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Director’s foreword
Following the November 2006 Summit on the southern Murray-Darling Basin (MDB), the then Prime Minister and MDB
State Premiers commissioned CSIRO to undertake an assessment of sustainable yields of surface water and
groundwater systems within the MDB. The project (completed in 2008) was a world first for rigorous and detailed
basin-scale assessment of the anticipated impacts of climate change, catchment development and increasing
groundwater extraction on the availability and use of water resources.
Following the success of the MDB project, the Council of Australian Governments (COAG) agreed to expand the CSIRO
assessments of water yield so that, for the first time, Australia would have a comprehensive scientific assessment of
water yield in all major water systems across the country. This would allow a consistent analytical framework for water
policy decisions across the nation. Thus in March 2008 COAG commissioned three further Sustainable Yields projects
(for northern Australia, south-west Western Australia and Tasmania), providing a nation-wide expansion of the
assessments. These were completed in September 2009, December 2009 and February 2010, respectively.
Determinations of sustainable yield and/or over-allocation require choices by communities and governments about the
balances of outcomes (environmental, economic and social) sought from water resource management and use. These
choices are best made on the basis of sound technical information, with the fundamental underpinning information being
a robust description of the extent and nature of the water resource.
The Great Artesian Basin Water Resource Assessment (the Assessment), undertaken by CSIRO and partners together
with other consultants, provides this fundamental underpinning information for the Great Artesian Basin (GAB).
Consistent with the previous Sustainable Yields projects, this assessment will provide an analytical framework to assist
water managers in the GAB to meet National Water Initiative (NWI) commitments. A key outcome of the Assessment will
be to communicate the best available science to the Australian Government in order to advance basin groundwater
management under the NWI water reform agenda. It will provide an information base that supports both investment and
the environment, and that underpins the capacity of Australia’s water management regimes to deal with change both
responsibly and fairly (NWI Clause 5). In accordance with NWI Clause 40, the Assessment will inform the implementation
of existing water plans through providing information about the status of GAB aquifer systems, data from which could be
used to better monitor the performance of water plan objectives, outcomes and water management arrangements. The
Assessment will also assist in achieving Action 79 under the NWI in relation to better recognising the different types of
surface water – groundwater interactions.

Dr Bill Young
Director, Water for a Healthy Country Flagship
CSIRO
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Acronyms and initialisms and shortened forms
AEM

Airborne electro magnetic

API

American Petroleum Institute

AQUIFEM-N

multi-layered finite element aquifer flow model

BMR

Bureau of Mineral Resources

BRGM

Bureau de Recherches Géologiques et Minières

BRS

Bureau of Rural Sciences

CEc

northern central Eromanga Basin flow path

CEd

southern central Eromanga Basin flow path

CMB

chloride mass balance

CSG

coal seam gas

DEM

digital elevation model

DERM

Queensland Department of Environment and Resource Management

EC

electrical conductivity

ERM

Evergreen Resistivity Marker

EVI

Enhanced Vegetation Index

GAB

Great Artesian Basin

GABBRP

Great Artesian Basin Bore Rehabilitation Program

GABCC

Great Artesian Basin Coordinating Committee

GABFLOW

steady-state groundwater flow model of the Great Artesian Basin

GABHYD

Great Artesian Basin hydraulic model

GABLOG

Great Artesian Basin wire-line logged borehole database

GABSI

Great Artesian Basin Sustainability Initiative

GABSIM

Great Artesian Basin simulation model

GDR

Great Dividing Range

GMI

Gidgealpa-Merrimelia-Innamincka

GR

gamma ray

GSQ

Geological Survey of Queensland

HST

Highstand Systems Tract

ICS

International Commission on Stratigraphy

JNP

Jackson-Naccowlah-Pepita (trend)

MBR

mountain block recharge

MFR

mountain front recharge
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MODFLOW

modular three-dimensional finite-difference groundwater flow model

MODIS

Moderate Resolution Imaging Spectroradiometer

MSR

mountain system recharge

NEa

northern Eromanga flow path

NWI

National Water Initiative

PDB

PeeDee Belemnite (a carbonate standard used for carbon-13)

PFS

polygonal fault system

PIRSA

Primary Industries and Resources South Australia

pMC

percent modern carbon

QA

quality assurance during assessment of data

QPED

Queensland Petroleum Exploration Database

RDG

Rolling Downs Group

RGB

red-green-blue colour

SAR

high sodium adsorption ration

SD

standard deviation

TDI

total dissolved ions

TDS

total dissolved solids

TST

Transgressive Systems Tract
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Units of measurement
Measurement units

Description

L

litre

ML

megalitre (1,000,000 litres)

GL

gigalitre (1,000,000,000 litres)

TL

teralitres (1,000,000,000,000 litres)

gallons

gallons

mmcf

one million cubic feet

cc

cubic centimetre

mg

milligrams

g

grams

mAHD

metres above Australian Height Datum

mASL

metres above sea level

mBGL

metres below ground level

D

Darcy

mD

milliDarcy

Ma

million years

ka

kiloannum (thousands of years)

feet

feet

mm

millimetres

m

metres

km

kilometres

MPa

megapascals

percent

parts per hundred

per mil

parts per thousand

pMC

percent Modern Carbon
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Executive summary
About the Assessment
Since 2007, CSIRO has been undertaking scientific assessments of current and future water availability in major water
systems across Australia through its Sustainable Yields projects. To date, rigorous assessments of the anticipated
impacts of climate change, catchment development and increasing groundwater extraction on the availability and use of
water resources have been completed for the Murray-Darling Basin, northern Australia, south-west Western Australia
and Tasmania. The underlying aim has been to provide consistent water resource assessments to guide water policy
and water resources planning.
Determinations of sustainable water resource development and allocations require choices by governments and
communities about the balance of outcomes (environmental, economic and social) sought from water resource
management and use. These choices are best made on the basis of sound scientific information, particularly a robust
description of the extent, variability and nature of the water resource. Consistent with the previous Sustainable Yields
projects, the Great Artesian Basin Water Resource Assessment (the Assessment) provides an analytical framework to
assist water managers in the Great Artesian Basin (GAB) to meet National Water Initiative commitments.
This technical report provides details related to the hydrostratigraphy, hydrogeology and system conceptualisation of the
GAB. A companion technical report titled Lexicon of the Lithostratigraphic and Hydrogeological Units of the Great
Artesian Basin and its Cenozoic Cover is also available.

The Great Artesian Basin
A long-standing conceptualisation by Habermehl in 1980 viewed the GAB as a single, large, contiguous groundwater
flow system in which aquifers were considered to be laterally continuous across the extent of the entire GAB. The
Assessment provides an updated interpretation of the geology and hydrogeology of the GAB. The result of the
Assessment is an update of the conceptualisation of how the groundwater system operates – an update of the
conceptual model, which is described in this report. This interpretation is more complex than had been previously shown.
The GAB contains an extensive and complex groundwater system. It encompasses several geological basins that were
deposited at different times in Earth’s history, from 200 to 65 million years ago in the Jurassic and Cretaceous periods.
These geological basins sit on top of deeper, older geological basins and in turn, have newer surface drainage divisions
situated on top of them (e.g. the Lake Eyre and Murray-Darling river basins). In this context – as a groundwater basin –
the GAB is a vast groundwater entity underlying one-fifth of Australia.

Key findings
Knowledge of the GAB has gradually evolved since the late 1800s. The new findings of the Assessment include:
•

Establishment of a formal definition of underlying aquifers that are in contact with aquifers of the GAB. In
addition to these direct connections, the Assessment has also identified locations where the structure of
hydrostratigraphic units in the GAB has been inherited from deeper geological structures.

•

Development of new categorisation for GAB hydrostratigraphy. This expands previously defined ‘aquifers and
aquitards’ into five gradations that better represent the variation in geological formations. In combination with
these refined categories, existing data for hydraulic properties (i.e. porosity and permeability) have been
summarised for specific formations.

•

Updating the geology and hydrogeology has led to revisions of the boundary of the GAB in the Coonamble
Embayment, the western margin in South Australia and the Northern Territory and the western margin near
the Gulf of Carpentaria.
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•

Preparation of the first ever maps of a regional watertable. These provide a basis to evaluate relationships
between groundwater recharge and discharge for non-artesian portions of the GAB, as well as a consistent
data source to further investigate interaction between groundwater and surface water. Notable findings include
a the Dawson River choke and configuration across the Eulo Ridge, where locally driven flow has a small
effect on the GAB water balance.

•

Preparation of the first ever maps of groundwater levels representing the Cadna-owie – Hooray Aquifer and
equivalents that include faults. The amount of vertical displacement from faulting is variable, but interpolation
of groundwater levels where faults act as barriers to groundwater flow has led to a new perspective of
groundwater conditions.

•

Compilation of groundwater level maps for 20-year intervals beginning in 1900. These maps illustrate the
decline in groundwater levels in the early part of the last century, but more recently an increase (recovery) of
groundwater levels is evident from capping and piping activities.

•

Evaluation of evapotranspiration from riparian corridors in the Central Eromanga Basin. Preliminary
assessment reveals that water loss could be greater than the total spring discharge from the Surat and
Eromanga Basins.

Geologic understanding
The aquifers of the GAB are composed of predominantly continental sandstones, confined by aquitards of both fluvial
and marine mudstone and siltstone of Jurassic and Cretaceous age. The geological basins within the GAB – Eromanga,
Surat, Clarence-Moreton, and Carpentaria – share a similar depositional history and tectonic evolution. However, slight
differences in the rates of subsidence and deposition are caused by structures inherited from older, underlying basins,
especially in the Eromanga and Surat basins. These structural elements create the depocentres, ridges, and troughs that
are the foundation for the hydrogeologic basin observed today (Figure 2.3).
In the Gulf of Carpentaria, the Jurassic-Cretaceous Carpentaria and Laura basins are shallow and broad, extending
offshore to underlie most of the Gulf of Carpentaria. The Carpentaria Basin adjoins and is continuous with the Eromanga
Basin over the Euroka Arch. The onshore Carpentaria Basin has tenuous geological connection eastwards over the
Kimba Arch with the Laura Basin. However, these function as hydrogeologically independent basins (Figure 2.6).
Significant folding and disruption of the sedimentary layering has occurred in the GAB, including reactivation of
pre-existing basement faults. The main artesian aquifers and aquitards of the Central Eromanga Basin were significantly
structurally compromised. In comparison to the composite thickness of the Cadna-owie – Hooray Aquifer, the scale of
fault displacements infers the complete disruption of continuity in the aquifers locally along these features, as well as
providing potential vertical fluid escape conduits to higher aquifers and the surface. Given the widespread deformation
within this central depocentre and the displacement of the aquifer sequence on many of the faults, structure can be a
significant impediment to regional lateral groundwater flow.
In addition to faults caused by continental-scale stresses, the Rolling Downs Group – a thick sequence of aquitards and
partial aquifers overlying the Cadna-owie – Hooray Aquifer and equivalents – has undergone polygonal faulting. This
faulting style has a distinctive surface expression of discrete polygonal shaped areas. The polygonal faults form potential
conduits for upward leakage from the artesian Cadna-owie – Hooray Aquifer and equivalents. The presence of vertical
faults across GAB aquifers and polygonal faults across GAB aquitards will influence groundwater flow. Some faults may
create barriers to groundwater flow, which could cause unexpected changes in pressure where groundwater
development occurs.
Cenozoic cover over the Eromanga, Surat and Carpentaria sub-basins is extensive but varying in thickness due to
erosion. Repeated weathering cycles and uplift of the eastern margin of the GAB created an asymmetric westward tilt to
the basin, initiating artesian conditions and westward throughflow within the basin. Close to the eastern uplifted region,
drainage became deeply incised, creating extensive paleochannels as well as modern surface drainage systems.
The asymmetry in uplift preserved weathering thickness and the deeper basin accumulations of the Lake Eyre Basin.
The Lake Eyre and Karumba basins are major depocentres with over 500 m of sediment. Across the GAB, differential
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weathering and deposition have created numerous smaller basins overlying the Jurassic-Cretaceous sequence. These
shallower basins are the basis for alluvial deposits and associated groundwater systems overlying the GAB.

Reclassifying the hydrostratigraphy
A regional-scale understanding of the basin has steadily evolved over the last century through comparison and
correlation of the many separate and geographically-isolated studies. As a result, there are some 47 formations and 20
members that make up the lithostratigraphic framework of the Eromanga, Carpentaria, Laura, Surat and ClarenceMoreton geological basins that host the hydrogeological GAB. As lithostratigraphy is continually being revised to
accommodate new information from industry, mapping, and age studies, the companion technical report attempts to
cover all aspects of these rock units: nomenclatural, age, distribution, rock types, and hydrological properties.
An updated correlation of the hydrostratigraphic units is shown on Figure 4.2. The basin-wide binary categorisation of
‘aquifers and aquitards’ has been reclassified to include more variability in properties of hydrostratigraphic units. The
result is a more realistic gradational classification that includes ‘good aquifer, partial aquifer, leaky aquitard, tight aquitard
and aquiclude’.

Hydrogeological characteristics
Many sedimentary basins directly underlie the GAB (Figure 2.7). The Jurassic-Cretaceous sequence in the central
Eromanga, Surat and Clarence-Moreton basins thickens over underlying depocentres of several smaller, mainly non
marine Permian-Triassic basins including the Bowen, Cooper, Galilee, Pedirka, Simpson and Arckaringa basins.
Because the GAB is situated on top of these deeper geological basins, there are some locations where GAB aquifers are
connected to aquifers in the deeper basins. Hydrogeological connection exists with good aquifers in several underlying
basins. The connections form a patchwork across the GAB, with approximately 50 percent connectivity in the Eromanga
Basin, 10 percent in the Surat Basin, and 5 percent in the Carpentaria Basin.
The hydraulic properties of aquifers are usually established by direct measurement from in field shut-in and pumping
tests. However, there are very few available field determinations for aquifers of the GAB. As a surrogate for field
measured values, information about the physical rock properties (porosity and permeability) have been collated from
state-agency databases. The reported porosity and permeability values are predominantly those of sandstone in these
formations and are likely to be skewed toward higher values within a particular formation. The skewed distribution toward
higher permeability values will be more apparent in aquitards that contain sandstone beds.
To begin accounting for the skewness, the sand–shale proportions were estimated from exploration well data (wire-line
logs) and statistical analysis. Across the majority of the GAB, with exception of the north-western Eromanga
Basin/Birdsville Track Ridge region, there is low variability in gamma ray logs. This finding implies that differentiating
sand–shale proportions cannot be completed solely by common wire-line log information. There is no observable
difference in gamma ray characteristics between the Wallumbilla Formation and the underlying Cadna-owie Formation
and Hooray Sandstone. However, the sequence within and below the Cadna-owie/Hooray Aquifer offers quite distinctive
differentiation of sands and shales.
The geological formations that contain aquifers have average permeability values between 100 and 1000 milliDarcys
(mD), with only a few measurements below 10 mD. This is equivalent to approximately 0.1 to 1 m/year of horizontal
groundwater movement. The geological formations known to contain aquitards have average permeability values
between 10 and 100 mD, which is equivalent to approximately 1 cm/year of horizontal groundwater movement.
Permeability variation for the Surat Basin aquifers does not appear to differ greatly, with average values being 426 mD
for the Hutton Sandstone and 320 mD for Precipice Sandstone. The average permeability value for the Surat region
aquitards is 67 mD for the Walloon Coal Measures and 87 mD for the Evergreen Formation. In the central portion of the
Eromanga Basin, he Cadna-owie Formation has an average permeability of 96 mD, which is a low value for an aquifer.
Spatially, the permeability increases along a north-easterly gradient, especially near the Nebine Ridge marks the border
with the Surat Basin. Similarly, the permeability of the Hooray Sandstone is highest in the north-east, which also has an
average value of 131 mD. It should also be noted that the reported permeability values were measured in a laboratory
using a rapid assessment technique performed at ambient conditions for temperature and pressure.
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Watertable mapping and surface water interactions
The Early Cretaceous aquifers are host to the watertable over large parts of the GAB, which was contoured using all
available data from state agency databases, geological surveys and water authorities, and from unpublished BMR
records and consultants’ reports (Figure 6.1). The watertable generally mimics the ground surface topography, with
groundwater flow from the highest potentials in the intake beds on the western slopes of the Great Dividing Range in
NSW and Queensland to regional onshore discharge zones of Lake Eyre and an eastward arcuate band of salt lakes
extending from Lake Frome to Lake Gregory. Regional discharge for the Carpentaria/Karumba Basins is the Gulf of
Carpentaria.
There are additional subtle features evident in the watertable and a number of areas-of-interest have been presented in
Chapter 6. First, unlike the underlying confined aquifer system, there are local recharge mounds in the watertable within
the Early Cretaceous aquifers that extend far into the basin. Secondly, the two largest rivers in the GAB, the Diamantina
River and Cooper Creek are watertable drains. Thirdly, the groundwater mounds along the Eulo Ridge and their
extension south-westwards towards the Yancannia Range in NSW come close to forming a groundwater divide between
the Surat and Eromanga Basins, but the line of mounds is breached in some places permitting impeded lateral
throughflow.
Mapping the watertable elevation in the vicinity of river channels reveals how the groundwater interacts with river water.
In many places where the rivers have cut braided channels through rolling hills, the watertable surface is markedly
depressed about the river axes indicating the rivers act as line sinks for the regional aquifer. This is a necessary but not
sufficient condition for the rivers to be gaining streams along certain reaches, resulting in a ‘leaky landscape’. Satellite
imagery (MODIS Enhanced Vegetation Index – EVI) differentiates deeply rooted phreatophytes from grasses/forbs along
reaches of rivers, which the watertable map indicates may potentially be gaining streams. For the riparian corridors of the
streams of the Central Eromanga Basin evapotranspiration losses were estimated from EVI integration with watertable
mapping. Surface water – groundwater interaction appears to be diminished where the streams open out into alluvial
plains or terminal wetlands.

Regional groundwater flow
The Late Cretaceous and Early Jurassic artesian aquifers have been studied more extensively than the watertable.
Measurement of artesian groundwater pressure in the GAB started in the early 1900s and used to prepare potentiometric
surface maps, showing the potentiometric surfaces for specific aquifers for particular years or time intervals in basin-wide
studies. In this study, groundwater level data were collated for an analysis of historical groundwater conditions, grouped
into 20-year increments (1900 to 1920, 1920 to 1940, 1940 to 1960, 1960 to 1980, and 1980 to 2000). The maps are
shown on Figure 7.2 and were interpolated considering the presence of major faults. Where a fault had caused a vertical
offset in the Cadna-owie – Hooray Aquifer and equivalent formations, the fault was assumed to act as a barrier to
groundwater flow. The resultant maps illustrate the spatial distribution of groundwater levels, from which groundwater
flow directions can be inferred, and influence of faults on groundwater levels.
To illustrate the potential for cross-formation flow in the GAB, the modern potentiometric surface (Figure 7.4) was
compared with the results of mapping the watertable (Chapter 6). Subtraction of the watertable surface from the
potentiometric surface reveals locations where large vertical hydraulic gradients could exist (Figure 7.6). Across most of
the GAB this difference is negative, indicating that the potentiometric surface of the Cadna-owie – Hooray Aquifer and
equivalent formations is greater than the watertable. This result simply illustrates that the majority of the GAB is under
artesian conditions, as would be expected, and that vertical leakage could occur from lower aquifers through the
overlying (leaky) aquitards and subsequently into and through the overlying aquifers. Figure 7.6 also reveals areas along
the margins of the GAB where the watertable elevation is greater than the potentiometric surface of the Cadna-owie –
Hooray Aquifer and equivalent formations. These areas are indicative of groundwater recharge. In addition to the
margins of the GAB, recharge conditions are apparent across many parts of the Eulo and Nebine ridges, and several
parts in the centre of the Eromanga Basin. In selected locations across the GAB, there is sufficient pressure data to
confirm some of the recharge and discharge patterns through analysis of pressure-depth profiles.
Hydrochemical trends (Chapter 8) confirm interpretation of the hydrodynamics and illustrates the spatial differentiation
across the GAB. Faults can help explain the variability in ionic concentrations across the GAB, though this requires
x▪
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further investigation. The Toomba Fault appears to provide a significant break to groundwater flow and causes upwelling
and discharge in this region. In the east, the Goondiwindi Fault marks a distinct break on the eastern margin of the Surat
Basin with minimal flow from the east and most recharge from the north. Minor element distributions indicate hot spots of
vertical leakage that correspond to areas of crustal weakness associated with faults and basement highs. Fluoride
concentrations show a strong relationship to known and inferred deep granites.

Modifications to the Great Artesian Basin boundary
As a result of reinterpreting the geology and hydrogeology, several modification have been proposed for the JurassicCretaceous sequence of the GAB (Chapter 5). The analysis involved reinterpretation of the 1:250 000 surface geology
map series as well as interpretation of AEM (in the Coonamble Embayment) and well log data.
In the Surat Basin, a revised location of the western extent of the GAB in the Coonamble Embayment has been identified.
The revised boundary has been shifted between 10 and 30 km to the east and approximately 60 km to the south based
on the interpretation of geologic data. The current Water Sharing Plans in New South Wales were developed before the
revised location of the GAB in the Coonamble Embayment had been identified.
A revised description of the complex groundwater divide between the Surat and Clarence-Moreton basins was made
based on watertable mapping. For groundwater in Upper Cretaceous formations, the watertable divide delineates the
boundary. For groundwater in the Lower Cretaceous and Jurassic formations, a different groundwater divide exists that is
aligned with a structural feature called the Helidon Ridge.
In the Carpentaria Basin, a revised location of the western extent of the GAB has been identified. The revised GAB
boundary is taken from mapped structural boundaries between the Proterozoic basement rocks and the Karumba and
Carpentaria basins. The revised boundary has been shifted approximately 35 km to the west.

Updating the groundwater budget
Groundwater recharge and discharge mechanisms were reviewed as part of the Assessment. There are three different
recharge mechanisms that occur in the GAB, namely, diffuse recharge, ephemeral river recharge and mountain system
recharge. Along the eastern and western margins of the GAB, diffuse recharge occurs where the confining beds of the
Injune Creek Group and Rolling Downs Group are discontinuous or absent. In these areas, recharge occurs from direct
infiltration to the soil into the outcropping regions of the Cadna-owie – Hooray Aquifer and equivalents. Recharge from
ephemeral rivers can occur ‘directly’ where the river channel crosses a GAB intake bed or ‘indirectly’ where episodic flow
events in an arid zone river cause a pulse of recharge. The direct form of ephemeral river recharge is thought to occur on
the western slopes of the Great Dividing Range, where rivers, creeks and alluvial groundwater systems overlie the intake
beds. The indirect form of ephemeral river recharge is thought to occur on arid zone rivers along the western margin of
the GAB. Mountain system recharge is a newly defined recharge mechanism in the western margin of the GAB.
Discharge from the GAB aquifers occurs naturally in the form of concentrated outflow from artesian springs, vertical
diffuse leakage from the Lower Cretaceous-Jurassic aquifers towards the Cretaceous aquifers and upwards to the
regional watertable and as artificial discharge by means of free or controlled artesian flow and pumped abstraction from
water bores drilled into the aquifers.
For the GAB, like many other semi-arid to arid zone aquifers around the world, the current rate of recharge is significantly
less than discharge. Groundwater currently stored in the Cadna-owie – Hooray Aquifer and equivalents is a legacy from
higher recharge rates that occurred during much wetter periods in the early Holocene and Pleistocene age. An indicative
groundwater budget is provided in Table 7.2 based on the most recent estimates presented Chapter 7. The intention of
this water budget is to provide an indication of the net inflow and outflow for the GAB, and is only representative of the
Cadna-owie – Hooray Aquifer and equivalents. However, the updated conceptualisation of the GAB hydrogeological
system has brought to light previously poorly understood and/or unknown mechanisms affecting recharge and discharge
across the GAB. While the not all groundwater fluxes resulting from some of these mechanisms can be estimated, they
should be considered in conjunction with basin wide water balance estimates. In an effort to articulate the key findings of
this assessment and their impact on the GAB water balance, a schematic water balance is presented in Chapter 9.
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Knowledge and information gaps
The collation, analysis, and interpretation of geological and hydrogeological knowledge for the GAB are ongoing.
Because the GAB is defined as a groundwater basin, it encompasses several geological basins, and is also connected
with other adjacent geological basins and formations. To continue advancing the understanding of the GAB, refining the
conceptual model and developing more robust groundwater models, additional knowledge is needed to define:
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•

interconnections between different hydrostratigraphic layers within the GAB

•

connection of GAB aquifers with underlying and adjacent geological basins

•

the interaction of overlying Cenozoic basins, alluvial groundwater systems, and major riparian corridors

•

the variation of hydraulic properties in areas where significant groundwater development is expected

•

the role of faulting on groundwater conditions.
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1

Introduction

Authors: Kellett JR and Radke BM
A succinct history of the discovery, exploitation and study of the Great Artesian Basin (GAB) is presented to show the
progressive evolution of knowledge of this vast hydrogeological phenomenon. This journey is far from finished. As the
demands on the groundwater resource grow through a widening range of land use and resource exploitation, there is a
need to further refine the conceptual understanding and quantitative modelling of the system.

1.1

Definition of the Great Artesian Basin

The Great Artesian Basin has previously been defined as a confined groundwater basin comprising multi-layered
aquifers in continental quartzose sandstones and confining beds of partly marine mudstone and siltstone of Triassic,
Jurassic and Cretaceous age (Radke et al., 2000). However for this assessment the Triassic sequence is not assessed.
The hydrogeological GAB comprises the geological Eromanga, Surat and Carpentaria basins as well as a portion of the
Clarence-Moreton Basin. The onshore Carpentaria Basin has tenuous geological continuity eastward over the Kimba
Arch with the Laura Basin. However, these are hydrogeologically independent basins.
The topography of the GAB is dominated by low-lying interior plains, bounded in the east by the tablelands and uplands
of the Great Dividing Range. The surface slopes generally to the south-west, toward a depression near Lake Eyre. The
topographic lake Eyre Basin overlies much of the geological Eromanga Basin.
As the result of the watertable mapping, the spatial extent of the basin has been remapped as discussed in section

1.2

History of understanding of the Great Artesian Basin

1.2.1

Discovery

For thousands of years, Aboriginal people used water from GAB mound springs of the Lake Eyre Group and spring
systems. They were used as necessary ‘stepping stones’ by them and successive travellers – European explorers later
followed by the telegraph line and railway. On the eastern side of the GAB, numerous springs in the recharge zones of
the GAB in Queensland were also an important water source for Aboriginal people. Archaeological excavations in the
Carnarvon Gorge intake beds area reveal Aboriginal occupation extending back at least 19,500 years (Blake and Cook,
2006).
Awareness of the presence of an artesian basin in central Australia had a slow dawning. In 1818 John Oxley travelled
downstream along the Macquarie River and entered an ‘ocean of reeds’ that are now know as the Macquarie Marshes.
This stymied his expedition but unknown to him, he had entered the GAB.
Edward John Eyre ventured into inland Australia in 1839, and was later followed by Benjamin Herschel Babbage in 1856,
Peter Egerton Warburton in 1858 and John McDouall Stuart in 1859. Their paths traversed the area around the mound
springs to the south-west of Lake Eyre. Stuart called it ‘spring country’ and at Elizabeth Springs he observed large flows
and noted in his journal; ‘whence do they derive their supply of water, to cause them rise to such a height?’
In 1846, Thomas Livingstone Mitchell journeyed to the source of the Balonne and Warrego river systems and observed
springs in the headwaters of the Warrego and Nogoa rivers on the Great Dividing Range. Springs were an invaluable
source of water for early pastoralists in western Queensland.
The first artesian bore in Australia was sunk at Kallara Station in north-western New South Wales in 1878. Sited in
proximity to a mud spring and at a depth of 140 feet (42.7 m), the bore tapped pressured waters that rose to 26 feet
(8 m) above ground level.
Thomas E Rawlinson presented a paper to the Philosophical Society of Adelaide in 1878, titled Subterranean Drainage
in the Interior, in which he asked the question: ‘where did so much water disappear that was collected by inland rivers?’
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He felt ‘confident that in and below our central tertiaries there exists abundant supplies of water’. This early work from
1880 suggested the presence of artesian springs near Lake Eyre indicated that artesian water could be found across
most of central and eastern inland Australia (Rawlinson, 1878; Russell, 1880; 1889; Tate, 1879; 1882).
Robert Logan Jack first speculated on the existence of artesian water in 1881 and concluded then and in 1885 (Jack,
1895a; 1895b; 1898) that a large synclinal trough existed in western Queensland with pervious beds containing artesian
water.
Walter Gibbons Cox was another early advocate for artesian water and published the book ‘Artesian Wells as a Means of
Water Supply for Country Districts’. Cox had had experience in the United States of America before moving to Victoria
and then to Queensland.
A severe drought in 1885 forced the hand of cautious and unbelieving government hydraulic engineer John Baillie
Henderson, resulting in an abortive attempt with the Blackall bore. A second successful attempt at drilling the Blackall
Bore followed in 1888. At this time a pastoral company contracted Canadian driller JS Loughead to drill for artesian water
near Cunnamulla in 1886 and at 1200 feet (366 m), a substantial flow of 80,000 gallons (364000 L) a day was gained.
This success led to government sponsorship of Loughead in 1887 for a bore at Barcaldine where, at 645 feet (197 m), a
flow of 158,000 gallons (718000 L) a day was achieved. Thus commenced a new wave of optimism and enthusiasm with
pastoralists, and the Queensland Government began an ambitious drilling program. In 1889, contractors drilling a bore at
Charleville struck water in a spectacular manner and very soon this artesian bore began yielding 2.5 million gallons
(11 ML) per day. By 1892, 19 Queensland Government bores were either completed or in progress and by 1899, 542
bores had been sunk with 505 successes. In New South Wales, with similar enthusiasm, by 1910 there were 364
artesian bores producing 132 million gallons (600 ML) a day.
The Intercolonial Deep Well Boring and Manufacturing Company of Petrolia expanded into Queensland in 1888 in search
of oil but they quickly realised that water was in greater demand than oil and became a successful contractor to
government. This company also played a part in early gas production in Roma. Gas was accidentally discovered during
water drilling in 1901, and a plant for separating gas from water was established by 1906. Ensuing drilling tapped an
extraordinary gas flow (10 mmcf per day) in town but this caught fire, consuming adjoining buildings. Once extinguished,
the ramifications of this disaster discouraged further exploration for 20 years and then the Great Depression thwarted
recovery. Earnest oil exploration only recommenced in the 1950s (Blake and Cook, 2006).
Following his early speculations in 1881, the successful artesian discoveries of that decade, and with advances in
geological understanding overseas, Jack was able to provide a detailed description of the Great Artesian Basin to the
Australian Association for the Advancement of Science in Brisbane (Jack, 1895a; 1895b). He began the task of mapping
the recharge areas in 1894. With the assistance of AG Maitland, they covered the area from the New South Wales
border to Hughenden, and two years later Maitland extended this effort by mapping north from Hughenden to
Normanton. Additional mapping of intake beds in the Great Dividing Range in New South Wales, as well as along the
northern, north-western and southern margins of the GAB was undertaken by Brown, Cameron, David, Pittman and
Wilkinson (ICAW, 1913; Pittman, 1914). Collectively, this mapping outlined the shape and size of the GAB so that by the
end of the 19th Century, the GAB was accepted by many to be a classic artesian basin.
Interpretations of the origin and movement of these artesian waters were continuously argued over the following
decades. Gregory (1901; 1906; 1911; 1914; 1923) attributed the origin of the water in the GAB to connate and plutonic
origins, and its movement as a result of heat, gas and rock pressure in the crust. His views were supported by
Symmonds (1912) and Du Toit (1917), but were skilfully refuted by defendants of the meteoric and hydraulic theory,
notably Knibbs (1903), Pittman and David (1903) and Pittman (1907; 1914; 1915; 1917). This latter theory steadily
gained general acceptance, but the controversy stimulated increased research in the GAB.
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1.2.2

State interventions in water resource management

Diminishing flows and pressures in artesian wells began to alarm the pastoral industry, and state governments became
increasingly involved through the introduction of legislation and licensing requirements of bore usage in the early 1900s.
State water authorities commenced systematic and periodic measurements to replace the earlier intermittent information
collection. In Queensland a systematic survey of the resource commenced in 1896 with the appointment of two
‘inspectors of bores’ and they laid the foundation for detailed recording of artesian bores and springs. In 1910, an
additional three levellers were appointed and a hydraulic survey continued with bore flow measurements. Pressure data
from these field surveys confirmed the concept, though controversy remained as to whether the pressure head was
hydrodynamic or hydrostatic.
Systematic investigation increased markedly as a result of five interstate conferences on artesian water, held from 1912
through to 1928 (ICAW, 1913; 1914; 1922; 1925; 1929). The original objectives of these were to study the serious
reduction in pressure causing diminution or cessation of flows, as well as the extent of the GAB, origin and movement of
the groundwater, well casing corrosion problems, and to resolve a more responsible utilisation of groundwater. No further
meetings were held until 1939, when an interstate conference on water conservation and irrigation concentrated again on
diminution and control of artesian flows, as well as improved distribution (Tandy, 1939). Importantly, it recognised that
the wastage of water from flowing wells was the main problem.
In Queensland, a committee of geologists and hydraulic engineers was established in 1939 to investigate the nature and
structure of the GAB. Its First Interim Report (Queensland Government, 1945) emphasised the principles of recharge,
elastic storage, the resulting diminution of flows and pressures and the importance of water conservation by the control
of wells. The Artesian Water Investigations Committee (Queensland Government, 1955) put forward the most
comprehensive description of investigation on the hydrogeology of the Queensland portion of the GAB.
Separately published appendices provided descriptions of geology (Whitehouse, 1954) and hydrology (Ogilvie, 1954).
In New South Wales, Kenny and Tandy completed several surveys during the 1920s and 1930s (Kenny, 1934; Packham,
1959; Tandy, 1939; 1940). They addressed the full spectrum of hydrogeological properties, and included newer concepts
of elastic storage. Recommendations were made for water conservation by partially closing wells and improving
distribution methods for the artesian water. Dulhunty, Mulholland and Radke reported on the geology and aspects of
groundwater over three decades from the 1940s (Dulhunty, 1973; Packham, 1959), whereas more recent reviews have
been from Williamson et al. (1962), Griffin (1963), Williamson (1966), Hind and Helby (1969), the Water Conservation
and Irrigation Commission (1971) and Hawke and Cramsie (1984). Hind and Helby (1969) estimated that rates of
groundwater movement varied between 1.6 and 10 metres/year in the Coonamble Embayment.
Under the Commonwealth’s States Grants (Water Resources Measurement) Act 1970, Commonwealth funding was
provided for the investigation and recording of underground water supplies. As well as additional drilling, periodic water
level measurement, water sampling, and collection of data on existing bores was executed.
Responsible management of such a resource demanded an ability to predict the outcomes of changes in legislation and
licensing. Modelling of the artesian system was seen as the logical approach to underpin future policy developments.
Under the Australian Constitution, management of the GAB’s groundwater resources is the responsibility of the three
GAB states (Queensland, New South Wales and South Australia) and the Northern Territory. These jurisdictions exercise
their primary constitutional powers on water resource management in the GAB through various legislative instruments
and administer such aspects as bore licensing, compliance with bore construction standards and water sharing
arrangements.

