Ltd

Supplied from company.

TRAVERSE V18-V19
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Appendix G – Seismic Refraction
Project Proposal
Prior to undertaking the refraction survey, permission to use ANSIR facilities was
required in addition to setting funding arrangements.

__________________________________________________________________________________________

APPLICATION FOR USE OF FACILITY EQUIPMENT
1. Project Title
High-resolution seismic surveying of near-surface palaeochannels within the BooberoiQuandialla Transect and implications for dryland salinity. Surveys BQI, BQII and BQIII.
2. Principal Investigator
Name: Michael Holzapfel. Masters Student, University of Canberra.
University of Canberra / CRC LEME / Dryland Salinity Hazard Mitigation Program
(DSHMP).

michaelholzapfel@auslig.gov.au
Ph (home) 02 6286 5990
Ph (work) 02 6201 4234
Fax (work) 02 6201 4377
3. Co-Investigators
Dr C. Leah Moore
Senior Lecturer, University of Canberra
Research Scientist, Program 3 (Environmental Research), CRC LEME,
Director, Dryland Salinity Hazard Mitigation Program (DSHMP) University of Canberra

lmoore@scides.canberra.edu.au
Ph 02 6201-5296
Fax 02 6201-5728
Consultation with Dr Colin Pain, Leader Program 3, CRC LEME, Geoscience Australia
Consultation with Mr Rob Muller, Hydrogeologist,
Central West NSW Salt Unit, Department of Land and Water Conservation, Cowra

4. SUMMARY OF SCIENTIFIC OBJECTIVES
This project forms part of the research requirement for the Masters in Applied Science
Course for Michael Holzapfel. Michael is a student researcher in the Dryland Salinity
Hazard Mitigation Program (DSHMP) at the University of Canberra. DSHMP is a
student-centred, field-based, client-related research group that produces detailed
regolith-landform maps and supporting reports and theses to assist with salinity-related
land management decision-making. The DSHMP Research Group forms part of
Program 3 (Environmental Research Program) of CRC LEME. The detailed work of
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this group complements the more regional salinity work of the National Action Plan for
Dryland Salinity (NAP) Group that principally operate in Program 4 of CRC LEME.
The geophysics program has three parts. An initial shallow seismic survey (this
proposal), and related Nano-TEM and resistivity surveys along the same lines. This
provides a unique opportunity for students to experience the implementation of
geophysical surveys and the interpretation of geophysical data first hand.
The proposal is to undertake three short N/S trending traverses across the western and
central sections of the Bland Creek catchment to delineate known near surface
structures (palaeochannels) conducive to shallow fluid flow, and to indicate depth to
fresh bedrock (first break information). The results from these three traverses will be
compared with similar existing high-resolution seismic surveys undertaken as part of
the GILMORE Project, located to the west of the B-Q Transect.
The results of this seismic survey will be compared with existing regolith-landform
mapping information (GILMORE Project and the B-Q study), drill hole information and
future Nano-TEM and resistivity results. As part of the Masters project three regolithlandform maps are presently being completed. One 1:100,000 scale map of the 1,500
km2 Booberoi-Quandialla transect and two smaller maps at 1:10,000 scale of the
Booberoi South and Quandialla South areas. The seismic surveys lie within the more
detailed regolith-landform map areas.
This research will value add to existing geophysical surveys (including AEM)
undertaken as part of the GILMORE Project used to delineate water bearing/saline
regolith facies at depth over the western half of the B-Q Transect. This work will also
complement previous regional seismic lines EL9901, EL9902 and EL9903 to the north
and south of the B-Q Transect.
IN SUMMARY
The seismic lines proposed would:
•
•
•
•
•

Provide information on the three-dimensional configuration of regolith facies
in the Booberoi South and Quandialla South areas, and complement detailed
regolith-landform maps in these areas.
Image near surface palaeochannels that may influence shallow fluid flow.
Allow a comparison of palaeochannel morphology with similar seismic lines
surveyed in areas adjacent to the B-Q Transect.
Allow an understanding of depth to fresh bedrock and enable comparison of
these data with previous models for the Bland Creek catchment
This project forms part of the research requirement for the Masters in Applied
Science Course for Michael Holzapfel. Michael is a student researcher in the
Dryland Salinity

5. SUMMARY OF EQUIPMENT REQUEST
®IVI Mini-vibrator - for small scale, high resolution studies
Truck mounted, 6 000 lb peak force
* High frequency (to 500 Hz)
* P- wave and S-wave, IVI controller
o 24/48 channel receiver system
Access to traverses will primarily be alongside existing vehicle tracks, sealed minor
roads or access tracks along railway lines.
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6. PROPOSED TIMING
Timing for traverses is flexible to suit availability of equipment from ANSIR,
although the ideal time would be between October 2002 and February 2003.
The AUSTRALIAN NATIONAL SEISMIC IMAGING RESOURCE is a Research Facility
operated jointly by the Australian Geological Survey Organisation and the Australian
National University
8. SCIENTIFIC JUSTIFICATION
Regolith mapping (Gibson & Chan 2000, Holzapfel 2002) shows a variety of regolithlandform units across the B-Q Transect. The aim of regolith-landform mapping was to
provide understanding of the surface distribution of regolith materials and delineate
current and future dryland salinity hotSPOTs. Evidence from field mapping and
company, State and Commonwealth drill hole data shows that as well as lateral
variation of regolith units there is considerable variation with depth. This reduces the
effectiveness of using regolith-landform mapping as a sole management tool, whilst
reinforcing the need for a multidisciplinary approach to gain a 3D perspective.
Three regional seismic lines trending E/W have been surveyed north and south (99EL1,
99EL2 and 99EL3) of the B-Q Transect. From these three transects, depth to fresh
bedrock can be interpreted across the Bland Creek catchment. This complements
existing information provided by the 1:250,000 scale Forbes “Depth to Slightly
Weathered Bedrock” map (Raymond et al. 2000). The proposed seismic surveys
(Figure 1.) will help delineate shallow, sand-rich palaeochannels that are the major
conduits for shallow fluid movement and contribute to localised dryland salinity
outbreaks.
The suggested N/S trending traverses will provide cross-sectional
information on near surface palaeochannels as well as provide information on depth to
fresh bedrock. Seismic results can be compared with nearby piezometer arrays (<20m
depth) and Geoscience Australia / Bureau of Rural Science and DIPNR bore holes
(>100m) to constrain stratigraphy. In addition to commercial, State based (DIPNR) and
Commonwealth (BRS and GA) borehole information, the seismic traverses will be
complemented by existing Airborne electromagnetic surveys (GILMORE Project,
western third only). Work by Gibson et al. (2002) delineated a basement topography
that is highly variable and highly conductive at depth. A shallow seismic (<120m of
basin sediments) survey provides further detail on the basement structure and provides
information on basement control of deeper groundwater.
The traverse lengths are listed below:
•

Quandialla Railway Traverse (Central area of the B-Q Transect crossing at least
2 palaeochannels): 3.5 km

•

Morangarell–Quandialla Traverse (Central area of the B-Q Transect crossing
one wide, near surface palaeochannel: 1 km

•

Back Creek-Quandialla Road Traverse (Western edge of the B-Q Transect): 4
km

There may be difficulties in delineating palaeochannel structures due to mixing of sand
with varying proportions of silt and clay resulting in poor seismic velocity contrast.
Another problem that may be encountered is ground roll and interference due to
closeness to the vibroseis. Corrective measures applied to two recent high-resolution
seismic surveys (Leslie et al. 2000) as part of the GILMORE Project (west of the B-Q
Transect) included utilisation of bandpass filtering, spectral equalisation, mutes and f-k
Page 258

Appendices

filtering to suppress noise and sharpen shot records.
This study will be completed in conjunction with a land based TEM survey (NanoTEM)
and a resistivity survey to give a multidisciplinary approach and avoid an over-reliance
on one geophysical approach.
9. EQUIPMENT REQUEST AND PROPOSED EXPERIMENTAL DESIGN
In order to test the equipment set up and connectivity before the proposed survey it is
felt that we should conduct a site test at Geoscience Australia in Canberra. This will
enable us to check that all the equipment connects and functions correctly.
The proposed experimental design for the three surveys are the same because of
similarities of surface and near surface ground conditions, and are modelled on the
parameters outlined by two recent high-resolution seismic imagery traverses over
palaeochannels as part of the GILMORE Project (Leslie et al., 2000).
•

Geophone arrays would ideally be spaced between the receiver stations with four
40Hz geophones to an array.
• The resulting common depth point (CDP) spacing would be 1m.
• Spacing of the geophones would be at 2 to 3 metre intervals for all three
traverses.
• The seismic source thought to provide the highest quality for lowest cost
solution would be a mini vibroseis unit similar to the ANSIR ®IVI Mini
vibroseis.
• The seismograph thought to provide the highest quality for lowest cost solution
would be the StrataView 48 channel recorder.
• Due to problems outlined in other recent high-resolution seismic surveys in the
general area (Leslie et al., 2000), the following techniques should best be
applied to the resultant data to reduce low-frequency ground roll, shallow
refraction and reverberation:
• Frequency filtering
• Spectral equalisation
• Muting
•
With the exception of the short 1km traverse, the remaining two traverses will
have drill hole results and piezometer hole information to compare and quality
check the reliability of the data.
10. MINIMUM EQUIPMENT CONFIGURATION
The proposed experimental design for the three surveys are to remain the same due to
similarities of surface and near surface ground conditions and are modelled on the
parameters outlined by two recent high-resolution seismic imagery traverses over
palaeochannels as part of the GILMORE Project (Leslie et al, 2000).
•
•
•
•

•

Geophone arrays would ideally be spaced between the receiver stations with four
40Hz geophones to an array.
The resulting common depth point (CDP) spacing would be 1m.
Spacing of the geophones would be at 2 to 3 meter intervals for all three
traverses.
The seismic source thought to provide the highest quality for lowest cost
solution would be a mini vibroseis unit similar to the ANSIR ®IVI Mini
vibroseis.
The seismograph thought to provide the highest quality for lowest cost solution
would be the StrataView 48 channel recorder.
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11. ALTERNATIVE PROJECT DATES & TIMING CONSTRAINTS
Timing for traverses is flexible to suit availability of equipment from ANSIR although
the ideal time would be between October 2002 and February 2003.

Equipment and Personnel for Seismic Refraction Survey
GA03-QD1
Table 63. Equipment list for seismic refraction survey GA03-QD1.
Quantity

Seismic Recording Equipment

1

Strataview 48 channel Seismic Data Acquisition System

6

Telemetry Data Cables (48 Channels), 120 meters long with 12 take-outs at 10
meters.

