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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)

Page vi

Acknowledgements

Acknowledgements
This project would not have been possible if not for the input and valuable assistance
provided by so many people listed below. My thanks and gratitude go out to all of you.
If I have missed anyone I sincerely apologise. It has certainly been a fun, exciting and a
thorough learning experience these past four years.
Firstly I would like to send a very big thank you to my supervisor Dr C. Leah Moore for
her expert supervision, patience, guidance and enthusiasm. Without Leah’s assistance
and guidance through DSHMP, this project would not have been possible.
A big thank you goes out to the following people:
•

DIPNR staff including Andrew Wooldridge and Rob Muller who originally had
the idea of investigating the area and who assisted generously with funding and
information.

•

Geoscience Australia staff including: Greg Tobin at GAV who digitised the
regolith – landform maps, ANSIR staff including Tim Barton, Dr Leonie Jones,
Alan Crawford and David Johnstone, for providing the means to undertake the
TEM survey and CRC LEME staff including Colin Pain, Tan kok Piang, Ken
Lawrie and Dave Gibbson.

•

Other sources including Mark Lackie and Kathlene Oliver from Macquarie
University, Zonge Engineering Australia including Mike Hatch, Darren Klingner
and Steven Shields, Water Prospecting Australia including Greg Blight and the
Geological Society of Australia.

•

Numerous farmers including the families at ‘Eurabba’, ‘Strathairlie’, ‘East Lea’,
‘Laurella’ and ‘Glenrock’ who provided access to their properties and who
generously participated in informative discussions and assistance.

A final and heartfelt thanks go to Mum, Dad, Jane, Kristen, Lilo, Bonnie and Gus for all
their love and support over the past four years. Thank you to Jane for her extensive
editorial assistance. To my love Jodi. Without you it would have been impossible. I
love you always.

Page vii

Table of Contents

Table of Contents
Abstract .......................................................................................................................................... i
Certificate of Authorship of Thesis.............................................................................................. iv
Retention and Use of Thesis ......................................................................................................... v
Acknowledgements..................................................................................................................... vii
Table of Contents....................................................................................................................... viii
List of Figures ............................................................................................................................. xii
Part 1 Introduction, Setting and Previous Work ........................................................................... 1
Chapter 1 - Introduction ........................................................................................................... 1
Introduction .......................................................................................................................... 1
Project Aims......................................................................................................................... 2
Project Strategies.................................................................................................................. 2
Project Area.......................................................................................................................... 3
Location ........................................................................................................................... 3
Access .............................................................................................................................. 4
Physiography ................................................................................................................... 4
Vegetation ........................................................................................................................ 6
Climate............................................................................................................................. 8
Hydrology ...................................................................................................................... 10
Review of Previous Major Mapping Over The B-Q Transect Mapping Area ................... 16
Chapter 2 – Geological Setting............................................................................................... 18
Geology .............................................................................................................................. 18
Structure ............................................................................................................................. 23
Geological History ............................................................................................................. 24
Mineral Exploration ........................................................................................................... 25
Regolith Development and Landform History................................................................... 29
Regional Regolith History.................................................................................................. 30
The Bland Basin ................................................................................................................. 31
Stratigraphic Descriptions.............................................................................................. 32
GILMORE Project Stratigraphy .................................................................................... 38
Chapter 3 – Previous Work..................................................................................................... 40
Depth to Slightly Weathered Bedrock ............................................................................... 40
Past Soil Classification Schemes........................................................................................ 42
Gilmore Project .................................................................................................................. 44
Regolith-Landform Mapping ......................................................................................... 44
Aeromagnetic Images .................................................................................................... 47
AEM (TEMPEST) ......................................................................................................... 49
Hydrological Studies .......................................................................................................... 50
Palaeoclimate ..................................................................................................................... 52
Remote Sensing.................................................................................................................. 54
Aerial Photography ........................................................................................................ 54
Aeromagnetics ............................................................................................................... 54
Aerial Gamma Ray Spectrometric (Radiometric) Image............................................... 55
Digital Elevation Model................................................................................................. 57
Airborne Electromagnetics ............................................................................................ 59
Page viii