1.2.3

Natural resource management

A significant development in GAB natural resource management occurred in 1997 with the formation of the GAB
Consultative Council (GABCC, now called the GAB Coordinating Committee). The role of GABCC is to provide and
coordinate advice from sectoral groups, community representatives and jurisdictional agencies and jurisdictional
agencies to relevant federal, state and territory ministers on sustainable whole-of-basin management of the GAB and its
natural resources. GABCC’s first milestone was the publication of the GAB Resource Study (Cox and Barron, 1998). This
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was followed by the release of the GAB Strategic Management Plan in 2000 (GABCC, 2000). This was truly a landmark
document, and it sought to:
•

change attitudes and behaviour to improve basin management and stimulate investment

•

sustainably manage flows and recover pressures of basin groundwater

•

establish legislative frameworks for sustainable water management

•

maintain and enhance environmental and cultural heritage values affected by water use

•

maintain and enhance socio-economic values in the GAB

•

improve the scientific knowledge and technology base to improve resource management practices.

The indicative target for the plan’s Objective 2 – sustainably manage flows and recover pressures of basin groundwater –
was to reduce groundwater use by the pastoral industry from the estimated volume of 500,000 ML/year in 1998 to
300,000 ML/year after 15 years. Modelling estimated that reducing outflows by 200,000 ML/year could result in 30 to
40 m of pressure recovery in the St George – Cunnamulla area, and at least half that in the Julia Creek area, depending
upon which bores were capped. The mechanism for water saving was capping uncontrolled bores and piping (replacing
leaky open distribution channels with piped reticulation systems).
The GAB Sustainability Initiative (GABSI) was developed to address Objective 2 of the GAB Strategic Management Plan.
GABSI Phase 1 commenced in 1999 and ran to 2004. It exceeded its target water savings of 66,700 ML/year with a
saving of 98,000 ML/year. Water savings under GABSI Phase 2 (2004 to 2009) up to June 2008 have been reported at
60,107 ML/year . Currently GABSI Phase 3 is in operation and will conclude in 2014. Total cost of the three GABSI
Phases is estimated to be $450 million with contribution of approximately $150 million each from landholders, state and
the Commonwealth by the completion of the program.

1.2.4

Conceptual developments

In South Australia, Jack (1915; 1923; 1925; 1930) and later Ward (1946) studied the geology, groundwater hydrology,
and groundwater chemical characteristics of the GAB. Regional studies have included those of the Peake and Denison
Ranges area (Chugg, 1957; Love et al., 2000), the Lake Frome Embayment (Ker, 1966), and the Finke-McDillsDalhousie region (Love et al., 2000). Ker (1963) and later Shepherd (1978) presented overviews of the hydrology and
water resources of the GAB in this state.
A review of the GAB in its entirety was carried out by David (1950). More recent information on a state by state basis was
collated by the Groundwater Resources of Australia (Department of the Environment and Conservation and Australian
Water Resources Council, 1975).
In conjunction with the first attempt at numerically modelling the basin, and after four years of data compilation, a
BMR-BRGM team came to some interesting observations (Audibert, 1976):
•

Although the initial objective was to model the GAB as a multilayered aquifer comprising aquifers from
Cretaceous to Paleozoic age, the GAB at its immense scale does not accord with this simple ‘layer cake’
reservoir system. The aquifers in the Cambrian, Triassic, Jurassic, and early Cretaceous are all somewhat
hydraulically interconnected in some part of the GAB.

•

Although the Mesozoic continental formations are remarkably continuous, facies changes occur in which a
semi-pervious unit may grade into an aquifer (e.g. The Evergreen Formation passing to a permeable
sandstone – Boxvale Sandstone Member).

•

No significant differences were noted in potentiometry between the different deeper ‘artesian’ aquifers.
However bore discharge rates appeared to be proportional to transmissivity, the pressure remaining about the
same.

•

Many ‘sub-artesian’ and some ‘artesian’ bores tap the Mackunda and lower Winton Formations. Although
much less spectacular than the high-discharging bores of deeper aquifers, they produce a significant and
economically important amount of groundwater. It was appreciated that these Cretaceous aquifers could no
longer be ignored in any simulation of the GAB and can be modelled implicitly by leakage.
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•

The watertable was no longer considered as lying in an upper unconfined aquifer, but to be a mere theoretical
surface, allowing for the computation of the upward vertical leakage.

•

A strong degree of similarity exists in form of the surfaces – between the watertable and the potentiometric
surfaces of both the Cretaceous CA1 sub-artesian aquifer and the deeper CA2 artesian aquifer (Triassic to
lower Cretaceous), even though the pressure of each aquifer potentiometric surface increased sequentially
from the watertable to the deepest aquifer. Audibert (1976) considered this to be an indication of a system
dominated by vertical leakage rather than by horizontal flow. The GAB was envisaged as a closed system with
a topographic low (sink) beneath sea level, so that groundwater could only escape vertically. Ultimately
groundwater flow was governed by the topography.

•

In the potentiometric surfaces for these aquifers, three prominent drainage lines were common to the
watertable, and ran approximately parallel to each other, trending south-southwest. All three corresponded to
stream valleys which coincided with structural lineaments (probably privileged vertical leakage paths).

•

Common to the watertable and aquifer potentiometry was the obvious discharge area of Lake Eyre.

•

An east–west drainage line in the south was unique to the Cretaceous CA1 aquifer potentiometric surface,
corresponding to the narrow outcrop zone of the unit. The swamps near the Queensland – New South Wales
border were the surface discharge expression from this aquifer.

•

Two features were unique to the lower artesian CA2 Aquifer:
o

A drainage line that followed the Paroo River valley was explained by the presence of the Eulo Ridge
which was actually surrounded by springs. At the lower limit of this aquifer, discharge was evidenced
by swamp areas.

o

In the north-west a drainage area was evident precisely where Cambrian carbonates of the Georgina
Basin underlay the GAB Jurassic aquifers. This drainage feature corresponded to a spring zone jointly
discharging groundwater from both the GAB and the Georgina Basin.

Audibert’s publication was followed by a benchmark review of the GAB (Habermehl, 1980), as well as another modelling
attempt by Seidel (1980).
Following the BMR-BRGM study, the prime emphasis of enquiry shifted to the Cadna-owie – Hooray Aquifer and deeper
aquifers, and involved extensive sampling for isotopes and hydrochemistry. The upper sub-artesian aquifer (K or CA1)
highlighted by Audibert (1976) as a significant resource, has since been largely ignored.
Habermehl (1980) developed the simplified concept of lateral throughflow within the artesian aquifers, and concluded in
conjunction with Seidel (1980) that the artesian system had then approached a steady state equilibrium in which total
discharge was roughly balanced by recharge, but with noticeable diminishment of spring discharge and vertical leakage.
This was later shown to be false by Welsh (2007), who demonstrated the GAB was not in equilibrium with respect to
recharge and discharge.
Study of the isotope hydrology of the GAB commenced in 1974 with the involvement of the Australian Atomic Energy
Commission. This approach confirmed the predominant meteoric origin of the groundwater (Calf and Habermehl, 1984).
Attempts to date the water with radioisotopes followed (Bentley et al., 1986; Collerson et al., 1988; Hasegawa et al.,
2010; Love et al., 2000; Mahara et al., 2009; Torgersen et al., 1991). Indications of minor deeper crustal/mantle
contributions were also explored (Bethke et al., 1999; Torgersen et al., 1992; 1985; 1989). Andrews and Fontes (1993)
and Mazor (1992) challenged the legitimacy of such dating approaches on the basis of both mixing scenarios and in situ
36
Cl generation at depth within the GAB. Their arguments were effectively countered by Phillips (1993).
Mazor (1992) attacked the simplistic model of the meteoric origin of the GAB groundwater and lateral throughflow, and
promoted a contrasting, equally simplistic argument that there was no artesian throughflow, only pressured stagnant
waters in discretely-isolated aquifers. This latter simplification ignored the mountain of evidence indicating against it, and
36
predictably the hypothesis drew in strong countering responses citing recent Cl data (Phillips, 1993).
Toupin (1993) approached the creation of the artesian basin by modelling the post-depositional evolution of the
Eromanga Basin. This approach was applied to understanding the petroleum generation of the Eromanga and underlying
Paleozoic basins (Toupin et al., 1997).
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A comprehensive account of groundwater chemistry of the Cadna-owie – Hooray Aquifer (Radke et al., 2000)
established the spatial variation of major ion and natural isotope concentrations, groundwater evolution modelling with
36
NETPATH, and modelling of Cl to quantify groundwater throughflow rates based on both leakage and mixing variants.
This hydrochemical study revealed a more complex picture of the GAB:
•

The deeper regions of this aquifer in the Surat and Central Eromanga basins, and Poolowanna Trough were
36
shown to hold highly-evolved waters that were relatively stagnant (too old for Cl dating) (Figure 2.3).

•

Preferential flow paths of younger groundwater existed in the shallower regions of the aquifer adjoining these
centrally deeper ‘stagnant’ regions. The predominant preferred flow paths were around the north-western side
of the Central Eromanga Depocentre and down the Nebine-Eulo Ridge region. Diminishment of flow rates
along these shallower pathways was attributed primarily to upward leakage into shallower aquifers.

•

14

36

Recharge patterns were derived from both C and Cl data and the evolution of groundwater during and after
recharge was demonstrated with NETPATH modelling. However, this modelling was unable to establish that
the younger groundwaters evolved progressively into the ‘near stagnant’ older highly evolved groundwater in
the deeper parts of the Basin. This was considered to reflect a major discontinuity in the recharge history.

Recent research has provided a better understanding and quantification of recharge processes. In the eastern GAB
intake beds of Queensland, Kellett et al. (2003) established that rainfalls of the order of 200 mm during a single month
were required to generate preferred pathway flow for recharge in the Hooray and Hutton sandstones. Since the
frequency of such high magnitude rainfall events is much higher in the northern intake beds, recharge is significantly
higher northward. They also identified several losing streams which recharged the aquifers by up to 30 mm/year. In the
Coonamble Embayment, isotopic evidence indicates major recharge into the Pilliga Sandstone aquifer by leakage
from the Macquarie and Castlereagh Rivers (Radke et al., 2000). Subsequent studies (Habermehl et al., 2009) identified
the same recharge processes in the New South Wales intake beds as Kellett et al. (2003) had recognised in Queensland
– diffuse, preferred pathway and river leakage.
In the western GAB which lies in the arid zone where annual rainfall is <300 mm/year, recharge is less than 1 mm/year
(Love et al., 2000). A team headed by Flinders University is currently undertaking another recharge study for the western
GAB, and results will be reported in mid-2012.
Kellett et al. (2003) estimated that total recharge for the Hooray Sandstone aquifer and its equivalents in Queensland is
265 GL/year and 116 GL/year for the Hutton Sandstone. Habermehl et al. (2009) estimated recharge to the Pilliga
Sandstone aquifer in New South Wales to be 295 GL/year. These sum to 676 GL/year, and it is therefore likely that, at
most, total recharge to all the GAB aquifers would be in the vicinity of 700 GL/year. Previously it was thought that GAB
recharge to the confined aquifers was 1000 GL/year (GABCC, 1998), 40 percent more than the latest measured values.

1.3

Modelling

Modelling of groundwater flow in GAB aquifers began in the 1970s for the purposes of assessing water resources and
predicting environmental impacts of development. A total of 4 whole-of-GAB models and 18 notable part-GAB models
have been developed since the 1970s, with more than half developed since 2006 (Smith and Welsh, 2011). The wholeof-GAB models are briefly described below and in the review of groundwater models for the GAB by Smith and Welsh
(2011). The evolution of groundwater models of the GAB provides an approach for assimilating data and advancing the
conceptualisation of the groundwater system.

1.3.1

GABSIM

At the request of the Technical Committee of the Australian Water Resources Council, the Bureau of Mineral Resources
conducted a hydrogeological study of the GAB from 1971 to 1979, to review the geological and hydrological data of the
multi-layered confined aquifer system, and to develop and apply a model to simulate the groundwater dynamics from
1880 to 1970. Available geological information was provided by state water authorities and geological surveys. In 1972,
the Bureau de Recherches Géologiques et Minières (BRGM) was contracted to assist BMR in the preparation of a
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hydrodynamic simulation model – GABSIM. The finite-difference software was written in-house. Calibration was only
attempted for the deeper aquifer (CA2) and was not successful.
No final report of the BRGM-BMR project eventuated as this joint project was terminated shortly after 1976. In hindsight,
the Assessment has proven ambitious in attempting to address the interaction of all aquifers, especially the relationship
between the CA2 Jurassic lower Cretaceous artesian aquifer (Cadna-owie – Hooray Aquifer) and the upper Cretaceous
K/CA1 aquifer (Winton-Mackunda Aquifer).

1.3.2

GABHYD

GABHYD was built on the experiences gained from the GABSIM model and uses the same hydrogeological framework.
It was also based on the finite-difference solution algorithm, spatial discretisation of 25 km cells, with five-year stress
periods (Seidel, 1980). It was a quasi-three-dimensional simplification, incorporating the confining layers as leakage units
in the aquifer layers, and the watertable was fixed. Bores that were still free-flowing at the time, were simulated as
artesian pressures acting on flow coefficients. Discharge springs were treated as localised high vertical leakages. The
in-house finite-difference software that apparently used implicit methods was extended to include iterative inversion
techniques that obtained progressively better estimates of transmissivity from aquifer. Calibration was only attempted for
the Jurassic aquifer (CA2) from 1960 to 1970 and was successful using a newly-developed direct method to satisfy the
continuity equation with the model data and parameters. Problems with data quality and unevenness of data distribution
were noted. There were also problems in the Eulo Ridge area which recorded the largest balance errors during
calibration, yet was the most heavily-developed area with abundant data. Seidel (1978) recommended further study of
the aquifer geometry and hydraulics in this ridge area where ‘physically impossible’ potentials were observed. The model
was claimed to be suitable to predict regional effects of groundwater in both the CA1 and CA2 aquifers for management
of the major artesian aquifers where adequate data was available, but it appears it only used data from the CA2 aquifer.
The potentiometric surface for the CA2 aquifer cited (Habermehl, 1980; Seidel, 1980), demonstrated a major difference
to that of Audibert (1976) and differed significantly from that used for the subsequent GABFLOW study (Welsh, 2000) in
that it had a smoothed gradient across the entire Eromanga Basin without any specific sinks that Audibert (1976) had
specifically noted.
These earlier models employed a consistent conceptual model of a main artesian aquifer that was unconfined in the
marginal recharge areas of the GAB. Allowing spring and free-flowing bore discharge rates to change with groundwater
level in the aquifer was a good idea but increased the complexity of the GABHYD model. All but one of these previous
models were simplified by calibrating over a limited period or by developing the model for steady state conditions. The
remaining model assumed uniform parameters for the less-important layers. This suggests that although the
hydrogeology may be conceptually simple, the development of a whole-of-basin GAB model may be complex, and the
consistency of groundwater level measurements remains an issue (Welsh, 2007).
Part-basin models were developed to support water abstractions for commercial mining operations near the margins of
the GAB. The first groundwater investigation pre-development study for the Olympic Dam operation was produced in
1982 (AGC Woodward-Clyde, 1982) and the first production bore was drilled in the same year. The 1995 model of the
GAB south-east of Lake Eyre (Berry and Armstrong, 1995) simulated transient conditions from pre-development in 1983
to 1994 using MODFLOW (finite difference), but had significant problems with reliable pressure head measurement.
Modelling for the Cannington and Osborne prospects (Rust PPK, 1994), located south-east of Mount Isa, used
AQUIFEM-N code with triangular final-element discretisation. The aquifer was modelled as a steady state, single
confined layer with permeability variations implemented as constant head zones.
A regional steady state pre-mining model was developed to investigate the effects of depressurisation at the Ernest
Henry mine east of Mount Isa (Woodward-Clyde AGC, 1995). The aquifer was modelled as a single confined/unconfined
layer in MODFLOW.
Irrigation pumping from the GAB recharge beds near Moree in New South Wales was modelled by Hopkins (1996) to
assess the impact on the aquifer. A single confined/unconfined layer MODFLOW model included river
recharge/discharge. The steady state calibration using hydraulic conductivity variations implemented as constant-value
zones was used as initial conditions for transient prediction scenarios under pumping rates varying seasonally.
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1.3.3

GABFLOW and GABtran

Welsh (2000) developed GABFLOW to again study the steady state of the Cadna-owie – Hooray Aquifer using
MODFLOW software and recharge areas from Habermehl and Lau (1997).
The model assumed steady state equilibrium had been attained in the GAB in 1960, and modelled one active layer – the
Cadna-owie – Hooray Aquifer. Inter-aquifer transfers were modelled implicitly as leakages. The water balance of this
model indicated that rainfall recharge in the intake beds of the Hooray Sandstone and river leakage represents the
largest source for the groundwater system (60 percent or an average of 1937 ML/day (707 GL/year), roughly equal to the
recharge flux estimated earlier) and predominantly upward leakage from other aquifers sources the balance of recharge
(average 1275 ML/day). Leakage into adjoining aquitards and aquifers causes the largest outflow from the system
(average 1715 ML/day). Discharge from springs and water bores accounts for most of the remainder (average 1466
ML/day), and a further 1 percent discharges in the Gulf of Carpentaria (average 32 ML/day).
GABFLOW predicted that it would be possible to achieve significant increases in artesian pressure heads if the then
water wastage could be halted. It predicted that if all flows in the Warrego Management Zone alone were reduced to no
more than 4 L/second – a scenario generally suitable for a water distribution system using tanks and troughs – there
would be a recovery in the pressure head of up to 36 m. This pressure recovery effect would extend to the adjacent
management zones where head recoveries of about 20 m were predicted in the Eastern Downs, Coonamble and Central
zones.
A transient model of the GAB (GABtran) was developed by Welsh (2006) using a calibration period from 1965 to 1999,
much longer than in previous modelling. Welsh found the 1960 steady state assumption to be incorrect. Excluding
anthropogenic discharge, this model is most sensitive to recharge and hydraulic conductivity. It predicted that at the start
of 2005, outflows were to exceed inflows by 266 GL/year, or 62 percent of total inflows, and, assuming that inflows
through the aquifer’s boundary will not be reduced due to climate change, it was possible to recover some of the lost
groundwater pressure if all stock and domestic bores were rehabilitated and new extractions were limited. In this case,
this modelling estimates that inflows could exceed outflows by up to 40 percent of total outflows.

1.3.4

Groundwater balance modelling

Welsh (2007) again used the GABFLOW steady state numerical model. With this model it was predicted that for the
shallowest artesian aquifer (CA2 Aquifer), in 1960 its total inflows were 60 percent of groundwater recharge with
40 percent diffuse vertical inter-aquifer leakage. Outflows were estimated to be 53 percent diffuse vertical leakage,
43 percent water bore discharge, 3 percent spring discharge, and 1 percent discharge to the ocean. However the
subsequent transient model of Welsh (2007) offers estimates from more realistic assumptions. This model was
determined to be most sensitive to changes in hydraulic conductivity and recharge. Again, it highlighted deficiencies in
the data available for modelling. In particular, the uneven spread of the groundwater measurements spatially and
temporally, the questionable accuracy of measurements from both high temperature and high pressure bores and
corroded bores, and the type of discharge measured – maximum yield or flow as found.

1.4

Hydrocarbon accumulations

The GAB is host to both a major groundwater resource as well as to significant hydrocarbon accumulations – oil in both
the Eromanga and Surat basins, and coal seam gas (CSG) in the Surat Basin. However major potential remains for the
discovery of CSG throughout the Eromanga Basin. The Carpentaria Basin remains unexplored for CSG.
The exploration for hydrocarbons has been coeval with groundwater exploration and exploitation. Although gas was first
discovered and exploited in the Roma district in 1906, it was not until the 1950s that oil was discovered in the
Precipice/Evergreen Formations in the Moonie Field adjoining the Goondiwindi Fault in the Surat Basin. Oil and Gas
were then discovered in a previously unknown basin, the Permo-Triassic Cooper Basin as well as in the Paleozoic
Adavale Basin, both underlying the Central Eromanga Basin. The first economic gas in the Eromanga Basin came from
Namur 1 in 1976. Oil was first discovered in the Eromanga Basin within the Poolowanna Trough in the following year, but
the first economic oil discovery was at the Strzelecki field in 1978, in an area overlying the Cooper Basin. Senior and
Habermehl (1980) promoted the potential for fault/fold structural traps within the highly structured Eromanga sequence in
8▪
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the Central Eromanga Depocentre. Further oil discoveries were made near these structures such as at Jackson and
Bodalla. This earlier exploration was based on the paradigm that it was Permian oil migrating up from the Cooper Basin
into the overlying Eromanga Basin. It has since been established that there are a range of types of occurrences from
solely Permian oil, to admixtures of Permian oil and oil generated in situ within the Eromanga Basin sequence. More
recently, since 2006 exploration has also extended beyond the western margin of the Cooper Basin onto the eastern
slopes of Birdsville Track Ridge, establishing new oilfields. No commercial oil has yet been discovered in the
Poolowanna Trough. To date, the Eromanga Basin produces predominantly oil from the Poolowanna Formation, Hutton
Sandstone, Birkhead Formation, Namur Sandstone (including the McKinlay Member) and Murta Formation (Cotton et al.,
2006; Draper, 2002) in contrast to the underlying gas-prone Cooper Basin.
CSG production in the Surat Basin targets the Jurassic Walloon Coal Measures. The main CSG producing fields are
located in the northern Surat Basin in a broad arc extending from Dalby to Roma. For gas to be harvested, the coal
seams need to be depressurised by pumping groundwater from tens of thousands of wells intersecting the Walloon Coal
Measures. Drawdowns of several hundred metres will be generated by the depressurisation and significant volumes of
groundwater are to be pumped from the Walloon Coal Measures – averaging about 75 to 98 GL/year over the next 60
years (RPS Australia East Pty Ltd, 2011). This process will induce drawdown in overlying and underlying GAB aquifers,
the amount of which will depend on the leakiness of the system.

1.5

Advancing the understanding of the Great Artesian Basin

Since the last comprehensive documentation and conceptualisation of the GAB by Habermehl (1980), hydrocarbon
exploration has provided extensive seismic and drilling data in the Eromanga and Surat basins. Investigations of water
resources and hydrocarbon accumulations have acquired new hydrological data, and several studies of recharge,
hydrochemical and groundwater flow modelling have challenged this established paradigm. These data and studies have
indicated the inherent complexities of the hydrogeological system that was not shown previously. To continue advancing
the understanding of the GAB, this report documents a reappraisal of the geology, hydrogeology, and hydrodynamics of
the GAB.

1.5.1

Structure of this report

This technical report provides details related to the hydrostratigraphy, hydrogeology and system conceptualisation of the
GAB. The structure of the report is as follows:
•

Chapter 1 provides a history of understanding in the GAB.

•

Chapter 2 describes the Jurassic and Cretaceous geology, including the depositional history and tectonic
evolution of sedimentary geological basins within the GAB.

•

Chapter 3 describes the Cenozoic geology, including the uplift that created artesian conditions and weathering
that created basins overlying the primary GAB aquifers.

•

Chapter 4 provides an updated hydrostratigraphic sequence from the lithology.

•

Chapter 5 describes the hydrogeological characteristics of the GAB, including vertical connectivity with
overlying and underlying geological basins, and hydraulic properties.

•

Chapter 6 presents an interpretation of the phreatic surface for the GAB. This surface is assumed to represent
a regional watertable and several areas of interest are identified.

•

Chapter 7 describes groundwater flow dynamics, including potentiometric surfaces for the primary GAB
aquifers, pressure-depth profiles, and description of the recharge and discharge processes.

•

Chapter 8 provides an updated summary of the hydrochemistry and isotopic data.

•

Chapter 9 discusses the updated conceptualisation of the GAB and identifies remaining gaps in knowledge
and data.
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Jurassic–Cretaceous geology

Authors: Ransley TR, Radke BM and Kellett JR

2.1
2.1.1

Geological framework
The Great Artesian Basin

The Great Artesian Basin (GAB) is a Jurassic-Cretaceous basin comprising a complex of multi-layered aquifers of
variable character composed of predominantly continental sandstones. These aquifers are separated and partly confined
by aquitards of both fluvial and marine mudstone and siltstone of Jurassic and Cretaceous age. The significant resources
of the GAB are groundwater and hydrocarbon.
The GAB was defined as a hydrogeological basin by Habermehl (1980) to comprise the geological Eromanga, Surat and
Carpentaria basins as well as the underlying Triassic sequences in the Bowen and Galilee basins. However, the current
conceptualisation of the hydrogeological basin now excludes the Triassic sequences, restricting the GAB to the Jurassic
and Cretaceous sequence (Figure 2.1). The western part of the Clarence-Moreton Basin is now considered to be an
eastern hydrogeological extension to the Surat Basin. Although the Laura Basin is tenuously interconnected with the
Carpentaria Basin, it is hydrogeologically independent.
Most of the area of the GAB consists of low-lying interior plains, bounded in the east by the tablelands and uplands of the
Great Dividing Range (Figure 2.2). The surface of the GAB generally slopes in several directions because of the
component basins: in the Eromanga Basin south-westward towards the main depression near Lake Eyre (an interior
drainage feature up to 16 m below sea level), in the Carpentaria Basin northward below the Gulf of Carpentaria, and in
the Surat and Clarence-Moreton basins south-westward into the Murray-Darling Basin.
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Figure 2.1 Three-dimensional conceptualisation of the Great Artesian Basin
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Figure 2.2 Digital elevation model with Great Artesian Basin boundary and aquifer recharge zones
Note: Cenozoic aquifer recharge zones are only shown for the Carpentaria region to recognise the importance of overlying regional
aquifers in this area. Similarly, exposure of the overlying Winton Formation is shown as a regionally variable recharge zone. As a
consequence of recent work on the western margin the recharge areas in the Western Eromanga region have subsequently been
modified in South Australia and in the Northern Territory
[Note: see A3 Figure 1 in the compendium of A3 figures for more detail]

The GAB is stratigraphically bounded above and below by major unconformities (periods of erosion and no deposition). A
Late Triassic unconformity defines the base that covers many underlying Triassic and Paleozoic basins as well as
crystalline and metamorphic basement (Figure 2.7). A Middle to Late Cretaceous unconformity demarcates its top. The
GAB is partly covered in the south-west by the Lake Eyre Basin sequence. Elsewhere the upper surface of the GAB has
been altered by several Cenozoic weathering events at approximately 60, 30 and 7 Ma, and has been subsequently
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eroded or covered by alluvium. In some places (e.g. Dirranbandi, lower Macquarie Valley) Tertiary alluvium over 100 m
thick fills paleovalleys unconformably overlying the late Cretaceous weathered surface.

2.1.2

Basins

There is a common genesis and consequently a similar history of sediment accumulation within the component
geological basins of the GAB, closely linked to the tectonic evolution of the Eastern Plate boundary of Australia
throughout the Mesozoic era. However, each geological basin differs slightly in timing of subsidence and deposition as a
result of structural fabrics largely inherited from older underlying basins. The structural fabric of most underlying basins
and basement was established during the Alice Springs and/or Delamerian orogenies, with compressional structures
oriented south-west to north-east within both the Cooper and Pedirka basins.

Eromanga Basin
The Eromanga Basin is a relatively thin but extensive intracratonic blanket of sediment of Jurassic to Middle Cretaceous
age. Its thickness and structure largely echoes the structure and depocentres of underlying basins. It has a very thick
sequence within a deep and heavily structured, distinctly-defined Central Eromanga Depocentre. This is flanked to the
north-west and south-east by a mosaic of shallower shelves of basement comprising crystalline, metamorphic or older
Paleozoic rocks, and covered with a much thinner sequence. The north-eastern end of the depocentre shallows over the
faulted Canaway Ridge. Northward, a depocentre overlies the Lovelle Depression (a northern extension of the underlying
Galilee Basin). Eastwards the Eromanga sequence has a more complex array of small depocentres influenced by the
underlying Galilee, Adavale and Drummond Basins (Figure 2.1).
Central Eromanga Depocentre
The dominant Central Eromanga Depocentre aligns north-east to south-west, overlying the Cooper, Warrabin and
Adavale basins, but with its axis offset to the north of these earlier depocentres. As a result of this offset disposition, the
underlying Cooper Basin has inherited an asymmetric tilt to the north-west. This Central Eromanga Depocentre has the
most extreme structuring within the Eromanga Basin with a folding and superimposed faulting fabric aligned
predominantly north-west to south-east. The south-western limit of this feature is defined by the very broad Birdsville
Track Ridge that separates the Poolowanna Trough to the west. Within this deep south-western region of the Central
Eromanga Depocentre, three major troughs in the underlying Cooper Basin (Patchawarra, Nappamerri and Tenappera)
are demarcated by high structural ridges (the Gidgealpa-Merrimelia-Innamincka (GMI) and Murteree ridges) that resulted
from north-west-directed thrust faults in the underlying Paleozoic Warburton Basin. The GMI Ridge extends eastward in
an arc to the south-east into the Jackson-Naccowlah-Pepita (JNP) trend. These troughs continued to be locii of
subsidence during accumulation of the Eromanga Basin and the subsequent younger Lake Eyre Basin.
Birdsville Track Ridge
The Birdsville Track Ridge is a broad saddle that extends in a north-east to south-southwest direction. The ridge
separates the Central Eromanga Basin from the Poolowanna Trough to the west (Figure 2.3). The Birdsville Track Ridge,
defined by surface exposures of the Winton Formation and older units, comprises a complex of related domes and ridges.
Major features are the Cooryanna, Gason and Cordillo domes. Although these features influenced deposition in the
Permo-Triassic, they had little relief during Eromanga deposition, but were reactivated and uplifted in the Oligocene
(Moore and Pitt, 1984; Wopfner, 1985; Wopfner et al., 1974).
Eulo and Nebine ridges
A broad complex high separates the Central Eromanga Basin and the Surat Basin. It comprises the anticlinal Nebine
Ridge that plunges south-westward from the aquifer recharge zone (Figure 2.2), with an en echelon juxtaposition of the
Eulo Ridge to the west-southwest. These dominant ridges are flanked by the Cunnamulla Shelf on the south-eastern side,
and the Cheepie and Thargomindah Shelves on the north-western side (Figure 2.3).
The Eulo Ridge is a broad dome over granitic basement, and the sequence only partly covers basement in the highest
region of this structure.
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East of the Canaway Fault
The meridional Canaway Fault defines the north-eastern limit of the deepest part of the Central Eromanga Depocentre
with its dominant north-west to south-east alignment of folds and faults. Directly north-east across the fault is the Koburra
Trough of the underlying Galilee Basin and even deeper Powell Depression (Yongala Trough) of the Adavale Basin with
the Yaraka Shelf to the north. This region has a distinctively different structural fabric to the west of the Canaway fault,
and has more similarity to that south-eastwards across the Pleasant Creek Arch and onto the Cheepie Shelf. The
northern margin of the Central Eromanga Depocentre extends north-east into the Longreach Basin High and Barcaldine
Ridge that overlies the Drummond Basin which parallels and underlies the eastern intake zone (Figure 2.7).
Maneroo Platform and Lovelle Depression
To the north-west of the Longreach Basin High, the Eromanga sequence extends over the Maneroo Platform and the
Lovelle Depression of the underlying Galilee Basin where it is disrupted by major faults with 150 to 650 m displacement
and alignments north-east to south-west. These faults parallel and include the Wetherby-Cork-Holburton structure which
cuts across this region. To the east of this depocentre, a meridional structural fabric becomes dominant, and probably
reflects structure within the northern end of the Koburra Trough (Galilee Basin) and underlying Drummond Basin.
Euroka Arch and Diamantina Shelf
To the north and north-west of the Lovelle Depression, the sequence shallows steadily onto the Euroka Arch and
Diamantina Shelf where there is a pronounced north-northwest – south-southeast structural fabric imposed by basement
features of the Mount Isa Block. These basement trends extend eastward across the Euroka Arch – Canobie Depression
over the Muillungera Basin, the St Elmo Structural high, and the Millungera Depression further to the east. The
Diamantina Shelf extends south-westward around the margin of the Mount Isa Block with cross-cutting Momedah
Structure and Burke River Structural Belt onto the broader Boulia Shelf.
Boulia Shelf and Arunta Platform
This area flanks the north-western side of the Central Eromanga Depocentre. The Boulia Shelf is the broadest shallow
feature on the northern side of the Central Eromanga Depocentre and is demarcated by the Burke River Structural belt to
the east, and the Toomba Thrust Fault to the west. Remnants of the lower Paleozoic Georgina Basin extend southwards
over this shelf from beyond the north-western basin margin. At the southernmost extent of this shelf, magnetic modelling
(Radke, 2009) suggests a thick underlying sedimentary thickness over magnetic basement, but it is unknown whether
this is a south-westward extension of the Galilee Basin or a sequence comprising the Georgina and Galilee basin rocks.
To the west across the Toomba Fault, the sedimentary sequence overlying magnetic basement is indicated to be in the
order of 1000 to 1900 m, but poor seismic quality precludes interpretation of this sequence.
Cheepie and Thargomindah Shelves
This shallow region flanking the southern side of the Central Eromanga Depocentre is paralleled on the southern side by
the Eulo and Nebine ridges area. These shelves have relatively subdued structural relief compared to both flanking
regions, but have a subdued structural fabric similar to the Central Eromanga Depocentre. North-east of the Cheepie
Shelf, across the Cooladdi Trough of the Adavale Basin, and approaching the eastern intake region of the Jurassic
aquifers, there is a series of anticlines and synclines that parallel the Nebine Ridge.
On the south-western side of the Thargomindah Shelf, and transition into the Bulloo Embayment, structural fabric
becomes complicated with three trends – the north-west to south-east structural trend dominant in the main depocentre
and reflected in the Harkaway Fault, a meridional trend paralleling the Canaway fault, Bindegolly fault, and Mount Howitt
Anticline, and a less regular north-east to south-east alignment of faulting.
Bulloo and Lake Frome Embayments
These embayments are features separated by the Tibooburra Ridge on the southern margin, which plunges northward
and the Theldarpa and Tibooburra Domes are inliers of this Devonian basement feature. The northward extension of this
trend continues with the Wompah Anticline and Dome that align with the Mount Howitt Anticline and this latter anticline
converges with the Harkaway Fault to the north. Southward from this convergence of structure, a series of small
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depocentres define an irregular north-south trend between apparent random fault and anticlinal separations of these
depocentres. The Bullo Embayment lies to the south of this described area, and broadens southward between the
Tibooburra Ridge and the southern irregular extension of the Eulo Ridge.
The Lake Frome Embayment lies west of the Tibooburra Ridge, and east of the Cooryanna Dome which is at the
northernmost extent of the North Flinders-Curnamona – Mount Painter Provinces in basement.