120

Geospace GS-32CT Groups of four 10Hz geophones

1

IVI RTS-100 Vibrator Sweep Controller and antenna

Source
Equipment
1

IVI MiniVib T15000, P -wave model

1

IVI ST-100 Controller

Vehicles
1

Toyota Landcruiser 4x4 Station Wagon

1

Toyota Landcruiser 4x4 Cable/Geophone Ute

1

Isuzu 4x2 MiniVib

Other
2

12 volt batteries

1

Laptop computer

4

Hand held radios

Crew List
Table 64: Crew list for Line 03GA-QD1 undertaken.
Name

Position

1

Michael Holzapfel

Student (GA/UC/DSHMP)

2

David Johnstone

Geophysicist (GA)

3

Alan Crawford

MiniVib Operator (GA)

4

Michelle Yarrow

Field Assistant (UC)

5

Peter Haddrill

Field Assistant (UC)

6

Rob Taggart

Field Assistant (UC)
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Seismic Line Location
Line 03GA-QD1
10 m station spacing.
Hand held GPS readings 28/6/2003.
Datum

WGS84

Zone

55

Co-ordinates MGA94
Table 1: Station locations and elevations. Note: Elevation variation along entire line <6 m.
STATION
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210

X-COORD
6232989.1
6232901.1
6232807.6
6232719.7
6232627.3
6232539.4
6232451.5
6232363.5
6232272.2
6232184.2
6232091.9
6231999.5
6231914.8
6231826.9
6231737.8
6231648.8
6231555.4
6231460.8
6231368.4
6231282.7
6231193.6
6231102.3

Y-CORD
575436.8
575478.6
575524.9
575563.9
575604.7
575646.5
575688.2
575734.6
575781.8
575821.8
575865.3
575908.0
575951.6
575992.4
576036.9
576078.7
576108.4
576153.8
576199.2
576238.2
576280.8
576325.3

ELEV
STATION
250.5
1220
251.2
1230
252.1
1240
251.7
1250
251.5
1260
251.1
1270
251.8
1280
252.8
1290
253.4
1300
253
1310
252.6
1320
252.7
1330
253.1
1340
253.4
1350
253.7
1360
253.4
1370
253.2
1380
253.5
1390
253.3
1400
253.3
1410
253.4
1413
253.3

X-COORD
6231014.4
6230931.9
6230845.0
6230757.1
6230670.2
6230580.0
6230489.9
6230399.7
6230308.4
6230219.4
6230125.9
6230035.7
6229947.7
6229853.1
6229767.3
6229678.3
6229590.3
6229497.3
6229407.3
6229317.3
6229290.3

Y-CORD ELEV
576368.9
253.9
576422.7
255
576466.3
255.1
576509.9
254.2
576554.4
253.6
576598.0
253.1
576640.6
253.2
576685.1
253.2
576729.6
253.3
576768.5
253.2
576813.9
252.9
576857.5
252.7
576904.7
252.4
576941.8
252.3
576994.6
252.7
577036.3
253
577077.2
253.3
577128.5
253.3
577178.5
253.3
577228.5
253.3
577243.5
253.3
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Table 2: Operational recording parameters for the acquired refraction data.

RECORDING PARAMETER SHEET - REFRACTION
Client:
Crew:
Survey:
Instrument:

DSHMP
2XANSIR 3XUC (1XDSHMP)
BQ Transect, western NSW
IVI MiniVibe (ANSIR)

Line:
Prospect Area:
Date Recorded:
Direction of Rec:

Recording parameters

Sweep Frequency

Traces per File
Record Length
Sample Rate:
Tape Format
Shot Points
Rec To Rec
Files

48
2048 msec
1 msec
Acquisition Filters
SEG2
1000 to 1430
1001 to 1430
386 to 441

Receiver Parameters
Station Interval
Geophone Array Length
Geophone Array Centre
Geophone Type
Geophones Per String
Strings Per Station
Spread Geometry
# of Station Gap at SP

10 m
1m
At station
10Hz
4
1
In line
0

Auxiliary Traces
Pilot Trace

03GA-QD1
Quandialla, western NSW
29 June to 03 July 2003
North to South

Channel 1

Source Parameters
No. of Sources On-Line
No. of Sweeps per VP
Sweep Length:
Sweep Type
Sweep Type Mono / Vari
VP Interval
Source Array Length
Vibe Spacing Pad to Pad
Vibe Move Up
VP Source Centre
Vibe Electronics
Vibrator QC
Force Control
Phase Lock
High Force Output
Pelton Rev. Level

10 to 250 Hz

10Hz Low Cut

1
4
10 seconds
mono
mono
NA
0
0
0
At station
IVI Electronics
NA
NA
NA
80%
NA

Receiver Array 47 Phones over 470m. 10.0m between phones centred on pegs.

10m
1m

1m
480m (48 stations of 4 geophones)
Source Array 4 sweeps per station. Phones centred on pegs.

480m
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Table 3: Operational recording parameters for the acquired reflection data.

RECORDING PARAMETER SHEET - REFLECTION
Client:
Crew:
Survey:
Instrument:

DSHMP
2XANSIR 3XUC (1XDSHMP)
BQ Transect, western NSW
IVI MiniVibe (ANSIR)

Line:
Prospect Area:
Date Recorded:
Direction of Rec:

Recording parameters

Sweep Frequency

Traces per File
Record Length
Sample Rate:
Tape Format
Shot Points
Rec To Rec
Files

48
2048 msec
1 msec
Acquisition Filters
SEG2
1000 to 1430
1001 to 1430
1 to 385

Receiver Parameters
Station Interval
Geophone Array Length
Geophone Array Centre
Geophone Type
Geophones Per String
Strings Per Station
Spread Geometry
# of Station Gap at SP

10m
1m
At station
10Hz
4
1
In line
0

Auxiliary Traces
Pilot Trace

03GA-QD1
Quandialla, western NSW
29 June to 03 July 2003
North to South

Channel 1

10 to 250 Hz

Out

Source Parameters
No. of Sources On-Line
No. of Sweeps per VP
Sweep Length:
Sweep Type
Sweep Type Mono / Vari
VP Interval
Source Array Length
Vibe Spacing Pad to Pad
Vibe Move Up
VP Source Centre
Vibe Electronics
Vibrator QC
Force Control
Phase Lock
High Force Output
Pelton Rev. Level

8 seconds
mono
mono
10m

0
0
0
At station
IVI Electronics
NA
NA
NA
80%
NA

Receiver Array 47 Phones over 470m. 10.0m between phones centred on pegs.

10m
1m

1m
480m (48 stations of 4 geophones)
Source Array 3 sweeps every station. Phones centred on pegs.

480m
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Appendix H – Monitoring Bores
Table 68: DIPNR Monitoring Bore Observations
DIPNR
Bore

Comments

GW036603 Located in close proximity to the junction of the Quandialla Road and Bland
Creek (Williams Crossing) (Figure 143) the long term record indicates a slight
increase in water table depth. Up to 16 recognizable peaks are present on the 16
year record and are most likely associated with spring / winter rainfall recharge
with a one to two month time lag (Figure 143). Generally, water tables have
increased slightly from 22.5 m to 22.1 m from the surface, a gain of 0.4 m over 16
years.
GW036604 Located to the east of GW036603 and situated between the Quandialla Road and
Wah Way Creek (Figure 166), the long term record indicates a highly variable
water table. Seasonal influences are still recognizable but of secondary
importance compared to long term changes in the order of 4-5 years. Times of
above average water table depth are recognized between 1984-1987 and 19931997. Times of below average water table depth are recognized between 19881991 and 1997-2000. The lack of seasonal variability indicates poor aquifer
interconnectivity or a deep aquifer reflecting possible el Nino and la Nina cycles
(Figure 166). Pumping tests (Central Tablelands Water, 2003) confirm good
quality water quality with excellent yield from an aquifer located at 96-105 m.
GW036605 Located between bores GW036603 and GW036603 and situated in close
proximity to Wah Way Creek (Figure 145) the long term record indicates a trend
similar to GW036604 with decade and half-decade trends. Seasonal variations
are also superimposed but are similarly subdued compared to the long term
changes. Time differences between water table high and low points are similar to
GW036604 with water table highs relating to 1985-1988 and 1993-1998 and
water table lows relating to 1988-1992 and 1998-2001. Bore screens are located
between 80-86 m intersecting aquifers at moderate depths composed of sandy
grey pink clay. The lack of seasonal variability indicates poor aquifer
interconnectivity or a deep aquifer reflecting possible el Nino and la Nina cycles.
GW036606 Located immediately north of Quandialla (Figure 168) the long term record
indicates a trend similar to GW036604 and GW036605 with decade and halfdecade trends. Seasonal variations are also superimposed and are less subdued
compared to the other nearby bores. Time differences between water table high
and low points are similar to GW036604 and GW036605with water table highs
relating to 1985-1987 and 1993-1998 and water table lows relating to 1988-1993
and 1998-2001. The increasing seasonal variability indicates improving aquifer
interconnectivity or a possible mixing of both deep and shallow aquifers
reflecting both long term and seasonal changes.
GW036627 Located north of bore GW036606 and Quandialla (Figure 147), the long term
record indicates a slight but increasing water table with depths rising from 55.8m
to 55.6 m with an increasing highly variable seasonal influence. Seasonal inputs
become indistinct between 1993-1994 which is also similar to bore GW036629.
As this bore intersects a deep aquifer (118-124 m), the increasing seasonal
variability at that depth indicates a high level of aquifer interconnectivity or with
shallow aquifers reflecting seasonal changes. Pumping tests (Central Tablelands
Water, 2003) confirm poor water quality with poor yield from a basal aquifer
located at 118-124 m.
GW036629 Located south of Quandialla, the long term record indicates a highly variable
water table. The long term record indicates a highly variable annual trend similar
to bore GW036627 but with little or no net gain in water table depth over a
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DIPNR
Bore

Comments
timescale of 16 years. Bore screens are located at 38-40 m intersecting aquifers at
moderate depths possibly explaining the seasonal variability. No long term trends
were observed in the records with the exception of a slight long term trend present
with lower than average water levels between 1988-1992, flanked by increasing
water table depths between 1985-1986 and 1994-1997. Generally, water tables
have exhibited no increase in water tables over 16 years (Figure 148 ).