Table of Contents

Satellite Imagery ............................................................................................................ 60
Chapter 4 – Dryland Salinity .................................................................................................. 64
Introduction ........................................................................................................................ 64
Units Of Measurements ................................................................................................. 64
Sources of Salt in the Landscape ................................................................................... 66
Salinity Indicators .......................................................................................................... 67
Soil Sodicity................................................................................................................... 68
Part 2 Methods and Results......................................................................................................... 69
Chapter 5 - Methods ............................................................................................................... 69
Regolith – Landform Mapping........................................................................................... 69
Regolith-Landform Mapping Schema ........................................................................... 69
Field Mapping................................................................................................................ 69
Map Compilation ........................................................................................................... 70
Map Reliability Diagram ............................................................................................... 72
Remotely-Sensed Sources .................................................................................................. 73
Aerial Photography ........................................................................................................ 73
Imagery .......................................................................................................................... 75
Drill Holes.......................................................................................................................... 76
Drill Hole Data Integration and Quality Issues.............................................................. 79
NanoTEM........................................................................................................................... 81
Acquisition..................................................................................................................... 82
Test Program.................................................................................................................. 83
Test Production Parameters and Equipment .................................................................. 86
Data Quality Control...................................................................................................... 86
Processing ...................................................................................................................... 87
Seismic Refraction ............................................................................................................. 87
Location ......................................................................................................................... 88
Site Planning .................................................................................................................. 88
Field Acquisition ............................................................................................................ 89
Strataview System.......................................................................................................... 91
Test Program.................................................................................................................. 93
Acquisition Parameters .................................................................................................. 94
Data Quality Control And Field Processing .................................................................. 94
Data Processing.............................................................................................................. 96
Chapter 6 Results - Regolith-Landform Mapping ................................................................ 100
In situ Bedrock ................................................................................................................. 102
Slightly Weathered Bedrock Regolith-Landforms........................................................... 103
Slightly Weathered Bedrock On Erosional Hill (Sseh1 Sseh2) ................................... 103
Slightly Weathered bedrock Over Erosional Low Hill (SSel1 SSel2).......................... 104
Slightly Weathered bedrock On Erosional Rise (SSer1 SSer2) ................................... 105
Transported Regolith Materials........................................................................................ 106
Colluvium:........................................................................................................................ 106
Colluvial Regolith-Landforms (Ceh, Cel, Cer, Chfc, Cfc) .......................................... 106
Alluvium .......................................................................................................................... 110
Alluvial Regolith-Landforms ........................................................................................... 110
Alluvial Fans (Afa1, Afa2, Afa3) ................................................................................ 110
Page ix

Table of Contents

Alluvial Plains (Aap1, Aap2, Aap3, Aap4, Aap5)....................................................... 115
Alluvial Floodplains (Aaf1, Aaf2) ............................................................................... 127
Alluvial Channels (ACa1, ACa2, ACa3, ACa4).......................................................... 129
Alluvial Swamp (Aaw) ................................................................................................ 134
Aeolian Materials (ISUD1, ISUD2) ............................................................................ 135
Chapter 7 Results - Drill Holes............................................................................................. 138
DIPNR Shallow Piezometers and Monitoring Bores ....................................................... 138
Quandialla Borefield ........................................................................................................ 142
Drill Hole Cross Sections................................................................................................. 146
Problems Encountered ................................................................................................. 146
Drill Hole Observations ............................................................................................... 147
Chapter 8 Results – Geophysics ........................................................................................... 150
NanoTEM......................................................................................................................... 150
Quandialla.................................................................................................................... 152
Booberoi....................................................................................................................... 153
Sandy ........................................................................................................................... 154
Seismic Refraction ........................................................................................................... 155
Sources of Noise .......................................................................................................... 161
Part 3 Discussion....................................................................................................................... 164
Chapter 9 Discussion: Distribution of Surficial Materials.................................................... 164
Regolith-Landform Mapping ........................................................................................... 164
Aeolian Input and Land Degradation ............................................................................... 165
Estimation of Salt Stores and a Model for Increasing Salt Stores.................................... 168
Gamma-Ray Spectrometry Image Interpretation: Distribution Pathways........................ 170
Chapter 10 Discussion: Validation of Map Products............................................................ 171
Remote Sensing Techniques Used to Characterise Surficial Materials ........................... 171
Aerial Photography ...................................................................................................... 171
Imagery ........................................................................................................................ 173
SPOT............................................................................................................................ 175
LANDSAT................................................................................................................... 175
Validation and Testing of the Regolith-landform Maps .................................................. 176
Chapter 11 Discussion: Constraining the Third Dimension ................................................. 178
Geophysical Methods....................................................................................................... 178
NanoTEM .................................................................................................................... 178
Seismic......................................................................................................................... 183
Strathairlie Traverse - Comparisons ............................................................................ 185
Drill Hole Information ..................................................................................................... 190
Drill Hole Analysis .......................................................................................................... 190
Limitations of Drill Hole results .................................................................................. 191
Stratigraphy ...................................................................................................................... 194
Stratigraphic Models ........................................................................................................ 195
Chapter 12 Discussion: Synthesis and Model Development ................................................ 196
Characterisation of Mapped Near Surface Palaeochannels.............................................. 196
Palaeotopography ............................................................................................................. 201
Shallow Fluid Flow Model............................................................................................... 209
Part 4 Conclusions .................................................................................................................... 213
Page x