Figure 2.3 Hydrogeological basement elevation with structural elements of the Eromanga, Carpentaria, Surat and Clarence-Moreton
basins
[Note: see A3 Figure 2 in the compendium of A3 figures for more detail]
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Surat Basin
The dominant structural feature of the Surat Basin is the meridional Mimosa Syncline (Queensland) – Boomi Trough
(New South Wales) that directly overlies the Taroom Trough of the Bowen Basin, and extends southward into the eastern
Coonamble Embayment. West of this depocentre are the Roma Shelf, St George-Bollon Slope, and the Eulo and Nebine
ridges that demarcate the separation with the Eromanga Basin (Figure 2.3).
The Surat Basin is bounded to the east by the Auburn Arch (to the north-east) and the New England Foldbelt (Texas
High) to the south-east (Figure 2.3). Between these regions of basement, the Surat Basin is connected eastwards with
the Clarence-Moreton Basin across the Kumbarilla Ridge. To the west it is stratigraphically connected with the Eromanga
Basin across both the Nebine Ridge and its broad southerly extension, the Cunnamulla Shelf and Eulo Ridge. In the
south the Surat Basin is bounded by the Central Fold Belt, and in the north it has been eroded as a result of Cenozoic
uplift.
Structure in the Surat Basin becomes more subdued upwards through the sequence than is evident in the Central
Eromanga Basin. At the top surface of the Evergreen Formation the basement topography is still evident but is
significantly subdued. The axis of the Mimosa Syncline follows that of the Taroom Trough but the syncline is much
broader and shallower. Since the inception of subsidence of the Surat Basin, the depocentre of the Mimosa Syncline has
migrated southward to near Meandarra and lies at about –1800 mAHD, with displacement on faults seldom exceeding
200 m. Higher in the sequence, at the base of Wallumbilla Formation, the structure is very subdued compared to the
same horizon in the Central Eromanga Basin.
The eastern flank of the Mimosa Syncline is disrupted by the meridional Burunga-Leichhardt Fault Zone and the
Goondiwindi-Moonie Fault Zone. Both thrusts, are probably continuous with the Hunter-Mooki Thrust system to the south
and these thrusts create the general appearance of a half-graben to the underlying Taroom Trough.
Two major fault systems delimit the Roma Shelf. The north-northwest trending Hutton-Wallumbilla Fault has a westerly
downthrow of up to 800 m in the north. The Merivale and Abroath Faults, which form the western limit of the shelf, may
be separate structures but are on the same underlying structure. The maximum westerly downthrow exceeds 1000 m on
the northerly-trending Merivale Fault which is a probable thrust. The Abroath Fault has a downthrow of about 1200 m.
The Eulo and Nebine ridges are a broad complex high separating the Central Eromanga Basin and the Surat Basin. On
the northern margin of the basins, the Nebine Ridge is coincident with the Maranoa Anticline that plunges
south-westward from the intake bed region, and diminishes into the Cunnamulla Shelf. In en echelon juxtaposition to the
Nebine Ridge, the Eulo Ridge lies to the west-southwest and beyond the recognisable limit of the Nebine Ridge. The
Eulo Ridge is a broad dome of faulted granitic basement, and the GAB sequence does not fully cover this basement in
the crest of this ridge. Between and around these ridges is the Cunnamulla Shelf to the east of the Eulo Ridge.

Clarence-Moreton Basin
The Cecil Plains and Laidley sub-basins of the Clarence-Moreton Basin are considered the easternmost component of
the GAB, separated from the Surat Basin by the meridional Kumbarilla Ridge. The easternmost Logan Sub-basin in the
Clarence-Moreton Basin is separated from the others to the west by the South Moreton Anticline bounded by the West
Ipswich Fault on its western flank. With this distinct structural separation, the Logan Sub-basin has different stratigraphy
and subsidence history (Korsch et al., 1989) and is considered hydrogeologically isolated from the GAB.
The Kumbarilla Ridge is a very broad basement high separating Woogooroo Subgroup depocentres in the Cecil Plains
Sub-basin from those in the Surat Basin (Day et al., 1974). East from the Kumbarilla Ridge, the Horrane Trough is
basement to the Cecil Plains Sub-basin which is partly differentiated from the Laidley Sub-basin on the northern margin
by the Gatton Arch. This is a broad ridge in basement over which the Clarence-Moreton sequence thins slightly and is
gently folded (Gray, 1975).
From north of the northern basin margin, the Esk Trough in basement extends southward to underlie the depocentre of
the Laidley Sub-basin.
The Great Moreton Fault System is meridional, comprising a network of anastomosing and intersecting faults that run
along the boundary between the Esk Trough and the D’Aguilar Block to the east. The system is confined by the West
Ipswich Fault that forms the western margin, and the Eastern Border Fault bounds it to the east. The South Moreton
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Anticline is a broad structural high in basement (O’Brien et al., 1994) that is contained within this fault system, and
extends south to south-southwestwards into New South Wales where it is known as the Richmond Range Horst.

Wallumbilla Formation and the ‘C’ seismic surface
Petroleum exploration throughout the Eromanga and Surat basins has delineated several
regionally-extensive seismic reflection horizons. The ‘C’ horizon, at the boundary of the Wallumbilla
and underlying Cadna-owie Formation, is one of the most significant to the Assessment, as well as
the most extensive. Such a distinctive reflector requires good density contrasts. The difference in
petrophysical properties of these two formations is evident from sonic, density, gamma ray and
resistivity well log data, and indicates that the amplitude of the ‘C’ horizon reflection is related to a
zone, approximately 30 m thick, of low density shales in the basal part of the Wallumbilla
Formation. Lavering (1991) defined this anomalous Wallumbilla zone with a lower density by
approximately 0.3 g/cc compared to the underlying Cadna-owie Formation. He considered this to
be a consequence of rapid subsidence and ‘undercompaction’ during burial. There are
unpredictable lateral variations in velocity of this zone (Bauer and Harrison, 1987). At the southwestern end of the Patchawarra Trough, Watterson et al. (2000) have identified this low velocity,
low density layer to be a 35 m thick over pressured shale layer. The widespread extent of this low
density/velocity feature and its direct association over the artesian Cadna-owie Formation, may also
be explained by over pressuring of the shales by upward groundwater invasion from the underlying
aquifer with higher groundwater pressures that exceed hydrostatic pressure.
In recent years the Geological Survey of Queensland saw the benefit of broadening the ‘C’ surface
beyond existing limited seismic coverage. With the use of additional borehole control they extended
the surface closer to intake beds and basin margins. The new term ‘Base of Wallumbilla’ is used to
distinguish this composite surface from the original ‘C’ seismic surface and is shown in Figure 2.3.

Gulf of Carpentaria
A series of stacked sedimentary basins surround and underlie the Gulf of Carpentaria. The Jurassic-Cretaceous
Carpentaria and Laura basins are broad shallow intracratonic sag basins that underlie most of the Gulf and extend
onshore onto Cape York and southwards to the Euroka Arch to connect with the Eromanga Basin.
The overlying Cenozoic Karumba and Kalpowar basins are broad saucer-shaped depressions unconformably overlying
the Carpentaria and Laura basins respectively. These Cenozoic basins developed as a sag phase over the compacting
Mesozoic sequence.
Underlying these Jurassic-Cenozoic basins are several relatively small pre-Jurassic basins, some are sag basins and
others are fault-defined. These include the Olive River and Pascoe River Basins in the north, the offshore Bamaga Basin
(Passmore et al., 1992), offshore Arafura Basin, the Gamboola Basin ((Bain and Draper, 2000), Plate 1) at the southeastern end of the Staaten Sub-basin, and the Lakefield Basin (Wellman, 1995) below the Laura Basin. All basins are
separated by unconformities (Passmore et al., 1992) and the stacked relationship of the Carpentaria Basin and its
infrabasins is analogous to the Eromanga Basin and the basins that underlie it (Passmore, 1979).

Carpentaria Basin
Extent of the Carpentaria hydrogeological Basin
By the close of the Cretaceous, the geological Carpentaria Basin had considerable extent eastwards as well as
westwards into the onshore Northern Territory, to merge with other depocentres such as the Dunmara Basin.
Subsequent uplift of the Great Dividing Range to the east, and subtle uplift and exposure of Proterozoic basement close
to, but offshore from the western margin of the Gulf of Carpentaria, has limited the continuous sequence – the
hydrogeological basin – to between these uplifted areas.
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Figure 2.4 Basement to the Great Artesian Basin showing structural elements of the Carpentaria-Karumba and Laura-Kalpowar basins

The Carpentaria Basin adjoins and is continuous with the Eromanga Basin over the Euroka Arch (Figure 2.3, Figure 2.4
and Figure 2.5). The Carpentaria hydrogeological basin has an onshore component that surrounds the Gulf of
Carpentaria on its eastern and southern margin. On uppermost Cape York, the Carpentaria Basin extends east over the
Bramwell Arch and although its margin (for the Assessment) is taken as the eastern coastline of Cape York, it is
geologically continuous eastwards with the Papuan Basin. The onshore Carpentaria Basin has tenuous geological
connection eastwards over the Kimba Arch with the Laura Basin. However, these function as hydrogeologically
independent basins (Figure 2.6).
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Figure 2.5 North-south section contrasting basin architecture, structure and aquifer configurations between the Carpentaria and
Eromanga basins
Note: see Figure 2.4 for location of this cross-section in relation to Carpentaria region

Figure 2.6 West-east section contrasting basin architecture, structure and aquifer configurations between the Carpentaria-Karumba and
Laura-Kalpowar basins
Note: see Figure 2.4 for location of this cross section in relation to Carpentaria region. The inset refers to Figure 5.10 in Chapter 5

The offshore component of the Carpentaria Basin extends westwards under the Gulf of Carpentaria to its western limit at
the uplifted basement offshore of the western shoreline of the Gulf of Carpentaria. This is east of the Sir Edward Pellew
Group, Groote Eylandt, and Gove Peninsula of Arnhem Land. Northwards on this western offshore margin, the
Carpentaria Basin is continuous with the Money Shoal Basin (Passmore et al., 1992) and an arbitrary boundary is
indicated (Figure 2.14). The offshore Carpentaria Basin is continuous northwards with the Morehead Basin and Papuan
basins within Papua New Guinea and West Irian Jaya (McConachie et al., 1994). For the Assessment, the international
maritime boundary is taken as the northern limit. The north-eastern offshore border abuts the Cape York / Oriomo Ridge,
a basement feature that extends northward into Papua New Guinea.
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The Carpentaria Basin is a broad, north-trending oval depression, separated from surrounding basins by several
2

basement inliers and arches. The basin regionally covers some 560,000 km , deepening northwards. Within this regional
structure, it has multiple depocentres with significant structural controls. The main depocentre lies offshore below the
Carpentaria Depression, directly overlying the pre-Mesozoic Bamaga Basin (Figure 2.8). At its southern extent, the
Carpentaria Basin thins over The Narrows of the Euroka Arch, connecting with the Eromanga Basin.
The basal unconformity of the Carpentaria Basin has considerable topographic variability, ranging from relatively smooth
with some undulation in the east, except where cut by minor faults, to a rugged surface in the north-west. This rugged
surface was conjectured to be from underlying karst (Burgess, 1984; Passmore et al., 1992), but more likely from
quartzite ridges within the Proterozoic MacArthur Basin (McConachie et al., 1990). The basin sequence thickens
gradually away from the surrounding onshore and nearshore basement towards its offshore depocentre where the
sequence approaches 1500 m thickness. The eastern margin of the basin is erosional and delineated against a series of
basement inliers – the Cape York Oriomo Ridge, Coen Inlier, Yambo Inlier and Georgetown Inlier. These inliers largely
separate the Laura and Papuan basins to the east and north-east, although there is thin connection with these basins
across the Bramwell and Kimba Arches.

2.1.3

Relationship with underlying basins and basement

Eromanga, Surat and Clarence-Moreton basins
Many sedimentary basins directly underlie the GAB (Figure 2.7). The Jurassic-Cretaceous sequence in the central
Eromanga, Surat and Clarence-Moreton basins thickens over underlying depocentres of several smaller, mainly
non-marine Permian-Triassic basins including the Bowen, Cooper, Galilee, Pedirka, Simpson and Arckaringa basins.
Underlying crystalline basement provinces are extensive, and older sedimentary basins range in age from Precambrian
to Carboniferous. These include the Drummond, Millungera, Arrowie, Barka, Warburton, Adavale, Georgina and Darling
basins and the Warrabin Trough.
Hydrogeological connection exists with good aquifers in several underlying basins. The Warang and possibly the
Clematis sandstones in the Galilee and Bowen basins, with their pressure potential for input into the GAB, were the
reason for the former inclusion of these Triassic sequences in the GAB. On the Boulia Shelf in the north-western Central
Eromanga Basin, the Paleozoic Georgina Basin has widespread connection through karstified carbonates that directly
underlie the Longsight Sandstone. During inversion of the Eromanga Basin in the Late Cretaceous Period, Connate
fluids were expelled from this basin, including into the Georgina Basin (Radke, 2009). However, in the Holocene the
interaction appears to be near equilibrium in potentiometric pressure (Randal, 1978), although there is a hydrochemical
indication that there is a groundwater flux from Georgina Basin into the GAB.
Oil fields in the Cooper region of the Central Eromanga sequence are largely the result of hydrocarbon migration up from
the underlying Cooper Basin, although a smaller proportion of hydrocarbons was generated within the GAB. This upward
hydrocarbon migration signals migrating groundwater as well, but the hydrochemical evidence remains equivocal
whether such migration continues today, at least at a detectable rate.
The Bowen, Gunnedah sedimentary basins directly underlie the Surat Basin (Figure 2.7). The Surat Basin has many
structural features inherited from basement, including those that underlie the Bowen Basin. Below the Mimosa Syncline
of the Surat Basin, the Bowen Basin sequence is contained predominantly within the meridional Taroom Trough and
extends southward to the Gunnedah Basin. In the north of the Taroom Trough, this Bowen Basin sequence spreads
north-westward over the Nebine Ridge to the Galilee Basin.
Basement blocks that surround and underlie the Clarence-Moreton Basin form part of the New England and Yarrol
orogens (Day et al., 1983; Korsch and Harrington, 1981) and have been interpreted as ancient accretionary wedge
material (O’Brien and Wells, 1994).
The Clarence-Moreton Basin and its precursors, the Esk Trough and the Ipswich and Tarong Basins developed on
basement cut by major, long-lived strike-slip faults. This tectonic style continued and exerted a major influence on the
formation and deformation of the overlying Mesozoic basins.
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Figure 2.7 Basement of Great Artesian Basin with underlying geological basins
[Note: see A3 Figure 3 in the compendium of A3 figures for more detail]
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Carpentaria Basin
Basement to the Carpentaria Basin comprises predominantly Proterozoic rocks, with a small northern region of
Neoproterozoic age (McConachie et al., 1997a). Within this basement comprising quartzite, granite, schist and volcanic
rocks, lie Paleozoic orogens to the east. These create the main bounding provinces – the Cape York / Oriomo Ridge and
the Coen and Yambo Inliers.
In the west, sedimentary rocks of the McArthur Basin, and low grade metasediments and volcanics of the Mount Isa and
Arnhem Blocks form the basement (Bell, 1982).
Geophysical characteristics suggest that the onshore Carpentaria sequence on Cape York is underlain predominantly by
several basement provinces (Bain and Draper, 1997), Plate 11). The north-south aligned Proterozoic Kowanyama
Province is predominant below the western side of the Cape York Peninsula. Southwards, this province surrounds the
Croydon Province and further south extends between the Mount Isa Province to the west, and the Claraville Province
that sub-parallels to the east of Julia Creek. Eastwards, this Claraville Province adjoins the Etheridge Province that, apart
from a sinistral offset on the Palmer Structural Zone, parallels northwards with the Kowanyama Province but east of the
Coen Inlier to be predominant basement below the Lakefield and Laura basins. The Savannah Province lies within this
offset of the Etheridge Province.
The western boundary of the Kowanyama Province aligns approximately with and just onshore from the present eastern
coastline of the gulf, and demarcates the contact with the offshore Keer Weer Province which changes to the Mount Isa
Province along the coastline near Normanton. The tip of the Cape, north of Port Musgrave / Ducie River is the
Neoproterozoic Iron Range Province (McConachie et al., 1997a).
The Carpentaria Basin has been inferred to sit astride an Early Proterozoic rift complex (Bourke et al., 1988). The rift
complex extends southwards along the west coast of the Cape York Peninsula and into the Eromanga Basin. The extent
of rifting was small, not exceeding that of modern rift systems in East Africa. A period of north-south wrench faulting after
1450 Ma further broke up the basement with some extensional basins forming adjacent to the faults. These wrench faults
control structure along the western coast of Cape York, evident as a series of offset arcuate features, and apparently
continue to control some modern drainage in the Weipa region.
The western offshore limit of the Carpentaria hydrogeological Basin is at a gentle uplift of exposed Proterozoic basement
that separates Cretaceous outliers and basins further west, which overlie the McArthur Basin. Metaquartzites of this
McArthur Basin are considered to extend eastwards as basement under the offshore Western Gulf Sub-basin where they
form a very rugged high-relief basement terrain (Figure 2.8).
Data for the offshore depocentre of the basin is limited largely to seismic information, with control predominantly from
onshore petroleum exploration drilling in the 1960s. Duyken 1 is the only offshore well drilled in 1984.
Infrabasins
Overlying and embedded within this basement surface of predominantly metamorphic and igneous rocks lie several
small infrabasins
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Figure 2.8 Basement surface of the Carpentaria and Laura basins with underlying sedimentary basins

Bamaga Basin
The Bamaga Basin is an asymmetrical north-south trending trough underlying the offshore Carpentaria Depression
(Passmore et al., 1993). The Bamaga Basin extends northwards over the international maritime boundary into West Irian
and Papua New Guinea territory where its limits are unknown. Within Australian territory, the Bamaga Basin covers over
2
30,000 km with a gently folded and faulted sequence of between 2.8 to 3.7 km thickness that has high seismic velocities.
By analogy with surrounding basins it could be Paleozoic or Triassic age (Passmore et al., 1993), or even older, perhaps
Early Paleozoic or Proterozoic (McConachie et al., 1997a).
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Burketown Depression
Although Eulo Queen Group sediments are found within the Burketown Depression, it was not a major depocentre for
Mesozoic deposition. Seismic indicates a marked angular unconformity at the base of the Mesozoic sequence and the
depression isconsidered to be a small isolated downfaulted block in Mesozoic basement, not necessarily representing a
separate infrabasin, but probably an outlying feature to regional basement. Seismic velocities, rock composition and
metamorphic grades indicate comparability with the Mesoproterozoic Mount Isa Province (McConachie et al., 1997a).
Little is known of this infrabasin onshore, and virtually nothing of it offshore. Intercepts of sedimentary sequences within
this basement suggest the presence of remnants of several basins that could range in age from Proterozoic through to
Triassic.
In Beamesbrook 1 (Dunster et al., 1989b), directly below a basal 33 m of Gilbert River Formation Sandstone lies a
weathered pre-Jurassic sequence. Uppermost in this is a 34 m sequence of siliceous quartz sandstone of fair porosity,
interbedded with soft sticky sandstone, that is underlain by a pre-Mesozoic sequence of 823 m+ of carbonaceous
silicified siltstone and mudstone.
In Burketown 1, an interpreted sequence of Cadna-owie-Hooray Sandstone equivalents (Blythesdale Formation) is
underlain by 137 m of weathered chert and dolostones with cavernous porosity. Groundwater yields from this dolostone
3
exceed 4500 m /day in Burketown 1 (Perryman, 1964). The cherty dolomite is speculated to be belong to a Lower
Paleozoic Georgina or Proterozoic McArthur Basin sequence. The dolostone overlies quartzite basement.
Armraynald 1 intercepted the uppermost 66 m of Pre-Mesozoic basement. Directly underlying permeable quartz
sandstones of the Eulo Queen Group is a 26 m section of poor to fair permeability in an undated quartz sandstone and
siltstone. This thin permeable interval overlies impermeable quartzite (40+ m) (Dunster et al., 1989a).
Canobie Depression
Basement to the Carpentaria Basin in GSQ Dobbyn 1 within the Canobie Depression is a massive coarse sandstone of
red beds, dated as Middle Triassic (Filatoff and Price, 1990) and is considered equivalent to the Warang Sandstone of
the Northern Galilee Basin (Williams and Gunther, 1989). This basement sequence is most probably common to the
nearby Millungera Basin. The Canobie Depression, now possibly an erosional remnant, may have been a northward
extension of a thinned sequence of the Millungera Basin.
Millungera Basin
Only recently discovered from regional seismic, the Millungera Basin is a sequence that unconformably underlies the
Carpentaria Basin (Korsch et al., 2011). The Millungera sequence is some 1.5 km thickness in the north, increasing to 4
km thickness to the south (Hutton et al., 2009), and is of unknown age. Based on seismic relationships, provenance
zircon dates, and thrust fault overprints, it is presumed to be a possible correlative of the Carboniferous-Triassic Galilee,
the Mesoproterozoic-Ordovician Georgina or the Devonian-Carboniferous Drummond basins (Hutton et al., 2009).
Outcrop of basement on the eastern extent of this basin indicates uppermost red pebbly sandstone and conglomerate.
Warang Sandstone equivalents intercepted in GSQ Dobbyn 1 and Triassic redbeds intercepted in Beamesbrook 1 may
be part of this Millungera sequence, although these well intercepts lie to the north-west of the current interpreted extent
of this basin.
Pascoe River Basin
This small narrow basin has a north-west to south-east alignment off the northern edge of the Coen Inlier. The northwestern half of this basin is overlain by the Olive River Basin. The sequence in the Pascoe River Basin includes the Late
2
Devonian to Early Carboniferous Pascoe River beds and possibly some volcanics. The basin covers at least 1000 km .
Seismic data suggests a maximum of 600 m section preserved in small grabens north of the Olive River, though the
sequence is typically 200 m thick.
Olive River Basin
2

A concealed Late Carboniferous to mid-Triassic sequence of some 1000 km extent, has at least two depocentres of
clastics with coal stringers is the Olive River Basin. The western extent is clearly erosional. This basin sequence of at
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least 250 m thickness overlies older rocks of Late Devonian to Early Carboniferous age, mainly rhyolites and welded tuffs.
Interbedded with these were lacustral and fluvial rocks of the Pascoe River beds.
Gamboola Basin
Delineated by Bain and Draper (1997) plate 10, the small Gamboola Basin lies close to the Yambo Inlier, below the
north-eastern side of the onshore embayment of the central Staaten Sub-basin and is presumed to contain
Carboniferous-Triassic rocks. Little else is known of this basin.
Lakefield Basin
Below the Laura Basin lies the Carboniferous to mid-Triassic Lakefield Basin with a north-south axial alignment, narrow
at 70 km width but at least 200 km long. The basin ia an apparent graben demarcated by faults that merge southwards.
The Palmerville Fault has been interpreted as both the eastern faulted margin (Wellman, 1995), and the western faulted
margin (Mines Administration Pty Ltd., 1962). At least half of this basin lies offshore northwards below Princess Charlotte
Bay and the Great Barrier Reef. The Lakefield Basin is between 10 and 12 km in thickness and is intruded by numerous
igneous bodies.
Arafura Basin
In the north-west of the western margin of the offshore Carpentaria Basin lies the Arafura Basin, a Cambrian to Permian
sequence which is up to 10 km thick in the Goulburn Graben. The upper part of this sequence is close to complete
induration, with low porosity at about 3.5 percent. Only in deeper parts of this basin are there permeable intervals –
Devonian clastics (3–16–19 percent porosity, 10 mD) and Cambro-Ordovician carbonates (variable vug porosity, 0.01 to
1200 mD) (Bradshaw et al., 1990).
South of the adjoining South Nicholson Basin, the Mount Isa Block forms basement to the south-western part of the
Carpentaria Basin. North-south aligned fault blocks of this basement impose structure into the Carpentaria Basin
sequence within the Boomarri Sub-basin.
McArthur Basin
The western offshore limit of the Carpentaria hydrogeological Basin lies at a gentle uplift of exposed Proterozoic
basement that separates Cretaceous outliers and basins further west, which overlie the McArthur Basin. Rocks of the
McArthur Basin are speculated to extend eastwards under the offshore Western Gulf Sub-basin where ridges of
metaquartzites form a very rugged high-relief basement terrain. On the basis of onshore studies west of the Gulf of
Carpentaria, McArthur, Nathan and Roper Groups of this basinal sequence include aquifers/reservoirs of commercial
interest (Passmore et al., 1992).

2.2

Tectonic and depositional history

2.2.1

The Great Artesian Basin

Many earlier attempts to explain the formation of this basin have used only one mechanism, but such reduction fell short
of explaining the complexity. It now appears that at least four independent but overlapping mechanisms are necessary to
explain the major features of the GAB:
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•

long wavelength tilting of the continental plate as a response to subduction on its eastern margin

•

‘intracratonic subsidence’

•

sea level changes (Waschbush et al., 2009)

•

volcanogenic sediment loading on the eastern plate margin (Gallagher and Lambeck, 1989).
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Figure 2.9 Tectonic and depositional history of the Eromanga Basin (after Toupin, 1993)
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The maximum subsidence of the Eromanga and Surat Basins through time is located closest to the eastern coastline of
Australia, and is best explained by the dynamic platform tilting from subduction-related viscous corner-flow that was
driven by westward-directed subduction beneath eastern Australia (Waschbush et al., 2009). This exerted a significant
control on the platform basins over a plate margin scale of 2000 km. This model corroborates with earlier suggestions by
Mitrovica et al. (1989), Gallagher (1990), De Caritat and Braun (1992), Gallagher et al. (1994) and Russell and Gurnis
(1994). Also consistent with this dominant mechanism is both the volcanic province to the east during basin development
(Veevers, 1984) (Figure 2.10), and the Late Cretaceous uplift of the Eastern Highlands – a rebound of the lithosphere
after cessation of this subduction (Kohn et al., 2002; O’Sullivan et al., 1995; Raza et al., 2009). A significant eastern
component of these basins has been lost through this subsequent uplift and erosion (Figure 2.9).
The component basins comprise predominantly continental sequences, and it was only the mid-Cretaceous high-stand of
sea level that produced the extensive blanketing mudstones and shales of the Rolling Downs Group.
The importance of eustasy and relative sea level diminishes rapidly westward, and changes in sea level are unlikely to
have been significant factors in accommodation space for sediment accumulation. Jurassic and Late Cretaceous were
times of high eustatic sea level of about 50 to 100 m with respect to the Neogene average (Miller et al., 2005), much less
than earlier estimates exceeding 200 m (Gurnis et al., 1998). Gallagher and Lambeck (1989) had earlier proposed that in
the initial terrigenous phase the sedimentary record in the Eromanga Basin was the result of variation in volcanogenic
sedimentary influx into a tectonically-subsiding region. Anomalous volcanogenic sediment loading to the east, closer to
the plate margin, probably accentuated the subduction-induced subsidence rather than it being primarily due to global
sea level changes.
Intracratonic subsidence was more localised. In the Eromanga Basin the focus of subsidence was along an axis that
largely overlapped the Simpson Basin, and was slightly offset to the north-west of the axes of the Cooper and Adavale
basins and Warrabin Trough. This subsidence created accommodation for sediment accumulation in the Poolowanna
Trough and Central Eromanga Depocentre through Jurassic and Early Cretaceous time. The more recent superposition
of the Eyre Basin and its present-day topographic depression suggests ongoing but significantly-reduced subsidence. It
is probable that the intra-plate subsidence continued from Permian-Triassic time by the same mechanism (Gallagher,
1990) and several explanations have been proposed for the episodic continuum of this intracratonic subsidence. Perhaps
the most probable is that of passive thermal subsidence due to crustal heating with deep crustal metamorphism
(Middleton, 1980). Zhou (1989) proposed density and volumetric changes to the lithosphere with transitions in deep
metamorphic facies.
The distribution of present day geothermal anomalies in the crust (Cull and Conley, 1983) and tomographic anomalies
(Saygin and Kennett, 2010) collectively suggest a deep (crust – mantle) anomalous zone of lower seismic velocity
extending across the continent from the Fitzroy Trough in the Canning Basin, through the Officer Basin to the Central
Eromanga Depocentre. The anomalous seismic properties can be attributed to thick sediment accumulation, elevated
temperature corroborated by (Cull and Conley, 1983), and/or tectonic disruption. Given the Paleozoic ages of major
basins within this region, this intraplate anomalous region has been manifest throughout the Phanerozoic. Deep seismic
velocity data in the eastern Eromanga Basin indicates inhomogeneities in the lithosphere (Finlayson et al., 1990) which
were interpreted as detachments and geosutures (Leven et al., 1990). These accommodated regional compression that
was possibly caused by rifting processes on the southern and eastern margins of the continent and active volcanicity
along the north-eastern margin (Veevers, 1984), as supported by the negative anomaly of isostatic gravity of the area
(Wellman, 1979).
Additional mechanisms proposed for localised subsidence in the Jurassic to Early Cretaceous periods include:
•

mantle-downwelling created by plate migration off a mantle plume (Waschbush et al., 2009)

•

migration under the crustal plate of a cold remnant slab that was disengaged from subduction
(Gurnis et al., 1998).

Subduction and associated volcanism was occurring concurrently on the eastern margin of the Australian Plate.
Consequently sediment was contributed from two the eastern and western provenances to the basins (Figure 2.10 and
Figure 2.3). A low-lying cratonic source contributed mature and cleaner quartzose sands from the south-west while
volcanogenic detritus came from the volcanic province along the eastern subduction zone. The Jurassic aquifers
accumulated mainly from the quartzose fluvial source, and intervening aquitards from a predominantly the volcanogenic
sediment source.
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Figure 2.10 Deposition from dual provenance sediment sources in the context of the Australian plate dynamics (after Boult et al., 1997)

Through the period of deposition of the GAB, the paleoclimate cooled progressively during the Jurassic and Cretaceous
as Gondwana lay at high latitudes. Arid conditions in the Early Jurassic Period changed to moist cool conditions in the
Late Jurassic Period, followed by cold conditions with periods of ice formation in the Early Cretaceous Period. The
climate then steadily warmed during the Late Cretaceous Period as the Australian Plate drifted northward.

2.2.2

Eromanga Basin evolution

The Eromanga Basin is bounded by major unconformities – a Late Triassic unconformity at the base, and a Late
Cretaceous unconformity at the top. All structuring within the Eromanga basin is in effect controlled by deposition over,
and reactivation of, older tectonic trends. The underlying structural grain was established during the Alice Springs
Orogeny and/or the Delamerian Orogeny, with south-west to north-east oriented compressional structures within both the
Cooper and Pedirka Basins.
Pre-existing structure and events
The structural grain of the region is the product of a series of deformation and epeirogenic movements since the
Cambrian.
Delamerian Orogeny
This orogeny in the Late Cambrian was a series of major tectonic events that affected the Adelaide Geosyncline and
Paleozoic mobile belt to the east. However, the Warburton Basin was not severely deformed by these events
(Gravestock and Flint, 1995).
Alice Springs Orogeny
This Devonian-Carboniferous Orogeny profoundly imposed a structural grain on the underlying Cooper, Arckaringa and
Pedirka regions through north-west to south-east oriented compression. Crustal shortening on the order of 20 km and
uplift and erosion of 3 km are indicated by compressional structures in the Marla overthrust zone (Gravestock and
Sansome, 1994). Overthrusts form north-west to south-east arcuate domal trends such as the Gidgealpa-MerrimeliaInnamincka (GMI) Ridge and the Birdsville Track Ridge in north-eastern South Australia.
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Permo-Carboniferous
The Cooper Basin represents a depositional episode that closed at the end of the Early Triassic by regional uplift, tilting
and erosion.
The shape and internal geometry of the Pedirka Basin were strongly controlled by structure emplaced during the Alice
Springs Orogeny. The Eringa and Madigan troughs developed under north-west to south-east compression during the
final phase of this orogeny. Renewed subsidence, with some reactivation of Devonian thrust faults occurred during Early
Permian deposition (Hibburt and Gravestock, 1995).
Triassic
The Poolowanna Trough was initiated by tilting and uplift of the western Pedirka Basin ridge during Early-Late Permian,
producing basin-wide erosion. During the Triassic, erosion of the Permian sequence was particularly severe on the
Dalhousie-McDills Ridge. Sediment was shed into the Poolowanna Trough where 300 m of Triassic are preserved
(Simpson Basin).
Jurassic-Cretaceous
Deposition of the Eromanga Basin commenced during the Early Jurassic Period and was controlled by the topography of
the unconformity surface. In the Cooper region, paleo-topography of the Nappamerri unconformity surface strongly
influenced Poolowanna facies – lower Hutton Sandstone deposition. No major depositional breaks occur in Eromanga
Basin, indicating a period of relative tectonic quiescence (Figure 4.1).
In the south-western region, the major depocentre shifted from the Cooper Basin, where it had oscillated between the
Nappamerri and Patchawarra troughs during the Permo-Triassic, westward to the Poolowanna trough in the
Jurassic-Cretaceous. Subsidence continued during the Jurassic and Cretaceous with sediment onlapping Permo-Triassic
formations, beyond the limits of these basins onto pre-Mesozoic basement rocks. The Poolowanna and Central
Eromanga depocentres are separated by the Birdsville Track Ridge, a broad north-west to south-east trending feature
which saddles centrally. The sequence within the Central Eromanga Basin can be divided into three packages: lower
non-marine, marine and upper non-marine (Krieg and Rogers, 1995).
The sequence within the Eromanga Basin can be divided into three packages – lower non-marine, marine and upper
non-marine (Krieg and Rogers, 1995):
•

the Early Jurassic-Early Cretaceous lower non-marine succession

•

the Early Cretaceous marine succession

•

the Late Cretaceous upper non-marine succession.