GW036628 Located immediately west of Bimbi (Figure 171) the long term record indicates a
UPPER
highly variable annual trend similar to bore GW036629 with little or no net gain
in water table depth over a timescale of 16 years with a strong seasonal recharge
input (Figure 171). Greatest variation in water table depth occurs during 1995
which is comparable to other bores exhibiting strong seasonal variations. Depth
of upper bore screens are not available but variations suggest a high level of
aquifer interconnectivity. Pumping tests by DIPNR confirm a low yield
indicating low hydraulic conductivity.
GW036628 Located immediately west of Bimbi (Figure 150) the long term record indicates
LOWER
an increasing water table with subdued seasonal input similar to bore GW036741
(Lower). Water table exhibits an increase from 51 m to 49.4 m of the surface, a
difference of 1.6 m over 16 years. Seasonal input is regularly spaced although
subdued compared to the overall increase. Depths of lower bore screens are not
available but variations suggest a moderate level of aquifer interconnectivity
coupled with low yield and poor hydraulic conductivity. Pumping tests by
DIPNR confirm a low yield.
GW036630 Located at the junction of the Morangarell-Barmedman Road and the Bland Creek
(Figure 173) the long term record indicates a trend similar to bore GW036628
(lower) with an overall slight increase in water levels but with a recognizable
increased seasonal input. At least 15 spikes representing a rise in the water table
are noted and coupled with the 16 year history, probably represent annual
recharge. Depth of bore screens are not available but variations suggest a deep
aquifer with a high level of aquifer interconnectivity, low yield and low hydraulic
conductivity. Water level high and low points correspond well with bore
GW036632 suggesting local-scale connectivity.
GW036632 Located along the Bribbaree-Morangarell Road (Figure 152) the long term record
indicates a trend similar to bore GW036630 with an overall slight increase in
water levels but with a recognizable increased seasonal input. At least 14-15
spikes representing a rise in the water table are noted and coupled with the 16
year history, probably represent annual recharge. Depth of bore screens are not
available but variations suggest a deep aquifer with a high level of aquifer
interconnectivity, low yield and low hydraulic conductivity. Water level high and
low points correspond well with bore GW036630 suggesting local scale
connectivity. Pumping tests (Central Tablelands Water, 2003) confirm fair water
quality with excellent yield from aquifers located at 81-92 m, 97-98 m and 103105 m.
GW036741 Located between Bimbi and the Weddin State Forest (Figure 154) the long term
UPPER
record indicates an upper water table between 40.6 and 40.2 m below the surface
with very little change over the 16 year recording history. Seasonal variations are
only slightly visible. Bore screens are located between 65-71 m intersecting
aquifers at moderate depths composed of sand and fine gravel. Lack of variation
suggests a deep aquifer with a low level of aquifer interconnectivity, low yield
and low hydraulic conductivity. Pumping tests by DIPNR confirm a low yield.
GW036741 Located between Bimbi and the Weddin State Forest (Figure 154) the long term
LOWER
record indicates an overall slight increase in water levels (from 50.7 m to 49 m
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DIPNR
Bore

Comments
below the surface) without any recognizable seasonal input. Bore screens are
located between 88-98 m intersecting aquifers at moderate depths composed of
sand and gravel. Lack of seasonal variation suggests a deep aquifer with a low
level of aquifer interconnectivity, low yield and low hydraulic conductivity.
Pumping tests by DIPNR confirm a low yield.
GW036603
Date

SWL (m)

14/11/1984 11/08/1987 07/05/1990 31/01/1993 28/10/1995 24/07/1998 19/04/2001 14/01/2004
21.8
22
22.2
22.4
22.6

Figure 143: DIPNR bore GW036603 with annual records of standing water level. Data
courtesy of DIPNR, 2001.
GW036604
Date

SWL (m)

14/11/1984 11/08/1987 07/05/1990 31/01/1993 28/10/1995 24/07/1998 19/04/2001 14/01/2004
25.5
26
26.5
27
27.5

Figure 144: DIPNR bore GW036604 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036605

Date

SWL (m)

14/11/1984 11/08/1987 07/05/1990 31/01/1993 28/10/1995 24/07/1998 19/04/2001 14/01/2004
22.5
23
23.5
24
24.5
25

Figure 145: DIPNR bore GW036605 with annual records of standing water level. Courtesy of
DIPNR 2001
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GW036606

Date
14/11/1984 11/08/1987 07/05/1990 31/01/1993 28/10/1995 24/07/1998 19/04/2001 14/01/2004
SWL (m)

34.6
34.8
35
35.2
35.4

Figure 146: DIPNR bore GW036606 with annual records of standing water level. Courtesy of
DIPNR 2000.
GW036627
Date
14/11/1984 11/08/1987 07/05/1990 31/01/1993 28/10/1995 24/07/1998 19/04/2001 14/01/2004
SWL (m)

55.5
55.6
55.7
55.8
55.9

Figure 147: DIPNR bore GW036627 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036629
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

42.16
42.18
42.2
42.22
42.24
42.26
42.28
42.3
42.32
42.34

Figure 148: DIPNR bore GW036629 with annual records of standing water level. Courtesy of
DIPNR 2001.
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GWO36628 UPPER
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

14/ 01/ 2004

27.5
27.55
27.6
27.65
27.7
27.75
27.8
27.85
27.9
27.95
28
28.05

Figure 149: DIPNR bore GW036628 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036628 LOWER
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

14/ 01/ 2004

49.2
49.4
49.6
49.8
50
50.2
50.4
50.6
50.8
51
51.2

Figure 150: DIPNR bore GW036628 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036630
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

14/ 01/ 2004

35.8
35.9
36
36.1
36.2
36.3
36.4
36.5
36.6
36.7

Figure 151: DIPNR bore GW036630 with annual records of standing water level. Courtesy of
DIPNR 2001.
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GW036632
Date
14/11/1984

11/08/1987

07/05/1990

31/01/1993

28/10/1995

24/07/1998

19/04/2001

14/01/2004

42.2
42.3

SWL (m)

42.4
42.5
42.6
42.7
42.8
42.9

Figure 152: DIPNR bore GW036632 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036741 UPPER
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

14/ 01/ 2004

40.1
40.15
40.2
40.25
40.3
40.35
40.4
40.45
40.5
40.55

Figure 153: DIPNR bore GW036741 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036741 LOWER
Dat e
14/ 11/ 1984

11/ 08/ 1987

07/ 05/ 1990

31/ 01/ 1993

28/ 10/ 1995

24/ 07/ 1998

19/ 04/ 2001

14/ 01/ 2004

48.5
49
49.5
50
50.5
51

Figure 154: DIPNR bore GW036741 with annual records of standing water level. Courtesy of
DIPNR 2001.
GW036825
Date
23/ 12/ 1988

07/ 05/ 1990

19/ 09/ 1991

31/ 01/ 1993

15/ 06/ 1994

28/ 10/ 1995

11/ 03/ 1997

24/ 07/ 1998

06/ 12/ 1999

19/ 04/ 2001

01/ 09/ 2002

32. 95
33
33. 05
33. 1
33. 15
33. 2
33. 25

Figure 155: DIPNR bore GW0366825 with annual records of standing water level. Courtesy of
DIPNR 2001.
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Appendix I – Drill Holes
V19

H11
V17
H9
V12

H7

H12

V1
V8

H10
V18

H8

H13

H14

H1
V15 V16

V10
V6

V3

V11
H6

V7
H15

H3

H2

H17
H16
H4

V4

V9
H5

V5
V2

Figure 156: The location of cross sections incorporating State, Commonwealth and
commercial drill data. Note that drill density in selected areas and traverses are insufficient
to resolve some bedrock and transported sedimentary structures. Note that the prefix V
represents a vertically oriented traverse and H represents a horizontally oriented traverse.
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Table 69: Descriptions of drill hole transects located within the mapping area.
Line

Description And Comments.

Line V1-V2

Traverses from north of Caragabal to south of Bribbaree (Figure 157). Drill hole resolution between Caragabal and Berendebba is poor and for that reason no sediment information is shown although
sediment thickness is shallower in this region due to buried bedrock high points. Another buried bedrock high point is located immediately south of Quandialla with sediment thickness in excess of 100
m located to the west. Sediment thickness to the east is shallower and typically does not exceed 50 m. Water table information was only available from one point near Quandialla and is located at
approximately 40 m in sandy gravels. Bedrock topography outlines a general basin structure with deepest sequences of sediment up to 110 m deposited in the Williams Crossing area (Bland Creek).
Low angle alluvial fans consisting of clays, clayey sands and sands can be observed draining from the east toward Quandialla. Sediment composition changes from this point westward with clays and
silty clays typical through all levels of the profile.

Line V3-V4

Traverses north and south of Bimbi (Figure 158). The line bisects low angle alluvial fans, alluvial plains and floodplains. Water table information was available from two points located in the middle of
the line with water tables observed at 25 m and 65 m with ground water restricted to sandy gravels. Depth to bedrock increases to the north with sediments up to 100 m. Sediments shallow to the south
with 35 m of sediment at V4. Sediment consists of clays, sandy clays, sands, sandy gravels and gravels. Several layers cannot be traced laterally between two or more drill holes. Sediments in the
upper margins of the line between 0 m and 20 m correlate well between all three holes. Below 20 m only sands and clayey sands correlate between holes. The middle of the line intersects a substantial
quantity of clays between 20 m and 45 m and does not correlate well between holes.

Line V5-V6

Traverses between Bland to the north and Solitary Hill to the south (Figure 159) with surface features including alluvial plains, depositional plains and floodplains. Water table information is available
from several points across the traverse with ground waters located at a variety of levels from laterally extensive coarse sand lenses at 60 m to weathered bedrock at 110 m and the weathered / fresh
bedrock boundary located between 110 and 120 m. Bedrock topography is highly variable with a bedrock high point located immediately south of the Curraburrama Plain and low points corresponding
to the Curraburrama Plain and Wah Way Creek. Weathered bedrock closely mirrors the variable bedrock topography with in excess of 30 m of saprock and saprolite overlying bedrock. Sediments
overlying the saprolite are highly variable with isolated clay and sand-rich lenses. In places silty clay lenses and sand lenses are laterally extensive and may represent floodplain and alluvial channel
deposits respectively. Stacked clay lenses up to 80 m in depth are located below the Curraburrama Plain and may represent a long term, low velocity depocentre. Extensive sand deposits located at the
northern end of the line mirror the current position of Wah Way Creek and may represent a long term medium velocity drainage corridor. Saprolite thickness also declines and may represent erosion by
drainage systems. Sediments deposited overlying saprock are typically silty clays with the exception of the far northern end of the traverse centered on Wah Way Creek.

Line V7-V8

Traverses between an alluvial depositional plain south west of Bland and a site west of Caragabal (Figure 160) crossing alluvial depositional plains, alluvial plains, floodplains and existing channel
deposits. Water table information is available from several points on the traverse with ground waters located in laterally extensive coarse sand and clayey sand lenses at 80 and 40 m, saprock at 85 m
and at the weathered / fresh bedrock boundary at 105 m. Bedrock topography is variable with a subdued bedrock high point located immediately north of the current Wah Way Creek restricting basal
sediments including coarse sand, clayey sand and gravels to the southern margins of the traverse. To the north of the subdued bedrock high point the dominant sediment types are silty clays and clays.
Saprock and saprolite closely mirror the variable bedrock topography with less than 30 m overlying bedrock with the exception of south of the bedrock high point where saprolite and saprock thin to
less than 10 m, possibly as a result of stripping and erosion. Sediments overlying the saprolite are highly variable with sediments located south of the buried bedrock high point typically gravels, coarse
sands, and sandy clays grading to clays, silty clays, clayey sands, and sands in the upper margins of the profile. To the north of the buried bedrock high point, sediments overlying saprock are clays,
sands, and silty clays in the upper margins of the profile.