Table of Contents

Chapter 13 - Conclusions ..................................................................................................... 213
Regolith – Landform Mapping......................................................................................... 213
Commercial, State and Commonwealth Drill hole Information ...................................... 214
GIS Technology and Integration ...................................................................................... 215
Imagery and Remotely-Sensed Methods.......................................................................... 215
Geophysical Surveys ........................................................................................................ 216
Transient Electromagnetics.......................................................................................... 216
Seismic Refraction ....................................................................................................... 217
Paleotopography............................................................................................................... 217
Shallow Fluid Flow Model............................................................................................... 218
Future Considerations ...................................................................................................... 219
Final Statement................................................................................................................. 221
Acknowledgments ................................................................................................................ 222
References ............................................................................................................................ 223
Appendix A - Location ............................................................................................................. 237
Appendix B - Geological Unit Descriptions ............................................................................. 237
Appendix C - Vegetation Types in The Bland Catchment ....................................................... 241
Appendix D – Soil Mapping ..................................................................................................... 243
Appendix E – Imagery .............................................................................................................. 250
Appendix F – Drill Holes.......................................................................................................... 253
Appendix G – Seismic Refraction ............................................................................................ 260
Project Proposal.................................................................................................................... 260
Equipment and Personnel for Seismic Refraction Survey GA03-QD1 ................................ 264
Crew List .............................................................................................................................. 264
Seismic Line Location .......................................................................................................... 265
Appendix H – Monitoring Bores .............................................................................................. 268
Appendix I – Drill Holes........................................................................................................... 274
Appendix J – Regional Spatial Analysis................................................................................... 295
Aerial Photography .......................................................................................................... 295
Booberoi Hills 1:20,000 Map Area.............................................................................. 295
Quandialla 1:20,000 Map Area.................................................................................... 296
Booberoi - Quandialla1:50,000 Map Area................................................................... 297
Imagery ............................................................................................................................ 301
SPOT............................................................................................................................ 301
LANDSAT 7 (ETM+) ................................................................................................. 303
LANDSAT 5 (TM) ...................................................................................................... 312
ASTER......................................................................................................................... 314
Appendix K - Additional Information ...................................................................................... 318
MPS Survey.......................................................................................................................... 318
Appendix L - Palaeotopography ............................................................................................... 320
Appendix M – Booberoi – Quandialla 1:50,000 scale Regolith – Landform Map ................... 322
Appendix N – Booberoi 1:20,000 scale Regolith – Landform Map ......................................... 323
Appendix O – Quandialla 1:20,000 scale Regolith – Landform Map ...................................... 324