From the Early Jurassic through to Early Cretaceous periods, the lower non-marine succession accumulated through
large sand dominated braided fluvial systems that drained centripetally into lowland lakes and swamps (Wiltshire, 1989).
This was during a period of tectonic quiescence with subsidence being the major mechanism accommodating deposition.
Sediment coverage was relatively thin, continuous and widespread during this time but was thickest within the Central
Eromanga Depocentre.
Subduction and associated volcanism was occurring concurrently on the eastern margin of the Australian Plate, on the
eastern Australian volcanic arc (Veevers, 1984). Consequently sediment was contributed from two sides of the
depocentre (Figure 2.10). A cratonic source contributed clean quartzose sands from the south-west while volcanogenic
detritus came from the volcanic province along the eastern subduction zone. The resultant Jurassic aquifers
accumulated mainly from the quartzose fluvial source, and their intervening aquitards from predominantly the
volcanogenic sediment source (Figure 2.11).
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Figure 2.11 Paleogeographic changes during deposition of the Great Artesian Basin sequence (after Beynon et al., 1997; Bradshaw and
Yeung, 1992)
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Several circular explosion complexes (19 to 95 km diameter) (Figure 2.11) were created by a probable multiple bolide
impact at about 130 Ma during deposition of the Cadna-owie Formation. Following this during the Early Cretaceous,
there was extensive marine inundation over large areas of the Australian continent, in direct contrast to global sea level
at the time. There was a period of rapid subsidence (approximately 500 m in 10 Ma) during the Late Albian Stage (112 to
99 Ma) (Gallagher and Lambeck, 1989). As a result, thick marine transgressive shales accumulated with interspersed
thin sandstone units reflecting minor regressive cycles.
With uplift of the eastern highlands commencing at about 90 Ma in the Late Cretaceous Period, erosion of this uplifted
region contributed sediment for the rapid accumulation within the Eromanga Basin that swamped the marine conditions.
This led to accumulation of an upper non-marine succession from meandering fluvial systems that crossed a floodbasin
dominated by coal swamps and lakes (Winton Formation). The sedimentation rate during deposition of the upper
non-marine succession was 5 to 10 times greater than during the older successions, and contributed almost half the total
sediment thickness of the Eromanga Basin (Gallagher and Lambeck, 1989; Moussavi-Harami, 1996; Zhou, 1989).
Following this phase of rapid deposition, erosion and deep weathering commenced during the Late Cretaceous and
Paleocene (Jensen-Schmidt et al., 2006).

2.2.3

Surat Basin evolution

The Surat Basin extends across south-east Queensland into northern New South Wales, forming cover deposits that
unconformably overlie the Permian-Triassic Bowen and Gunnedah basins and basement to the east and west of these
basins.
The Surat Basin evolved over a long period from about 200 to 100 Ma as part of the larger basin system that included
the Eromanga, Carpentaria, Maryborough and Clarence-Moreton basins – a system as broad as it is long.
The Surat Basin extends across south-east Queensland into northern New South Wales, forming cover deposits that
unconformably overlie the Permian-Triassic Bowen and Gunnedah basins and basement to the east and west of these
basins. The succession consists of up to 2500 m of flat-lying rocks deposited in predominantly fluviolacustrine
environments in the latest Triassic-Jurassic and coastal plain and shallow-marine environments during the Cretaceous
(Exon, 1976). The structural axis of the basin is along the Mimosa Syncline which approximately coincides with the
greatest thickness of Permian-Triassic rocks in the Taroom Trough of the Bowen Basin (Hoffmann et al., 2009).
Contractional deformation in the Late Middle Triassic was followed by extensive erosion during most of the remaining
Triassic, resulting in the peneplanation of the basins and basement rocks across eastern Australia (Elliott, 1993; Exon,
1976; Fielding et al., 1990; Gallagher, 1990; Korsch and Totterdell, 1996; Korsch et al., 2009). The Surat, Eromanga and
associated Mesozoic basins developed as a result of widespread subsidence that initiated a new phase of deposition,
although the initial sedimentation was disrupted by tectonism for a brief interval of time. Palynological data indicate that
sedimentation commenced in the latest Triassic (Rhaetian), but was interrupted in the earliest Jurassic (Hettangian),
except perhaps for the easternmost areas of south-eastern Queensland (Nambour Basin, eastern Clarence-Moreton
Basin), before recommencing in the Sinemurian in the western Clarence-Moreton Basin and then progressing westward
into the Surat and Eromanga Basins (Day et al., 1983; De Jersey, 1976; Gallagher, 1990; Price, 1997).
In an analysis of the subsidence history of the Eromanga, Surat and Clarence-Moreton Basins, Gallagher (1990)
suggested that the subsidence rate for the Surat Basin was generally linear through the Jurassic with a slightly
decreased rate during the Late Jurassic – earliest Cretaceous, followed by an increase in the rate of subsidence in the
Cretaceous. In detail his subsidence curves contain a number of kinks, and several appear to be composed of
concave-up elements. While not ruling out a thermal influence, Gallagher concluded that subsidence was largely driven
by sub-lithospheric convection related to subduction along the eastern margin. Gallagher et al. (1994) argued that the
controlling influence of the volcanic arc is supported by the increased subsidence rates (twofold) from the Eromanga
Basin in the west to the Surat and Clarence-Moreton Basins in the east. Volcanic debris and montmorillonite (bentonites)
present in the Walloon Coal Measures and Springbok Sandstone (Exon, 1976; He and Conaghan, 1994; Veevers, 1984)
have been taken that there was continued volcanism associated with a subducting–plate margin to the east during the
Mid-Late Jurassic. However an intra-basinal Jurassic volcanic source proposed by Fielding (1996) and Yago and
Fielding (1996) as there was coincident emplacement of voluminous and extensive mafic intrusions in New South Wales,
Tasmania and West Antarctica, these being interpreted to record the early stages of rifting of the south-eastern
Australian continental margin. They maintained that the north-south elongate depocentre in the eastern
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Clarence-Moreton Basin coincides approximately with the zone of greatest volcanic-ash deposits and possible coeval
volcanic centres, lavas and intrusives of mafic and felsic composition. They suggested that this north-south belt may
represent the site of a failed incipient rift.
Recent geodynamic modelling of the Surat Basin (Waschbush et al., 2009) supports the proposal of Gallagher (1990)
and Gallagher et al. (1994) that subsidence in the Surat Basin was driven by platform tilting due to viscous corner flow in
the mantle wedge above a subducting plate (Mitrovica et al., 1989).

2.2.4

Clarence-Moreton Basin evolution

Basement blocks that surround and underlie the Clarence-Moreton Basin form part of the New England and Yarrol
Orogens and have been interpreted as ancient accretionary wedge material (O’Brien et al., 1994).
The Clarence-Moreton Basin, like its precursors the Esk Trough and the Ipswich and Tarong basins, developed on this
basement cut by major, long-lived strike-slip faults. This style of tectonics that shaped basement, continued and exerted
a major influence on the formation and deformation of these overlying Mesozoic basins. Their accumulation was initiated
by extension in basement, followed by protracted subsidence from lithospheric cooling. The younger and thinner
Clarence-Moreton sequence, 1650 m in the Laidley Sub-basin depocentre and 1300 m in the subdued depocentre of the
Cecil-Plains Sub-basin, accumulated under smaller and diminishing subsidence rates (O’Brien et al., 1994).
Within the Clarence-Moreton Basin sequence, the lower Bundamba Group comprises non-marine coal-barren clastics
that are predominantly fluvial. This sequence character was determined by continued cyclic depositional adjustment to
variations in each of the tectonic uplift of the hinterland, subsidence rate and eustatic base level. The overlying Walloon
Coal Measures accumulated in a low-gradient fluvial regime populated with floodbasins and coal-swamp mires.
Esk Trough-Laidley Sub-basin
The seismic record reveals four major sedimentary sequences over crystalline basement. The lower three underlie the
GAB sequence and the third sequence, uppermost basement to the GAB, equates to fill of the Esk Trough with Middle
Triassic non-marine sediments and volcanics of the Toogoolawah Group.
The fourth sequence comprises the Late Triassic to Middle Jurassic sequence (Burger, 1994) of Clarence-Moreton
sediments in the Laidley Sub-basin which unconformably overlie the Toogoolawah Group, and reaches a maximum
thickness of 1650 m in the synclinal depocentre. This basinal sequence is asymmetric, thinning gradually westward onto
the Gatton Arch. Eastwards the sequence becomes abruptly thinner across the West Ipswich Fault and South Moreton
Anticline because of onlap and erosion in response to late-stage fault reactivation and inversion. Movement on the West
Ipswich Fault at this time was dextral (O’Brien et al., 1994).
Transtension formed the depocentre flanked by the West Ipswich Fault and the Gatton Arch. This arch remained a
relatively high area through transtension and subsidence, and was probably a peripheral bulge from isostatic adjustment
in response to basinal loading (Beaumont, 1978).
Cecil Plains Sub-basin
This sub-basin is a broad, relatively undeformed depression containing two sequences. The lower sequence is thickest
(about 2500 m) in a fault-bounded half-graben of about 20 km breadth and called the Horrane Trough (O’Brien et al.,
1994). The contained sequence thickens towards a faulted western margin.
The upper Clarence-Moreton sequence is comparatively thinner with a maximum thickness of 1300 m, and a subdued
depocentre coinciding with the deepest western part of the underlying Horrane Trough. The north-eastern part of the
Cecil Plains Sub-basin has gently folded Clarence-Moreton sequence (Cranfield et al., 1976).
The fault geometry on the western margin of the Horrane Trough and presence of pull-apart basins of similar age along
the north-east margin of this sub-basin suggest that the Horrane Trough also formed along a strike-slip fault, with fault
displacement active during the Late Triassic, contemporaneous with the Ipswich Coal Measures and formation of the
Tarong Basin (Flood and Garces, 1986).
Subsidence by thermal relaxation then followed through the latest Triassic and Jurassic periods (O’Brien et al., 1994).
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2.2.5

Carpentaria Basin evolution

The structure below the Carpentaria Basin is relatively subtle but complex ( Figure 2.4). In the south, structures such as
the Burketown and Canobie Depressions, the Landsborough Graben, the Boomarra and Fort Bowen Ridges all trend
north to north-westerly and plunge to the north (Burgess, 1984). Faulting below the Gulf of Carpentaria is northerly, with
most faults terminating below or within the Carpentaria Basin sequence (Passmore et al., 1992).
Many structures in the Carpentaria Basin are the result of block faulting or drape over basement blocks, and faults within
the sequence are normal with little displacement (Burgess, 1984). The greatest displacement of 300 m occurs on the
Boomarra Fault in the south of the basin (Smart et al., 1980). In the northern onshore part of the basin, north-west, northeast and east-northeast trending lineaments are dominant, but additional northerly trends may be equally important
(Doutch, 1976).
Within the Carpentaria Basin, basal fluvial and marine sandstone sequences were restricted to the Weipa and Staaten
sub-basins where they were confined principally to paleotopographic valleys (McConachie et al., 1990). These
accumulations were generally sandier and thicker northwards (Figure 2.12).
The earliest deposition in the Jurassic period began with the Garraway Sandstone, restricted to the north and particularly
to the Weipa Sub-basin (Figure 2.13). Congruent with this deposition, quartzose sandstones of the Eulo Queen Group
accumulated in the southern part of the basin as restricted fill in valleys and troughs. The deposition of the Gilbert River
Formation followed next. With initial deposition, the sands were quartzose but became glauconitic to the top, marking a
transition from fluvial to marine conditions introduced by an Early Cretaceous sea level rise. In the north, deposition of
lithic glauconitic sands continued to form the basal Wallumbilla Formation, while to the south the sands were quartzose
and glauconitic (Gilbert River Formation). The thicker marine sandstones in the Weipa Sub-basin probably reflect an
earlier and longer period of subsidence.
During the Late Aptian to Early Albian, marine conditions became widespread throughout the Carpentaria Basin over all
sub-basins, with deposition of finer clastics, silts and muds of the upper part of the Wallumbilla Formation. Terrestrial
input was highly variable, possibly introduced through actively shifting deltaic lobes infilling a shallow shelfal sea.
The organic content of the Toolebuc Formation diminished into more open marine conditions northward.
Throughout the southern Carpentaria Basin, shallow marine conditions enabled deposition of fine-grained siltstone and
mudstone as the Allaru Mudstone unit. However in this region, over time these sediments became steadily cleaner or
sandier. In the north, at Kowanyama and Weipa, a basal sandstone and interbedded siltstone member is recognised by
McConachie et al. (1990), overlain by fine-grained siltstone and mudstone member that contains an unconformity.
The overlying Normanton Formation accumulated as a basin-wide progradation infilling a shallow sea. This formation
generally represents the final phase of Cretaceous sedimentation within the Carpentaria Basin. There is local evidence in
the Weipa and Gove areas for continued deposition of a marine arkose. Elsewhere this sand, the Bulimba Formation,
appears to be younger and unconformably overlies the Normanton Formation.
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Figure 2.12 Configuration, extent and thickness of the basal Jurassic-Cretaceous sandstone aquifers in the Carpentaria and Laura
basins

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 39

Chapter 2 Jurassic–Cretaceous geology

Figure 2.13 Mesozoic geology of the Carpentaria and Laura basins highlighting thickness of the onshore Normanton Formation aquifer
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Laura Basin
The Laura Basin is a sequence that accumulated during the Middle Jurassic to Late Early Cretaceous. It is an elongate
intracratonic basin on the eastern side of the Cape York peninsula and extends offshore into Princess Charlotte Bay
2
where its northern limits are poorly defined. The onshore portion covers some 18,000 km and has a maximum thickness
of at least 1000 m. Over 2,000 m may exist offshore.
The Laura Basin is bounded by Paleozoic igneous rock outcrops of the Coen region in the west and south-west, and it
also overlies the Lakefield Basin, a north-south elongate, fault-bounded Late Paleozoic basin that extends northwards
offshore.
East of the Palmerville Fault on the eastern margin of the Lakefield Basin, the Laura Basin is underlain by highly
deformed metasedimentary rocks of the Paleozoic Hodgkinson Province.
The Cenozoic Kalpowar Basin overlies the northern onshore part of the Laura Basin
Today the Laura Basin has a very thin sequence connection with the Carpentaria Basin over the Kimba Arch, a saddle in
the Great Dividing Range (GDR) between the Coen Inlier to the north and the Yambo Inlier to the south. However, the
Laura Basin is hydrogeologically independent of the Carpentaria Basin.
The basal unit is the Dalrymple Sandstone. In the central Laura Basin, this formation comprises quartzose to lithic
sandstone with subordinate claystone, siltstone, conglomerate and tuff. Coal; seams up to 3 m thick occur near the base
of the formation. With an age range of Middle to Late Jurassic, the unit is a biostratigraphic and lithostratigraphic
equivalent of the Loth Formation (Eulo Queen Group) in the southern Carpentaria Basin. Apparently conformably
overlying is the Gilbert River Formation (formerly Battle Camp Sandstone).
It is difficult to differentiate formations within the Rolling Downs Group (formerly the Battle Camp Shale and the Wolena
Claystone) in the Laura Basin. Sedimentology and biostratigraphy indicate that shallow marine conditions prevailed
during the Aptian to Early Albian.
There appears to be little tectonic folding. Most folds are a result of drape over basement features and differential
compaction. One possible exception is a major north-trending anticline directly east of the Yintjingga Fault Zone
(McConachie et al., 1997a; McConachie et al., 1997b)

Carpentaria Sub-basins
Within this relatively uniform flexural intracratonic downwarp, because of the subtle but complex structure in basement,
there exist several sub-basins and regions of the Carpentaria Basin (Figure 2.14). These are the Boomarra, Staaten,
Weipa and Western Gulf sub-basins as delineated by McConachie et al. (1990).
The boundaries between the sub-basins are gradational and indistinct.
Because much of the Carpentaria Basin is thinly covered by the Cenozoic Karumba Basin, little is known of the complete
sequence except from varied to minimal petroleum exploration with seismic surveys and drilling.
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Figure 2.14 Sub-basins of the Carpentaria and Laura basins and relationships with contiguous basins

Staaten Sub-basin
The Staaten Sub-basin extends both offshore and onshore, the latter comprising northern, central and southern regions.
The central region is the Staaten River Embayment of Smart et al. (1980). This and the northern region up to the Weipa
Sub-basin are poorly known because of minimal well data. The southern onshore region extends southwards onto the
Euroka Arch (Millungera Depression), excepting the Boomarra Sub-basin against the western margin (Figure 2.14). This
southern region is better understood because of extensive seismic surveys and 8 exploration drillholes.
The Kimba Arch on the north-eastern margin of this area separates the Laura Basin to the north-east.
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The Staaten Sub-basin is characterised by thin but variable basal sandstones of the Middle to Upper Jurassic Eulo
Queen Group which comprises the Hampstead Sandstone and Loth Formation, both sourced from the east. Deposition
occurred in low sinuosity fluvial systems restricted to valleys and troughs throughout the southern region of the sub-basin.
In the southern region, this group is conformably/disconformably overlain by the Gilbert River Formation, typically about
30 m but up to 100 m thick. It is considered transitional from non-marine to marine in the Staaten Sub-basin, culminating
in deeper marine conditions in the Early Cretaceous and deposition of the Wallumbilla Formation of the Rolling Downs
Group. The Allaru Mudstone was deposited in shallow marine to paralic conditions with minimal terrestrial influx. The
overlying Normanton Formation, with glauconitic sandstone and siltstone, is interpreted as part of basin-wide
progradational deposits representing the final phase of Late Cretaceous sedimentation (McConachie et al., 1997a).
Most apparent in the onshore southern Staaten Sub-basin, and to a lesser degree in the central Staaten Sub-basin, is
the development of intra-formational faulting within the Rolling Downs Group (McConachie et al., 1997a) and is attributed
to polygonal faulting which offers potential leakage conduits for the underlying artesian aquifers.
Weipa Sub-basin
The Weipa Sub-basin lies offshore and onshore, with limited connection north-eastwards over the Olive River Basin and
the Bramwell Arch onto the Torres Shelf, part of the northward extension of the Laura Basin into the Papuan Basin. The
Weipa Sub-basin has two main depocentres. The offshore Carpentaria Depression lies immediately south of the Bamaga
Infrabasin, and contains about 1600 m of Mesozoic sequence with a stratigraphy that is largely inferred from
extrapolation of the onshore sequence. Seismic wave amplitudes suggest inter-digitation of sands with shales and coals
(McConachie et al., 1997a). The western limit of the sub-basin marks the western extent of the basal JurassicCretaceous sandstone aquifer system in the Garraway Sandstone and Gilbert River Formation (McConachie et al., 1994).
An unnamed and unsampled basal seismic-stratigraphic package has been recognised in this (McConachie et al.,
1997a).
The onshore depocentre overlies the Olive River area where the Middle to Late Jurassic sandstone at the base of this
sequence in the south is the Garraway Sandstone (Senapati, 1988). This sandstone thins southward towards the
Staaten Sub-basin where it is litho- and biostratigraphically equivalent to the EuloQueen Group.
The lower part of the Garraway Sandstone has facies and thickness changes associated with onlap onto basement highs.
Western Gulf Sub-basin
This sub-basin is a region that lies mostly offshore and includes the western flank of the Carpentaria Basin. The Western
Gulf Sub-basin extends northwards towards New Guinea and broadens north-eastwards onshore, to the north of the
Weipa Sub-basin. Proterozoic basement to this sequence in the west has extreme ‘rugose’ relief. It is conjectural how far
west into this terrain that the basal sand aquifer may extend. McConachie et al. (1994) interpret an absence of the
Jurassic-Lower Cretaceous sandstones in this sub-basin whereas Burgess (1984) had interpreted the presence of some
Gilbert River Formation as fingers of sands extending up valleys in the basement terrain. This offshore sub-basin is the
main depocentre of the Cretaceous Rolling Downs Group, and lies distinctly westward of the western limit of the basal
Jurassic-Cretaceous aquifer sands. The fine marine sediments of the Rolling Downs Group infill and blanket the irregular
basement relief. Seismic correlation suggests that this Group constitutes almost the entire stratigraphic section in the
offshore Western Gulf Sub-basin. The depocentre migrated from the Carpentaria Depression in the Weipa Sub-basin
north-westwards into the Western Gulf Sub-basin during the Cretaceous (McConachie et al., 1997a).
The thin Mullaman beds crop out on the western margin of the Western Gulf Sub-basin and extend well into Arnhem
Land. Part of this sequence is now assigned to the Walker River and Yirrkala formations in the Gove area (Krassay,
1994). Although this sequence is part of the geological Carpentaria Sub-basin, subsequent uplift and erosion just
offshore from the western coastline of the Gulf of Carpentaria appears to now separate the hydrogeological Carpentaria
Sub-basin from Arnhem Land, except possibly at the northern area near Gove and northwards into the Money Shoal
Basin.
The Helby and Albany Pass beds on the northern Cape York Peninsula are the onshore basal sequence equivalents of
the Gilbert River Formation and possibly the Garraway Sandstone.
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Boomarra Sub-basin
The Boomarra Sub-basin is in the southern onshore region of the Carpentaria Basin, against the western basin margin
with the Mount Isa Block. As defined by McConachie et al. (1990) it covers the onshore Burketown and Canobie
depressions of Smart et al. (1980), includes the Landsborough Trough west of the Boomarra Horst, and extends
eastward to the Fort Bowen Ridge.
The lithostratigraphy of this sub-basin is best known from GSQ Dobbyn 1 in which the Carpentaria Basin sequence
comprises 37 m of Gilbert River Formation overlain by 550 m of the Rolling Downs Group.
Within the sub-basin, a north-south structural grain in basement is evident from gravity and aeromagnetic data. The most
significant structural element is the Boomarra Fault, one of a series of north-trending faults that produce a series of
horsts and grabens, with probably 300 m of vertical displacement, and evidence of differential drag suggesting some
growth of faults during the Jurassic-Cretaceous deposition (McConachie et al., 1997a).
Laura Basin
Deposition in the Laura Basin is believed to have been continuous with that in the Carpentaria Basin during much of the
period of basin fill. At cessation of deposition, the basins probably covered a much greater part of the region than is
preserved today, and were probably connected across the Coen region.

2.3

Post-depositional tectonism

2.3.1

Eromanga Basin

Inversion of the Central Eromanga Basin at about 50 Ma caused significant folding and disruption of the sedimentary
sequence (Figure 2.9). Pre-existing faults in basement were reactivated across the Central Eromanga Depocentre. The
main artesian aquifers and aquitards of the Central Eromanga Basin were significantly structurally compromised. For
example, fault displacements are locally up to 780 m on the normal fault at the Curalle Dome, there is a northward
increase of displacement of up to 400 m on the Canaway Fault, 200 to 300 m on the thrusted Harkaway Fault (Hoffmann,
1989), up to 420 m on the Cork Fault, and 640 m on the Stormhill and Westland Structures. In comparison to the
composite thickness of the Cadna-owie – Hooray Aquifer (Radke et al., 2000) which is generally between 150 and 200 m
but up to a maximum of 350 m thick, the scale of fault displacements infers the complete disruption of continuity in the
aquifers locally along these features, as well as providing potential vertical fluid escape conduits to higher aquifers and
the surface. Given the widespread deformation within this central depocentre and the displacement of the aquifer
sequence on many of the faults, structure can be a significant impediment to regional lateral groundwater flow. In the
modelled potentiometric surface of the Cadna-owie – Hooray Aquifer of Welsh (2000), the northern Canaway Fault and
structure to the west in the Central Eromanga Depocentre have a significant effect on the groundwater flow pattern.
Senior and Habermehl (1980) inferred numerous barriers to groundwater flow near fault structures within the Central
Eromanga Depocentre.
The Eromanga sequence is upthrown further to the west by up to 300 m along the Toomba Thrust Fault in the
north-western region (Simpson et al., 1985) and a larger sinistral offset in this zone is apparent between the north-west
to south-east trending Toomba Fault and the G3 corridor of Campbell and O’Driscoll (1989).
To the east of this fault on the Boulia and Diamantina shelves, active rivers in both this region and southward into the
eastern Central Eromanga Depocentre have considerable tracts paralleling the trend of the Wetherby-Cork-Holberton
feature. This is a deep-seated basement feature evident in magnetic and gravity imagery and previously identified
structurally as the linear north-northeast zone of enechelon faults (Sprigg, 1961) and as the G8 corridor (Campbell and
O'Driscoll, 1989). This tectonic zone comprises faults that are parallel but sinistrally offset.
The significance of Cainozoic structuring in the Eromanga Basin has been widely recognised by Moore and Pitt (1984),
Wopfner (1985), Sprigg (1986) amongst others. Three phases of deposition in the Lake Eyre Basin were interrupted by
two phases of structuring (Krieg et al., 1990). With Early Oligocene folding, the major surface anticlines formed, such as
the Innamincka Dome, Stuart Range and the Birdsville Track Ridge (Moore and Pitt, 1984; Wopfner et al., 1974).
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A second phase of compression occurred during the Miocene ( 23 to 5 Ma), reactivating pre-existing faults and producing
localised uplift and erosion with folding and faulting (Santos, 1988). This fold growth continued in the post-Middle
Miocene (Wasson, 1982). Surface expression of the fold belt in the Oligocene and Miocene silcrete surfaces is assumed
to be a rejuvenation of end-Permian (top Cooper Basin) folds and faults (M Norvick, 2010, pers. comm.). Uplift in the
order of 350 to 500 m occurred on the Dalhousie-McDills Ridge at this time (Alexander and Jensen-Schmidt, 1995). The
southern end of the Wetherby-Cork-Holburton Structure, part of the G8 corridor of Campbell and O’Driscoll (1989), was
also the focus of major uplift at this time to rejuvenate the Warbreccan, Curalle, Morney and Betoota domes, probably
related to late structuring in the Poolwanna Trough (Ambrose et al., 2002).
Large localised potentiometric drops in the Cadna-owie – Hooray Aquifer coincide with the Cork Fault (Winton 1:250,000
sheet area), near the Stormhill and Westland Structures (Maneroo 1:250,000 sheet area), and south of the Longreach
High (Blackall 1:250 000 Sheet area). Collectively these anomalies of low potentiometric pressure indicate aquifer losses
upwards where the Eromanga sequence on the LZ/G8 tectonic zone is disrupted, fractured and vertically permeable in
this region. As a consequence, the Diamantina and Thomson rivers and Ravensbourne Creek are gaining streams in
these areas.

2.3.2

Surat Basin

At about 95 Ma, subsidence ceased in the Surat Basin. The basin then became inverted at about 50 Ma, with
asymmetric denudation – about 2.5 km on the eastern side of the basin to <1 km in the west – as indicated by
fission-track data (Gallagher et al., 1994; Raza et al., 2009). This uplift was associated with a contractional event, the
Moonie Event (Korsch et al., 1998). Concurrent with this deformation and uplift in the Surat Basin in the early Late
Cretaceous, regional-scale uplift, denudation and cooling was occurring along the full extent of the eastern margin of
Australia (Raza et al., 2009). This pattern is consistent with the plate tectonic model for the eastern Australian margin in
which convergence between the Pacific and Australian Plates ceased at around 100 Ma. The margin then became the
focus of transtensional tectonics until oblique convergence recommenced at about 90 Ma.
During the Moonie Event, deformation associated with this uplift was principally accommodated on pre-existing
basement faults, with reactivation of Bowen Basin structure. Renewed thrusting on these faults led to fault propagation a
short distance up into the Surat Basin succession, but deformation in the sequence was principally by folding and uplift
above a reactivated thrust fault at depth. Relief on structures on the western side of the basin is limited, in the order of
tens of metres, while the relief generated above fault systems near the eastern margin is several hundreds of metres
(Korsch and Totterdell, 2009).
During the Cretaceous, most of the area had a gentle regional tilt toward the present day Gulf of Carpentaria.
Epeirogenic movements in the Late Cretaceous and Mid-Cenozoic led to broad tilting to the south and west, with slight
movement on the old faults. There was widespread intrusion and extrusion of basic rocks associated with uplift of over
1000 m during the latter movement, altering the slope of the basins and established the present regional drainage
towards the Darling River System (Exon, 1976; Exon and Senior, 1976).

2.3.3

Sequence stratigraphy

Raza et al. (2009) offer a useful summary of the sequence within a time and tectonic framework. The distinction of
derivation of sediment petrofacies – quartzose, volcanogenic, and less commonly quartzose-volcanogenic – is significant.
As in the Eromanga Basin, deposition was terrestrial until the early Aptian (Early Cretaceous, 125 to 112 Ma), with an
initial marine incursion indicated during Bungil deposition, and then predominant with deposition of the Wallumbilla
Formation before a return to paralic and terrestrial conditions with accumulation of the Griman Creek Formation.
Hoffmann et al. (2009) interpreted this sequence on the basis of seismic and well data using non-marine sequence
stratigraphic principles (Aitken and Flint, 1995; Flint, 1993; Olsen et al., 1995; Shanley and McCabe, 1994) . In interior
basins located a considerable distance from the sea (>200 to 300 km), such as the Surat Basin, relative sea level
change has little influence on depositional systems, and accommodation space for accepting sediment is driven by
tectonic and/or climatic cycles (Shanley and McCabe, 1994).
During the Jurassic, deposition of the predominantly non-marine sedimentary rocks of the Surat Basin occurred on a
peneplaned surface of the Bowen Basin and adjacent basement (i.e. Tamworth belt,) resulting in a flat-lying cover
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deposit. Older Surat Basin deposits of latest Triassic (Rhaetian) are so localised as to not warrant discussion. The
Jurassic succession comprises three fining-upward cycles. The lower part of each depositional cycle is predominantly
sandstone with mostly siltstone, mudstone and coals in the upper part. This cyclicity was previously reported by Exon
(1976) and Exon and Burger (1981) and they attempted correlation of these cycles with global sea level fluctuations. The
three cycles recognised by Hoffmann et al. (2009) have durations of approximately 15 to 25 Ma and represent secondorder supersequences. Supersequence development was controlled by relatively long-wavelength, low-frequency cycles
of base-level change, probably driven by tectonics and climate (Totterdell et al., 2009). Figure 2.15 summarises these
with respect to lithostratigraphy and seismic character.