Line V8-H17

Traverses an alluvial depositional plain south west of Bland and (Figure 183) crosses alluvial depositional plains, alluvial plains and floodplains. Water table information is available from two points
located at opposite ends of the traverse with ground waters located in laterally extensive coarse sand lenses at 60 m and scree deposits at 85 m. Bedrock topography is slightly variable with a subdued
bedrock high point located in the middle of the traverse. Weathered bedrock closely mirrors the variable bedrock topography with less than 30 m of saprock and saprolite overlying bedrock with the
exception of two sites where saprock and saprolite thicken to in excess of 45 m and 30 m. Sediments overlying the saprolite are highly variable with sediments located south of the buried bedrock high
point typically scree, sands, and sandy clays grading to clays, silty clays, clayey sands, and sands in the upper margins of the profile. To the north of the buried bedrock high point, sediments overlying
saprock are clays varying to sands, silty clays and back into clays in the upper margins of the profile. The presence of scree in drill hole 1579-14 indicates the presence of a buried bedrock high point,
possibly an extension of the bedrock high point located in CBAC drill holes.

Line V9-V10

Traverses north and south of the bedrock exposure centered on the Curraburrama State Forest (Figure 162) and includes alluvial plains, floodplains, relict drainage and the margins of the Bland Creek.
There is a paucity of water table information as only one point is available between Williams Crossing and the Curraburrama State Forest. Water is located in gravel deposits at a depth of 25 m.
Bedrock topography outlines a buried bedrock high point which trends northwards and crops out in the Curraburrama State Forest. Low angle alluvial fans consist of scree, gravel, sands and clayey
sands and flank the buried bedrock high points. South of the Curraburrama State Forest sediments are typically less than 55 m deep with clays and silty clays overlying up to 30 m of saprock.
Immediately north of the Curraburrama State Forest sediments increase to 90 m and are almost entirely composed of clay with occasional sand and clayey sand layers. Sediments thin slightly to the
north from 90 m to 75 m with clay proportions still high with increasing gravel and sandy clay components. Surface relict drainage close to BHAC006 is mirrored in the profile with up to 15 m of
coarse gravels at a depth of 35 m. Due to the discontinuous nature of the gravels it is likely that the palaeodrainage feature trends to the west north west mirroring the current trend of the surface
drainage.

Line V11-V12

Traverses north of the Yiddah Hills to south and west of the Booberoi Hills (Figure 163) crossing alluvial fans and poorly-defined drainage depressions. There is a paucity of water table information as
only one point is available and is situated south of the Quandialla Road. Water is located in gravels and clayey sands at a depth of 30 m. Bedrock topography outlines a buried bedrock high point
corresponding to the Yiddah Hills which crop out to the north and south of the line. Low angle alluvial fans consisting of gravel, sands and clayey sands flank the buried bedrock high point and
intercalate with clays and silty clays located to the north and south. South of the buried bedrock high point sediments are typically less than 60 m deep with clays overlying saprock which is 30 m thick.
North of the buried bedrock high point, sediments increase to 80 m and are initially composed of clayey sands and sandy clays and grade to clayey sands, gravel and scree. Sediments situated in the
upper potions of the profile to the north of the buried bedrock high point are composed of clays and continue to the north intersecting clayey sand layers.

Line V16-V17

Traverses between the Booberoi Hills and Barmedman Creek (Figure 164) crossing alluvial fans and poorly-defined drainage depressions. Drill hole density is poor in the centre of the traverse and only
shallow piezometers are available on the southern half of the transect. Water table information is not available from drill hole logs. For drill holes that have intersected basement, bedrock topography is
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Line

Description And Comments.
variable and ranges from 60 m to a maximum depth of 110 m. Weathered bedrock does not closely mirror the variable bedrock topography with saprolite and saprock, thicknesses varying between 10
m and 55m. Sediments overlying the saprolite are typically less than 50 m thick and vary between clays, sands and gravels. Sands and gravels form a vertical stack starting from the lowest point in the
saprolite centered on drill hole ACMW005 representing successive generations of palaeochannels draining east from the Booberoi Hills.

Line V18-V19

Traverses channel deposits, alluvial plains and floodplains of Barmedman Creek (Figure 165). Water table information is not available from drillhole logs. Bedrock topography is subdued varying
between 120 and 130 m with a slight depression centered on drill hole ACMN122. Weathered bedrock closely mirrors the bedrock topography with thicknesses generally less than 10 m. Sediments
overlying the saprolite are typically less than 10 m and include sands, clayey sands and gravels between 115 and 100 m, are laterally extensive and correlate well between drill holes. Above 100 m,
sediments are composed of thick, laterally extensive sequences of clays with variations in colour and slight variations in texture including black, organic-rich, reduced clays and sticky grey clays.
Sands, gravels and mottled clays form a vertical stack starting from the lowest point in the saprolite through to the surface centered on drill hole ACMN122 and represent successive generations of
palaeochannels most likely a proto-Barmedman Creek draining north.

Line H1-H2

Line H1-H2 represents the longest traverse across the B-Q Transect and parallels the Quandialla Road (Figure 166). Water table information is available from several points and is located at a variety of
depths in several different lithologies. Ground water sourced from coarse sand aquifers is located between 10 -20 m 20-30 m, 70-80 m and 80-100 m and varies in quality with selected shallow ground
water of high salinity. Ground water sourced from weathered bedrock and the weathered bedrock / fresh bedrock boundary is located between 60-70 m, 90-100 m and 100-110 m. Bedrock topography
resembles a broad basin cross-section with thickest sediment sequences located between Quandialla and Williams Crossing varying between 110-120 m thick. Sediments thin to the east of Quandialla
and are typically less than 55 m thick. Sediments west of Williams Crossing remain between 100 -70 m thick. Weathered bedrock closely mirrors the variable bedrock topography with saprock and
saprolite typically 10-20 m thick with the exception of the deepest sections of the traverse where saprolite and saprock thin to less than 10 m, possibly a result of stripping and erosion as sands, gravels
and clayey sands lie in close proximity. Sediments overlying the saprolite vary from west to east. Sediments on the western half of the transect are massive, laterally extensive clays varying to clayey
sands and sandy clays in the vicinity of Barmedman Creek. Sediments on the eastern half of the transect are typically clayey sands, clays, and silts deposited as low angle alluvial fans. Sediments close
to the centre of the traverse consist of massive clayey sands, sands and silty clays resembling similar stacked channel deposits intercalating with floodplain clays possibly representing a palaeo-Wah
Way Creek with a long term drainage channel history constrained by nearby buried bedrock rises.

Line H3-H4

Traverses between the Yiddah Hills and the Curraburrama plain. (Figure 167) crossing alluvial fans, floodplains, depositional plains and both the Barmedman and Bland Creeks. Water tables are
located at a variety of depths in several different lithologies. Ground water sourced from coarse sand, clayey sand and clays aquifers are located between 30-40 m and 40-50 m and ground water
sourced from weathered bedrock and the weathered bedrock / fresh bedrock boundary is located between 100-110 m. Bedrock topography is highly variable and reflects changes in bedrock composition
and structural modification. The sharply defined low point centred on BLAC007 corresponds to the Booberoi Fault with Ordovician sediments and metasediments located to the east with greater depths
of weathered bedrock and saprolite. Another bedrock low point is located on the eastern margin of the traverse centered on CBAC015 corresponding to the Curraburrama Plain. Weathered bedrock
closely mirrors the variable bedrock topography depending on the composition of the underlying bedrock. Weathered bedrock on the western margin of the traverse is shallow and is typically less than
25 m thick. In the centre section of the traverse weathered bedrock thickens to greater than 60 m. The eastern margin of the traverse has variable depths of weathered bedrock typically 30 m but
thickening in the vicinity of the Curraburrama plain to greater than 60 m. Sediments overlying the saprolite are typically less than 60 m thick (with the exception of the Yiddah Hills) with basal
sediments including clays and sandy clays. Sediments on the western margin of the profile either side of the Yiddah Hills are composed of clays grading upwards into clayey sands and sands. A sandrich sequence located on drill hole BLAC004 may represent a section of Palaeo-Barmedman Creek. Sediments between the Barmedman Creek and the Curraburrama State Forest are poorly constrained
due to the lack of drill hole information but indicate that the general lithologies include laterally extensive sandy clays grading to clayey sands with the depth of sediments thinning to the east.
Sediments on the eastern margin of the traverse are highly varied with basal sequence including sandy clays and clays. The middle portions grade to laterally extensive sands and clays with sandy
gravel deposits possibly related to a buried extension to bedrock cropping out within the Curraburrama State Forest. The upper potions comprise clays and stacked, alternating layers of sands and sandy
clays possibly related to a palaeo-Bland Creek.

Line H5-H6

Traverses from Barmedman to the Curraburrama State Forest (Figure 168) crossing alluvial fans, floodplains, depositional plains and Barmedman Creek. Water table information is not available from
drillhole logs. Bedrock topography is moderately variable with fresh bedrock located between 60 and 130 m, deepening to the east then becoming shallower in close proximity to the Curraburrama
State Forest. A bedrock depression corresponds to drill hole BHAC010 located west of the Curraburrama State Forest with basal sediments including alternating layers of sand and sandy clays.
Weathered bedrock closely mirrors the variable fresh bedrock topography with weathered bedrock typically 20-50 m thick and locally thinner where overlain by sands and sandy clays in the middle of
the traverse indicating the possibility of stripping and erosion. Sediments overlying the saprolite are typically sandy silts grading to clayey sands and clays. The lower and middle sections of the
traverse are composed of thick sequences of clays and silty clays with the exception being two areas located on Barmedman Creek and the other in close proximity to the Curraburrama State Forest.
Close to Barmedman Creek, sediments are laterally discontinuous and comprise a stacked section 60 m deep including clayey sands sandy gravel possibly related to a palaeo-Barmedman Creek. Close
to Curraburrama State Forest sediments are composed of gravels, sandy clays and clayey sands possibly related to colluvial and alluvial fans intercalating with surrounding clay-rich units. Sediments
thin slightly to the north.

Line H7-H8

Line H7-H8 is a short traverse of piezometers trending east from the flanks of the Booberoi Hills and terminating on the western side of Barmedman Creek (Figure 169) crossing alluvial fans. Water
table information is available from two points at either end of the traverse with depths varying slightly from west to east between 10 m to 12 m respectively. Bedrock was not encountered due to the
shallow nature of the piezometers. Sediments are composed of clays to a depth of 20 m.

Line V15-H7

Line V15-H7 is a traverse of piezometers trending south from the base of the Booberoi Hills towards to Quandialla Road (Figure 169) crossing alluvial fans. Water table information is available from
several points along the traverse with ground water intercepted between 10-11 m. Bedrock was not encountered due to the shallow nature of the piezometers. Sediments up to a depth of 10 m are
composed of laterally extensive deposits of clays and sandy clays.