Page xi

List of Figures

List of Figures
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. ......................................................................................................................3
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 coinciding with State Forests and Conservation Reserves. Topographic map background
courtesy of NMD, Geoscience Australia, 2000.................................................................5
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..............................................................8
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. ....................................................................................9
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................................................................................................................ 12
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)..................................14
Figure 7: Cross-section F detailing the composition of valley infill sediments. From
Anderson et al.,. 1993. ....................................................................................................14
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. .........15
Figure 9: Piezometric surface for deep and shallow fluid flow. From Anderson et al.,
1993.................................................................................................................................15
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. ............20
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.
.........................................................................................................................................22
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...............27
Figure 13: Selected current exploration leases across the B-Q Transect. Courtesy NSW
DMR, 2003. Red line represents B-Q Transect area. ....................................................28
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...........................................................................................................................30
Figure 15: Bedrock terrain and the margins of the Bland Palaeochannel (also referred
to as ‘palaeovalley’ and ‘basin’). From White, 2000. ....................................................31
Page xii

List of Figures

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.......................33
Figure 17: The cross sectional morphology of the Carrabear Formation. The
Carrabear Formation is Late Pleistocene in age and represents a bed-load to mixedload 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................................................................................................34
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..34
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. ...............................................................35
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. ...................37
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. ...........................................................................................37
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. .........................................41
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.
.........................................................................................................................................43
Figure 24: The GILMORE Project Mapping area with the extents of the B-Q Transect.
From Lawrie et al., 2002. ...............................................................................................45
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. ............................................................................46
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.................................................................................................................................48
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 clay-rich sediments. The blue feature (less conductive) represent near-fresh
sedimentary bedrock. Courtesy CRC LEME, Geoscience Australia, 2003. ...................50
Figure 29: Total Magnetic Intensity of the B-Q Transect area. West sun angle.
Courtesy Geoscience Australia. ......................................................................................55
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
Page xiii

List of Figures

identifies similar regolith-landform features seen in the B-Q Transect. Sourced from
Meakin, 2001...................................................................................................................56
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............................57
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. .....58
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. ..............................................59
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. ...............................................................60
Figure 35: Regolith-landform classification scheme descriptor with accompanying
explanatory notes. After Pain et al., 2000.......................................................................69
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. ...........72
Figure 37: Generalised diagrammatic sketch of the NanoTEM field setup. Courtesy
Zonge Engineering Australia, 2003. ...............................................................................83
Figure 38: NT-20 Transmitter used as part of the NanoTEM survey. Courtesy Zonge
Engineering Australia, 2003. ..........................................................................................84
Figure 39: GDP-32 receiver, closely resembling the GDP-16 used as part of the
NanoTEM survey. Courtesy Zonge Engineering Australia, 2003..................................84
Figure 40: Field setup of the NanoTEM system used for the three traverses,
‘Quandialla’, ‘Booberoi’ and ‘Sandy’............................................................................84
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. ..89
Figure 42: T15000 MiniVib ............................................................................................90
Figure 43: T15000 MiniVib corrugated vibrating plate in retracted position. ..............91
Figure 44: The Strataview 48 channel receiver..............................................................91
Figure 46: The RTS-100 Minivib sweep controller. .......................................................92
Figure 47: The field setup arrangement of the Strataview, roll-along switch, batteries
and RTS-100 in an ANSIR field vehicle ..........................................................................93
Figure 48: Deployment of geophones along spread. Red markers (seen bottom right)
are stations spaced 10m apart. .......................................................................................94
Figure 49: An example of an off-end source refraction data record. First breaks
highlighted by red line. ...................................................................................................95
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. .............................................................................................................99
Page xiv

List of Figures

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....................................................................101
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. ........................................................................................................102
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........................................................................................................103
Figure 55: Slightly weathered bedrock on an erosional low hill (SSel1 & 2) located in
the Curraburrama State Forest.....................................................................................104
Figure 56: Slightly weathered bedrock on an erosional rise (SSer2) located north of
Barmedman near Yiddah. Note salt efflorescing on the surface...................................105
Figure 57: Slightly weathered bedrock on an erosional rise (SSer1) located east of
Barmedman near the Boginderra Hills.........................................................................106
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..........................................................................................107
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.
.......................................................................................................................................107
Figure 60: Colluvial erosional rises (Cer) on the flanks of a low bedrock rise located to
the east of Bribbaree. ....................................................................................................108
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. .............................................................................................................................109
Figure 63: Cross section through an upland alluvial fan (Afa1) exposed in a creek at
the base of the Weddin Mountains. Looking north .......................................................111
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. .......................112
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)..................................................................113
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, lowlying 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)...................................................................................114
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
Page xv