Figure 2.15 Sequence stratigraphy, lithostratigraphy and sea-level for the Jurassic succession, Surat Basin (from Hoffmann et al., 2009)

Supersequence J
Supersequence J, comprising two lithofacies that essentially equate to the Precipice Sandstone and Evergreen
Formation, was deposited over a period of approximately 24 Ma and reaches a maximum thickness of about 450 m. It is
of APJ1-3 age. Across the entire basin the base of this supersequence is a major unconformity, apparent in outcrop and
seismic by the tilted underlying succession. The base of this supersequence is diachronous, younging to the west (Martin,
1981; Price, 1997; Price et al., 1985).
Both isopachs (Green et al., 1997) and seismic interpretation show that the depocentre for this J supersequence lies on
the eastern side of the Taroom Trough, trending in a north-northwest direction. This suggests that the sedimentation
patterns during the Early Jurassic may have been influenced by compaction of the thickest part of the underlying Bowen
Basin succession. The supersequence extends across the Taroom Trough, thinning to the south-east and onto the Roma
Shelf in the west. The zero edges to the west and south, just into New South Wales, are due to the limit of deposition,
while the eastern and northern margins have been removed by post-depositional uplift and erosion (Elliott, 1993;
Veevers et al., 1991). The gradational contact between the Evergreen Formation and underlying Precipice Sandstone
suggests these lithofacies are genetically related.
The basal sandstone forms part of an amalgamated fluvial sand sheet interpreted to have been deposited by braided
fluvial systems during both base-level fall and subsequent rise. The overlying finer-grained succession was deposited in
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a meandering fluvial to floodplain environment as accommodation reached its maximum. The upward-coarsening or
progradational log pattern of the Evergreen Formation reflects a decreasing rate of base-level rise in the upper,
highstand systems tract equivalent portion of the supersequence (Totterdell et al., 2009).
Supersequence K
Supersequence K consists of a fining-upward succession of three lithofacies that approximate with the Hutton Sandstone,
Eurombah Formation, and the Walloon Coal Measures and the Purlawaugh Formation in New South Wales. It is of
Middle Jurassic age (APJ3-5).
The isopachs of Supersequence K show the zero edge extends well to the south-west of the underlying formations, and
into New South Wales (Totterdell et al., 2009). It is present throughout the central, eastern and northern parts of the
Eromanga Basin in Queensland (Senior et al., 1978). Maximum thicknesses accumulated over the northern part of the
Taroom Trough (1016 m), and the unit thins westward onto the Roma Shelf and the southward (360 m Goondiwindi 1)
where it onlaps Supersequence J. The axis of the depocentre trends north-west compared with the more northerly trend
for the older Surat units. The northern and eastern margins are defined by post-depositional erosional events. The
south-western margin probably approximates the depositional edge.
The abrupt change in grain size, composition and sedimentary architecture at the base of the Hutton Sandstone
suggests that it is a major sequence boundary formed by a sudden drop in base level, with an erosional unconformity
indicating a rapid change in depositional regime. However, a basin-wide erosional base is difficult to identify from seismic
evidence (Hoffmann et al., 2009).
Seismic data indicates that the sand bodies of both the Eurombah Formation and the lower Walloon Coal measures are
not laterally extensive, but instead inter-finger with the basal coal deposits. The relatively low fluvial energy, presence of
extensive coal deposits in the Walloon Coal Measures and thicker section suggest that the upper two lithofacies
represent Transgressive Systems Tract (TST) and Highstand Systems Tract (HST) phases of the supersequence and
were deposited under a period of greater accommodation.
Fining-upward sequences suggest the basal sandstones were deposited in meandering fluvial environments. As
accommodation increased, lower-energy conditions prevailed with swamps and lakes fed by meandering streams
(Hawke and Cramsie, 1984). The virtual absence of any highstand system tract deposits probably indicates that this
supersequence was deeply eroded prior to deposition of the subsequent supersequence (Totterdell et al., 2009).
Supersequence L
Supersequence L includes two lithofacies equivalent to the Springbok Sandstone and the finer-grained Westbourne
Formation, and possibly the Gubberamunda Sandstone and Orallo Formation (Hoffmann et al., 2009) as well as the
Pilliga Sandstone and Orallo Formation in the Coonamble Embayment (Totterdell et al., 2009). It is of Late Jurassic-Early
Cretaceous (APJ5-APK1) age. To the south, supersequence L onlaps supersequence K and unconformably overlies
basement to the east and west of the basin. This supersequence accumulated over about 17 Ma and has a maximum
thickness of approximately 450 m. The base of the supersequence L is the uppermost seismic reflection mapped by
Hoffmann et al. (2009).
Supersequence L represents a major change in basin accommodation – a period of basin-wide fluvial incision prior to
deposition of a thick succession (300 m) of braided-stream sandstones. As fluvial energy waned, the depositional
environment shifted to meandering rivers with extensive floodplain, (Hawke and Cramsie, 1984), and the uppermost
presence of possible lacustrine deposits that are coincident with the maximum flooding event evident on geophysical
wire-line logs, marks maximum accommodation (Totterdell et al., 2009).
Supersequence M
Supersequence M incorporates the Mooga Sandstone and lower Bungil Formation. It is of Early Cretaceous (APK1-2)
age and has a maximum thickness of approximately 130 m in the Coonamble Embayment. This is the youngest
supersequence studied in New South Wales due to poorer seismic quality and less well data coverage over the
remaining younger Surat megasequence (Totterdell et al., 2009). No comparative investigation exists for the main part of
the Surat Basin.
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The sequence has a relatively thin but widespread sandstone overlain by a succession of sandstone, siltstone and
mudstone. Overall it has a dominantly aggradational-retrogradational log character, fining upwards to a point of
maximum flooding. The upper progradational part is generally thin. Supersequence M on seismic records is
characteristically relatively continuous and appears to be a more reflective unit than the underlying Supersequence L.
Geophysical wire-line log patterns suggest the basal sandstones of Supersequence M accumulated in a range of fluvial
conditions from braided stream to meander belt. These sandstones are overlain by a increasingly mud-dominated finingup point-bar deposits that were deposited as fluvial energy decreased within meandering river-floodplain environments
(Totterdell et al., 2009).
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3

Cenozoic geology

Authors: Ransley TR, Radke BM and Kellett JR

3.1

Cenozoic uplift: creation of the artesian basin

Maximum marine inundation of Australia occurred over 120 to 110 Ma (Struckmeyer and Brown, 1990) and eventuated in
both extensive marine and low-altitude terrestrial flood-plain sedimentation during the later part of the Early Cretaceous,
effectively sealing the underlying aquifers. During this period, regions that are now the eastern highlands would have
been at or below sea level. At about 90 Ma, the first phase of uplift of the eastern highlands initiated widespread erosion
on the eastern margin of the Great Artesian Basin (GAB), contributing further infill to the basin that terminated marine
conditions and created the fluvial Griman Creek Formation. Approaching 50 Ma in the Eocene, compression and uplift
around the GAB initiated inversion and folding of the sequence.
After repeated denudation and weathering cycles (approximately 60, 30, 7 Ma) a final uplift of the eastern highlands at
about 5 Ma elevated the eastern GAB intake beds and created an asymmetric westward tilt to the basin, initiating
artesian conditions and westward throughflow within the basin.
The commencement of artesian conditions and throughflow linked to the tectonic history has been a topic of speculation
for a long time. Some proposed this to have occurred between 10 to 15 Ma (Senior and Habermehl, 1980) or 5 Ma
(Toupin et al., 1997). Bowering (1982) proposed that the present artesian conditions in the Eromanga Basin were
established during the Plio-Pleistocene as a result of the Kosciuskan orogeny in eastern Australia, although an earlier
artesian system may have existed (Bowering, 1982; Wall, 1987), perhaps as early as in the Jurassic (Williams and
Moriarty, 1986).
The phenomenon of throughflow is also indicated by efflux phenomena such as springs and mound springs. Attempts to
date the inception of this spring activity have not been wholly successful. Mound spring deposits have been dated back
to approximately 700,000 years with thermoluminescence and paleomagnetic techniques (Prescott et al., 1998). Many of
the main spring deposits on the western margin lie within incised terrain and are located on intersections of basement
faults (Aldam and Kuang, 1988). Significant land surface lowering (about 10 to 20 metres) has left the oldest spring
deposits raised and now bypassed by more recent mound springs that have developed in close proximity on younger
land surfaces (Habermehl, 1982). Very old deposits may not have survived this apparently active denudation. Much of
the land denudation adjoining carbonate spring deposits has been attributed to accelerated deflation by salt impregnation
that occurs in the regolith surface surrounding the springs which can be seen as isolated terminal evaporitic systems that
result from generally complete evaporation of the effluxed spring waters (Radke, 1990). Accordingly, these localised
deflation processes diminish the confidence of estimating spring ages by regional land surface levels (Radke et al., 2000).

3.2

Cenozoic cover to the Great Artesian Basin

Cenozoic cover over the Eromanga, Surat and Carpentaria sub-basins is extensive but incomplete due to erosion (Figure
3.2). Surficial Quaternary cover is predominantly alluvial-colluvial with thickest accumulations along the valleys of major
watercourses, as well as aeolian sand cover in the western region of the Eromanga Basin. Exposed or overlain by this
surficial cover are remnants of Paleogene–Neogene sedimentary basins, alluvial deep leads, and regional sheetwash
deposits that can be of substantial thickness (Figure 3.2). The Lake Eyre and Karumba basins are major depocentres
with over 500 m of sediment. Additionally there are numerous paleochannels around the western margin of the Lake
Eyre Catchment as well as small accumulations in the Hamilton, Billa Kalina, Marion, Springvale, and Old Cork basins –
remnants of lake deposits, fluvial outwash or paleochannels. Associated with the contemporary tributaries of the Upper
Darling River are Paleogene-Neogene deep leads of the Macquarie, Namoi, Gwydir, Balonne, Moonie, Condamine and
Warrego rivers. The small Kalpowar Basin overlies the Laura Basin.
Although weathering has been ongoing through time, several periods of extremely intense weathering at the close of the
Cretaceous and subsequently have left distinct profiles and surfaces within both exposed Mesozoic rocks and
Paleogene-Neogene cover.
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Figure 3.1 Thickness of Cenozoic sequence over the Great Artesian Basin
[Note: see A3 Figure 4 in the compendium of A3 figures for more detail]
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Figure 3.2 Thickness of Paleogene-Neogene sequence overlying the Great Artesian Basin
[Note: see A3 Figure 5 in the compendium of A3 figures for more detail]

The upper Mesozoic sequence and Paleogene-Neogene deposits have variable to deep weathering profiles (Figure 3.3)
that are thicker to the south-west around the western Lake Eyre region and thin unevenly towards the eastern recharge
zone of the GAB.
The asymmetry in preserved weathering thickness and the deeper basin accumulations in the Tirari and Calabonna subbasins of the Lake Eyre Basin are attributed to regional tilting of the GAB caused by Pliocene uplift along the Great
Dividing Range and the continual subsidence around Lake Eyre.
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Figure 3.3 Thickness of Cenozoic weathering
[Note: see A3 Figure 6 in the compendium of A3 figures for more detail]

Close to the eastern uplifted region, drainage became deeply incised and accommodated deep lead deposits in
paleochannels. Whether aquifers in these deep leads are coupled with present day surface drainage, or with underlying
aquifers of the Mesozoic sequence, they are targeted for groundwater exploitation because of their easier access and
superior transmissivities.
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This Cenozoic overprint, whether as basin cover, deep leads or weathering profiles, in conjunction with the Holocene
alluvial cover, has an important influence on the leakage of groundwater from the Mesozoic aquifers of the GAB, and
possibly also with recharge in many regions of the intake beds.
Across the GAB region, the history of deposition and weathering cycles bears considerable uniformity between the subbasins (Figure 4.2 and Figure 4.3). Descriptions of the individual lithostratigraphic units are provided in Radke et al.
(2012).
Lake Eyre Basin
During the Late Paleocene, subsidence in north-eastern South Australia and south-western Queensland produced a
large shallow depression, the Lake Eyre Basin. Into the Cenozoic, regions that had previously accommodated Eromanga
deposition continued to accommodate fluvial and lacustrine sediments. This basin was an extensive internal drainage
system, the Lake Eyre Basin Catchment, feeding terminal lakes that served as an evaporation basins through much of
their history. Later in the Cenozoic, renewed uplift of the Eastern Highlands generated a regional south-westward tilt that
greatly increased drainage.
The Lake Eyre Basin is bordered on the west by the Peake and Denison Inliers and the western margin of the Dalhousie
Dome, in the south by the Willouran, Flinders and Olary Ranges, and in the east by the Barrier Ranges. The basin
extends north-eastwards from South Australia into the Northern Territory, Queensland and New South Wales. The
southern margin is sharply defined and faulted as a result of the Late Cenozoic uplift.
Cenozoic sediments of the Lake Eyre Basin unconformably overlie the Jurassic-Late Cretaceous sediments of the
Eromanga Basin. Tectonism, uplift and subsidence during deposition, was more localised to create two main
depocentres that appear to have additional complexity as a result of the local tectonics (Figure 3.2). The Lake Eyre Basin
(Callen et al., 1995) comprises several sub-basins, separated by ridges. The Tirari sub-basin (Krieg et al., 1991),
previously named the ‘Lake Eyre Basin’ (Callen, 1990; Callen and Tedford, 1976), lies to the west of the Birdsville Track
Ridge, defined by faulted and duricrust-capped Cooryanna, Gason and Cordillo domes. East of this ridge is the
Callabonna Sub-basin (Callen et al., 1995), previously known as the Tarkarooloo Basin (Callen, 1981; 1990; Callen and
Tedford, 1976).
Much of the Lake Eyre Basin is close to sea level, with subdued topography and poor outcrop in low cliffs around salt
lakes, or as silicified channel remnants between dunes. Paleogene-Neogene units are commonly covered by Quaternary
sediments.
Deposition occurred in three phases (Callen, 1990; Krieg et al., 1990). The first phase was in the latest Paleocene to
Middle Eocene, with accumulation of sandstone, carbonaceous clastics and conglomerate of the Eyre Formation,
Murnpeowie Formation and Mount Sarah Sandstone. Eastwards the Glendower Formation was an equivalent.
There is little evidence of deposition between the Late Eocene and Late Oligocene. During this time, widespread gentle
folding and uplift, including on the Birdsville Track Ridge, initiated division of the basin and produced the Cooryanna and
Gason domes.
The second phase may have commenced in the Oligocene and extended through to the Pliocene. Sediments included
grey, green and white clay, fine-grained sand and carbonate, minor conglomerate, to form the Etadunna Formation, its
correlatives the Namba Formation, Doonbara Formation and Cadelga Limestone. The greater variation of sediments at
this time was due to the newly created depocentres and sub-basins.
The third phase during the Pliocene to Quaternary, was characterised by deposition of red and yellow-brown sand and
sandy clay (aeolian Tirari Formation), and development of gypsum and carbonate paleosols.
Between these phases of deposition chemical weathering was intense, creating several lateritic profiles comprising
ferricrete, and silcrete (Cordillo, Haddon and Curalle Silcretes).
Billa Kalina, Hamilton and Aremra basins
In smaller peripheral basins to the south of the Peake and Denison Outlier (Billa Kalina) and west of the Dalhousie Dome
(Hamilton Basin) (Figure 3.2), depositional phases and weathering events generally correspond with those in the Lake
Eyre Basin (Figure 4.2).
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Little is known of the Aremra Basin except that it extends across the Simpson Desert between the Hale River, Aremra
Creek and Huckitta Creek, and onto the western margin of the GAB (Senior et al., 1995). Outcropping deposits lie
between Proterozoic outcrop. These deposits may extend south down the Hale River onto the Eromanga Basin to link
with Lateritised Cenozoic deposits capping the Allitra Plateau.
Marion, Springvale and Old Cork basins
Smaller basins in Queensland lie within the current Lake Eyre drainage catchment, and may have originally been
extensions up drainage of the Lake Eyre Basin, to be later eroded down to separate remnants. Depositional and
weathering events generally correspond with those in the Lake Eyre Basin (Figure 4.2). The Springvale and Old Cork
Basins have comparable basal clastics of Paleocene-Eocene age.
Marion and Noranside basins
These basins overlap.
The older Marion Basin is an elongate north-south depression which was probably an erosional valley in the Paleogene.
The basal Marion Formation is a silicified sandstone up to 45 m thick and lies unconformably over deeply weathered
Mesozoic rocks (Paten, 1964). The Marion Formation appears to have been a sediment fan produced by the Georgina
River. Reynolds (1968) correlated the Marion and Springvale Formations as equivalent in age, and Olgers (1964)
considered the Marion Formation to be related to the Eyre Formation. A younger lacustrine carbonate depositional phase
(Austral Downs and Noranside Limestones) occurred in several river systems draining off the Georgina Basin (Paten,
1964).
The Noranside Basin, a narrow downwarped feature to the north-east of the Marion Basin, also contains the Noranside
Limestone. Part of this unit overlies the Marion Formation in the northern part of the Marion Basin but they may also
inter-finger (Grimes, 1980).
Springvale Basin
Paleogene movements on the Black Mountain Fault initiated this basin which contains a 50 m sequence comprising
three formations. The basal Moses Sandstone occurs near the eastern margin of the basin, and is unconformably
overlain by limestone and claystone of the Springvale Formation. The Springvale Formation was affected by a period of
deep weathering – laterisation and silicification – that is probably equivalent to the mid-Tertiary Canaway Profile. After
this weathering, there was further warping and then limestones of the Horse Creek Formation were accumulated
unconformably over the older sequence. This upper Middle Miocene carbonate unit comprises mixed lacustrine and
spring carbonate deposits (Paten, 1964). Although this upper limestone has been silicified, it is not as deeply weathered
as the underlying units. The Horse Creek Formation, with the Noranside Limestone, is probably a correlative of the
Austral Downs Limestone from which Lloyd (1968) reported Miocene or younger foraminifera (Grimes, 1980).
Old Cork Basin
Movement on the Cork Fault formed a basin on its downthrown western side and accumulated 80 m of fluvial and
lacustrine mudstone and limestone of the Old Cork Beds. Further tectonism and erosion was followed by deposition
locally of a thinner Mueller Sandstone. Both units have since been lateritised and silicified, and this weathering profile
has been folded by still later movements. With no definitive age evidence, this sequence is tentatively correlated with the
Paleogene units of the Springvale Basin, and the deep weathering with the Canaway Profile (Grimes, 1980).
Deep Leads of Tributaries of the Upper Darling River
Upstream of the confluence of the Warrego River with the Darling River, several contemporary tributaries have related
remnants of paleochannel deposits, but these are generally not coincident with the present day river channels.
Compared to regional thickness of Quaternary alluvium, these paleochannels are deep. The Upper Balonne
Paleochannel is 130 to 140 m deep, the Macquarie Deep Lead is up to 160 m deep, and the Namoi Deep Lead is 140 –
160 m deep.
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There is extreme heterogeneity in these known Paleogene-Neogene features, indicating discrete systems of
paleochannels that were independently influenced by the topography, catchment and associated tectonics within each
drainage system.
In the upper north-west to south-east oriented tract of the upper Condamine River Valley a thick pre-Quaternary deep
lead approaches 100 m thickness below the extensive surficial alluvium. This paleochannel contains a thin basal sand,
the Eocene Moonie Formation. The river system appears to have preferentially eroded the less-resistant underlying
Injune Creek Group whereas westwards and downstream, incision was probably superposed into the Kumbarilla Beds
over the Kumbarilla Arch. This appears to have restricted sediment transport downstream and consequently an upper
thick lead of the Pliocene Chinchilla Sand accumulated. Two weathering events, Early Oligocene and Late Miocene in
age, imprinted silcrete and ferricrete profiles within this deep lead sequence (Langford et al., 1995) (Figure4.2).
Downstream from Narrabri, the Lower Namoi Deep Leads infill incised Jurassic-Cretaceous sandstones and siltstones of
the GAB. The leads comprise three formations, all of them aquifers. The basal confined to semi-confined aquifer is the
Cubbaroo Formation of sands and gravels with inter-bedded clay and is considered to be Middle to Late Miocene (Martin,
1980; Williams, 1997) and equivalent to the upper Renmark Group in the Murray Basin. The overlying Gunnedah
Formation is a confined to semi-confined aquifer thought to be Pliocene to Early Pleistocene (equivalent to the Calivil
Formation in the Murray Basin, or Lachlan Formation in the Billabong Creek and Upper Lachlan Deep Leads) and
comprises fluvio-lacustrine sediments of up to 70 m thickness. This is the productive aquifer used for irrigation
(Giambastiani et al., 2009) Both of these are confined aquifers, thought to be recharged in part by leakage of GAB
groundwater. The Gunnedah Formation is a highly-stressed aquifer due to overextraction. In the Namoi system of deep
leads, the sands and gravels are consistently mature.
The top aquifer, the Quaternary Narrabri Formation is the watertable aquifer and is known to be highly interactive with
the Namoi and Mooki Rivers. This aquifer is also highly stressed due to overallocation.
In some areas there is no hydraulic separation between the formations and they act as a single aquifer (CSIRO, 2007a),
but generally an aquitard separates the Narrabri Formation from the underlying aquifers (Smithson, 2009) .
Gwydir River Deep Lead at Meehi, upstream of Moree, reaches 35 m in thickness and comprises basal fine alluvium and
silts, mid sandy gravels, and upper clays. The oldest channel sediments, known only in one location are grey clays of
Mid to Late Miocene age (Martin, 1980).
In contrast, there are three formations in the Lower Balonne Deep Lead. They consist of an upper and lower alluvial
aquifer separated by an intervening aquitard. This sequence is different from that in the Namoi system. In the Lower
Balonne Deep Lead, the lower alluvial aquifer is restricted to the Dirranbandi Paleochannel but the overlying aquitard and
aquifer extend across the whole valley but the aquitard offers very patchy cover. In the upper reaches of this deep lead
system, the gravels are quartzose, mature, well sorted and consequently very permeable. As the system widens
downstream, the sorting decreases with decreasing sediment maturity, and hence reduced permeability.
The paralleling Moonie River to the east has an interpreted remnant of a deep lead with the control of one borehole
(Kellett et al., 2004).
The Macquarie Deep Lead is different again. This paleochannel (Figure 3.2) is internally consistent in aquifer architecture.
An uppermost leaky unsaturated aquitard overlies a saturated Quaternary sand and gravel aquifer which in turn overlies
a thin (~20 m) tight aquitard. This overlies the basal Pliocene gravels which are very high-yielding and highly sought after
by irrigators. The lower aquitard forms a very efficient seal because it maintains a consistent 30 m head difference
between the upper Quaternary and lower Pliocene aquifers all the way along the deep lead (the lower alluvial aquifer has
a lower head). (Kellett et al., 2008).
Along the Bogan River, there is no Tertiary paleochannel preserved. The alluvium beneath the Bogan River channel is
patchy and thin, and at Nyngan it is only 2 m thick. There is a paleoechannel to the east beneath Marra Creek but this is
the Pleistocene Macquarie Paleochannel that passes through Trangie and Nevertire and generally parallels the present
day flood plain of the Macquarie River.
The balance of evidence suggests that there are Tertiary sediments in a paleochannel underlying the modern Warrego
River. (CSIRO, 2007b) ascribed a 30 m thickness of sand and gravel to the Quaternary aquifer underlying the Warrego
River channel and this is similar in thickness to the uppermost Quaternary alluvial aquifer in the neighbouring catchment
to the east. However, on the Cunnamulla 1:250 000 Sheet, Thomas (1971) cites up to 60 m of Quaternary sediments
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overlying thin silicified quartz sandstones and the latter are probably equivalent to the Glendower Formation. On the
Wyandra 1:250 000 Sheet, the Quaternary sequence is 30 m thick, but the underlying Glendower Formation approaches
116 m thickness beneath the Warrego River channel at Wyandra (Thomas, 1971).
On the south-eastern edge of the Coonamble Embayment downstream of Gilgandra, Paleogene-Neogene alluvial
deposits of the Castlereagh River incise the underlying weathered Mesozoic sequence down to 115 m. Remnant deep
leads in this system have lithological similarity to their weathered basement but vary between mid to Late Miocene and
Pliocene-Pleistocene in age (Martin, 1981).
Karumba Basin
The Karumba Basin is a broad shallow saucer-shaped intracratonic sag basin that was formed primarily by uplift around
its margins. Its spatial extent is broader than that of the underlying Carpentaria Basin. The Karumba Basin reaches a
maximum thickness of about 550 m in its offshore depocentre in the northern Western Gulf Sub-basin (Figure 3.4). The
Karumba Basin extends northward into the Morehead and the peri-orogenic Strickland basins of Papua New Guinea and
Irian Jaya (Smart et al., 1980).
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Figure 3.4 Cenozoic geology and sequence thickness in the Karumba and Kalpowar basins

Structure and Tectonics
The structure of Cape York is controlled by a northerly-oriented uplift with a mid-Paleozoic orogenic core (Coen Inlier)
which is flanked on its western margin by Mesozoic sediments of the Carpentaria Basin over which the weathering and
depositional cycles of the Karumba Basin have evolved (Evans, 1975; Grubb, 1971).
A significant structure is the Gilbert-Mitchell Trough, a prominent downwarp at the eastern end of the basin that directly
overlies the Staaten River Embayment (Doutch, 1976) of the central Staaten Sub-basin. At the south-eastern end of this
trough, there is a series of small faults (Grimes, 1980). In the northern part of the Cape York Peninsula, north of the
Alice-Palmer Structural Zone, some Cenozoic structuring is evident in the older sequences.
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Karumba Basin Evolution
The Late Cretaceous–Cenozoic Karumba Basin overlies the Carpentaria Basin.
Flexing of the Indo-Australian plate in response to interaction with the Pacific plate began during the Late Mesozoic to
Early Cenozoic. However, the dominant deformational event that resulted in the uplift and erosion of Mesozoic rocks over
features such as the Coen region was probably the opening of the Coral Sea and breakup of Gondwanaland at about 65
Ma. Erosion from this deformation and uplift distributed sediment over the Gulf of Carpentaria and Carpentaria Lowlands
to create the Karumba Basin sequence, predominantly after 20 Ma (McConachie et al., 1997).
Lithological variations within the Karumba Basin corresponds to alternating with fluvial to marine depostition. This
resulted from changing relative sea level where the Cenozoic coastline of the Gulf of Carpentaria repeatedly migrated
basinwards and landwards.
Structure and Tectonics
The Karumba Basin deposition was structurally controlled by the northerly-oriented Proterozoic granite cored anticline of
the Coen Inlier. This was flanked to the west by the Mesozoic sediments of the Carpentaria Basin over which the
Karumba Basin evolved through weathering and deposition cycles (Evans, 1975; Grubb, 1971).
A significant structure is the Gilbert-Mitchell Trough, a prominent downwarp at the eastern end of the basin overlying the
Staaten River Embayment (Doutch, 1976), that is the central Staaten Sub-basin. In the Gilbert-Mitchell Trough, ‘piano
key’ faulting appears to have been active with the earliest of the intermittent uplift on the eastern margins (Smart and
Senior, 1980). At the south-eastern end of this trough, there is a series of small faults (Grimes, 1980). In the northern
part of the Cape York Peninsula, north of the Alice-Palmer Structural Zone, some Cenozoic structuring is evident in
Pliocene differential movement of blocks as suggested by the drowning of the coastline around Weipa, and by the Vrilya,
Duifken and Pera Head Structures (Smart, 1977b).
Smart et al. (1980) describes three cycles of erosion, deposition and weathering in the Karumba Basin. In each cycle, the
initial active phase had erosion occurring in the uplifted higher areas, with eroded material transported and deposited in
lower downwarped areas. As the depositional area expanded or shifted, it covered areas of earlier erosion to form a
diachronous unconformity surface. As the uplifted regions were eroded down, deposition waned, and a relatively stable
planar surface formed the ‘terminal surface’ of each cycle. The timing of initial uplift and erosion as well as later
senescence was diachronous because of variation in timing of regional tectonism.
Throughout the cycles, relative sea level fluctuated to produce repeated migrations of marine and continental
sedimentation.
Between 35,000 and 12,000 years ago, during the low sea level stands of the most recent glacial period, the Gulf was a
shallow lake with brackish to fresh waters (Torgersen et al., 1988) and the Torres Strait (~12 m) was emergent, forming a
land bridge to New Guinea.
Today the Gulf of Carpentaria is a shallow sea (<70 m).
Depositional cycles
The Karumba Basin accumulated from three cycles of surrounding uplift followed by quiescence that exposed sediment
accumulations to severe weathering and regolith development.
Paleogene Bulimba Cycle
The first cycle, the Bulimba Cycle, is represented by up to 200 m of clayey sandstone (Bulimba Formation) extending
from Normanton to Cape York on the eastern side of the peninsular. The depocentre is on the northern side of the
Staaten River Embayment, close to the western edge of the Hann River 1:250 000 sheet.
Rolling Downs Group deposition was of labile glauconitic sandstone, siltstone, and calcareous shale and siltstone. The
Bulimba Formation overlies the Rolling Downs Group and comprises poorly sorted clayey quartzose sand and granular
conglomerate, pebbly in places and inter-bedded with sandy claystone (Smart, 1977b). The Bulimba Formation was
interpreted to represent a marine transgression on the Rolling Downs Group (Bárrdossy and Aleva, 1990). A buried
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paleosol directly on the Rolling Downs sediments implies that they had prolonged exposure before deposition of the high
energy Bulimba sediments (Le Gleuher et al., 1994).
Weathering on the Bulimba Group sediments was intense and produced a mappable weathering surface, the Aurukun
Surface. This affected both Paleogene and emergent Cretaceous rocks.
The Weipa bauxite deposits were produced during the Aurukun Surface weathering event. Parent material of the Weipa
bauxite appears to be the Bulimba Formation while adjoining Andoon deposits formed on the Rolling Downs Group
(Schaap, 1990). The upper (uneconomic) part of the orebody is known informally as the boehmite zone and the lower
economic part is the gibbsite zone. The boundary between the boehmite and gibbsite zones is the wet season watertable,
and the base of the gibbsite zone is the dry season watertable (Smart, 1977b).
Bauxite deposits are thought to have formed by de-silicification of the clay-rich parent material (Tilley, 1998). Gentle
folding and subsequent erosion of crests has produced the unduloating ironstone layer evident today (Evans, 1975).
Within the weathered profiles, a vertical columnar structure has been superimposed, apparently initiated by mineral
precipitation around tree roots, imposing increased vertical permeability and reduced horizontal permeability, thus greatly
enhancing groundwater recharge but reducing lateral flow. However in the melon hole topography near the coast, they
appear to have formed from collapse of piping – lateral macropores and tunnels that earlier developed in the mottled and
kaolinitic zone of the weathering profiles influenced by antecedant drainage in the parent rock, and localised faulting.
Major drainage features appear to be related to the major geological structures of the area, including transverse faults
associated with deep basement extensional rifting and the arcuate component caused by subsequent wrench faulting
(Bourke et al., 1988).
The Neogene Wyaaba Cycle
The second cycle, the Wyaaba Cycle, was initiated by Oligocene uplift and downwarping which formed the Gilbert –
Mitchell Trough (Smart et al., 1980), coincident with the Staaten River Embayment. The Wyaaba Beds are dominantly
clayey sandstone and are lithologically similar to the Bulimba Formation, partly a consequence of extensive reworking of
the latter during the initial unstable erosional phase of the Wyaaba Cycle. The Wyaaba beds extend from Normanton to
Aurukun and attain a maximum thickness of about 150 m on the coastline overlying the Gilbert – Mitchell Trough, on the
Galbraith and Rutland Plains 1:250 000 sheets. Their depocentre probably lies offshore. Marine sediments in the
Wyaaba beds have been observed onshore near the coastline in the Rutland Plains 1:250 000 sheet (Smart et al., 1980) .
The weathering surface which formed on the Wyaaba beds during the Pliocene is known as the Kendall Surface (Grimes,
1979) . The Kendall Surface is lateritised and silicified, but mobilisation of iron, aluminium and silica in the regolith was
not as intense as in the preceeding Aurukun Surface weathering. Smart (1977b) notes that no bauxite has been found on
the Wyaaba beds or younger sediments, or on Bulimba Formation overlain by Wyaaba beds.
Neogene Claraville Cycle
The youngest cycle, the Claraville Cycle, commenced with Pliocene uplift and continued into the Quaternary (Smart et al.,
1980). Within the Claraville Cycle, five stages of fan deposition and beach ridge development have been recognised
(Grimes and Doutch, 1978; Smart et al., 1980), controlled by sea level changes and climatic fluctuations. Sediments of
the Claraville Cycle are distributed throughout the Karumba Basin – north of a line joining Burketown – Noramanton –
Croydon, they are mostly fan deposits and beach ridges. South of this line they are fluvial, and from west to east they are
known as the Armraynald, Wondoola and Claraville beds. These beds are dominantly unconsolidated silty and clayey
sand and attain their maximum thickness of 100 m between Normanton and Croydon. Weathering of the Claraville Cycle
sediments is occurring today under the savannah – monsoonal climate experienced by the region. A modern ferruginised
surface is developing under the current climate, but weathering is not as intense as that which occurred in the two
previous episodes, particularly the Bulimba Cycle.
Kalpowar Basin
The Kalpowar Basin (Draper and McConachie, 1997) overlies the axial part of the onshore Laura Basin and extends
northwards under Princess Charlotte Bay. Poorly exposed, the sequence only outcrops in the Fairview Plateau and east
of Kalpowar homestead. Although difficult to distinguish from weathered in situ Cretaceous outcrop, recent fluvial and
coastal deposition can probably be considered the latest phases of sedimentation in the Kalpowar Basin.

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 65

Chapter 3 Cenozoic geology

Kalpowar Basin evolution
The separation between the Karumba and Kalpowar basins that is evident today is a result of uplift and erosion of the
Rolling Downs Group during and after the Late Cretaceous. Deeper water facies of the Rolling Downs Group lap against
the basement inliers without any apparent shoaling facies present (Pain et al., 1999).
The cyclicity seen in the Carpentaria Basin -of uplift, erosion, deposition and subsequent quiescence with weathering – is
seen to varying degree within the Kalpowar sequence.
Depositional units
The Fairview Gravel (Grimes, 1980) comprises conglomerate and clay-cemented sandstone of unknown age, and
unconformably overlies the Laura Basin sequence. Younger sediments include Tertiary to Quaternary alluvium and
alluvial fans capped by ferricrete. Some of these form the Brixton Formation of de Keyser and Lucas (1968).