Line H9-H10

Trends east from the Boxalls State Forest located north of the Booberoi Hills and crosses the Mid-Western Highway and Barmedman Creek (Figure 170) incorporating colluvial fans, alluvial fans,
floodplains and channel deposits. Water table information is not available from drillhole logs. Bedrock topography is variable, deepening to the east from 70 m to 120 m west to east respectively.
Weathered bedrock closely mirrors the variable bedrock topography with weathered bedrock thickest on the western half, typically between 20-50 m and thinning to the east between 0-10 m. Sediments
overlying the bedrock on the western margins are typically less than 50 m thick. Sediments thicken considerably to the east with sediments generally less than 110 m thick. In the deepest sections of
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the traverse scree, sandy gravel and sands overly thin saprolite indicating possible stripping and erosion in a palaeo drainage depression. Scree deposits are observed at a variety of levels where bedrock
declines along a steep slope varying from depths of 70 m to 110 m. Sediments grade upwards into isolated sands and laterally extensive clay sequences. One laterally extensive sand layer is observed
within 10 m of the surface and is positioned below the current Barmedman Creek. Across the traverse, clays exhibit a wide variety of colours with mottling present in several drill intersections.

Line H11-H12

Trends east from the Wyrra State Forest located north of the Booberoi Hills and crosses the Mid-Western Highway and Barmedman Creek (Figure 171) incorporating colluvial fans, alluvial fans,
floodplains and channel deposits. Water table information is not available from drillhole logs. Bedrock topography is highly variable across the transect. Drill logs were double checked to confirm the
90 m height difference between bedrock high and low points observed at three localities. All drill logs examined were logged in meters with PB drill holes originally positioned to target magnetically
anomalous features. Bedrock on the western margin of the traverse is at 120 m quickly rising to 50 m. In the centre of the traverse bedrock topography varies markedly between high points of 30 m and
low points of 120 m before changing to a depth 60 m on the eastern margin of the transect. Weathered bedrock and saprolite is distributed on the western and eastern margins of the traverse with
thicknesses between 10-20 m. In the centre of the traverse weathered bedrock and saprolite is less than 5 m indicating the possibility of stripping and erosion of weathered bedrock on steep slopes and
valley bottoms prior to deposition and sediment infill. Sediments overlying saprolite on the western and eastern margins are typically clays although isolated gravels have been intersected on the
western margin. Basal sediments located within the bedrock low points include sands and gravels alternating upwards to clays and additional sand layers. The remaining sediments are laterally
extensive clays varying between black, reduced carbonaceous clays to sticky grey, red and brown clays. Mottling is observed in several clay intersections.

Line H13-H14

Traverses east from Back Creek to north of Caragabal State Forest (Figure 194) crossing alluvial plains and depositional plains. Water table information is not available from drillhole logs.
Sedimentary features are poorly constrained across the transect due to the highly generalized commercial drill logs. Bedrock topography shows the downward sloping limb of a generalized valley shape
with bedrock deepening to the west. Bedrock is observed at 80 m on the east and grades to in excess of 120 m on the western margin. Weathered bedrock closely mirrors the variable bedrock
topography and thins to the west from 20 m to less than 10 m. Sediments overlying the saprolite vary from west to east. Basal sediments on the western margins include sands and sandy gravels and
contrast with the eastern margins where basal sediments are typically clays. Upper margins of the traverse are poorly constrained due to poor logging practices with variable sediments generalized into
silty clays. Variations in sediment type including sands, gravels and clays were noted but were not detailed further.

Line H15-H16

Traverses the northern extents of the Curraburrama Plain and surrounding sandplains and floodplains (Figure 173). Water table information is only available from one drillhole point with groundwater
located in weathered bedrock at a depth of 110 m. Bedrock topography is similar to traverse H3-H4 and varies from west to east between 90 m and 130 m respectively. Weathered bedrock mirrors the
variable bedrock topography and is typically 30 m thick on the western margins and thickens to 60 m on the eastern margins. Sediments overlying the saprolite are highly variable with silty clays
common. Sands, sandy gravels and clays are intersected as discontinuous lenses through different levels of the traverse.
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Figure 157: Traverse V1-V2 compiled from commercial, State and selected Commonwealth drill logs. Due to insufficient drill density parts of this traverse
were not shown. The general shape of a palaeodepocentre is outlined below drill holes 1579-4 and GW036627. These drill hole correspond to a deep (110 m)
depression oriented east – west.
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Figure 158: Traverse V3-V4 compiled from commercial, State and selected Commonwealth
drill logs. The general shape of a palaeodepocentre is outlined below drill holes GW036741
and GW036628. These drill hole correspond to a deep (100 m) depression oriented east –
west. Basal sediments reflect a higher energy environment compared to sediments located in
the upper margins of the profile.
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Figure 159: Traverse
V5-V6 compiled from
commercial, State and
selected Commonwealth
drill logs. Travers V5-V6
is oriented perpendicular
to the direction of a
westerly draining lowangle alluvial fan. A
mixture
of
laterally
extensive and discreet
sand-rich lithologies are
present. Thickest sections
of
the
sand-rich
sediments are located
under the current Wah
Way Creek.
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Figure 160: Traverse V7-V8 compiled from commercial, State and selected Commonwealth drill logs.
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Figure 161: Traverse V8-H17 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure 162: Traverse V9-V10 compiled
from commercial, State and selected
Commonwealth drill logs.
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Figure 163: Traverse V11-V12 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure 164: Traverse V16-V17 compiled from commercial, State and selected Commonwealth drill logs.
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Figure 165 Traverse V18-V19 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure
166:
Traverse H1-H2
compiled
from
commercial, State
and
selected
Commonwealth
drill logs.
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Figure 167: Traverse
H3-H4 compiled from
commercial, State and
selected
Commonwealth drill
logs.
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Figure 168: Traverse
H5-H6 compiled from
commercial, State and
selected Commonwealth
drill
logs.
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Figure 170: Traverse H9-H10 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure 171: Traverse H11-H12 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure 172: Traverse H13-H14 compiled from commercial, State and selected Commonwealth
drill logs.
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Figure 173: Traverse H15-H16 compiled from commercial, State and selected Commonwealth
drill logs.
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Appendix J – Regional Spatial Analysis
Aerial Photography
Booberoi Hills 1:20,000 Map Area
Stereographic pairs of colour and black and white aerial photography at 1:50,000 and
1:80,000 scale are available across the Booberoi map area (Figure 174). Recent colour
aerial photography is extremely useful in describing farm and paddock-scale changes in
regolith and landforms as the acquisition coincided with heavy seasonal winter/spring
rainfall (Figures 174 & 175). The rainfall has highlighted drainage networks from the
major channels of Barmedman Creek and Gagies Creek to less-incised, poorly-defined
depressions and areas subject to low angle sheetwash.

The timing of the aerial

photography also helped differentiate more porous sandy regolith materials from less
porous clay-rich materials through subtle changes in the landscape in addition to slight
changes in vegetation and crop vigour (Figures 174 & 175).
Relief across most of the low-lying sections of the Booberoi map area is subdued with
the only incised minor streams draining eastward toward Barmedman Creek (Figure 92)
including Yiddah Creek and Gagies Creek (Figure 175, 102). To the north of the
mapping area the Booberoi Hills (Figure 54) form a prominent northerly trending line of
bedrock hills with colluvial flanks grading to alluvial fans. To the south and west of the
Booberoi map area are the Yiddah Hills forming low bedrock rises with colluvial and
alluvial fans (Figures 61 & 63) draining east into the mapping area. The intervening
area between the Booberoi Hills and the Yiddah Hills is composed of low angle alluvial
fans of low relief (Figure 52). The low relief is reflected by the confused surface
drainage trending to the north east on the southern margins to south east and south on
the northern margins.

All drainage across the Booberoi map area flows into

Barmedman Creek (Figures 93, 175 & 177) which is broad, incised and has meanders in
places. Cowals, creeks and other relict streams are observed to branch off Barmedman
Creek, particularly north east of the Booberoi Hills, on low angle alluvial plains (Figure
175).
The upper margins of the alluvial fan are located to the west of the mapping area with
drainage in these areas often shallow, poorly-defined (Figure 94) and sometimes
discontinuous with drainage patterns ranging from anastomosing to linear and random
where drainage interacts with cultural features such as fences, drains, roads and road
verges (Figure 175). As a result of the low relief, cultural features have had a strong
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effect on modifying current drainage patterns.

Roads and road side verges have

diverted or dammed the runoff from these poorly-defined drainage depressions with the
build up of water resulting in sheet flow across paddocks (Figure 175). Ponding of
water also occurs alongside road verges elevating the risk of waterlogging (Figure 94).
Fence boundaries are also observed to divert or pond run off from poorly-defined
drainage. Drainage is locally diverted to the north and south around the base of the
Yiddah Hills and flows to the north east along poorly-defined drainage depressions and
across plains (Figure 52 & 100).
Vegetation is heavily cleared with significant pasture modification for cropping and
grazing on the lower-lying alluvial fans (Figure 52). Remnant riparian vegetation is
present along Barmedman Creek but becomes extensively cleared to the north (Figure
92).

Riparian vegetation is extensively cleared along all other drainage lines.