List of Figures

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). ....................................................................................................................114
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.......115
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 well-rounded to subrounded and, when not combined with mottled clays are
typically white to beige in colour. .................................................................................116
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.............................................................117
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. ......................................................................................................118
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.....................118
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. ..................................119
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. ...............................................................................................119
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).....................................120
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). ........................................................................................120
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................121
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). ..........................................121
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. ...................................................................................................122
Figure 80: Name of local property located on alluvium on an alluvial plains (Aap5).
Located south west of Bland. ........................................................................................123

Page xvi

List of Figures

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. .....124
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. .........125
Figure 83: Alluvium on depositional plains (Apd2) located north of Burrangong Creek.
Looking south. ...............................................................................................................126
Figure 84: Brown silty clays grading to brown and grey clays representing alluvium on
low-lying 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 . ......................................................................................................127
Figure 85: Alluvium on an alluvial floodplain (Aaf1). Located on the margins of an
unnamed cowal (ACa4) draining into Barmedman Creek. Looking north..................128
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. .....129
Figure 87: Alluvium in an alluvial channel (ACa1) located in the upper margins of
Burrangong Creek. Looking west. ...............................................................................130
Figure 88: Alluvium in an alluvial channel (ACa1) located in the upper margins of
Bribbaree Creek. Looking east. ...................................................................................130
Figure 89: Alluvium in an alluvial channel (ACa2) showing a deeply incised section of
Bribbaree Creek. Looking east. ...................................................................................131
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. ...........................................................................................................................131
Figure 91: Section of alluvium in an alluvial channel (ACa3) in Burrangong Creek
adjacent to the Eurabba State Forest. Looking south..................................................132
Figure 92: Section of alluvium in an alluvial channel (ACa3) in Caragabal Creek.
Looking east. .................................................................................................................132
Figure 93: Section of alluvium in an alluvial channel (ACa4) located in Barmedman
Creek with a narrow margin of riparian vegetation.....................................................133
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...........................................................................................................................133
Figure 95: Alluvium in an erosional depression (Aed) located in a road side verge south
of the Booberoi Hills. Looking east. Car for scale ......................................................134
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. 135
Figure 97: Aeolian sands in a dune (ISUD1) located south of the Booberoi Hills.
Looking west. ................................................................................................................136
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. ......................................137
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
Page xvii

List of Figures

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. ..........140
Figure 100: Location of DIPNR Bores examined prior to the installation of the
Quandialla Borefield. Information courtesy of Central Tablelands Water, 2003).......143
Figure 101: Quandialla production bore and DIPNR monitoring bore results. Changes
in sediments can be traced laterally between holes. Courtesy Central Tablelands
Water, 2003. ..................................................................................................................145
Figure 102: The location of State, Commonwealth and commercial drill holes, bores
and piezometers. Imagery background courtesy of ACRES, Geoscience Australia, 2002.
.......................................................................................................................................149
Figure 103. NanoTEM traverse ‘Quandialla’. Orientation is left (north) to right (south).
.......................................................................................................................................152
Figure 104. Northern half of the NanoTEM traverse ‘Quandialla’. Orientation is left
(north) to right (south). .................................................................................................152
Figure 105. Southern half of the NanoTEM traverse ‘Quandialla’. Orientation is left
(north) to right (south). .................................................................................................152
Figure 107: NanoTEM traverse ‘Booberoi’. Orientation is left (south) to right (north).
.......................................................................................................................................153
Figure 108: SPOT image of the location of the NanoTEM survey. ..............................153
Figure 109: Legend information for the NanoTEM survey. .........................................153
Figure 110: NanoTEM traverse ‘Sandy’. Orientation is left (south) to right (north). .154
Figure 111: SPOT image of the location of the NanoTEM survey. ..............................154
Figure 112: Legend information for the NanoTEM survey ..........................................154
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. ..........................................................................................158
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. ..........................................................................................158
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. ............................................................................159
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. ....................................................................................................159
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. ............................................160
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
Page xviii