3.2.1

Cenozoic history and weathering

Late Cretaceous to Early Paleocene stable phase
Deep weathering of the planation surface in western Queensland, which commenced during the Cretaceous, continued
through much of the Paleocene. This produced the kaolinitised, ferruginised, mottled and silicified Morney profile
paleomagnetically dated at 60±10 Ma (Idnurm and Senior, 1978). This profile is now only preserved in the inland region
but it may have once extended northwards into the Carpentaria region.
Weathering profiles that developed in the Surat Basin are comparable with those developed on the Upper Cretaceous
Winton Formation in the south-western Eromanga Basin (Senior et al., 1969) except that weathering over the Winton
Formation has penetrated to a greater depth (90 m instead of 27 m) and the Winton profile is characterized by bands of
porcellanite which are absent in the Surat profile.
The great depth and uniformity of the profile over such large areas indicates a prolonged period of tectonic and climatic
stability (Thomas and Reiser, 1968).
Late Cretaceous to Eocene activity
While stability and deep weathering prevailed in the inland region, in the near end of the Cretaceous opening of the
Tasman Sea had commenced. The Coral sea opened at the start of the Paleocene, and sea floor spreading continued
through this epoch.
The development of the Money profile was disrupted by warping and erosion which commenced in the Late Paleocene.
Widespread Late Paleocene to Eocene fluvial sandy sediments, as much as 140 m thick, were spread over much of the
region by streams rising in the uplifted areas. The Glendower Formation is now thought to be continuous with the Eyre
Formation.
In northern Queensland, similar fluvial sediments (the Bulimba and Floraville Formations, and the Fairview Gravel)– were
deposited in the broad downwarps of the Karumba Basin and across to the Kalpowar Basin. The Bulimba Formation is
as much as 140 m thick in the Gilbert-Mitchell Trough, and extends as a thinner deposit along most of the western side
of Cape York Peninsula. Its extent under the Gulf of Carpentaria is largely unknown. The Floraville Formation and
Fairview Gravel are thinner and less-extensive units.
Oligocene stable phase
By the end of the Eocene, the previous active phase senesced and erosional and depositional planation surfaces
developed in many areas. During the Oligocene, these surfaces were deeply weathered to form siliceous and ferruginous
duricrusts. The main surfaces and profiles include: the ferruginous Canaway Profile and the Curalle Silcrete profile
(Senior and Mabbutt, 1979) developed on the Cordillo Surface in the inland region. The siliceous and ferruginous
Tennant Creek Surface (Hays, 1967), which extends from the NT into the Isa Highlands is an equivalent of the lateritised
and bauxitic Aurukun Surface in the Carpentaria region (Doutch, 1976; Grimes et al., 1979). The Canaway profile has
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been paleomagnetically dated at 30 ±15 Ma, Oligocene, but possibly extends into the Late Eocene or Early Miocene
(Idnurm and Senior, 1978).
Late Oligocene and Early Miocene activity
Interaction between the Australian and pacific plates, caused a major orogeny in New Guinea in the Oligocene (Dow,
1977).
Mid-Miocene weathering
A ferricrete profile on a post basalt erosion surface in the eastern region of the GAB is dated at 15 Ma (Idnurm et al.,
1980), mid-Miocene. This mid Miocene weathering event has not been identified elsewhere in Queensland.
Mid-Miocene to Early Pliocene activity
Warping in the Late Oligocene or Early Miocene folded the duricrust surfaces and created a number of small depositional
basins. These were filled by Miocene fluvial and lacustrine deposuts. In the south-west, the Whitula Formation comprises
as much as 220 m of poorly outcropping sandstone, siltstone and claystone (Senior et al., 1978). Lacustrine and spring
limestones were deposited in valleys and depressions in the north-western region of the Eromanga Basin (Paten, 1964).
In the south-western Carpentaria Basin, isolated limestone accumulations were probably contemporaneous. The GilbertMitchell Trough downwarped during this cycle and accommodated the widespread Wyaaba beds which continued
accumulating into the Pliocene.
Late Miocene to Early Pliocene weathering.
The stable phase at the end of this second cycle is not as well defined as that of the first. While stability appeared to
establish in the Eromanga Basin by the Late Miocene, the terminal Kendall Surface in the Karumba Basin developed
only in the Pliocene (Grimes, 1979).
The Kendall Surface was lateritised in the Pliocene. Silicification of the limestones in the Eromanga Basin may have
been contemporaneous with this or slightly earlier.
Pliocene to Early Pleistocene activity
Volcanism in the north of Australia, and renewed movements marked the Pliocene. In New Guinea, a major orogeny had
commenced and tectonic activity in northern Australia may been in part a result of this. Uplift to the east of the subbasins, in conjunction with lowered sea levels, initiated an erosional phase which removed most of the Neogene lateritic
surfaces. Intermittent tectonism continued into the Quaternary.
In the Carpentaria region, the Kendall Surface developed from deep weathering in the Pliocene. The earliest fluvial
deposits of the Carpentaria Plains accumulated as broad shallow fans in the Late Pliocene (Grimes and Doutch, 1978).
The Eromanga Basin was generally stable during the Pliocene, but there was minor upwarp about the margins, with
localised deposition of fluvial and lacustrine sediments such as seen in the Chinchilla Sand.
During the Late Pliocene or earliest Pleistocene, in conjunction with development of the Campaspe Surface in the
Charters Towers area, some ferruginisation and silicification of sediments occurred in the Carpentaria region.
Quaternary
Quaternary alluvial deposits are more than 100 m thick in some major river basins, but more generally only a few tens of
metres thick (McEniery, 1980). In the western Eromanga Basin at least two periods of Pleistocene aeolian activity
occurred during arid and windier periods, forming extensive dune fields in south-western Queensland (Bowler, 1976) .
Some aeolian activity may also have occurred in the Carpentaria region.
During low stands of sealevels, the Gulf of Carpentaria was an internal drainage basin and lake, receiving thin marine
sediments during interglacial higher sea levels (Smart, 1977a).
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Stratigraphy of the Great Artesian Basin

Authors: Ransley TR, Radke BM and O’Brien PE

4.1

Lithostratigraphic framework

The Great Artesian Basin (GAB) underlies parts of three states and the Northern Territory. A regional-scale
understanding of the basin has steadily evolved over the last century through comparison and correlation of the many
separate and geographically-isolated studies. As a result, there are some 47 formations and 20 members that make up
the lithostratigraphic framework of the Eromanga, Carpentaria, Laura, Surat and Clarence-Moreton geological basins that
host the hydrogeological GAB. An alphabetic summary of these formal units is provided in the companion technical
report titled Description of Lithostratigraphic units of the Great Artesian Basin. Their context in the basinal sequence is
summarised in the time-lithostratigraphic correlation (Figure 4.1).
As lithostratigraphy is continually being revised to accommodate new information from industry, mapping, and age
studies, the companion technical report attempts to cover all aspects of these rock units: nomenclatural, age, distribution,
rock types, and hydrological properties. It includes a referenced brief history of the evolution of their understanding as a
guide for more detailed enquiry.
The age of units is determined almost totally from biostratigraphic studies, depending on the available biota of each unit.
A designated age and zonation accords with the timescale of the International Commission on Stratigraphy (ICS, 2010).
The absolute ages (in Ma) cited in this report are interpolated from ISC (2010) (see Appendix B).
The paleogeography (Figure 2.11) and depositional history of these basinal sequences has been deduced from the time
correlation in Figure 4.1.
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Figure 4.1 Lithostratigraphic correlation of the Great Artesian Basin sequence across the Central Eromanga, Surat and ClarenceMoreton basins (after Beynon et al., 1997; Bradshaw and Yeung, 1992)
[Note: this figure is reproduced at a larger scale the compendium of A3 figures as A3 Figure 7]
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Figure 4.2 Lithostratigraphic correlation of the Great Artesian Basin sequence across the Central Eromanga, Caroentaria and Laura
basins (after Beynon et al., 1997; Bradshaw and Yeung, 1992)
[Note: this figure is reproduced at a larger scale the compendium of A3 figures as A3 Figure 8]
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Figure 4.3 Hydrostratigraphic sequence of the Eromanga,Carpentaira Surat and Clarence-Moreton basins
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 9]

4.2

Hydrostratigraphy

Correlation of these many units is summarised in Figure 4.3 which compares the regional lithostratigraphy as well as a
hydrogeological framework in individual basins and provinces of the GAB.
With extensive seismic survey coverage over deeper parts of the basins, the continuity and correlation of rock
units – aquifers and aquitards can be directly confirmed. Certain distinctive seismic reflectors such as the seismic ‘C’
reflector at the top boundary of the Cadna-owie formation have enabled basin-wide mapping of individual units.
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Figure 4.4 Hydrostratigraphic sequence of the Eromanga,Carpentaira Surat and Clarence-Moreton basins
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 9]

The Carpentaria Basin sequence contains a greater proportion of sand relative to that of the Eromanga Basin sequence
to the south (Figure 4.5). This is of particular importance when considering the integrity of the main confining sequence –
the Rolling Downs Group aquitard, which contains a greater proportion of sandier facies. This greater proportion of sand,
combined with the presence of pervasive polygonal fault disruption in the southern onshore area, diminishes the
effectiveness of the Rolling Downs Group as an aquitard. In comparison to in the Eromanga Basin, this aquitard in the
Carpentaria Basin offers less effective confinement to, and increased transmissivities through connectivity to aquifers.
Although there is almost total blanketing of the Carpentaria Basin by the thin Karumba Basin sequence, this cover is
dominated by aquifers, albeit of poor and variable quality.
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Figure 4.5 Hydrostratigraphic sequence of the Carpentaria, Laura, Karumba and Kalpowar basins within the context of adjoining basins

The basin-wide categorisation of aquifers and tight aquitards (confining beds) is in reality an oversimplification of the
system. There is much more variability in properties of hydrostratigraphic units so a more realistic classification (as
applied in Figure 4.3) includes good aquifer, partial aquifer, leaky aquitard, tight aquitard and aquiclude. This is our best
summation at present and is applied across the GAB. Furthermore, the hydrogeological properties of a unit may vary in
different regions of a basin and between basins.
This variation in properties may be due to sediment source, accommodation rates during deposition, diagenetic and
structural overprints.

4.3
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Hydrogeology of the Great Artesian Basin

Authors: Ransley TR, Radke BM, Kellett JR, Carey H, Bell JG and O’Brien PE
The Great Artesian Basin (GAB) is a leaky system in much of the Eromanga Basin. In comparison, the Surat
hydrogeological system has more competent aquitards and less structural disruption.
The architecture of the Eromanga Basin is a series of stacked aquifers of variable quality separated by leaky or
structurally-compromised aquitards. Dual phase flow (flow through both intergranular pores and through fractures) is
inferred as the regional characteristic for the main artesian aquifers.
The general regional reclassification of confining beds to aquitard and leaky aquitard status (Figure 4.2) is made on the
basis of several lines of evidence:
•

In the north-eastern region, decreases in potentiometric pressure are coincident with major displacement
faults such as the Cork, Canaway (Figure 2.3) and Stormhill faults and the faulted north-western extension of
the Fairlea Anticline, to name a few. The Central Eromanga Depocentre has widespread faulting and
displacement of aquifers, as seen on the Harkaway Fault, which is normal to modelled regional groundwater
flow.

•

Across the thicker and deeper sequence of the Eromanga Basin, pervasive polygonal fault systems
compromise the sealing capacity of the thick Rolling Downs Group. Polygonal fault systems extend across the
entire Central Eromanga Depocentre. This phenomenon is discussed in the section on Polygonal faulting.

•

In the south-western oil-producing province of the basin that overlies the Cooper Basin, an absence of
effective seals (confining beds) is reported by Alexander and Boult (2006), who describe a series of stacked
reservoirs extending up through the sequence from the Poolowanna Formation to the Murta Formation, none
of which are filled to spill point.

The regional variance in properties of aquifers and aquitards awaits to be assessed using V shale ratios (sand-to-shale
proportions) based on wire-line log characteristics (ie gamma ray, neutron density or resistivity). Variation in the
proportion of sandstone bodies within the Cadna-owie – Hooray Aquifer is demonstrated in (Figure 5.1) with GR logs.
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Figure 5.1 Variation in the character of aquifers in the Jurassic – Early Cretaceous and the Rolling Downs Group hydrogeological
systems (after Senior et al., 1978)
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5.1

Modifications to the boundary of the Great Artesian Basin

As part of this assessment an analysis of the location of the boundary of the GAB has been undertaken. This analysis
was restricted to the extents of the Jurassic-Cretaceous sequence as defined by Habermehl and Lau (1997) and did not
include the Triassic GAB sequence within Queensland. The analysis involved re interpretation of the 1:250,000 surface
geology map series as well as interpretation of AEM (in the Coonamble Embayment) and well log data. As a result the
GAB hydrogeological boundary has been repositioned in a number of areas throughout the basin (Figure 5.2).

Figure 5.2 Revised hydrogeological boundary of the Great Artesian Basin
Note: groundwater flow divides were determined from maps of groundwater levels and the regional watertable
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5.1.1

Groundwater divide in the Clarence-Moreton Basin

The easternmost extent of the GAB has previously been loosely defined as a groundwater divide on the Kumbarilla
Ridge (Habermehl, 1980; Habermehl and Lau, 1997). In contrast, the state of Queensland manages water resources
within the Queensland portion of the Clarence-Moreton Basin as part of the GAB.
The Kumbarilla Ridge separates the boundary between the Surat Basin and Cecil Plains sub-basin of the
Clarence-Moreton Basin, with the Kumbarilla beds forming a transitional facies with much of the Jurassic sequence.
This suggests continuity of the sequence across the ridge.
Detailed examination of stratigraphic and petroleum wells in this region indicates that there is a clear lithostratigraphic
correlation between the Jurassic sequences in the Surat and Clarence-Moreton basins (Figure 4.2) and that Precipice
Sandstone equivalents interconnect around the northern end of the Kumbarilla Ridge. In the Clarence-Moreton Basin,
the upper Woogaroo Subgroup is equivalent to the Precipice Sandstone, while the upper Koukandowie Formation, of the
Marburg Subgroup, is an equivalent of the Hutton Sandstone (Figure 4.2).
The Helidon Ridge (proposed informal name) is a subtle north-northeast to south-southwest trending basement
structure that separates the Laidley sub-Basin and the Cecil Plains sub-Basin, and merges northward into the Gatton
Arch (Figure 5.3). With drape of the sequence over this ridge, there is a regional change in dip that likely also controls
groundwater flow in much of the lower Jurassic sequence. Structurally, the ridge affects every horizon from basement up
to the Walloon Coal Measures.
The Assessment confirms the emerging understanding that a complex groundwater divide exists within the ClarenceMoreton Basin. The position of this divide differs between the deeper and shallower formations. Basement structure
influences the deeper aquifers but the dramatic surface topography has a dominating influence on the shallower aquifers.
The groundwater divide in both the Hutton Sandstone and equivalents, and the overlying Walloon Coal Measures aligns
generally with the edge of the escarpment of the Great Dividing Range. Groundwater levels associated with the
topography of this escarpment are sufficient to override the effect of the Helidon Ridge in these shallower formations. In
contrast, the Helidon Ridge is the most probable groundwater divide for deeper formations, including the Evergreen
Formation and Precipice Sandstone (Figure 5.4).
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Figure 5.3 Location of Helidon Ridge
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Figure 5.4 Conceptual diagram showing the groundwater divide occurring in the watertable and the influence of geological structure on
groundwater flow directions between the Surat and Clarence-Moreton basins

5.1.2

Coonamble Embayment

The GAB boundary on the north eastern side of the Coonamble Embayment is an erosional one, delineated by the limit
of Pilliga Sandstone. In the south-east the Pilliga Sandstone and underlying Purlawaugh Formation extend east beyond
the boundary of the GAB. In this area a groundwater divide demarcates the boundary between the GAB and the adjacent
Oxley Basin. The western GAB margin is concealed beneath Cainozoic sediments where the GAB sediments abut
deeply weathered schists and phyllites of the Ordovician Girilambone Group. The Lower Macquarie River Valley airborne
electromagnetic (AEM) survey (Macaulay and Kellett, 2009) in conjunction with revised geological mapping of the
Narromine, Nyngan and Walgett 1:250,000 sheets, offers better delineation of the concealed boundary in some places
(Figure 5.5). This is due to a marked conductivity contrast between the top of the Rolling Downs Group saprolite and
overlying Cainozoic sediments, as well as highly conductive saprolite of the older Ordovician Girilambone Group (Figure
5.1). The revised western extent of the GAB in the Coonamble Embayment has been shifted between 10 and 30 km
eastward (Figure 5.6).
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Figure 5.5 Airborne electromagnetic properties of flight line 24010 (shown in Figure 5.6) indicate the margin of the Great Artesian Basin
sequence, western Coonamble Embayment
Note: the image displays apparent conductivity, with red showing high apparent conductivity, and blue low apparent conductivity. In this
case, changes in conductivity indicate changes in geology

The southern extent of the Coonamble Embayment is revised, based on recent geological mapping that shows
undifferentiated Jurassic GAB sediments extending along the axis of the Tullamore Syncline, approximately 60 km
further south than previously mapped (Figure 5.6).

Figure 5.6 The revised Great Artesian Basin boundary, airborne electromagnetic flight lines and revised geological mapping within the
Coonamble Embayment
Note: flight line area of interest shown in Figure 5.5
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5.1.3

Carpentaria Basin

The boundary to the GAB is revised on the Lawn Hill and Westmoreland 1:250,000 sheet areas (Figure 5.7). Geological
mapping indicates a small but important difference to that of Habermehl and Lau (1997).The revised GAB boundary is
taken from mapped structural boundaries between the Proterozoic basement rocks and the Karumba and Carpentaria
basins shown as insets on the Lawn Hill sheet (Hutton and Grimes, 1983) and the Westmoreland sheet (Grimes et al.,
1979). In some cases the Habermehl and Lau (1997) boundary lies up to 35 km basinward of the revised boundary. It is
important to correctly specify this boundary as the Lawn Hill area is a recognised mineral province and any future
development would need to ascertain whether it was GAB water that would be required for operations.

Figure 5.7 Reinterpretation of the south-western onshore boundary of the Carpentaria hydrogeological basin

The hydrogeological relationship between the Carpentaria/Karumba and Laura basins has been assessed. As described
previously a groundwater divided exists on the Kimba Arch, indicating that there is no hydraulic connection between the
Laura Basin and the GAB. Therefore the Laura Basin is excluded from the revised boundary to the GAB.
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5.2

Connectivity with basement and underlying basins

Connectivity with underlying basins is offered by the overlap of aquifers and leaky aquitards juxtaposed below and above
the basal unconformity of the Great Artesian Basin (Figure 5.8). An approximate percentage of connectivity has been
calculated for each of these regions.

5.2.1

Central Eromanga region

The Eromanga sequence thickens over several smaller, mainly non-marine Permian-Triassic basins including the Bowen,
Cooper and Galilee basins. Underlying crystalline basement provinces are extensive, and older sedimentary basins
range in age from Precambrian to Carboniferous. These include the Drummond Basin, Millungera Basin, Arrowie Basin,
Barka Basin, Warburton Basin, Warrabin Trough, Adavale Basin, Georgina Basin and Darling Basin.
In the Central Eromanga Basin, hydraulic connection exists with aquifers in several underlying basins (Figure 5.8) and
forms a patchwork over about 50 percent of the Central Eromanga region.
Figure 5.8 shows that hydraulic connectivity is evident in four areas:
•

East of the Canaway Fault and approaching the recharge zone, the Galilee and exposed edges of the
underlying Adavale Basin adjoin with a predominance of leaky aquitards. The Warang and Clematis
sandstones in the Galilee and Bowen basins, and their pressure potential for groundwater input into the GAB,
were the reason for the former inclusion of these Triassic sequences in the GAB.

•

The Georgina Basin on the Boulia Shelf, north-western margin, has karstic carbonate and terrigenous aquifers
in small areas that directly underlie the Longsight Sandstone. During inversion of the central Eromanga Basin
in the Late Cretaceous Period, connate groundwater was probably expelled from Eromanga sequence into
this basin. However, today the interaction appears to be reversed (Toupin et al., 1997).

•

In the Lake Frome Embayment on the southern margin of the Central Eromanga Basin, the uppermost
Grindstone Sandstone in remnants of the Arrowie Basin, offer connection at the basal unconformity.

•

Below the Central Eromanga Depocentre, the Cooper Basin and adjoining Warrabin Trough are largely
blanketed by less permeable Poolowanna and Evergreen formations, which reduce connectivity, but along the
south-eastern margin where the Poolowanna Formation overlap is not complete, partial aquifers within the
Cooper sequence underlie with aquifers of the Eromanga Basin.

Oil fields in the Cooper area of the Central Eromanga sequence are largely the result of hydrocarbon migration up from
the underlying Cooper Basin, although a smaller proportion was generated within the Eromanga Basin. Vertical
hydrocarbon migration signals migrating groundwater as well, but the hydrochemical evidence remains equivocal
whether such migration continues today.
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Figure 5.8 Great Artesian Basin hydrogeological units on the basal unconformity juxtaposed with topmost hydrogeological units in
underlying basins

5.2.2

Surat and Clarence-Moreton region

In contrast to the Central Eromanga Basin where the area of connectivity approaches 50 percent, hydraulic connectivity
with basement in this region is much more limited, only approaching 10 percent of the area (Figure 5.8). However,
notable aquifer interconnection across the basal unconformity of the Surat Basin exists:
•
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•

Below the St George Bollon Slope, small isolated flat-lying remnants of Reids Dome Beds of the Bowen Basin lie
at the basal unconformity.

•

In the Mulgildie Outlier, aquifers of the Bowen sequence are in direct contact with the Precipice Sandstone.

•

Less definitively, below the Laidley sub-basin of the Clarence-Moreton Basin, Triassic coal measures below the
base are seen as leaky aquitards.

•

Below the eastern side of the Coonamble Embayment, patches of some upper aquifers of the Gunnedah Basin
sequence offer connection.

5.2.3

Western Eromanga region

In the Western Eromanga region, hydraulic connection is interpreted to exist with aquifers in several underlying basins in
two distinct areas (that cover approximately 50 percent of the Western Eromanga region). This coverage is similar to the
neighbouring Central Eromanga region but contrasts with the Surat and Clarence-Moreton basins where connectivity
occurs over less than 10 percent of basement area.
The two areas where hydraulic connectivity is evident include:
•

North of the Denison-Willoran Divide, the Simpson and Pedirka basins are interpreted to be adjoined to the
GAB via predominantly partial aquifers. These partial aquifers include the fluvial and paludal sand, silt and
coal sequences of the Purni Formation within the Pedirka Basin and the fine sandstones of the Peera Peera
Formation within the Simpson Basin. Of note, hydrochemical evidence from petroleum bores and springs in
the Dalhousie Springs region suggest that groundwater from the Purni Formation within the Pedirka Basin is
contributing to the supply of spring water at Dalhousie Springs (Wolaver et al., 2013).

•

The Arckaringa Basin south of the Denison-Willoran Divide and in the vicinity of the south-west margin, offers
potential connection at the basal unconformity. Terrigenous aquifer units occur over much of its north-eastern
portion related to the sands and coal sequences in the Mount Toondina Formation. Over the south-western
portion of the Arckaringa Basin, interconnectivity with GAB sequences is via partial aquifers associated with
minor sandstone with the Stuarts Range Formation, as well as the coarser-grained glaciogene and marine
clastics within the Boorthanna Formation. Although Belperio (2005) has suggested that the thicker units of
siltstone and shale within the Stuart Range Formation may potentially act as a leaky aquitard between the
GAB aquifers above and the underlying Boorthanna Formation where the Mt Toondina Formation is not
present, hydrochemical data was used by (Howe et al., 2008) to argue for a separation between GAB
groundwater and that extracted from a Boorthanna Formation aquifer.

5.2.4

Carpentaria region

Connectivity between the Carpentaria and underlying basins is poorly known, but aquifer-aquifer connection appears to
have a 5 percent areal extent onshore (reducing to 3 percent for the combined onshore and offshore area, that is over
the Burketown and Canobie Depressions (Figure 5.8). In the Burketown Depression, one southern area of basement to
the Carpentaria Basin is cavernous and fractured dolostones of presumed Proterozoic age, with extremely high
transmissivity, yielding 4542 m2/day (Perryman, 1964). This excellent basement aquifer is directly overlain by the Gilbert
River Formation.
A nearby well, Beamesbrook 1 intercepted a sequence of over 850 m of pre-Jurassic sediments. The uppermost Triassic
sandstones in this Burketown Depression have only fair porosity (5 to 10 percent) and slight permeability (Dunster et al.,
1989).
Connectivity with other infra-basins appears to be minimal.
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5.3

Connectivity of the Great Artesian Basin with the Cenozoic

Over the entire onshore Great Artesian Basin there is a considerable extent of Cenozoic overburden (Figure 3.2). The
Quaternary component of this overburden comprises alluvium following the main drainage tracts through the system, and
adjoining colluvium approaching outcrop areas. Both underlying this extensive cover as well as exposed through it are
Paleogene-Neogene deposits (Figure 3.3).

Figure 5.9 Extent of Paleogene-Neogene deposits in relation to the underlying Jurassic-Cretaceous sequence of the Great Artesian
Basin
[Note: see A3 Figure 10 in the compendium of A3 figures for more detail]
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An uppermost weathered zone exists in both underlying Cretaceous rocks and, to a lesser extent, in regions of thinner
Paleogene-Neogene accumulation (Figure 3.1). The several intensive weathering events during the Cenozoic (Figure
2.9) created resistant duricrusted surfaces of varying composition over outcrop, as well as extremely modified bleached
underlying zones. The extremes in both induration of the duricrusts and reduced permeability in the bleached zone of
these weathering profiles have local modifying effect on the connectivity between surface and underlying aquifers.
Several depocentres of Paleogene-Neogene accumulation reflect the subsidence that occurred during this period in
conjunction with relatively dramatic tectonism seen in the continuing uplift of the eastern Dividing ranges. The major
depocentres are the offshore Karumba Basin and the Lake Eyre Basin. The latter is structurally subdivided by the
Birdsville track Ridge into the Calabonna and Tirari sub-basins, and has related broad sub-linear deposits within several
relict drainage systems to the north-east.
Closer to uplifted regions around the margin of the GAB, incision has created paleochannels (Figure 3.3). Those in the
south-western region commonly exhibit inverted reverse topography and are well documented for uranium prospectivity.
To the east in the Surat Basin region, buried deep leads are important for irrigation exploitation. Elsewhere the existence
of such feature, although probable, has yet to be established.
In the Carpentaria region, the Karumba Basin has almost total coverage of the GAB sequence except around the eastern
recharge zone. Because of the steeper dipping of the underlying Carpentaria Basin sequence, aquifers in the Bulimba
Formation at the base of the Karumba sequence can have direct connectivity with both of the main aquifers - the Gilbert
River Formation-Eulo Queen Group equivalents and the Normanton Formation (Figure 5.10). Connectivity with the
Normanton Formation is expected close to the eastern coastline of the Gulf of Carpentaria while connection with the
Gilbert River Formation is upland closer to the intake beds (Figure 2.12).

Figure 5.10 Schematic cross-section highlighting the connectivity between aquifers of the Carpentaria and Karumba basins
Note: see Figure 2.6 for approximate location

In the southern onshore region of the Carpentaria Basin, where the Bulimba Formation and equivalents are largely
absent, hydraulic connection is between the Wyaaba beds of the Karumba Basin and the Normanton Formation.
In the central to western regions of the Eromanga Basin, the depocentres of the Lake Eyre Basin collectively indicate a
downwarp zone aligned north-west to south-east, but disrupted by the Gason and Cooryanna Domes on the Birdsville
Track Ridge (Figure 3.3). The sequence is heavily structured in eastern part of the Poolowanna Trough adjoining Gason
Dome within the Tirari sub-basin as well as in the western part of the Calabonna sub-basin (Figure 5.27). The structural
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style is comparable to polygonal faulting which is exists in the Rolling Downs Group immediately underlying. The basal
Eyre Formation is a sandy aquifer with apparent connectivity with the underlying Winton Formation as aquifer on aquifer,
as well as with probable structural interconnection through polygonal fault systems. This formation can also be recharged
by surface drainage crossing exposed regions. Anecdotal evidence from exploitation of the aquifer for make-up water for
petroleum exploration drilling, indicates highly variable salinity in the Eyre Formation.
Over the Surat Basin proper and the Coonamble Embayment, deep leads of the Cenozoic system overlie predominantly
aquitards in the GAB sequence such as the Griman Creek and Wallumbilla Formations. These aquitards are of variable
character. However, closer to the margins of the GAB, the deep leads can be incised into aquifer units such as the Pilliga
Sandstone over shorter tracts. Such connectivity is poorly known but is considered to be significantly variable across the
region.

5.4

Jurassic – Early Cretaceous hydrogeological system

This system comprises the main artesian aquifers and their equivalents, the Precipice, Hutton, Adori and
Gubberamunda-Mooga sandstone aquifers, with interspersed aquitards. Previously this system was described as the
CA2 Aquifer by Audibert (1976) and the J Aquifer by Habermehl (1980).
Between the Surat-Clarence – Moreton basins there is apparent hydrological connection across the Kumbarilla Arch. The
Precipice and Evergreen formations interconnect around the northern part of this structure. The Hutton Sandstone
aquifer appears hydrologically continuous with both the aquifers of the Marburg Sub-group and most probably the
underlying Woogaroo aquifers that lithostratigraphically correlate with the Precipice Sandstone.

5.5

Hydrogeological properties

Geological understanding of the GAB grew steadily over the late 19th Century and into the 20th Century, and with it the
concept emerged of continuous relatively uniform aquifers with interspersed aquitards across much of the basin. With
attempts to quantitatively model this idealised system from the 1970’s onwards (Audibert, 1976; Seidel, 1980) it became
apparent that the architecture and aquifer characteristics of the system fell short of predictability. A challenge to the
concept of through-flow in layered aquifers in the GAB had been made by (Mazor, 1992), although this challenge was
successfully countered in part by (Kellett et al., 1993).This controversy highlighted the need for a more careful and critical
appraisal to better understand the system.
Interpretation of the hydrochemistry of the artesian system (Radke et al., 2000) indicated major provinces within the GAB,
largely defined by their depth below 1000 m, that approached stagnation while areas at shallower depth exhibited
characteristics of groundwater through-flow. Decreasing flow rates into the basin (Radke et al., 2000) suggest that
through-flow was driven by upward leakage in the system and only a minor component of groundwater traversed the
entire basin to discharge on the south-western margin.

5.5.1

Approach adopted

Ideally, an understanding of the character of aquifers should be established by direct measurement of transmissivities
from in field shut in and pump tests. The reality is that there are very few available field determinations for aquifers of the
GAB sequence in any of the geological sub-basins.
Consequently a surrogate approach to evaluating aquifers and aquitards was necessary. One possible approach with
existing data requires the use of porosity and permeability determinations of sandstone intervals, in conjunction with
estimation of sand/shale content. The predominant available porosity/permeability data are from petroleum exploration
where the prime interest was in establishing the characteristics of potential reservoirs. Accordingly, this data are biased
to sands, and are not representative of the entire aquifer intervals that commonly include inter-bedded shales.
Consequently the available porosity and permeability data need to be considered in the context of the sand-shale
proportions within the aquifer. In the absence of coring, estimation of sand–shale proportions from exploration well data,
falls back to wire-line log information.
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In provinces where the mineralogy of the sediments is not established, a combination of logs is required to
unambiguously distinguish sands and shales- GR, neutron-density combination, and resistivity. Calculations based on
naturally-occurring GR may overestimate shale volume when radioactive sands are present. In such situations, Vshale
calculation from neutron-density yields a more accurate shale volume but only away from light hydrocarbon
accumulations. A final approach can be addressed by Vshale calculation from resistivity data (Adeoti et al., 2009).
In the GAB, such a requisite suite of wire-line logs is rarely available for a water bore or stratigraphic well. Generally
diverse suites of logs exist only for some petroleum exploration wells. Across the entire region of the GAB, only GR logs
are ubiquitous as logging can be carried out in cased and uncased, dry or fluid-filled holes. Any attempt at estimation of
sand-shale characteristics of the sequence has had to fall back to GR logs alone.
The GR tool responds indiscriminately to a broad spectrum of naturally-emitted gamma radiation. Radioisotopes of
uranium (235U), thorium (228Ac, 212Pb, 208Tl) and potassium (40K) emit gamma radiation.
Potassium is present in some clay minerals, and with increasing clay, shale or mud content, the GR log response
generally increases proportionally but non-linearly. Low clay, shale or mud sandstones may also produce a high GR
response if the sandstone contains potassium feldspars, micas, glauconite, radiogenic heavy minerals or uranium-rich
groundwater.
Mature quartzose sandstones are free of clay, shale or K-feldspar and usually give low GR responses unless they
include traces of radioactive heavy minerals.
Regional patterns of sand-shale character had previously been presented for the eastern Eromanga Basin by (Brain,
1989) and for the Queensland portion of the Central Eromanga Depocentre by (Draper, 2002). In both of these studies,
the Rolling Downs Group was not included. Only the underlying sequence was appraised. Known stratigraphic horizons
of radiogenic sand in the Adori Sandstone and Westbourne Formation had their anomalous gamma signal edited from
the GR records. Beyond this despiking, it appears that the basic assumption prevailed -that all shales were radiogenic.
Such interpretation of hydrostratigraphic characteristics solely from GR logs is based on several assumptions that need
to be substantiated:
•

that clays in the shales contain K and are radiogenic

•

that sands are predominantly quartzose and are not radiogenic (by the absence of K-feldspars, glauconite, or
traces of radioactive mineral sand).

The statistical appraisal of the GR value distribution across the Assessment area is applied via two approaches 1) the
Assessment area is subdivided into 8 regions with GR data from all wells in each region being assessed and 2) GR logs
from specific wells are used to create statistical GR sections. Both approaches appraise the maximum, 95th percentile,
5th percentile, minimum, mean, median, and mode values of the GR data being assessed. Specifics pertaining to the
assessment of GR data and the caveats of the statistical assessment are given in Appendix C.

5.5.2

Discussion of assumptions

As the response of GR wire-line logs is dependent on the content of uranium, thorium and potassium, variations of these
elements in the total sediment determines the effectiveness of GR at delineating clay content. Unfortunately, the
potassium content in various clay minerals is highly variable. Potassium is absent in kaolinite, and montmorillonite may
have only a minor amount of substituted potassium if this mineral alters diagenetically to illite. Illite generally contains
potassium but this may be substituted by ammonia ions under thermal maturation of organic source rocks (Nadeau and
Bain, 1986).
Quartzose sands are devoid of potassium but may have a gamma signature if radiogenic heavy minerals are present.
This is observed in the Adori within the central Eromanga Depocentre, and in the Hampstead Sandstone over the Euroka
Arch. If the sand is less mature and contains lithic or feldspathic grains, and if orthoclase is present, then this sediment
will have a radiogenic signature. In the marine sequence of the Rolling Downs Group, the presence of glauconite (of the
potassic illite group) as seen in the Carpentaria Basin, will contribute a radiogenic signature.
The lower sequence (Hooray to Hutton sandstones) in the southern Eromanga Basin has large-scale mineralogical
variation that is attributed largely to diagenesis, with provenance effects restricted to minor localised variations
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(Carmichael, 1989). Mineralogical variation in the Hutton sandstone within the central Eromanga Depocentre was
ascribed to predominantly depth-related diagenetic trends involving quartz and K-feldspar in bulk mineralogy, and
kaolinite and illite in the clay fraction (Green et al., 1989b). As a generalization, K-feldspar was found to diminish at
depths greater than 1500 m where quartz consequently becomes predominant. Within the clay fraction, kaolinite is
predominant at shallower depths but diminishes as illite becomes predominant at depths exceeding 1500 m.
Beyond these studies, there is little mineralogical data available on formational clays in the GAB except perhaps in the
petroleum fields.