Vegetation on bedrock rises such as the Booberoi Hills, located within the Back Creek
State Forest is uncleared.
Gilgai is widespread across the low-lying alluvial fans flanking colluvial aprons sourced
from the Booberoi and Yiddah Hills and is particularly evident immediately east and
west of the Booberoi Hills and south of the Quandialla Road (Figure 175).
Quandialla 1:20,000 Map Area
Black and white aerial photography at 1:50,000 and 1:80,000 scales are available as
stereographic pairs across the Quandialla map area (Figure 176) although the 1:50,000
scale photos are dark and poorly exposed reducing their overall effectiveness. Aerial
photography at 1:80,000 scale shows a marked improvement compared with 1:50,000
aerial photography and is extremely useful in describing farm and paddock-scale
changes in regolith and landforms.
Vegetation is extensively cleared with significant pasture modification in areas of
cropping and grazing. Uncleared to partially uncleared remnant riparian vegetation
(Figure 88) is located along upper sections of Wah Way, Burrangong and Bribbaree
Creeks becoming moderately to extensively cleared to the west (Figures 94 & 176).
Other stands of remnant vegetation include The Eurabba State Forest, road reserves and
traveling stock reserves accessing the towns of Quandialla, Bimbi and Bribbaree.
Major drainage channels across the Quandialla mapping area trend west to south west
(Figure 176) and are typically V-shaped, incised and have localized varying to broad
floodplains (Figure 88). Drainage morphology changes from east to west with channels
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changing to less incised flat-bottomed channels respectively (Figures 91 & 92). An
exception includes Bribbaree Creek which is incised for almost all of its length with
highly localized floodplains. Poorly-defined drainage is restricted to low-lying areas
between the Burrangong and Bribbaree Creeks and between the Wah Way and
Burrangong Creeks. Drainage in the centre of the 1:20,000 scale Quandialla mapping
area becomes confused to indistinct with the normally incised Burrangong Creek
becoming poorly-defined resulting in a locally extensive floodplain situated between the
Stockinbingal-Parkes railway and the Quandialla Road (Figure 176). Drainage from
this point flows westward through a now poorly-defined and flat-bottomed Burrangong
Creek or southward along drains eventually feeding Mile Post Creek (Figure 176).
Drainage for the Burrangong Creek becomes indistinct north of the Eurabba State Forest
where earthworks have diverted stream flow onto an eroded floodplain before
continuing west.
Booberoi - Quandialla1:50,000 Map Area
Aerial photography within the B-Q Transect area not covering the smaller 1:20,000
scale map areas is restricted to black and white photography covering areas north east of
Barmedman and colour photography covering areas east of the Booberoi Hills between
the Barmedman and Bland Creeks (Figure 178).
Black and white 1:50,000 scale aerial photography extends north and east from
Barmedman including the Curraburrama State Forest and Curraburrama Plain (Figure
178). Black and white stereographic images show the Boginderra Hills located east of
Barmedman highlighting colluvial fans grading to alluvial fans trending north between
the Barmedman and Bland Creeks (Figure 52). The subdued low rises of the Yiddah
Hills are also visible with drainage sourced from the west often diverted around the
bedrock low rises flanked by colluvium and alluvial fans. Areas not associated with
bedrock outcrop such as alluvial plains and floodplains have subdued relief with poorlydefined drainage visible using both black and white aerial photography (Figure 178).
Colour aerial photography provides an additional level of detail that is not provided by
black and white photography (Figures 177 & 178).
Colour aerial photography extends east from the Booberoi Hills and covers an area
located between the Barmedman and Bland Creeks including alluvial plains and
floodplains with very low relief (Figure 175). Due to the low relief, drainage channels
including Warralonga Cowal, Bland and Barmedman Creek meander heavily and have
extensive associated floodplains, poorly-defined depressions and internally draining
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relict channels (Figure 175 & 102). Main drainage channels often become indistinct to
the north.
Vegetation is extensively cleared in areas of cropping and grazing. Remnant riparian
vegetation is located adjacent to the Barmedman and Bland Creeks in addition to
Warralonga Cowal and becomes moderately to extensively cleared further to the north
(Figure 175). Other stands of remnant vegetation include The Curraburrama State
Forest, Yiddah Hills, tree-filled swampy depressions, road reserves and travelling stock
reserves.

¹

1:50,000 photos provided by West Wyalong DIPNR (Formerly DLWC)

1:80,000 photos provided by CRC LEME / Geoscience Australia

1:50,000 photos provided by West Wyalong DIPNR
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Figure 174: Geo-referenced and warped aerial photos at 1:80,000 and 1:50,000 scale used as
an aid in 1:50, 000 and 1:10,000 scale regolith-landform mapping
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¹

Figure 175: Geo-referenced
and warped aerial photos at
1:50,000 scale used across
the Booberoi 1:20,000 scale
regolith-landform
map
showing
poorly-defined
drainage and areas of gilgai
located on an easterly
trending low angle alluvial
fan. Courtesy of DIPNR,
2001.
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Figure 176: Geo-referenced and
warped aerial photos at
1:50,000 scale used across the
Quandialla. 1:20, 000 scale
regolith-landform map showing
drainage features including
floodplains and the Burrangong
and Mile Post Creeks. Courtesy
DIPNR, 2001.
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¹

Figure 177: Colour 1:50,000 scale
aerial photography covering a section
of the 1:50,000 scale B-Q Transect
mapping area showing several areas of
poorly-defined, internally draining
floodplains between the Bland and
Barmedman Creeks. The major
drainage channels of Bland and
Barmedman Creeks highlight areas
subject to inundation and relict stream
systems. Cultural features including
vehicle tracks and fences are observed
modifying
existing
drainage
depressions. Courtesy DIPNR, 2001.
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Figure 178: Black and
white 1:50,000 scale
aerial
photography
covering
the
south
western margin of the
1:50,000
scale
B-Q
Transect mapping area.
Vegetation and land-use
patterns are observed
with intensive cropping
located on floodplains
and alluvial plains away
from
bedrock
rises
typically situated in
conservation
reserves,
Legend
0 1.5 3
6
9
12
Kilometers
state forests and national
parks
and
hosting
remnant native vegetation. Drainage in the southern margins of the B-Q Transect exhibits low
sinuosity typical of creeks draining upland areas. Alluvial floodplains flank exiting creeks and
grades laterally into alluvial plains. Courtesy DIPNR, 2001.
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BQ_transect
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Imagery
SPOT
SPOT 2 imagery provided a total coverage for the B-Q Transect mapping area and was
used extensively to undertake preliminary reconnaissance of regolith materials and
landforms at both 1:20,000 and 1:50,000 scales and to supplement aerial photography
and LANDSAT imagery. Later validation and testing of the regolith-landform maps
using SPOT imagery was also undertaken (Figures 108 & 179) to assess the spatial
accuracy of the digitized regolith-landform polygons. The usefulness of SPOT imagery
compared to LANDSAT is reduced as the multispectral (LANDSAT) imagery is better
able to detect changes in regolith characteristics such as varying sand and clay contents.
SPOT imagery was still useful in detecting changes in landforms and drainage patterns

¹

due to the higher resolution (Figure 179).
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Figure 179: SPOT imagery showing the junction of Wah Way and Bland Creeks north of the
Quandialla Road (Visible centre) and situated in the lower sections of the B-Q Transect area.
Relict drainage (A) is visible in addition to areas subject to regular inundation (B). SPOT
imagery courtesy of ACRES, Geoscience Australia.

Vegetation, drainage networks, changes in landforms and roads and cultural features
were still able to be detected using SPOT (Figures 179 & 180). Most regolith-landform
boundaries were not obscured by seasonal vegetation cover as was the case with
selected LANDSAT TM scenes.
Remnant vegetation is clustered around State Forests, National Parks, Conservation
Reserves, traveling stock reserves and road reserves. Remnant riparian vegetation is
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uncleared to partially cleared in the upper margins of drainage channels and extensively
cleared on major drainage channels located in the centre of the Bland Creek catchment
(Figures 179 & 180).
The major drainage channels of Bland and Barmedman Creeks drain to the north west
and are separated from each other by occasional isolated low bedrock rises (Figures 52
& 180). Alluvial fans located on the eastern and western margins, constrained by
bedrock rises to the north and south, drain into the centre of the Bland Creek catchment
(Figure 180). Drainage on the alluvial fans is typically divergent (Figure 52 & 105).
SPOT imagery highlight areas subject to seasonal inundation such as the junction
between Bland and Wah Way Creeks north of the Quandialla Road (Figures 179 &
180).

.
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Figure 180: SPOT panchromatic imagery of the B-Q Transect detailing major landscape and
topographic features such as drainage, State Forests, vehicle tracks, and grazing and cropping
density. Spot imagery courtesy of ACRES, Geoscience Australia, 2001).
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LANDSAT 7 (ETM+)
LANDSAT 7 (ETM+) imagery provides a total coverage for the B-Q Transect mapping
area and was used extensively to undertake preliminary reconnaissance of regolith
materials using a range of spectral band combinations to highlight stressed or
invigorated vegetation and soil moisture content (Tables 70 & 71). Later validation and
testing of the regolith-landform maps using LANDSAT 7 imagery was also undertaken
(Figure 130) to assess the spatial accuracy of the digitized regolith-landform polygons.
Due to the timing of acquisition, most regolith-landform boundaries were not obscured
by seasonal vegetation cover. ETM+ bands 2,4,6 (BGR) (Table 70) exhibited the most
promising information with well-drained sandy soils, including partially exhumed
palaeochannels, highlighted in pink to light purple (Figure 113). Riparian vegetation
was displayed in green and heavy clays with high moisture contents were highlighted in
blue to purple. A vegetation contrast was also visible with healthier vegetation present
on the lower-lying clay-rich soils and more sparse vegetation on drier free-draining
sandy soils. Stressed vegetation was represented in yellow and may indicate future
areas of land salinisation. The heavy, moisture-rich clays highlighted by bands 2,4,6
(BGR) (Figure 113, Table 70) also correspond well with high total count Gamma-Ray
spectrometric signals and the exhumed palaeochannels and sandy soils can be correlated
with high total counts and high potassium (K) counts (Figure 31). The usefulness of
recent (2003) LANDSAT 7 (ETM+) (Table 70) imagery was considered enhanced due
to drought conditions prevailing over much of Western NSW. The drought conditions
resulted in the failure of many cereal crops revealing more about the underlying soil
characteristics.
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Table 70: LANDSAT 5 & 7 band combinations used in regolith-landform investigation (modified from Lourens et al. 1999). Note seasonal changes are present
between imagery swaths.
Imagery Suitable
Applications
Bands
(BGR)

Comments

1,2,3

Pseudo color
look-alike

Band combinations 1,2,3 (Tables 71) gain an initial appreciation for landscape and vegetation types and provide a pseudocolour image
(Figure 181). Landscapes observed using bands 1,2,3 included blue coloured active alluvial floodplains proximal to established drainage
(A), blue coloured broad, inland floodplains with prominent soil moisture (B) and pale coloured slightly elevated plains with reduced soil
moisture (C). Bands 1,2,3 highlight a broad low angle alluvial fan structure with extents defined by the towns of Quandialla, Bimbi and
Bribbaree. The fan structure has a divergent drainage pattern originating from Burrangong Creek (D) and centered on the town of Bimbi
dispersing to the north west into: Way Way Creek (E) via Burrangong Creek and to the south west via Bribbaree (F) and Mile Post
Creeks (G). Drainage appears impeded along sections of Wah Way and Burrangong Creeks. The central sections of the fan are
composed of moisture-poor soils with moisture-rich clays flanking the lower areas grading to floodplains adjacent to established
drainage. Clays are also centered immediately east of Bimbi (H) and correspond to extensive floodplains and alluvial plains subject to
seasonal inundation. The same clays are also observed to parallel the Bland Creek and grade to extensive and broad floodplains away
from the established drainage (I).

3,4,5

Pseudo
natural
(vegetation
appears
green)

Band combinations 3,4,5 (Tables 71) gain an initial appreciation for soil, landscape and vegetation differences and highlighted similar
features as bands 1,2,3 (Figure 182). Bands 3,4,5 allow for greater resolution of dispersion and drainage pathways including established
and poorly-defined drainage. Better discrimination of vegetation types including riparian stands close to established drainage systems
was possible (Figure 182). Areas of active deposition and flooding with a higher moisture content have a higher contrast value compared
with bands 1,2,3. The incorporation of bands 4 and 5 allow for increased discrimination of soil moisture, biomass and vegetation as
surrogates for regolith mapping and have highlighted depositional areas at the base of the Weddin Mountains (A), east of Bimbi (B),
Curraburrama Plain (C) and floodplains at the junction of the Bland and Wah Way Creeks (D).

1,4,7

Pseudo
natural
(vegetation
appears
green)

Band combinations 1,4,7 (Tables 71) were examined to gain an initial appreciation for landscape and vegetation types. Responses are
similar to bands 2,4,6 (Figure 113).