List of Figures

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. ..........................................160
Figure 119: Powerlines shown above were observed to a constant source of high
frequency, audible noise and showed up regularly on trace records. ..........................161
Figure 120: Cattle were another source of noise .........................................................162
Figure 121: Trains produced the strongest noise and the survey would be suspended for
several minutes before, during and after a trains passing............................................162
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....................163
Figure 123: Sandy soils exhibiting modification and transport by wind with deposition
along low obstructions including fences. ......................................................................165
Figure 124: 23/10/2002 Dust Storm as seen by the ‘Terra’ Satellite (ACRES,
Geoscience Australia, 2002). ........................................................................................167
Figure 125: The distribution of recent aeolian material sourced from the Murray Basin
during glacial maxima stages 2 and 6. From Hesse, 1994...........................................169
Figure 126: Basic diagram showing the concentration of salts from floodwaters and
infiltration into adjoining palaeochannels....................................................................170
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.............................................................................................................................172
Figure 128: Colour and black and white aerial photography with 1:50,000 scale
regolith-landform 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................................................................173
Figure 129: SPOT imagery with 1:50,000 scale regolith-landform polygons. Regolithlandform 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..................................175
Figure 130: LANDSAT imagery with 1:50,000 scale regolith-landform. Regolithlandform 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, sandrich sediments. LANDSAT imagery courtesy of ACRES, Geoscience Australia. .........175
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. .............................................................................................181
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.................................................................................................................182
Figure 133: Data acquired over the northerly ‘Eurabba palaeochannel’ showing a
‘stepped’ appearance and attenuation of higher frequencies.......................................185
Figure 134: Data acquired over clay-dominant sediments showing greater transmission
of MiniVib P-wave signal..............................................................................................185
Page xix

List of Figures

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). ...........................................................................................................188
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..................189
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. .......................................................................198
Figure 138: Graph showing velocity / grain size plot. Velocity values were initially
taken from here. From Pettijohn, 1975.........................................................................200
Figure 139: Sedimentary features and stream conditions relating to the Froude number.
From Pettijohn, 1975. ...................................................................................................201
Figure 140: Sedimentary provinces defined by bedrock type, catchment size and
sediment type and composition. Topographic map background courtesy of NMD,
Geoscience Australia, 2004. .........................................................................................203
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).............................................................................................................................207
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). .................................................................................................................208
Figure 143: DIPNR bore GW036603 with annual records of standing water level. Data
courtesy of DIPNR, 2001. .............................................................................................270
Figure 144: DIPNR bore GW036604 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................270
Figure 145: DIPNR bore GW036605 with annual records of standing water level.
Courtesy of DIPNR 2001 ..............................................................................................270
Figure 146: DIPNR bore GW036606 with annual records of standing water level.
Courtesy of DIPNR 2000. .............................................................................................271
Figure 147: DIPNR bore GW036627 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................271
Figure 148: DIPNR bore GW036629 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................271
Figure 149: DIPNR bore GW036628 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................272
Figure 150: DIPNR bore GW036628 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................272
Figure 151: DIPNR bore GW036630 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................272
Figure 152: DIPNR bore GW036632 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................273

Page xx

List of Figures

Figure 153: DIPNR bore GW036741 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................273
Figure 154: DIPNR bore GW036741 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................273
Figure 155: DIPNR bore GW0366825 with annual records of standing water level.
Courtesy of DIPNR 2001. .............................................................................................273
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. ..........................................................................................................274
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.............................................................................................................................278
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. ............................279
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 low-angle 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. ..................................................................280
Figure 160: Traverse V7-V8 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................281
Figure 161: Traverse V8-H17 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................282
Figure 162: Traverse V9-V10 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................283
Figure 163: Traverse V11-V12 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................284
Figure 164: Traverse V16-V17 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................285
Figure 165 Traverse V18-V19 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................286
Figure 166: Traverse H1-H2 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................287
Figure 167: Traverse H3-H4 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................288
Figure 168: Traverse H5-H6 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................289
Figure 169: Traverses H7-H8 and V17-H7 compiled from commercial, State and
selected Commonwealth drill logs. ...............................................................................290
Figure 170: Traverse H9-H10 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................291
Page xxi