5.5.3

Gamma ray regional statistical assessment

Eight key regions were selected on the basis of geology and structure. Figure 5.11 displays the region boundaries and
the location of GABLOG bores within each region. The summary statistics box plots are shown in Figure 5.12. The data
used for this regional assessment is limited to the GABLOG data set as petroleum bore data required significant manual
manipulation on an individual bore basis.
The general statistics of all stratigraphic intervals tends towards low GR values when compared regionally (Figure 5.12).
An evident difference exists in the range of 5th to 95th percentile values from the north-western Eromanga Basin/Birdsville
Track Ridge region to the eastern Surat Basin region.
The GABLOG data set contained bores from the Northern Territory (Habermehl, 2001), but these were limited to the
Finke River area and are not representative of the larger region. Twenty-four bores in the vicinity of the Finke River are
listed as having both GR logs and lithostratigraphy logs, however, the GR logs do not appear to be present in the digital
data base available. A decision was made to exclude these bores from the statistical assessment. Table 5.1 lists the
number of bores with available GR and lithostratigraphic logs by the regions defined in Figure 5.11.
Table 5.1 Number of bores with available gamma-ray and lithostratigraphic logs for each of the regions used for the statistical
assessment
Region

Number of bores

Carpentaria Basin

81

Birdsville Track Ridge and north-west Eromanga Basin

48

Central Eromanga Basin

66

North-east Eromanga Basin

306

Eulo-Nebine Ridge

194

Central Surat

186

Eastern Surat Basin
Total

87
968

Despite having the smallest number of contributing bores and hence a smaller dataset, GR statistics for the northwestern Eromanga Basin/Birdsville Track Ridge region have the largest range of values consistently across all
stratigraphic units. Of note, the Wallumbilla Formation appears to have a similar range and distribution as the Toolebuc
Formation for the north-western Eromanga Basin/Birdsville Track Ridge region. This suggests that within this region, the
Birdsville Track Ridge has a significantly different character to that in the north-western Eromanga Basin region. This is
also evident in the section through this region (Figure 5.17).
The Eulo-Nebine Ridge, central Surat Basin and eastern Surat Basin regions consistently have the smallest range in 5th
to 95th percentile values in all stratigraphic units.
A consistently low mean and mode (of less than 100 API) exists for the Allaru Mudstone, Wallumbilla Formation,
Cadna-owie Formation and Hooray Sandstone for all regions. This may indicate several possibilities: a higher content of
quartzose sand in each of these formations, and/or a high content of non-potassic clays. Such a similarity in GR statistics
suggests that hydrostratigraphic units in these regions may represent sequences that approach similar lithologies with
each other. However, an important difference between such apparently similar units may be in the thickness of individual
sands – aquifer intervals may have fewer but thicker sand bodies and aquitards may have a more frequent alternation of
thinner sands and shales.
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Figure 5.11 GABLOG bores within the eight regions used for statistical analysis
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The low GR modes in the Cadna-owie Formation may reflect the presence of the upper Wyandra Sandstone Member
which is one of the best aquifers (well sorted sands of more uniform character) in the GAB. The lowest mode in this
formation is found in the north-eastern Eromanga Basin, suggesting thicker and /or more abundant Wyandra Sandstone
in that region.
Low GR modes for the Wallumbilla Formation over the central and eastern Surat Basin may indicate that the Doncaster
Member, as well as the Coreena Member, is sandier in that region. Additionally or alternatively, the clays of this interval
may be predominantly non-radiogenic.
The GR statistics presented in Figure 5.12 may highlight comparisons between and within regions, but in an attempt to
explain the reasons for similarities or differences there lies an inherent danger of unsubstantiated assumptions.
Explanation of identified similarities or differences needs further detailed investigation of lithological well data.
Hence, the severe limitation to this whole-of–basin overview is the inability to confidently differentiate sand and shale
with GR logs alone - between clean sands and low radiogenic clays (low GR signature), and radiogenic sands from
potassic clays (high GR signature).
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Figure 5.12 Comparative gamma-ray statistics of Great Artesian Basin regions (as shown in Figure 5.11) based on data of GABLOG
bores
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 11]
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5.5.4

Gamma ray statistical assessment along sections

An alternative second approach uses sections across regions and sub-basins for both intra- regional and inter-regional
comparisons. The orientation and position of sections (Figure 5.13) is to optimise differences in the basic architecture of
the GAB. Component bores and wells in each section were selected to be representative of their immediate area. Intraregional and some inter-regional comparisons are based on selected wells along sections created to optimise contrast
across sub-basins and their major structural features (Figure 5.4). GR data for this approach was from both GABLOG
bores and selected petroleum wells.

Figure 5.13 Selected petroleum wells and GABLOG bores used for statistical assessment of individual bores along sections
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Robustness of the statistics generated with this approach is governed by the thickness, and hence sample size of the
formation interval in each well. In general, the Toolebuc Formation is thinner and the statistics are less reliable. As the
selected bores and wells are generally within a 200 km spacing along each section, any lateral similarity of statistical
attributes would indicate a degree of robustness in the comparison.
Southern Staaten sub-basin and Carpentaria Basin
One section in the southern Staaten sub-basin extends from the northernmost Eromanga Basin, northwards over the
Euroka Arch to the coast of the Gulf of Carpentaria (Figure 5.14; Figure 5.15). For bores in this section there is little
range or variation in the GR statistics for the Rolling Downs Group. Gladevale Downs 1, a petroleum well immediately
south of the Euroka Arch, displays the largest range in GR values for the Wallumbilla Formation but despite this large
range, the mode for the Wallumbilla Formation is still low (approximately 50 API), consistent with the GR mode in the
other bores.
As with the statistics for the Carpentaria Basin region (Figure 5.12) the low mean and mode for all formations in this
section are suggestive of similar lithologies but this is not conclusive. Of note, the statistics for equivalents of the Hooray
Sandstone in this section are the most variable between adjoining bores, with modes alternating above and below their
respective means in Q3030, Q3028, Q3016 and Q3714 (Figure 5.14).
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Figure 5.14 North-south section south of the Gulf of Carpentaria, over the Euroka Arch
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 12]

The geological cross-section (Figure 5.7) includes selected bores with a normalised Vshale value calculated from GR data,
to enable comparison against the interpreted geology. In Q3028 the Allaru Mudstone appears to have two significant
fining-upward sequences, but the overall response appears to be similar to the underlying Toolebuc and Wallumbilla
formations. This similarity in the Vshale response for the Allaru Mudstone and Wallumbilla Formation is prevalent for all
bores north of the Euroka Arch. Of note is the similarity in Vshale values for the overlying Cenozoic sediments.
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Figure 5.15 Qualitative Vshale assessment of bore section south of the Gulf of Carpentaria, over the Euroka Arch
Note: Vshale values vary from well to well even with normalisation. This section follows Figure 5.13 – Carpentaria North-South section
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 13]

A second section for the Carpentaria Basin follows the eastern coastline of the Gulf of Carpentaria and replicates that of
McConachie et al. (1990; 1994) (see Figure 5.13 for location of sections). GR statistics for this section are presented in
Figure 5.16. The Rolling Downs Group in this section is characterised by a low range between 5th to 95th percentile
values. The upper range of values for the Toolebuc Formation, as to be expected, differs from other GR records in this
section. Low GR values of the Allaru Mudstone and the Wallumbilla Formation exhibit a generally low mode (less than
100 API) in all of the wells and bores in the section. The lowest mode is for petroleum well Rutland Plains 1, situated in
depocentre of the Staaten Basin.
Of interest is the variation between the mode and mean of GR statistics for the underlying Gilbert River Formation
(Hooray Sandstone equivalent). Q1112 and Rum Bottle 1 both have a mode tending towards the 95th percentile value but
this pattern is not observed in adjacent bores.
These two sections (Figure 5.14 and Figure 5.16) have a good general correspondence with the regional statistics shown
in Figure 5.12 for the Carpentaria Basin Region. Collectively these indicate a more consistent character of the regional
GR statistics of the sequence in the Carpentaria Basin region.
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Figure 5.16 Comparison of gamma-ray statistics in bores parallel to the eastern coast line of the Gulf of Carpentaria
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 14]
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Sections within the Eromanga Basin
One section is taken through the north-western Eromanga Basin/Birdsville Track Ridge region (Figure 5.11, section
location) to follow an effective groundwater pathway proposed by Radke et.al. (2000). The GR statistics are presented in
Figure 5.17. The high variability across the region that was identified in the regional GR statistics bears no apparent
correspondence with GR statistics for the section. The large range of values between the 5th and 95th percentile values
for regional statistics of GR logs of the Birdsville Track Ridge region is not evident in the GR statistics of individual bores
in the vicinity of the Boulia Shelf (i.e. Q2286, Q95, Q3457) or the Birdsville Track Ridge (Q2419, Putamurdie 1,
Pandiburra 1 Boomer 1).
In this section, a trend in progressively declining mean values is seen southwards with each bore. The range of 5th to 95th
percentile values also progressively decreases southwards. This may be indicative of sands - better sorted sediments
along the Birdsville Track Ridge compared to the north of the Eromanga Basin. The Allaru Mudstone in Q1050 exhibits a
large range in 5th to 95th percentile values and a high mode GR value of 103 API. This bore has the highest GR mode for
the Allaru Mudstone in all individual bores analysed.
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Figure 5.17 Gamma-ray statistics of bores representing a section traversing along the edge of the Boulia Shelf in the north-west of the
Eromanga Basin and following the Birdsville Track Ridge
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 15]
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For the north-south section through the central Eromanga Basin depocentre (Figure 5.13, map of sections), GR statistics
are presented in Figure 5.18 and Figure 5.19. Statistics for the lower units, including and below the Cadna-owie
Formation, are displayed in Figure 5.19. The bores selected for this section appear to have GR statistics which are
consistent with those calculated for the central Eromanga Basin region (Figure 5.12), indicating less spatial variability
within stratigraphic units in this region.
As a generalisation, the mode of GR ranges for all formations wells along this section is below 100 API units. The Allaru
Mudstone and Cadna-owie Formation are noted for having a consistently smaller range between the 5th and 95th
percentile values. The Injune Creek Group, the Hutton Sandstone, and Evergreen Formation and equivalents have
consistently larger ranges between the 5th and 95th percentile values. The Wallumbilla Formation appears to be the most
variable in GR character specifically in regard to the range of GR values between the 5th and 95th percentile.
A significant generalisation that can be made is that the modes in all GR box plots are lower than the mean value in each
formation. This is suggestive of the dominant sediment of each interval is towards a sand end member rather than
towards a shale end member.
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Figure 5.18 Section through the Central Eromanga depocentre
Note: this figure presents formation from the Rolling Downs Group to the Hooray Sandstone. Deeper formations are given in Figure 5.19
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 16]
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Figure 5.19 Section through the Central Eromanga depocentre
Note: this figure presents gamma-ray statistics for the sequence from the Cadna-owie Formation down to the Evergreen Formation and
equivalents. Characteristics of overlying formations are given in Figure 5.18
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 17]
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Eulo-Nebine Ridge – Eromanga to Surat basins
A west to east section documents the GR statistics of individual wells and bores in both Eromanga and Surat basins, with
the Eulo-Nebine Ridge as the dividing feature (Figure 5.20). This section approaches perpendicular to the Eulo-Nebine
Ridge. A general characteristic of low mode values is evident for all formations in the Eromanga Basin. From west to east,
there appears to be a subtle increase in GR mode from the Eromanga Basin towards the Eulo-Nebine Ridge for the
Cadna-owie Formation and the Injune Creek Group. This trend is not evident on the eastern side of the Ridge in the
Surat Basin.
Noteworthy is the consistently low range between 5th to 95th percentile values for the Hutton Sandstone, Cadna-owie,
Wallumbilla formations, and the Rolling Downs Group in general. The Evergreen Formation equivalents appear to have a
greater variation of GR ranges in the Eromanga Basin than in the Surat Basin.
A north-east to south-west section aligns with the Eulo-Nebine Ridge (Figure 5.11, section map). The section is limited
by the availability of bores with GR data (Figure 5.21). From data available for the Cadna-owie Formation and Hooray
Sandstone in individual bores and wells, the consistent characteristic in GR statistics is that of a low mode. This
characteristic persists in the regional statistics for the Eulo-Nebine Ridge region (Figure 5.12), to indicate relatively low
variability and a persistence towards probable sandier intervals.
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Figure 5.20 East-west section from the western Eromanga Basin to the eastern Surat Basin
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 18]
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Figure 5.21 North-south section of bores following the Eulo-Nebine Ridge
[Note: this figure is reproduced at a larger scale in the compendium of A3 figures as A3 Figure 19]

Findings
For the intra-regional character, with the exception of the north-western Eromanga Basin/Birdsville Track Ridge region,
the similarity of GR statistics of individual stratigraphic units between adjoining bores and wells corresponds with the
averaged GR statistics for each region. This reflects low variability in the overall character of individual stratigraphic units
within each region.
Inter-regional variation for each lithostratigraphic unit is summarised in the GR statistics of Figure 5.12. Noteworthy is the
dramatic reduction in GR range of the Rolling Downs Group (particularly the Wallumbilla Formation) in the Surat Basin
compared to the Eromanga Basin.
However, the most important comparison, that between aquifer and aquitard units, remains elusive because of the lack
of information on the mineralogy of the Rolling Downs Group. Visual comparison of GR box plot statistics between the
Wallumbilla Formation and the underlying Cadna-owie Formation and Hooray Sandstone would cursorily suggest that
the Wallumbilla Formation appears to be a sandier unit than the underlying aquifers!
On GR characteristics, the sequence within and below the Cadna-owie/Hooray Aquifer offers quite distinctive
differentiation of sands and shales. In contrast, within formations of the overlying Rolling Downs Group, the finer-grained
rocks have limited GR response and variation and are less radiogenic. A paucity of potassic clays and the presence of
glauconitic sands could explain the diminished range of the GR signal, but this requires verification from petrography and
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mineralogy. Montmorillonitic clays are distinctive to the Rolling Downs Group, but the proportionality of this clay type
against other clay minerals in this sequence remains unknown.

5.5.5

Central Eromanga Basin

Figure 5.22 and Figure 5.23 are frequency plots of porosity and permeability for the major aquifers and aquitards of the
Central Eromanga Basin. Note that porosity is plotted at a linear scale and permeability is at a log scale.
The aquifer plots (Figure 5.22(a)) indicate the porosities of all three formations are remarkably similar – Cadna-owie
Formation (15 ±6 percent), Hooray Sandstone (16 ±5 percent) and Hutton Sandstone (1 7 ±5 percent). Porosities in the
Hooray and Hutton Sandstones are approximately uniformly distributed but there is incipient bimodality exhibited by the
Cadna-owie Formation. The higher Cadna-owie porosity mode (approximately 20 percent) reflects the more porous
nature of the Wyandra Sandstone Member at the top of this formation.
The means in the porosity plots for the aquitards (Figure 5.23(a)) – Westbourne Formation (14 ±5 percent) and Birkhead
Formation (14 ±6 percent) – are slightly lower but not markedly different from the aquifer means, but this may be an
artefact from sampling bias. It is, however, noteworthy that the aquitard porosity distributions are right skewed.
The permeability plots for the aquifers (Figure 5.22(b)) indicate the mean permeability of the Hutton Sandstone
(452 ±845 mD) is significantly higher than the Hooray Sandstone (131 ±471 mD) and Cadna-owie Formation
(96 ±819 mD).,The Hutton Sandstone is the largest oil producing reservoir in the Eromanga/Cooper Basin. Note the very
large dispersion (standard deviations) of permeability values in all three aquifers. The Hutton Sandstone plot is bimodal,
with about three orders of magnitude difference between the primary and secondary mode, and the Hooray Sandstone
and Cadna-owie Formation plots are right skewed.

Table 5.2 Mean porosity and permeability values of formations in the Central Eromanga Basin
Number of
Formation

Number of

porosity

Mean porosity (%)

measurements

Mean horizontal Hydrogeological

permeability
measurements

405

15

331

4438

16

4222

951

14

896

64

22

71

Birkhead Formation

1578

14

1348

Hutton Sandstone

2928

17

2687

Cadna-owie Formation
Hooray Sandstone
Westbourne Formation
Adori Sandstone

permeability (mD) classification
96 Leaky aquitard
131 Aquifer
105* Leaky aquitard
813 Aquifer
130* Partial aquifer
452 Aquifer

* Unlikely to be representative of formation due to sampling bias toward sandy units
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Figure 5.22 Frequency plots of (a) porosity and (b) permeability for the major aquifers in the Central Eromanga Basin
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Figure 5.23 Frequency plots of (a) porosity and (b) permeability for the major aquitards in the Central Eromanga Basin

Surprisingly, mean permeability values for the aquitards, the Westbourne Formation (105 ±394 mD) and Birkhead
Formation (130 ±503 mD) are not significantly different from the means of the Hooray Sandstone and Cadna-owie
Formation. The mean of the higher permeability mode in both aquitards is about 5 d, a value one might expect from an
aquifer rather than an aquitard. In the Cooper Basin, the Birkhead Formation is an important oil producing reservoir in its
own right, hence the higher secondary mode (sampling bias toward sandstones) represents reservoir rock characteristics.
The lower primary mode (mean approximately 5 mD) is typical of seal rock characteristics, which the lower part of this
formation applies to the underlying Hutton Sandstone reservoir.

5.5.6

Surat and Clarence-Moreton basins

Generally, an order of magnitude difference in mean horizontal permeability is exhibited between aquifers and aquitards,
with the highest mean permeability (1051 mD) present within the Gubberamunda Sandstone (Table 5.3). An exception is
the Westbourne formation aquitard, which exhibits a relatively high mean permeability of 630 mD. However it is uncertain
if this value is representative due to the low number of measurements (24) within this particular formation.
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Table 5.3 Mean porosity and permeability values of formations in the Surat Basin
Queensland
Water
Calculated
Mean
Commission
Number of
Number of
mean horizontal
Mean
horizontal
mean
Hydrogeological
porosity
permeability
hydraulic
porosity (%)
permeability
horizontal classification
measurements
measurements
conductivity**
(mD)
hydraulic
(m/day)
conductivity
***(m/day)

Formation

Wallumbilla and
equivalents****

33

30

17

71

0.0593

Leaky
N/A aquitard/Partial
aquifer

Mooga
Sandstone

35

28

29

728

0.6076

1.5 Aquifer

Gubberamunda
Sandstone

38

28

23

1051

0.8772

0.69 Aquifer

Westbourne
Formation

24

26

21

630*

0.5258*

Walloon Coal
Measures

118

18

95

67

0.0559

Hutton
Sandstone

333

22

301

426

0.3555

Evergreen
Formation

766

15

624

87*

0.0726*

Precipice
Sandstone

3172

16

2799

320

0.2671

0.0014

Tight/Leaky
aquitard

0.031 Leaky aquitard
0.52 Aquifer
0.00013 Leaky aquitard
0.34 Aquifer

* Unlikely to be representative of formation due to sampling bias toward sandy units
** Calculated from Mean horizontal permeability using Kh =(kh/1000)* 9.66*10-6* 86400
*** Calibrated model values from Queensland Water Commission Surat Cumulative Management Area groundwater model
report (GHD, 2012)
**** Includes hydrostratigraphic equivalents of the Wallumbilla formation and its component Doncaster and Coreena
members

It should be noted that the permeability values represent air permeability, measured at ambient pressure in the laboratory.
The permeability values are that of sandstones in these formations.
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Figure 5.24 Frequency plots of (a) porosity and (b) permeability for the major aquifers in the Surat Basin
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Figure 5.25 Frequency plots of (a) porosity and (b) permeability for the major aquitards in the Surat Basin

Figure 5.24 and Figure 5.25 are frequency plots of porosity and permeability for the major aquifers and aquitards of the
Surat Basin. Note that porosity is plotted at a linear scale and permeability is at a log scale.
The aquifer plots (Figure 5.24(a)) indicate the porosities of all four formations approach uniform distributions but their
means are significantly different. Figure 5.25(a) indicates higher porosities in the Mooga (28 ±5 percent) and
Gubberamunda (28 ±4 percent) sandstones than in the Hutton (22 ±6 percent) and Precipice (16 ±5 percent) sandstones.
However, caution needs to be exercised in interpreting these results because of the small sample space in the former
aquifers. The distribution of points in the Hutton Sandstone is incipiently bimodal, the Precipice Sandstone distribution is
slightly right skewed and both Mooga and Gubberamunda sandstones are left skewed.
When compared to equivalent aquifers in the Eromanga Basin, the porosities of the Mooga and Gubberamunda
sandstones are significantly higher than the equivalent Hooray Sandstone, but again attention is drawn to the small
sample space of the former formations. Likewise mean porosity in the Hutton Sandstone is significantly higher in the
Surat than in the Eromanga Basin. In this case the sample numbers are sufficiently large to provide confidence in the
statistics, but there are almost ten times more samples in the Eromanga Basin (n = 2928) than in the Surat Basin
(n = 333).
Porosity distributions for the aquitards show a far greater spread than for equivalent aquitard formations in the Eromanga
Basin. In increasing order, the mean porosities are – Evergreen Formation (15 ±6 percent – excluding the Boxvale
Sandstone Member), Walloon Coal Measures (18 ±5 percent), Bungil Formation (26 ±6 percent), Westbourne Formation
(26 ±6 percent) and Wallumbilla Formation (30 ±8), but sample numbers for the latter two formations are very small.
In the case of the Westbourne Formation, this anomalous difference between basins highlights a need for further
investigation. The porosity distribution in the Surat Basin is left skewed with the suggestion of bimodality while the
porosity distribution in the central Eromanga Basin is distinctly unimodal and leptokurtic.
Figure 5.25(a) shows the distribution for the Evergreen Formation is strongly left skewed, the Walloon Coal Measures is
slightly left skewed, and the Bungil, Westbourne and Wallumbilla Formations are bimodal. In the particular case of the
Wallumbilla Formation, the primary mode has a mean of about 32 percent which is close to the theoretical maximum for
unweathered sediments.
The permeability distributions for the Surat Basin aquifers (Figure 5.24(b)) do not appear to differ greatly, but the aquifer
means are very different – Hutton Sandstone (426 ±1334 mD), Precipice Sandstone (320 ±905 mD), Mooga Sandstone
(728 ±1463 mD) and Gubberamunda Sandstone (1051 ±1613 mD). The means do not appear to be markedly different in
the plots because the Hutton and Precipice sandstones distributions are strongly left skewed. Interestingly, the mean
permeability values for the Hutton Sandstone are almost identical in both the Surat and Eromanga basins.
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The permeability distributions for the four Surat Basin aquitards (Figure 5.25(b)) shows that only the Wallumbilla
Formation approaches a uniform distribution and the other three are irregularly distributed. Mean permeability values are
Evergreen Formation (87 ±245 mD), Walloon Coal Measures (67 ±234 mD), Bungil Formation ( 517 ±1032 mD),
Westbourne Formation (630 ±1150 mD) and the Wallumbilla Formation (71 ±75 mD). However only the first three of
these have a sufficiently large number of samples to be credible. With regard to the aquitard permeability distributions,
only the Wallumbilla Formation approaches a uniform distribution – the other four are irregular.

5.5.7

Spatial distribution

Figure 2.16 shows the spatial variation in permeability of selected formations in the Surat and central Eromanga Basins.
White areas indicate the formation is absent.
Until isopach and sand-to-shale data are available for all hydrostratigraphic units, explanation of these patterns is
speculative. All data presented are horizontal permeability. Vertical permeability determinations are too few in number to
be representative for any unit.

Figure 5.26 Spatial distribution of mean horizontal permeability and locations of data points
Note: coloured areas correspond to formation extents. Reliability of contours away from data points is low
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Precipice Sandstone
Highest permeabilities of sandstones within the Precipice Sandstone (5 to 7 D) appear restricted to the region of the
eastern flank of the Nebine Ridge and eastwards over the St George-Bollon Slope to the western margin of the Roma
Shelf. On the Roma Shelf as well as southward and south-eastward into the Mimosa Syncline mean permeability is
greatly diminished. There is a north-west to south-eastward narrow trend on the flank of the main depocentre where
permeability is again much higher (500 mD to 1 D) in the northern Mimosa Syncline, extending across to the Texas High.
High permeabilities on the eastern flank of the Nebine Ridge may be due to both more-mature sediment sources as well
as lower accommodation rates, and hence cleaner permeable facies in this region. The lower permeabilities eastward
and south-eastward may in contrast result from greater accommodation and less sorting of sediment during deposition.
The north-west to south-east band of moderately higher permeability has a similar alignment with patterns in the
Evergreen Formation and may relate to shallower depositional facies with lower accommodation rates around the margin
of the main depocentre of the Mimosa Syncline immediately to the south (Figure 2.3).
Evergreen Formation
Sandstones of the Evergreen Formation are generally lower in permeability except locally on the Nebine Ridge and on
the eastern margin of the Roma Shelf. Lowest permeabilities are within the Clarence-Moreton Basin, and north-east of
the main depocentre to the east of the Burunga-Leichhardt Fault.
Diminishment of permeability relative to the Precipice Sandstone would be expected in the meandering floodplain
depositional facies compared to Precipice braided stream deposition. The much lower permeabilities in the north-east
may reflect lacustrine-dominant facies.
Hutton Sandstone
Over the Nebine Ridge onto its eastward flank and the Roma Shelf, permeability of sandstones in the Hutton Sandstone
(500 to 1000 mD) appears to be twice, or up to an order of magnitude greater than eastward into the depocentre of the
Mimosa Syncline. On the eastern side of the Goondiwindi Fault, lowest permeabilities are to the north while the southern
region adjoining the Texas High has variably higher permeability.
Eastwards into the Clarence-Moreton Basin, the Hutton equivalents have permeabilities of 100 to 500 mD with locally
higher values of 500 to 1000 mD centrally in the Cecil Plains sub-basin and decreasing permeability against the West
Ipswich Fault.
In comparison to permeabilities of the Precipice Sandstone, the Hutton Sandstone has lower permeability which
progressively decreases into the depocentre of the Mimosa Syncline. This reduced permeability may be due to greater
depositional accommodation rates, a burial diagenetic effect as observed in the Eromanga Basin across the Canaway
fault by Green et al. (1989a), or a combination of both. The patchy but higher permeability east of the Goondiwindi Fault
appears to extend over the Kumbarilla Arch into the Clarence-Moreton Basin.
within the central Eromanga Basin the permeability of the Hutton Sandstone is highest north-eastward near the intake
zone (exceeding 1 d) and along the north-western rim of the depocentre. Within the Central Eromanga Depocentre,
permeability generally decreases with depth to generally <100 mD. In petroleum fields, localised higher permeability
exists (up to 1 d).
The reduced permeability with depth reflects a burial diagenetic effect as observed across the Canaway fault by Green et
al. (1989b). In localised petroleum fields within this deeper region where the Hutton Sandstone is a reservoir, this
relationship ceases as the emplacement of oil has apparently prevented reduction of permeability by water-based
diagenetic processes.
Birkhead Formation
The extent of the Hutton Sandstone as a discrete aquifer is controlled entirely by the overlying confining aquitard, the
Birkhead Formation. Sandstones of this aquitard have a permeability pattern that generally varies conversely with depth,
and is lowest within the Central Eromanga Depocentre. Variants of this regional trend are apparent at the south-western
extent of the formation where it becomes progressively thinner, with localised anomalous higher permeability possibly
related to specific permeable fluvial facies targeted by petroleum exploration.
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Although low permeability is widespread in the north-east near the intake beds (10 to 500 mD), and lowest against the
western side of the Canaway Fault (<10 mD), south-westward the pattern becomes more variable and increases locally
at oil fields up to 1 d. The gradual increase of permeability at this south-western end of the depocentre is probably due to
both its thinning and becoming sandier as it wedges out, and to the increased quartzose sandstones at this end of the
depocentre, compared to predominantly volcanolithic sandstones towards the north-eastern basin margin. Volcanolithic
particles are highly reactive with alteration to clays during diagenesis, commonly reducing porosity and permeability of
the sandstones.
Hooray Sandstone
The distribution of available data precludes any comment on the Eulo Ridge and southern region where this aquifer is
known to be present.
Over the eastern flank of the Nebine Ridge and the St George-Bollon Slope to the south, permeabilities exceed 1 d. In
contrast, the Roma Shelf appears to be in a transition to lower permeability (100 to 500 mD) on the north-western slopes
of the Mimosa Syncline depocentre. East of this region, permeabilities are higher.
The region of high permeability, over the crest and on the eastern flank of the Nebine Ridge, is to be expected where the
formation is thinner and has experienced lower accommodation rates with better sorting. The low permeability region to
the east, as also seen in the Hutton Sandstone, may suggest subsidence was greater in this region, offset to the west of
the main cumulative depocentre of the Surat Basin.
Within the Eromanga Basin, permeability in sandstones of the Hooray Sandstone is greatest at the north-eastern intake
zone (up to 20 d) and decreases south-westward into the Central Eromanga Depocentre where it is locally variable. The
Hooray Sandstone and equivalents have a broader extent to all basin margins. Along the north-western margin over the
Diamantina and Boulia shelves where the aquifer is much thinner, permeabilities are greater, up to 5 d.
Decreasing permeability with burial depth is attributed largely to the same diagenetic processes described for the Hutton
Sandstone (Green et al., 1989b). Within the main depocentre, local variation to higher permeability most probably relates
to petroleum occurrences. Along the shallow north-western shelves, less accommodation during deposition provided
better sorting of quartz-rich sediments and hence greater porosity and permeability of the sandstones.
Cadna-owie and Bungil Formation
Although a component formation of the Cadna-owie – Hooray aquifer, the Cadna-owie Formation has permeability
characteristics akin to an aquitard. It is primarily because the thin sandstone members occurring stratigraphically at its
upper boundary – the Wyandra Sandstone Member in the eastern region, that the formation is included in the main
artesian aquifer. The lateral equivalent of the Cadna-owie Formation within the Surat Basin is the Bungil Formation.
Within the Eromanga Basin permeability increases towards the north-eastern intake margin, but especially towards the
Nebine Ridge. Within the Central Eromanga Depocentre this formation has a pervasively low permeability of <10 mD.
The regional trends in permeability reflect a similar depth-related decreasing permeability as evident in the Hooray
Sandstone. The higher averaged permeability of sandstones and siltstones of the unit near the intake zone, and the
additional increase towards the Nebine Ridge appears to be the increased contribution of the Wyandra Sandstone
Member present towards the eastern basin margin.
In the Surat Basin the Bungil formation exhibits a similar permeability pattern to that of the Hooray Sandstone and
equivalents with permeabilities exceeding 2 d on the St George-Bollon Slope immediately south of the Abroath Trough.
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5.6

Rolling Downs Group hydrogeological system

This hydrogeological system lies entirely within the Rolling Downs Group (Figure 5.1) and comprises a very thick basal
aquitard with an upper semi-unconfined partial aquifer.

5.6.1

Central Eromanga Basin

Aquitard
The predominantly marine sequence in the Rolling Downs Group includes the Wallumbilla Formation, Toolebuc
Formation, Oodnadatta Formation, Bulldog Shale and the Allaru Mudstone. This is considered the main confining
sequence to the underlying Jurassic-Early Cretaceous artesian aquifers. Aquitard would be a more accurate designation.
Polygonal faulting
The Rolling Downs Group sequence in the Central Eromanga Basin has been significantly disrupted by regional tectonic
faulting as well as by a pervasive polygonal fault system (PFS) that is some 2,000,000 km2 in extent (Cartwright, 2011).
PFS is superimposed on most formations in the Rolling Downs Group throughout the Central Eromanga Depocentre
(Cartwright and Lonergan, 1997). The presence of PFS in adjoining geological basins has yet to be evaluated.
PFS is defined as laterally extensive arrays of extensional faults that are characterised by a polygonal planform geometry
and confined to a specific stratigraphic interval, that is, layer bound (Cartwright, 2011). Layer-bound faults were first
recognised from two-dimensional seismic data as being of a non-tectonic origin in the 1980s, but it was only with
three-dimensional seismic surveying that that their hallmark planform geometry became fully apparent (Cartwright, 1994).
PFS is found exclusively in sedimentary units with a predominant clay particle size, from smectitic claystones to almost
pure chalks. PFS are very common and have been recognised in over 100 mainly continental margin slope basins but
also occur in some foreland and intracratonic basins. Latest research now suggests that:
•

shear fracturing accompanies early diagenesis of fine-grained sediments

•

the two main diagenetic processes – the alteration of volcanic ash and biogenic silica diagenesis are
candidates (Cartwright, 2011).

The smectite-rich claystones of the RDG are such a candidate. The phenomenon is evident to varying resolution in
two-dimensional seismic across the basin, but has been better defined with greater resolution from three-dimensional
seismic in the Lake Hope area south-west of the Patchawarra Trough (Watterson et al., 2000). Near the Lake Hope
Seismic study at the south-western limit of the Central Eromanga Depocentre, surface structure exists at a scale
comparable to polygonal fault domains delineated at depth in the Rolling Downs Group (Figure 5.27).
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Figure 5.27 Surface expression of polygonal faulting within exposed rocks of the Lake Eyre Basin in interdune areas (grey) near
Cooroomunchena Waterhole on Cooper Creek
Note: this exposure is near the Lake Hope Seismic Study of Watterson et al. (2000). 27.77 °S 139.50 °E. The image covers
approximately 5 km north to south

Figure 5.28 Polygonal faulting in plan view of the Coorikiana surface. Lake Hope Seismic Survey from Watterson et al. (2000)
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On the basis of associating the surface expression of structure in the Rolling Downs Group with observed
three-dimensional and two-dimensional seismic evidence, recognition of PFS has been extended significantly
(Figure 5.29).

Figure 5.29 Thickness of Rolling Downs group with location of polygonal faulting
[Note: see A3 Figure 20 in the compendium of A3 figures for more detail]
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Figure 5.30 Surface expression of pervasive PFS and disruption within the Rolling Downs Group
Note: structure in the basal Mackunda Formation subcrop. At 21.48 °S 144.20°E, Tangorin 1:250,000 sheet. Field of view is
approximately 5.5 km north to south (source: Google Earth)

Figure 5.31 Surface expression of pervasive PFS and disruption within the Rolling Downs Group
Note: structure in the basal Winton Formation subcrop. At 21.52°S 142.99°E, Manuka 1:250,000 sheet. Field of view is approximately
5.5 km north to south (source: Google Earth)

In the Central Eromanga Basin, PFS have distinctive surface expression as discrete kilometre-sized basins surrounded
by polygonal margins of narrowly- faulted anticlinal ridges. (Figure 5.31, Figure 5.33).This surface expression is evident
in the sub-crop of all formations of the RDG and is almost ubiquitous throughout the depocentre of the Central Eromanga
Basin (Figure 5.29 and Figure 2.1). PFS have yet to be identified and confirmed elsewhere in the GAB.
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In the RDG sequence, individual polygonal faults propagate upward from mainly the anomalous ‘C’ low velocity zone,
(Figure 5.32) and span a limited size range with throws ranging up to 80 m. The greatest throws of these faults mostly
occur on the Coorikiana horizon, with throws on individual faults decreasing more rapidly downward than upward. The
polygonal cell diameters defined by the faults are predominantly within the range of 0.8 to 2 km, and appear to be most
spatially ordered (i.e. least random) at the lowermost Cadna-owie horizon.