3,4,7

Pseudo
natural

Band combinations 3,4,7 (Tables 71) were examined to gain an initial appreciation for landscape and vegetation types. Responses are
similar to bands 2,4,6 (Figure 113).
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Imagery Suitable
Applications
Bands
(BGR)
(vegetation
appears
green)

Comments

7,5,4

Crop and
vegetation
variability
(false color –
vegetation
appears red)

Band combinations 7,5,4 (Tables 71) were used to determine regolith-landform polygons as the selected bands act as mapping surrogates
for a wide variety of features. Soil moisture content, vegetation type, vegetation vigor and thermal response were used as surrogates to
determine regolith type and landform features (Figure 187). Bands 7,5,4 are able to distinguish types of sediments such as clays (A)
from sands (B) based on thermal response and moisture content. Band 4 is able to distinguish the difference between grasses and crops
(C) from dense native vegetation (D) and accurately resolve riparian stands along the meandering Bland Creek (E) based on plant vigor
and biomass content.

5,7,4

Crop and
vegetation
variability
(false color –
vegetation
appears red)

Band combinations 5,7,4 (Tables 71) were examined extensively for determining regolith-landform polygons as the selected bands act as
mapping surrogates for a wide variety of features. Bands 5,7,4 (Figure 185) are very useful in delineating changes in moisture,
especially within floodplains composed of clay-rich sediments and resolved relict drainage / cowals (A) which several band
combinations were unable to do. Resolution of riparian vegetation was also possible using band 4. Bands 5,7,4 are less able to
distinguish between lithology with sediments harder to distinguish between clay-rich and sand-rich variations. Stressed vegetation is
noted at the junction of Bland and Wah Way Creeks (B).

3,5,4

Crop and
vegetation
variability
(false color –
vegetation
appears red)

Band combinations 3,5,4 (Tables 71) were examined extensively for determining regolith-landform polygons as the selected bands act as
mapping surrogates for a wide variety of features. Bands 3,5,4 (Figure 111) were useful in delineating changes in moisture, especially
within floodplains composed of clay-rich sediments (A). Resolution of relict drainage / cowals (B) and riparian vegetation (C) was
achieved through use of band 4. The distinction between sand and clay sediments (D) was also more visible compared with 5,7,4.
Stressed vegetation was also noted at the junction of Bland and Wah Way Creeks (E).

2,3,4

Vegetation
(color
infrared
composite)

Band combinations 2,3,4 (Tables 71) were examined extensively for determining regolith-landform polygons as the selected bands act as
mapping surrogates for a wide variety of features including soil moisture content, vegetation type and vigor (Tables 71). Bands 2,3,4
allowed for easy discrimination of broad floodplains immediately adjacent to the Bland Creek (A) where the Quandialla road crosses the
Bland Creek. Relict drainage (B) was also observed due to differences in crop health, vigor and plant type. Relict drainage typically has
internal drainage resulting in the profusion of water loving plants or an increase in plant vigor. Riparian vegetation (C) showing a
stronger vigor and biomass was observed compared to vegetation located within National Parks and State Forests (D). A difference
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Imagery Suitable
Applications
Bands
(BGR)

Comments

between grasses (E) and cropped pastures (F) was also noted. Slightly elevated sandy alluvial plains (G) are distinct from
topographically lower alluvial plains and depositional plains subject to occasional inundation (H). Bands 2,3,4 Highlight the dispersion
trains of westerly trending drainage (I). Sand-rich areas previously mapped as near surface palaeochannels expressed at the surface (J)
have been detected by a reduced band 3 response which corresponds to the freer draining soils.
2,4,6

Stressed
vegetation –
yellow areas
show
potential
future
dryland
salinity
problems

Band combinations 2,4,6 (Tables 71) were examined extensively for determining regolith-landform polygons as the selected bands act as
mapping surrogates for a wide variety of features. Soil moisture content, vegetation type, vegetation vigor and thermal response were
used as surrogates to determine regolith type and landform features. Bands 2,4,6 identified features similar to bands 1,2,3 but with
addition information of thermal response and vegetation type (Figure 113). The incorporation of bands 4 and 6 allow for increased
discrimination of soil moisture, biomass, vegetation and hydrous (clay) minerals as surrogates for regolith mapping. Bands 2,4,6 have
highlighted depositional plains subject to flooding around Eurabba (A) and depositional plains east of Bimbi (B) and Curraburrama Plain
(C). Two types of floodplains are also visible, one immediately adjacent to drainage channels such as Bland Creek (D) and one located
as broad inland floodplains (E) such as Curraburrama Plain (F). Clay-rich sediments located on alluvial floodplains were able to be
differentiated from sand-rich sediments deposited on alluvial fans.

4,5,7

Infrared
composite

Band combinations 4,5,7 (Tables 71) were examined extensively for determining regolith-landform polygons as the selected bands act as
mapping surrogates for a wide variety of features. Soil moisture content, vegetation type, vigor and thermal response were used as
surrogates to determine regolith type and landform features (Figure 184).
Bands 4,5,7 clearly indicate differences in soil moisture and thermal contrast between different landform and regolith types. Alluvial
fans composed of sand-rich sediments show as pale brown (A)(less moisture) to brown (B)(more moisture) and floodplains and alluvial
plains subject to occasional inundation are shown as light blue (C)(floodplains) and dark blue (D)(streams, swamps ground).

3,5,7

Infrared
composite

Band combinations 3,5,7 (Tables 71) were examined to gain an initial appreciation for landscape and vegetation types (Figure 183).
Bands 3,5,7 accentuate floodplains situated away from established drainage channels and show the divergent stream pattern coupled with
changes in sediment type. Responses are similar to bands 4,5,7 (refer above).
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Table 71: Review of band combinations and their overall usefulness when applied to regolith-landform mapping.
In General, Bands Deemed To Be Less Important For Regolith-Landform Mapping Include:
Band 1

Was only used intermittently. Originally designed for water body penetration and for soil / vegetation discrimination which other bands can
provide. Band 1was useful in preliminary studies used to map differences in soil moisture between clays located on floodplains and sandier, dryer
soils located on alluvial plains and depositional plains.

In general, bands deemed to be of greater importance for regolith-landform mapping include:
Band 2

Useful for regolith-landform mapping as it was originally designed to measure green reflectance and to determine vegetation discrimination and
vigor assessment.

Band 3

Useful for regolith-landform mapping as it was originally designed to sence chlorophyll absorption aiding in plant species identification.

Band 4

Useful for regolith-landform mapping as it was originally designed to aid in determining vegetation types, plant vigor, biomass content and
importantly, soil moisture content.

Band 5

Useful for regolith-landform mapping as it was originally designed to discriminate changes in moisture content in leafy vegetation and soils

Band 6

Useful for regolith-landform mapping as it was originally designed for thermal mapping practices useful for soil moisture and vegetation stress
analysis. This band was particularly useful as changes in thermal properties helped to discriminate differences in moisture content and vegetation
cover.

Band 7

Useful for regolith-landform mapping as it was originally designed to discriminate variations in mineral content, specifically hydrous minerals such
as clays and alteration products. Band 7 is also sensitive to vegetation and soil moisture content which is particularly useful for discriminating
active floodplains from nearby alluvial plains and alluvial fans.
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Figure 181: Bands 123 (BGR) showing pseudocolour image of the south eastern quarter of the
B-Q Transect. Imagery highlights: alluvial floodplains close to drainage (A), inland floodplains
(B), elevated plains with reduced soil moisture (C), divergent drainage (D), Wah Way Creek
(E), Bribbaree Creek (F), Mile Post Creek (G), extensive floodplains and alluvial plains east of
Bimbi (H) and broad floodplains away from established drainage (I). LANDSAT imagery
courtesy of ACRES, Geoscience Australia, 2001.
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Figure 182: Bands 345 (BGR) showing infra-red composite image of the south eastern quarter
of the B-Q Transect. Imagery highlights: Depositional areas at the base of the Weddin
Mountains (A), east of Bimbi (B), Curraburrama Plain (C) and floodplains at the junction of the
Bland and Wah Way Creeks (D). LANDSAT imagery courtesy of ACRES, Geoscience Australia,
2001.
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Figure 183: Bands 357 (BGR) showing infra-red composite image of the south eastern quarter
of the B-Q Transect. Imagery highlights: sand-rich alluvial fans as pale brown (A)(less
moisture) to brown (B)(more moisture), floodplains show as light blue (C) and dark blue (D) for
streams and swamps (Tables 70). LANDSAT imagery courtesy of ACRES, Geoscience Australia,
2001.
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Figure 184: Bands 457 (BGR) showing infra-red composite image of the south eastern quarter
of the B-Q Transect. Imagery highlights: sand-rich alluvial fans as pale brown (A)(less
moisture) to brown (B)(more moisture), floodplains show as light blue (C) and dark blue (D) for
streams and swamps (Tables 70). LANDSAT imagery courtesy of ACRES, Geoscience Australia,
2001.
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Figure 185: Bands 574 (BGR) showing pseudocolour image of the south eastern quarter of the
B-Q Transect. Imagery highlights floodplains composed of clay-rich sediments and relict
drainage / cowals (A), riparian vegetation (B) and stressed vegetation (C). (Tables 28, 29 ).
LANDSAT imagery courtesy of ACRES, Geoscience Australia, 2001.
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Figure 186: Bands 354 (BGR) showing pseudocolour image of the south eastern quarter of the
B-Q Transect. Imagery highlights: clay-rich floodplains (A), relict drainage / cowals (B),
riparian vegetation (C) sand and clay sediments (D) and stressed vegetation (E) (Tables 28,
29). LANDSAT imagery courtesy of ACRES, Geoscience Australia, 2001.
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Figure 187: Bands 754 (BGR) showing false colour image of the south eastern quarter of the BQ Transect. Imagery highlights clays (A) sands (B) grasses and crops (C), dense native (D) and
riparian vegetation (E) (Tables 70). LANDSAT imagery courtesy of ACRES, Geoscience
Australia, 2001.
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Figure 188: Bands 246 (BGR) showing infra-red composite image of the south eastern quarter
of the B-Q Transect. Imagery highlights: depositional plains subject to flooding (A),
depositional plains (B), floodplains immediately adjacent to drainage channels (C) and broad
floodplains located inland including Curraburrama Plain (D) (Tables 70). LANDSAT imagery
courtesy of ACRES, Geoscience Australia, 2001.
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Figure 189: Bands 234 (BGR) showing a colour infra red composite image of the south eastern
quarter of the B-Q Transect. Imagery highlights: broad floodplains (A), relict drainage (B),
riparian vegetation (C), established native vegetation (D), grasses (E), cropped pastures (F),
sandy alluvial plains (G) depositional plains (H), westerly trending drainage (I) and near
surface palaeochannels (J) (Tables 70). LANDSAT imagery courtesy of ACRES, Geoscience
Australia, 2001.