List of Figures

Figure 171: Traverse H11-H12 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................292
Figure 172: Traverse H13-H14 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................293
Figure 173: Traverse H15-H16 compiled from commercial, State and selected
Commonwealth drill logs. .............................................................................................294
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 ...............298
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. ................................................................................................................299
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...............................................................................................................................299
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.
.......................................................................................................................................300
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 landuse patterns are observed with intensive cropping located on floodplains and alluvial
plains away from bedrock rises typically situated in conservation reserves, 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. ................................................................................................300
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..................301
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). ............................................................................................................................302
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...............................................................................................................................308
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
Page xxii

List of Figures

the junction of the Bland and Wah Way Creeks (D). LANDSAT imagery courtesy of
ACRES, Geoscience Australia, 2001. ...........................................................................308
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. ...........................................................................309
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. ...........................................................................309
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..............................................................................................................310
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..............................................................................................................310
Figure 187: Bands 754 (BGR) showing false colour image of the south eastern quarter
of the B-Q 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. .......................................................................311
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..........................311
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............................................312
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......................................313
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. .313
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
Page xxiii

List of Figures

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. ...............................................................................................................................315
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. ...........................................................................316
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. ...................................................................................................317
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. ...........................................................................................................319
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.
.......................................................................................................................................320
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...............................................................................................................................321

Page xxiv

List of Tables

List of Tables
Table 1: Common under-storey species found within the B-Q Transect. Summarised
from Cunningham et al., 1981 & King, 1998....................................................................7
Table 2: Characteristic upper storey vegetation assemblages and their common
landscape positions found within the B-Q Transect. Summarised from King, 1998. .......7
Table 3: Rainfall distribution at the population centres of Wyalong, Barmedman and
Grenfell, 1871 to present. Summarised from King, 1998. ................................................9
Table 4: Tabulated data showing each drainage channel and the estimated surface
area. ................................................................................................................................12
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. ............................................................................................16
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. .............................................................19
Table 7: Time-space plot for the B-Q Transect. Summarised from Lyons, Raymond &
Duggan, 2000..................................................................................................................21
Table 8: Current exploration leases and leaseholders across the B-Q Transect area.
Courtesy NSW DMR, 2003..............................................................................................26
Table 9: Comments regarding drill conditions and regolith products across the B-Q
Transect area. Courtesy NSW DMR, 2003. ...................................................................27
Table 10: Descriptions and characteristics of the Lachlan and Cowra Formations.
Summarised from Williamson, 1986. ..............................................................................36
Table 11: Summary of informal stratigraphy including descriptive characteristics as
part of the GILMORE Project (Gibson, Unpubl, Gibson et al., 2002a&b)....................39
Table 12: Inferred age relationships between the Nyngan / Walgett, Lachlan Valley and
the GILMORE Project Stratigraphy models. ..................................................................39
Table 13: Summary of Hydrological studies relating to the Bland Basin and the B-Q
Transect area. Summarised from McInnes, 1995. ..........................................................51
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). ..................................................................................................................53
Table 15: Summary of LANDSAT 5 and 7 band characteristics. Summarised from
ACRES 2003 & AGRECON, 2000. .................................................................................61
Table 16: Spectral range of ASTER bands and mineral groups detectable using specific
bands. ..............................................................................................................................63
Table 17: Conversion units for salinity...........................................................................64
Table 18: Salinity tolerances of different vegetation types. From McInnes, 1995, Taylor,
1993.................................................................................................................................65
Table 19: Summary of Indicators Relevant to Dryland Salinity. ....................................67
Table 20: Properties that have provided anecdotal information about the location,
depth and quality of groundwater in the B-Q Transect. .................................................70
Table 21: Processes performed on available black and white and colour aerial
photography. ...................................................................................................................74
Table 22: Summary of aerial photography examined covering the B-Q Transect. ........74
Page xxv

List of Tables

Table 23: Source information for drill hole analysis with additional comments on the
usefulness, accuracy and reliability of the data..............................................................78
Table 24: Different loop configurations possible with TEM studies. .............................85
Table 25: Acquisition parameters for the Zonge NanoTEM system. .............................86
Table 26: Equipment list for the NanoTEM survey. .......................................................86
Table 27. Processing steps used prior to data modelling of line GA03-QD1 ................97
Table 28: Selected DIPNR piezometer data with supplementary water quality
information from other field sites for comparison. .......................................................139
Table 29: Summary of long term (16 year) water level trends observed in DIPNR
monitoring bores. Data courtesy of DIPNR, 2002.......................................................141
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. ......................................................142
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...............................................................................................................................143
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. ...................................................144
Table 33: Tabled results of NanoTEM surveys across the Booberoi, Sandy and
Quandialla surveys (Figures 103-112). ........................................................................151
Table 34: Results of seismic refraction with additional comments based on field
observations and post acquisition processing. .............................................................157
Table 35: Total salt volume calculations of the B-Q Transect catchment....................168
Table 36: Imagery type validating regolith-landform polygon accuracy.....................176
Table 37: Summery of models and observations gained from commercial, open file
mineral exploration reports. Information courtesy of NSW DMR, 2002......................194
Table 38: Field observations of palaeochannels. .........................................................199
Table 39: Description and surface extent of the five different provinces observed from
drill hole and palaeotopographic analysis. ..................................................................202
Table 40: Description of bedrock topography and early sedimentary patterns for the
different provinces within the B-Q Transect. ................................................................205
Table 41: Description of upper sedimentary patterns for the different provinces within
the B-Q Transect. ..........................................................................................................206
Table 42. Areas mapped as recharge zones from 1:20,000 and 1:50,000 scale regolithlandform mapping. ........................................................................................................210
Table 43: Recommendations used to pinpoint groundwater and incorporated into the
shallow fluid flow model from analysis of the palaeotopography. ...............................211
Table 44: Shallow fluid flow models for the B-Q Transect...........................................212
Table 45: Grid Co-ordinates for the B-Q Transect Area..............................................237
Table 46: Summary of interpreted bedrock types over the B-Q Transect listed from west
to east. ...........................................................................................................................237
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................................................................................................................238
Page xxvi

List of Tables

Table 48: The various major tree species, habitats and preferential soil types found
over the mapping area. Summarised from Cunningham et al., 1981). .........................241
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.
.......................................................................................................................................243
Table 50: Summary of soil landscapes for the Forbes 1:250,000 scale mapsheet.
Summarised from King, 1998........................................................................................246
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........................................................................................246
Table 52: Summary of LANDSAT 7 characteristics. Summarised from ACRES, 2003.250
Table 53: Selected characteristics of SPOT 2 compared against other SPOT satellite
platforms. Courtesy of ACRES, 2003............................................................................250
Table 54: Summarised comparison of multispectral and panchromatic components of
SPOT satellite platforms. Courtesy of ACRES, 2003....................................................251
Table 55: Details of the TERRA (ASTER) platform. Courtesy of ACRES, 2003. .........251
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.....................................252
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.
.......................................................................................................................................252
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. ........................................................................................................................252
Table 59: Original NASA ASTER file names and converted file names. ......................252
Table 60: Summary of ASTER files converted and used for mapping and comparison
purposes. .......................................................................................................................252
Table 61: File extensions used in the conversion from .hdf to .img file format...........253
Table 62: Drill holes examined and used in the creation of cross section diagrams. ..253
Table 63. Equipment list for seismic refraction survey GA03-QD1. ............................264
Table 64: Crew list for Line 03GA-QD1 undertaken. ..................................................264
Table 65: Station locations and elevations. Note: Elevation variation along entire line
<6 m. .............................................................................................................................265
Table 66: Operational recording parameters for the acquired refraction data...........266
Table 67: Operational recording parameters for the acquired reflection data............267
Table 68: DIPNR Monitoring Bore Observations ........................................................268
Table 69: Descriptions of drill hole transects located within the mapping area. ........275
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..............................................................................................................304
Table 71: Review of band combinations and their overall usefulness when applied to
regolith-landform mapping. ..........................................................................................307
Table 72: ASTER band combinations used in preliminary regolith-landform
investigation and comments. .........................................................................................314
Page xxvii