LANDSAT 5 (TM)
LANDSAT 5 (TM) imagery provided a total coverage for the B-Q Transect mapping
area and was used to undertake preliminary reconnaissance of regolith materials using a
range of spectral band combinations similar to LANDSAT 7 as surrogates such as
vegetation vigor, biomass, thermal response and moisture content (Tables 28, 29) to
map changes in regolith-landforms.

Later validation and testing of the regolith-

landform maps using LANDSAT 5 imagery was also undertaken (Figure 130) to asses
the spatial accuracy of the digitized regolith-landform polygons. Due to intensive
cropping of wheat, canola and other cereals, and widespread grazing on modified
pastures, most regolith-landform boundaries were partially obscured by modified
vegetation cover. TM bands 2,4,6 (BGR) exhibited the most promising information
with responses and observed landforms similar to those of LANDSAT 7. One difficulty
encountered using LANDSAT 5 (TM) imagery included strong seasonal effects
between imagery swaths (Figure 190 & 191). The usefulness of LANDSAT 5 (TM)
imagery was considered of secondary importance to ETM+ imagery due to the timing of
acquisition and the strong seasonal vegetation contrast of the LANDSAT 5 imagery
obscuring many regolith-landform boundaries.
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Figure 190: Pseudocolour LANDSAT 7 ETM+ imagery of the B-Q Transect detailing major
drainage, vegetation and soil moisture content. Floodplains show as light blue to dark purple,
clay-rich soils as dark blue and sandier soils as light purple. Bands 2,4,6 BGR. Imagery
courtesy ACRES, Geoscience Australia, 2003.
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Figure 191: Pseudocolour LANDSAT 5 TM imagery of the B-Q Transect detailing major
drainage, vegetation patterns and soil moisture content. Note strong seasonal vegetation
between imagery swaths which made characterisation of regolith-landforms difficult. Bands
2,4,6 BGR. Imagery courtesy ACRES, Geoscience Australia, 2003.
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ASTER
ASTER imagery provides a total coverage for the B-Q Transect mapping area and was
used to undertake preliminary reconnaissance of regolith materials using a range of
spectral band combinations to highlight changes in thermal characteristics, vegetation
and soil moisture (Tables 71). Due to difficulties associated with the file format and
software requirements, comparisons could only be made with bands within each group,
namely: very near infra-red (VNIR), short wave infra-red (SWIR) and thermal infra-red
(TIR). No validation and testing of the regolith-landform maps were performed using
ASTER imagery. Due to the timing of acquisition, most regolith-landform boundaries
were not obscured by seasonal vegetation cover although selected imagery swaths do
exhibit seasonal variation. Further study incorporating all bands from VNIR, SWIR and
TIR may highlight further important changes in regolith and lanform materials based on
mapping surrogates such as thermal response, mineralogical composition, geobotanical
indicators and soil moisture content.
Table 72: ASTER band combinations used in preliminary regolith-landform investigation and
comments.
Bands
RGB

Comments

VNIR
1,3,2

Floodplains (A) and alluvial plains (B) are highlighted by a faint purple colour varying to
deeper purple in areas subject to prolonged inundation (Figure 192). Localities include
east and west of Curraburrama State Forest (C) and the junction of Back Creek and
Bland Creek (D)(Figure 192). The faint purple signature is also located around the low
angle colluvial and sheet wash fans at the base of the Weddin Mountains (E). Vegetation
(E) is distributed across the mapping area (Figure 192). Bedrock high points with
colluvial and alluvial fans include Boginderra Hills (F), Bribbaree Hills and Weddin
Mountains (G). Bands 1,3,2 (RGB) exhibited the most promising information with good
discrimination of vegetation and possible changes in sediment type.

SWIR
5,9,7

Upland areas draining bedrock rises (A) typically have a moderate purple / brown colour
and are generally darker compared with transported sediments on alluvial plains (B) and
depositional plains(Figure 193). Transported sediments located on floodplains (C) or
immediately adjacent to established drainage systems (D) have a darker purple response.
Localised swamps (E) or areas of regular inundation (F) show as blue (Figure 193).

TIR
Small changes are noted immediately west of the Weddin Mountains (A) and around the
10,11,14 Eurabba State Forest (B) which corresponds to sandier sediments. Heavy clays as
depicted by the more subdued colours located along Bland Creek (C) and east of the
Booberoi Hills (D).
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Figure 192: ASTER imagery, bands 1,3,2 (RGB –
VNIR). Courtesy of NASA and ACRES, Geoscience
Australia. ASTER VNIR bands highlight:
Floodplains (A) and alluvial plains (B) are a faint
purple colour varying to deeper purple in areas
subject to prolonged inundation and include east
and west of Curraburrama State Forest (C) and the
junction of Back Creek and Bland Creek (D). The
faint purple signature is also located around the low
angle colluvial and sheet wash fans at the base of
the Weddin Mountains (E). Vegetation (F) is
distributed across the mapping area. Bedrock high
points with colluvial and alluvial fans include
Boginderra Hills (G), Bribbaree Hills (H) and
Weddin Mountains (F).
Bands 1,3,2 (RGB)
exhibited the most promising information with good
discrimination of vegetation and possible changes in
sediment
type.
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G
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Short Wave Infra-Red (SWIR)
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Figure 193: ASTER imagery, bands 5,9,7 (RGB –
SWIR). ASTER SWIR bands highlight: bedrock rises (A)
which typically have a moderate purple / brown colour
and are generally darker compared with transported
sediments on alluvial plains (B) and depositional plains.
Transported sediments located on floodplains (C) or
immediately adjacent to established drainage systems
(D) have a darker purple response. Localised swamps
(E) or areas of regular inundation (F) show as blue.
Courtesy of NASA and ACRES, Geoscience Australia,
2003.

Page 312

Appendices

Thermal Infra-Red (TIR)
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Figure 194: ASTER imagery, bands 5,9,7 (RGB – SWIR).
ASTER TIR bands highlight sandier sediments
corresponding to the Weddin Mountains (A) and the
Eurabba State Forest (B). Heavy clays are depicted by
more subdued colours located along Bland Creek (C) and
east of the Booberoi Hills (D). Courtesy of NASA and
ACRES, Geoscience Australia.
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Appendix K - Additional Information
MPS Survey
As a result of the recent drought over much of NSW, several farmers have
commissioned a geophysical survey to highlight additional groundwater reserves for the
purposes of watering stock. The survey undertaken used the technique of multi-phase
saturation (MPS)(Figure 195) which highlights changes in balance potential with the
units of measurement being volts. Features causing a response from the MPS technique
include changes in conductivity, moisture content or lithology changes. Low balance
potential values (volts) are highlighted in green with high potential values highlighted in
red (Figure 195). In the case of the MPS survey located east of the Eurabba State
Forest, six parallel scans were performed less than 100 m apart with sample points
every 15 m along the 400 m line arrays (Figure 195).
The MPS technique includes discrimination of areas of high and low potential and
strong potential gradient highlighted by closely spaced contours. The low potential
values (Figure 195) possibly represent clays with relatively uniform moisture content
and the high potential values represent saturated sands associated with the westerly
trending palaeochannel (Figure 195). The closely spaced contour values represent a
strong change in balance potential and most likely represent the presence of
groundwater (Blight 2003, pers. comm.). One comment of the MPS survey states:
“A short NW-SE transect was completed across the target area which is believed to be
a possible palaeochannel.
Further parallel scans confirmed the existence of a
structure starting at approximately 51m deep (Corresponding to similar changes in
NanoTEM and seismic surveys).
It is possible that this system extends down to
approximately 70m. This cannot be clearly ascertained, therefore drilling deeper than
55m should be done with caution.
The aquifer is extensive in the northeasterly
direction and should supply a bore in the long term. Flows will be highly dependant
upon the material hosting the aquifer, with higher flows possible if coarse sands are
encountered and much lower or nil flows may occur if the aquifers contain a high
concentration of clays.” (Courtesy of Water Prospecting Pty Ltd, 2004).
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Figure 195: A series of NW / SE oriented MPS scans trending NW along the palaeochannel.
Areas in red indicating possible saturated sands and areas in green indicating clays. Inset
shows the relative positions of the MPS surveys (Blue line) to the location of the palaeochannel
(Red line) seismic refraction (Red) and NanoTEM (Yellow) surveys.
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Appendix L - Palaeotopography
PALAEOTOPOGRAPHIC RECONSTRUCTION - EARLY SEDIMENTARY PATTERNS
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Figure 196: General B-Q Transect early palaeotopography. Summarised from Depth to Slightly Weathered Bedrock Image (Raymond, Gibson & Chan, 2000), GILMORE Project information (Lawrie et al., 2003b) and commercial drill
information (NSW DMR). Topographic map background courtesy of NMD, Geoscience Australia, 2004.
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PALAEOTOPOGRAPHIC RECONSTRUCTION - MATURED SEDIMENTARY PATTERNS
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Figure 197: General B-Q Transect matured palaeotopography. Summarised from Depth to Slightly Weathered Bedrock Image (Raymond, Gibson & Chan, 2000), GILMORE Project information (Lawrie et al., 2003b) and commercial drill
information (NSW DMR). Topographic map background courtesy of NMD, Geoscience Australia, 2004.
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Appendix M – Booberoi – Quandialla 1:50,000 scale
Regolith – Landform Map

SEE MAP OVER PAGE
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Holzapefel M. (2003) Booberoi-Quandialla Regolith-Landforms Map (1:50,000 scale).
Dryland Salinity Hazard Mitigation Program (DSHMP), University of Canberra,
Canberra.

This map has been omitted for practical reasons. It can be viewed with the hard copy of
this thesis at:
The Library
University of Canberra ACT 2601
or obtained from:
The Director
Dryland Salinity Hazard Mitigation Program
School of Education and Community Studies
University of Canberra ACT 2601
Tel/02) 6201-5296 Fax: (o2) 6201-5360
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Appendix N – Booberoi 1:20,000 scale Regolith –
Landform Map

SEE MAP OVER PAGE
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Holzapefel M. (2003) Booberoi Regolith-Landforms Map (1:20,000 scale). Dryland
Salinity Hazard Mitigation Program (DSHMP), University of Canberra, Canberra.

This map has been omitted for practical reasons. It can be viewed with the hard copy of
this thesis at:
The Library
University of Canberra ACT 2601
or obtained from:
The Director
Dryland Salinity Hazard Mitigation Program
School of Education and Community Studies
University of Canberra ACT 2601
Tel/02) 6201-5296 Fax: (o2) 6201-5360

Appendices

Appendix O – Quandialla 1:20,000 scale Regolith –
Landform Map
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Holzapefel M. (2003) Quandialla Regolith-Landforms Map (1:20,000 scale). Dryland
Salinity Hazard Mitigation Program (DSHMP), University of Canberra, Canberra.

This map has been omitted for practical reasons. It can be viewed with the hard copy of
this thesis at:
The Library
University of Canberra ACT 2601
or obtained from:
The Director
Dryland Salinity Hazard Mitigation Program
School of Education and Community Studies
University of Canberra ACT 2601
Tel/02) 6201-5296 Fax: (o2) 6201-5360