Figure 5.32 Polygon structure – above an overturning layer (black), the fault displacement increases upwards to a point at which fold
amplitude begins to decrease and eventually die out (from Watterson et al., 2000)

Figure 5.33 Isopach map of the interval between the Cadna-owie and Coorikiana horizons, showing the polygonal pattern defined by
thickness variations. This indicates the dish-shaped polygon cell, bounded by collapsed graben wedges containing anticlinal ridges
(from Watterson et al., 2000)

Polygonal fault disruption within the Rolling Downs Group offers a regionally-pervasive system of potential conduits for
upward leakage from the artesian Cadna-owie – Hooray Aquifer into the Coreena/Coorikiana Aquifer, the upper
sub-artesian Winton-Mackunda Aquifer, as well as to the surface or overlying alluvium. Although fault gouge and slip in
PFS tend to have lower permeability than the host rocks, it is the potential dilatancy created with any movement and later
changes in stress fields that is significant (Cartwright et al., 2007).
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6

Regional watertable

Authors: Kellett JR, Bell JG, Stewart GA and Ransley TR

6.1 Great Artesian Basin regional watertable
Audibert (1976) observed that most attention in studies of the hydrogeology of the GAB had been paid to the spectacular
flowing artesian bores in the Hooray Sandstone and equivalent aquifers, and that scant attention had been focussed on
the Early Cretaceous sub-artesian aquifers – the ‘CA1 aquifer’ in Audibert (1976). The Early Cretaceous aquifers are
host to the watertable over large parts of the GAB and this chapter focuses exclusively on their hydrogeology to address
the imbalance.
Figure 6.1 shows the regional watertable across the entire GAB. The watertable contours were hand drawn from water
level data provided in state groundwater databases for NSW and Queensland. SA and NT data points were supplied by
Flinders University. Additional data points were obtained from reports published by the state geological surveys and
water authorities, and from unpublished BMR records and consultants’ reports. SA water levels were corrected for
density effects due to salinity (in excess of 100,000 mg/L TDS in some bores in the Eyre Basin) but all others were
uncorrected because salinity data were not available. Density corrections for the watertable are not deemed to be an
issue outside of the SA portion of the GAB.
Groundwater flow is from the highest potentials in the intake beds on the western slopes of the Great Dividing Range
(GDR) in New South Wales and Queensland as shown in Figure 6.1. The GAB intake beds extend northward along the
western slopes of the GDR to the tip of Cape York where the pressures are lower than those in the southern intake beds.
The watertable lies in the Jurassic formations in the intake beds and passes into the Early Cretaceous formations
basinward. In the Eyre and Karumba Basins, the watertable grades into Cainozoic sediments.
Figure 6.1 shows groundwater flow is to the west and northwest from the intake beds in NSW, and southwest from the
intake beds in Queensland. Groundwater flow is northwest and west from the intake beds towards the Gulf of
Carpentaria in the Carpentaria/Karumba Basins. Figure 6.1 also shows a smaller component of groundwater flow from
intake beds along the western GAB boundary in SA, NT and part of Queensland, up to Cloncurry. Groundwater flow from
the western intake beds is towards the east and southeast.
The regional onshore discharge zones for the watertable are clearly shown in Figure 6.1 as being Lake Eyre and an
eastward arcuate band of salt lakes extending from Lake Frome to Lake Gregory. Both of these regional discharge zones
lie in SA, but there are other intra-basin discharge areas for the watertable which will be explored in this chapter.
Regional discharge for the Carpentaria/Karumba Basins is the Gulf of Carpentaria.
There are additional subtle features evident in the watertable map in Figure 6.1. First, unlike the underlying confined
aquifer system, there are local recharge mounds in the watertable within the Early Cretaceous aquifers which extend far
into the basin. Secondly, the two largest rivers in the GAB, the Diamantina River and Cooper Creek are watertable drains.
Watertable maps of the GAB compiled by Audibert (1976) and Habermehl (1980) also depicted these two streams as
regional drains. Thirdly, the groundwater mounds along the Eulo Ridge and their extension south-westwards towards the
Yancannia Range in NSW come close to forming a groundwater divide between the Surat and Eromanga Basins, but the
line of mounds is breached in some places permitting impeded lateral throughflow.
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Figure 6.1 Regional watertable in the Great Artesian Basin

Note: elevation of the watertable is in mAHD
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6.1.1

Eromanga Basin watertable

The watertable aquifers
The regional watertable in the Eromanga Basin is shown in Figure 2.25. The watertable lies in the areas of outcrop of all
the GAB aquifers (intake beds) and aquitards - along the western slopes of the Great Dividing Range and the western
margin of the GAB. In the east, the watertable passes into the Rolling Downs Group which abuts the eastern intake beds
and dips gently basinward. Recharge in the western intake beds is very low, about 0.1 mm/year (Love et al., 2013) due
to the arid climate that prevails in this area. However, recharge in the eastern intake beds is one to two orders of
magnitude higher (Kellett et al., 2003).
The largest area of occurrence of the watertable – throughout the vast plains of western Queensland and extending into
SA – lies in the Early to Late Cretaceous Winton Formation, and less commonly, in the underlying Early Cretaceous
Mackunda Formation. The areal extent of Winton Formation outcrop is over 160,000 km2 and 43,000 km2 for the
Mackunda Formation. Although there are sandstone beds throughout the Winton Formation, many of the upper
sandstone beds are lenticular, fine-grained and low-yielding, and for this reason the majority of stock and domestic bores
in the Winton Formation obtain their groundwater supplies from the higher-yielding, more permeable basal sandstone
beds. The groundwater head in the basal sandstone equilibrates with the first water cut, and can therefore be considered
as equivalent to the regional watertable. In some cases bores obtain their groundwater supplies from the underlying
Mackunda Formation, but the Winton and Mackunda Formations form a hydraulically continuous unit, and thus
groundwater heads in the Mackunda Formation can also be regarded as equivalent to the regional watertable.
Paradoxically, the Mackunda Formation tends to be a higher groundwater producer than the Winton Formation even
though the former was deposited in a paralic environment and the latter under fluvio-lacustrine conditions. On the far
western side of the GAB, sediments of the Bulldog Shale and Cadna-owie Formation are host to the regional watertable.
The Winton Formation is not recognised in New South Wales except for the Milparinka 1:250,000 sheet. On the other
NSW sheets, the watertable lies in a sequence mapped as undifferentiated Rolling Downs Group sediments. In the
vicinity of the Eulo Ridge, the regional semi-confined Early Cretaceous (partial) aquifer is the Coreena Member of the
Wallumbilla Formation. Although dominantly siltstone in texture, the Coreena Member contains sand beds which yield
low supplies of groundwater of variable quality from generally sub-artesian bores. The watertable map in the vicinity of
the Eulo Ridge equates to the potentiometric surface of the highest-yielding sand bed in the Coreena Member. In some
places the groundwater in a water bearing zone in this formation will rise and equilibrate with the regional watertable but
in other places it might rise above this surface and produce an artesian well. Where the Coreena Member yields
insufficient supplies, bores in the Wallumbilla Formation are extended deeper into the underlying Doncaster Member but
water quality in this formation can be poor in places.
The watertable also lies in Cenozoic sediments overlying the GAB sequence in some river basins. The water levels in
Quaternary floodplain sediments generally form a continuum with the pressure surface of the first water cut in the
underlying rock aquifer. However, water levels in some alluvial bores within and peripheral to stream channels may
temporarily lie above the regional watertable following periods of high river stage when the alluvium is recharged.
Temporary head differences of 10 to 15 m have been observed. These perched systems are very dynamic compared to
the much slower responding regional watertable. Accordingly, they have not been included in the data and neither have
any of the water levels from alluvium. However, the fluctuations in groundwater levels in the alluvium of the river
channels represent an interesting phenomenon and may shed light on locations of point source recharge to the regional
GAB aquifers
Groundwater recharge
Kellett et al. (2003) estimated total recharge in the intake beds of Hooray Sandstone and equivalents and Hutton
Sandstone of 142,470 ML/year for the Eromanga Basin. This figure is comprised of 121,110 ML/year for the Hooray
Sandstone and equivalents and 21,360 ML/year for the Hutton Sandstone. Recharge estimates for the Hutton Sandstone
were generally higher and more uniform than that for the Hooray Sandstone and equivalents; apart from a couple of
areas influenced by stream leakage, recharge rates were lowest (< 3 mm/year) in the Hooray Sandstone all the way from
Mitchell to Torrens Creek. The Ronlow Beds in particular were characterised by very low recharge rates. However,
recharge rates in the Gilbert River Formation north of Torrens Creek were the highest in the Eromanga Basin intake beds
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(10 – 20 mm/year). Recharge in the Adori Sandstone was not measured but is likely to be small because of the small
area of outcrop of this formation.

Figure 6.2 Regional watertable in the Eromanga Basin with areas of interest shown

As noted above, local groundwater mounds in the watertable which extend far into the Eromanga Basin indicate intrabasin recharge in the watertable aquifer. Generally the watertable mounds coincide with areas of outcrop of the Winton
and Mackunda Formations. Based on estimates of recharge rates of 0.75 mm/year and 1 mm/year for the Winton and
Mackunda Formations respectively, we estimate total recharge of 120,610 ML/year and 43,160 ML/year for the two
formations based on the outcrop areas cited at the beginning of this chapter. This means that the total intra-basin
recharge of 163,770 ML/year is 21,300 ML/year higher than recharge in the intake beds on the western slopes of the
Great Dividing Range. As far as we are aware, intra-basin recharge has never before been included in GAB recharge
calculations.
Recharge in the western intake beds of the Eromanga Basin is low. Love et al. (2000) estimated recharge rates of the
order of 0.1 mm/year. This very low value is primarily because of the very low rainfall and high evaporation. Using a
recharge rate of 0.15 mm/year estimated by Wohling et al. (2013), we calculate the recharge flux in the Cadna-owie
Formation in the western intake beds is 1790 ML/year. Assuming a recharge rate of 0.25 mm/year for the Algebuckina
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Sandstone, we calculate the recharge flux into this formation is 4830 ML/year. This gives a total recharge flux in the
western intake beds of 6620 ML/year, less than 5 percent of the recharge in the eastern intake beds.
Regional groundwater discharge
For the Eromanga Basin, the inferred net watertable flow (after intra-basin losses) is ultimately towards the discharge
zones of the western Eromanga Basin. The terminal nature of the regional groundwater discharge zones is clearly
shown in Figure 6.3 where two major sinks are evident. One is Lake Eyre and the other is an arcuate band containing
Lakes Frome, Callabonna, Blanche and Gregory. These are all salt lakes which precipitate halite from groundwater brine.
The –10 mASL contour within Lake Eyre is the lowest watertable elevation in the GAB.
Figure 6.3 shows the terrain (3 second DEM) for part of the Western Eromanga Basin. The two regional discharge
zones are separated by a sub-surface extension of the Birdsville Track Ridge and the northern Flinders Ranges. Clearly,
the two discharge zones lie in the lowest positions in the landscape indicating that near surface groundwater flow is
topographically driven towards them. All of the salt lakes lie below sea level. A local watertable sink at Caryapundy
Swamp and Bulloo River Overflow is at 60 mAHD to the east of the discharge zones lying below sea level. This feature
will be discussed in the next section – it is included in Figure 6.3 to show its structural setting relative to the eastern
discharge zone complex.

Figure 6.3 Digital Elevation Model showing groundwater discharge zones of the regional watertable
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Areas of interest in the regional watertable of the Eromanga Basin
The area in Figure 6.4 is the Mount Whelan 1:250,000 sheet along the north-western boundary of the GAB. Here the
GAB sequence comprises outcropping porous Longsight Sandstone overlain basinward by less permeable and less
porous rocks of the Wilgunya Formation (equivalent to the Wallumbilla Formation further east).The GAB sequence
wedges out against Cambro-Ordovician rocks, dominantly carbonate of the Georgina Basin. Many basement inliers
protrude through the GAB sequence (Figure 6.4). Habermehl (1980) and the 1:2,500,000 hydrogeological map by
Habermehl and Lau (1997) depict this area as one of groundwater outflow from the GAB into the Georgina Basin. The
potentiometry in Figure 6.4 does not support this hypothesis. The watertable contours can be interpreted as a system
which is locally recharged where the Longsight Sandstone outcrops and/or is shallowly covered by sandy Cenozoic
alluvium or a system where the Georgina Basin discharges into the GAB sequence or a system exhibiting a combination
of both of these processes.

Figure 6.4 Watertable contours on the Mount Whelan 1:250,000 sheet

On the adjacent Boulia 1:250,000 sheet to the north-east, Casey (1968) was of the opinion that diffuse recharge in the
Longsight Sandstone aquifer was negligible in this part of western Queensland. Rather, recharge to the aquifer was by
bed underflow leakage from the Hamilton River in places where the Longsight Sandstone is covered by less than 6 m of
alluvium. The current watertable mapping on the Boulia sheet neither supports nor contradicts this hypothesis.
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Figure 6.5 shows the potentiometric surface of the Winton Formation on the Blackall 1:250,000 sheet in the north-east of
the Central Eromanga Basin. This surface represents the regional watertable. The Barcoo River and its major tributaries
are also shown in Figure 6.5 and they ultimately merge with the Cooper Creek immediately downstream of its confluence
with the Thomson River. The watertable is markedly depressed about the axis of the alluvial valley, a pattern which is
observed repeatedly around many of the major rivers of western Queensland, particularly the Diamantina River further
west. This is a necessary but not sufficient condition for the river to be a line sink for the regional watertable aquifer. That
is, the Barcoo River may well be a gaining stream along the reach shown in Figure 6.5, and if so, the numerous deep
waterholes associated with it are sustained by seepage from the watertable. Of course, the depression of the regional
watertable about the river axis may equally well be a topographic artefact. Resolution of this phenomenon requires an
independent investigation method such as remote sensing of the verdancy of the deep-rooted riparian vegetation. This
aspect is explored in the final section of this chapter and will help to ascertain whether the rivers are gaining streams or
not.

Figure 6.5 Watertable contours in the Winton Formation on the Blackall 1:250,000 sheet
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Figure 6.6 is a composite of four 1:250,000 sheets in north-western New South Wales – Milparinka, Cobham Lake,
Urisino and White Cliffs. The watertable contours are derived from pressures in the Winton Formation on the Milparinka
sheet and from sub-artesian bores in undifferentiated Rolling Downs Group on the other three sheets. The most
prominent feature is a groundwater sink defined by the closures of the 60 mASL and 80 mASL watertable contours. The
sink defined by the 60 m closed contour overlies the terminus of the Bulloo River, the Bulloo River Overflow, and
Caryapundy Swamp. The average elevation of these swampy areas is 78 mASL.

Figure 6.6 Groundwater sink defined by the closed 60 m watertable contour overlying the Bulloo Overflow and Caryapundy Swamp
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The sink is bounded in the west by basement inliers (the Tibooburra Granite and Precambrian metamorphics), in the
south by the basement boundary (Ordovician limestone and Precambrian metamorphics) and in the east by a
groundwater mound representing the subsurface extension of the Eulo Ridge into New South Wales. The sink appears to
have been created by an impedance to westerly throughflow of groundwater afforded by Cenozoic (probably Pliocene)
uplift along a pre-existing north-northwest trending fault, parallel and close to the Mt Poole, New Bendigo and Warratta
Faults. The uplift was probably only of the order of about 20 m (there is a 20 m jump-up in the digital elevation model),
but this appears to have been sufficient to defeat surface drainage in an almost flat landscape and to impede
groundwater throughflow. The trace of the fault can be seen from satellite imagery (Figure 6.7). Reactivation of this fault
also appears to have altered the course of Cooper Creek close to the Jackson South Oilfield.

Figure 6.7 Location of Cenozoic reactivated fault which created the groundwater sink in the watertable beneath the Bullo River Overflow
and Caryapundy Swamp
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The sink constitutes a local groundwater discharge zone but the only surface expression of groundwater discharge is a
salt lake of 45 km2 surface area in the southern lobe of the 80 m closed contour. Known as ‘The Salt Lake’, the lake floor
is 75 mASL, slightly lower than the Bulloo River Overflow and Caryapundy Swamp. It would be expected that the sink
would gradually fill over time and that discharge features such as salt lakes would become prevalent, but this has not
eventuated. It could be that the excess groundwater is being transpired at the watertable by deep rooted vegetation, but
this appears not to be the case since the dominant wetland vegetation is cane grass and lignum, not high transpiring
species. Thus the sink appears to be something of a mystery that cannot be explained at this stage. It is not known
whether the sink will gradually fill up and develop salinisation at ground surface. The Caryapundy Swamp appears to be
the swamp that Audibert (1976) cited as ‘the swamp at the Queensland – New South Wales border that is the surface
manifestation of discharge from the ‘CA1’ aquifer’ (Winton Formation).
Figure 6.8 shows a watertable mound overlying the Innamincka Dome. The Innamincka Dome is an elongate feature with
closure (broad anticline) which formed in response to east-west compression and plunges to the northeast. (Senior,
1968) described the Innamincka Dome as an asymmetric fold, with the shallow north limb dipping at 10° and the slightly
steeper south limb dipping at 3° – 5°. Moussavi-Harami and Alexander (1998) estimate that erosion of up to 200 m of
overlying Eyre Basin sediments has occurred on the Innamincka Dome since the early Tertiary. This erosion has left a
core of Winton Formation material exposed along the anticlinal axes of the dome.
The Innamincka Dome lies very close to the axis of the watertable mound. The favoured interpretation of this watertable
mound on the Innamincka Dome is that it is in all probability a local recharge mound. Extension fractures formed from the
folding would provide an enhanced infiltration capacity of the exposed Winton Formation if they have remained open.
However, given the very low regional recharge rates (Love et al., 2013), this groundwater mound may conversely be an
expression of upward leakage from the underlying Cadna-owie – Hooray Aquifer through dilated fractures in this
structure.

Figure 6.8 Watertable of the Innamincka Dome area highlighting the relationship with the axis of the Innamincka Dome
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Figure 6.9 shows a watertable mound coinciding with the Gason Dome which lies on the Birdsville Track Ridge. Like the
Innamincka Dome, the Gason Dome is a broad structure formed in response to east-west compression and plunges to
the north-east. Moussavi-Harami and Alexander (1998) estimate that erosion of up to 200 m of overlying Eyre Basin
sediments has occurred over the Innamincka and Gason Domes since the early Tertiary. This erosion has left a core of
Winton Formation material exposed along the anticlinal axes of both domes.
Figure 6.9 shows the axis of Gason Dome and the axes of the watertable mound are not coincident. Satellite imagery
reveals the landscape of the surface of the Gason Dome to be leaky with many seasonally wet depressions in its terrain.
There is also a pan near Dooloomarelvie Waterhole with a feature that appears to be a mound spring 4 m above the pan
level. It is our opinion, therefore, that the landscape on the Gason Dome formed in response to upward leakage,
probably from the underlying Algebuckina/Hutton Sandstone. That is, the watertable mound in the vicinity of the Gason
Dome is not a recharge mound, as is the preferred interpretation for the groundwater mound over the Innamincka Dome,
but a groundwater discharge feature. Other areas of upward leakage at anticlines, some of which have petroleum
accumulations, are known to exist on the Birdsville Track Ridge (Radke, 2009).

Figure 6.9 Watertable of the Gason Dome area highlighting the relationship to the axis of the Gason Dome
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Figure 6.10 shows the influence exerted on the watertable contours by the Tallaringa Paleochannel, a prominent feature
in the western Eromanga Basin filled with about 70 m of carbonaceous sand of the Pidinga Formation overlain by about
30 m of silt and sand of the Garford Formation (Hou et al., 2001). The Tallaringa Paleochannel is incised into sediments
of the Bulldog Shale and Cadna-owie Formation which are host to the regional watertable near the western GAB
boundary. This is one of many paleochannels in the western Eromanga Basin, and all of these paleochannels are
prominent watertable drains. The majority of the paleochannels drain the watertable internally towards Lake Eyre but the
Tallaringa Paleochannel drains groundwater out of the GAB into the Officer Basin. The Kingoonya Paleochannel to the
south drains groundwater from the GAB watertable into the Eucla Basin.

Figure 6.10 Influence of Tallaringa Paleochannel on the watertable
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Figure 6.11 shows four possibly hydrogeologically linked features near the north-western boundary of the western
Eromanga Basin – the Finke River, the Dalhousie Anticline, an un-named fault parallel to the Anticline and Dalhousie
Springs, which is the highest discharging spring complex in the GAB. A pronounced groundwater mound is developed in
the Finke River alluvium (Figure 6.11) and this mound persists all the way downstream to the faulted Dalhousie McDills
Anticline. It appears that the bed underflow groundwater is then transmitted southward along either the Dalhousie
Anticline or one of the bounding fault planes, or both, before being discharged at Dalhousie Springs. Thus an important
component of the Dalhousie Springs discharge appear to be a simple bucket (Finke River bed underflow) and pipe
(faulted Dalhousie Anticline) system. The interesting aspect to emerge here is that it appears the Finke River leakage is
a significant contributor to the groundwater discharging at Dalhousie Springs. There is also an unknown proportion of
deeper circulation contributing to spring discharge, since temperatures of some vents exceed 40° C. The DalhousieMcDills structure causes major disruption within basement with vertical displacements of up to 800 m in the underlying
Amadeus and Pedirka Basins (PIRSA, 2007).
The Finke River flows across the outcrop of the De Souza Sandstone (equivalent to the Algebuckina Sandstone aquifer
in South Australia) close to the boundary of the GAB (see Figure 6.11). Along the Finke River, Fulton et al. (2013) and
Love et al. (2013) record ephemeral river recharge events ranging from 380 mm/year to 850 mm/year. These authors
determined that the river recharge occurred by leakage from the channel bed over an area of 16 km2. These figures
equate to a recharge flux ranging from 6080 ML/year to 13,600 ML/year from the bed underflow leakage which would
account for up to about half of the discharge at Dalhousie Springs (19,710 ML/year), the remainder being comprised of
deep circulation groundwater flow described above. The groundwater mound along the Finke River suggests that
groundwater flow in the Algebuckina Sandstone is generated in a south-westerly direction towards Dalhousie Springs as
indicated in Figure 6.11.

Figure 6.11 Watertable of the Finke River area highlighting mounding in the Finke River alluvium
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Figure 6.12 shows a prominent watertable mound extending in a south-easterly direction from Marla, through Coober
Pedy and thence towards the south of Marree. The mound is very close to being a groundwater divide, isolating the far
southwest of the GAB except at the south-eastern extent of the mound. This watertable mound coincides with a
topographic ridge.

Figure 6.12 Watertable mound extending from Marla through Coober Pedy in the Western Eromanga Basin. This mound is effectively a
watertable divide hydraulically isolating the far south-western Eromanga Basin

Surat and Clarence-Moreton basins watertable
In Queensland, the watertable in the Surat Basin lies in the areas of outcrop of all the GAB aquifers (intake beds) and
aquitards along the western slopes of the Great Dividing Range. It then passes into the Rolling Downs Group (Doncaster
and Coreena members of the Wallumbilla Formation in the north and into the Griman Creek Formation in the south)
which abut the intake beds and dip gently basinward, to the south-west. In the Clarence-Moreton Basin, the watertable
lies in Jurassic sandstone of the Hutton Sandstone, Marburg Subgroup and Walloon Coal Measures, and in the Main
Range Volcanics (basalt) in some places.
In New South Wales, the watertable along the western slopes of the Great Dividing Range lies in the main GAB aquifer
of the area, the Pilliga Sandstone. It then passes into thin belts of Keelindi and Drildool Beds and then into
undifferentiated Rolling Downs Group basinward. This latter unit is the major area of occurrence of the watertable and
most likely comprises Griman Creek Formation sediments (not recognised in New South Wales) overlying marine
sediments of the Wallumbilla Formation. In the Coonamble Embayment, the watertable lies in the Drildool Beds from the
southern boundary to Warren and then passes into the Rolling Downs Group.
The majority of sub-artesian stock and domestic bores in the southern part of the Surat Basin in Queensland obtain their
groundwater supplies from the Griman Creek Formation. This partial aquifer has very similar hydrogeological
characteristics as its equivalent formation in the Eromanga Basin, the Winton Formation. Like the Winton Formation,
most bores in the Griman Creek Formation in the Surat Basin obtain their groundwater supplies from the higher-yielding,
more permeable basal sandstone beds. The water level in bores tapping the basal sandstone rises to equilibrate with the
first water cut, and can therefore be considered as equivalent to the regional watertable. In New South Wales, the
Drildool Beds yield moderate quantities of fresh to brackish water and this formation appears to be hydraulically
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continuous with the Keelindi Beds. The marine sediments that are equivalent to the Wallumbilla Formation in New South
Wales are low yielding and tend to produce poor quality water (higher salinity) groundwater.
Extensive deposits of Cenozoic alluvium blanket the Surat Basin in both states. In Queensland, two fluvial formations are
recognised. The lower alluvium occurs in paleochannels and is up to 150 m thick. In general the head in the lower
(Paleogene–Neogene) alluvial aquifer is lower than that of the upper (Quaternary) alluvial aquifer. The latter formation is
known to be hydraulically connected to rivers in some places in eastern New South Wales and Queensland areas of the
GAB. In most cases the watertable is in the alluvium. An exception is the Gwydir and Macintyre interfluve. Water levels in
the upper alluvium are sensitive to changes in river stages and such sites may well be areas of GAB aquifer recharge via
bed underflow leakage through the alluvium. Paleogene–Neogene paleochannels are known to exist in the Dirranbandi
Paleovalley (Balonne/Culgoa rivers), Border Rivers, Gwydir, Namoi, Macquarie and Warrego River valleys. Elsewhere
the alluvium is thought to be shallow Quaternary sediments, however there have not been systematic investigations
carried out on river systems west of the Warrego River to confirm this (i.e. there may be undiscovered paleochannels
associated with these river systems). In the northern part of the Coonamble Embayment of the New South Wales GAB,
three Cainozoic formations are recognised. The uppermost (Quaternary) unit is the Narrabri Formation which is host to
the watertable. The two confined Paleogene – Neogene aquifers are the Gunnedah and Cubbaroo Formations; both of
these only occur in paleochannels and are thought to receive leakage from the GAB aquifers. No water level data from
any of the alluvial aquifers were used in the construction of Figure 6.13.
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Figure 6.13 Regional watertable in the Surat and Clarence-Moreton basins with areas of interest shown

Groundwater recharge
Kellett et al. (2003) estimated total recharge in the intake beds of Hooray Sandstone and equivalents and Hutton
Sandstone of 153,480 ML/year for the Queensland portion of the Surat Basin. This figure is comprised of 73,150 ML/year
for the Hooray Sandstone and equivalents and 80,330 ML/year for the Hutton Sandstone. Recharge estimates for the
Hutton Sandstone were generally higher than that for the Gubberamunda Sandstone (Hooray Sandstone equivalent);
apart from a couple of areas influenced by stream leakage and the Undulla Nose, recharge rates were lowest
(<3 mm/year) in the Mooga and Gubberamunda Sandstone intake beds from just north of Inglewood to Mitchell.
However, recharge rates in the Kumbarilla Beds (Hooray Sandstone equivalent) south of Inglewood were the highest in
the Surat Basin intake beds (10+ mm/year). Recharge in the Springbok Sandstone was not measured but is likely to be
small because of the small area of outcrop of this formation and generally low permeability.
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Habermehl et al. (2009) estimated total volumetric recharge to the intake beds of the Pilliga Sandstone in the eastern
Coonamble Embayment of 295,000 ML/year. This estimate is too high in comparison to the Queensland intake beds.
Both the New South Wales and Queensland recharge estimates were based on chloride mass balance in the saturated
zone. This method requires knowledge of the chloride concentration in rainfall and dry fallout, precipitation and the
chloride concentration in groundwater at the watertable. The recharge flux is estimated by integrating the point values
over the area of occurrence of the intake beds. We have taken the Habermehl et al. (2009) values for groundwater
chloride and rainfall, the latest values of chloride concentration in rainfall from the collector gauges and re-measured the
extent of the Pilliga Sandstone intake beds as part of the watertable mapping. The amended calculation is
84,000 ML/year for the recharge flux in the Pilliga Sandstone intake beds. The reduction in estimation of recharge flux is
a consequence of the amended area of outcrop of the Pilliga Sandstone of 9,300 km2 compared to the Habermehl et al.
estimate of 32,740 km2. The reduced area of outcrop was derived after removal of the following: all areas mapped as
basalt, basement inliers, the Warrumbungle dolerites, Garrawilla Volcanics and intake beds west of Narromine. This new
recharge flux estimate is more compatible with the Queensland data and is also reasonably close to the recharge
estimate made by DWE in 2009 for the New South Wales GAB water sharing plan of 61,400 ML/year. Thus, the total
volumetric recharge in the Surat Basin intake beds is estimated to be 237,480 ML/year.
Like the Eromanga Basin, local groundwater mounds in the watertable extend into the Surat Basin but they are nowhere
near as prominent as those in the Eromanga Basin. These mounds indicate minor intra-basin recharge in the watertable
aquifer (mostly the Griman Creek Formation). Recharge rates have been measured in the Griman Creek Formation
(Cresswell, 2003; Kellett et al., 2004) from pore fluids analyses of three cores cut between St George and Dirranbandi
during the Lower Balonne AEM survey. Both sets of authors derived recharge rates of 0.1 mm/year for the Griman Creek
Formation, the same very low rate estimated for the western intake beds of the Eromanga Basin. Furthermore, Cresswell
(2003) demonstrated this very low recharge rate had been constant over the past 120,000 years, despite several climatic
fluctuations having occurred over this time span. These data indicate that the very low vertical rock permeability of the
Griman Creek Formation is the main determinant of the very low recharge, unlike the western intake beds of the
Eromanga Basin where the arid climate is the main causal factor for the low recharge. We estimate diffuse recharge of
840 ML/year occurs through the 8360 km2 of Griman Creek Formation outcrop, which is equivalent to only 7 percent of
diffuse recharge in the Winton Formation of the Eromanga Basin. Thus, in the Surat Basin intra-basin recharge is
insignificant compared to recharge in the eastern intake beds
Regional groundwater discharge
Groundwater discharge is westward, across the Eulo Ridge and thence into the Eromanga Basin. There are no terminal
salt lakes for groundwater discharge in the Surat Basin as there are in the Eromanga Basin. However, there are some
small salt lakes near the southern GAB margin in New South Wales which may be groundwater windows for the
watertable aquifer. This area is one of convergence of groundwater flowlines, and we suspect there are flow losses into
the Darling River system from the regional watertable, but have insufficient data to confirm it. Within the Surat Basin,
there is minor discharge from GAB aquifers into Cainozoic aquifers (Gunnedah and Cubaroo Formations) in the Namoi
Paleochannel, and most likely in other paleochannels too.
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Areas of interest in the Surat and Clarence-Moreton regional watertable
The area in Figure 6.14 comprises the Taroom 1:250,000 sheet which contains the Dawson River catchment. The
Dawson River joins the Fitzroy River west of Rockhampton and this drainage flows into the Pacific Ocean. Headward
erosion of the Dawson River has produced a deeply dissected valley in the north-west of the Taroom sheet. Figure 6.14
shows the effect of this dissection on the regional watertable with flow from the watertable aquifer directed towards the
Dawson River and its tributaries, notably Hutton Creek – a line sink with many baseflow springs. Exon (1971) estimated
that the Dawson River system removed up to 1000 feet (~300 m) of Mesozoic sediments during its entrenchment, and in
his opinion, this area is still a site of active erosion. The watertable converges to a choke in the Dawson River 45 km
north-east of Taroom where it leaves the Great Divide (Figure 6.15). Thus the Dawson River valley is an area of flow loss
from the GAB.
We estimate the groundwater flow loss from the GAB intake beds (mainly Hutton Sandstone) to the Dawson River valley
is 8623 ML/year.

Figure 6.14 Watertable contours in the Dawson River valley on the Taroom 1:250,000 sheet showing the Dawson River is a prominent
groundwater drain the intake beds
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Figure 6.15 Satellite image looking south-west from the choke of the Dawson River Gorge
Note: bleached areas are Precipice Sandstone outcrop. Blue arrows represent groundwater seepage to the River (baseflow)

Figure 6.16 is the eastern half of the Mundubbera 1:250,000 sheet. The elongated lobe 10 km west of the town of
Mundubbera is known informally as the Mulgildie Basin and is intersected at its narrowest point by the Burnett River
which flows eastward towards Bundaberg and the Pacific Ocean. The watertable map clearly shows the neck of the
Mulgildie Basin drains groundwater from the north and from the south – from GAB aquifers, the Precipice and Hutton
Sandstones. The groundwater leaves the system as baseflow into the Burnett River (Figure 6.17). Therefore, like the
Dawson River valley, the Mulgildie Basin is an area of groundwater loss from the GAB.
We estimate the groundwater flow loss northward from the GAB intake beds to the Mulgildie Basin and Burnett River is
3942 ML/year. Most of this flow loss is from the Hutton Sandstone.
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Figure 6.16 Watertable contours in the Mulgilie Basin on the Mundubbera 1:250,000 sheet

Figure 6.17 Three-dimensional model layer of the Mulgildie Basin showing baseflow into the Burnett River from the north and south
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Figure 6.18 is part of the Border Rivers area – the Goondiwindi 1:250,000 sheet. The watertable is remarkable here
because of the influence of the rivers on its configuration. East of Goondiwindi, the watertable aquifers are the Hutton
Sandstone and sandstones of the Marburg Subgroup intake beds, which grade northward to the Kumbarilla Beds. On the
New South Wales side the watertable aquifer is the Pilliga Sandstone in the intake beds, grading westwards to
undifferentiated Rolling Downs Group (probably Griman Creek Formation equivalent). The flow directions in the
watertable are noteworthy. In Queensland, groundwater flow is towards the south-west and in New South Wales it is to
the north-west. The flow lines converge around the Macintyre River. Anecdotal reports of declining pressures in artesian
bores in New South Wales had previously been attributed to excessive groundwater withdrawals on the Queensland side
of the river, but at least as far as the watertable is concerned, the groundwater system in both states is virtually
independent. This is a rare example of a state boundary coinciding with a hydrogeological one. East of Goondiwindi, the
watertable is depressed about the Macintyre Brook, Dumaresq River and Macintyre River indicating that these may be
gaining streams. However, the watertable shows a groundwater mound 10 km west of Goondiwindi, possibly indicating
the Macintyre River here is a losing stream recharging the Griman Creek Formation partial aquifer. The groundwater
mound may in part be generated by hydraulic loading from the Goondiwindi Weir which lies 5 km downstream of the
centre of the town. The bankfull water level of the weir is 217 mAHD and the estimated watertable elevation beneath the
weir is 202 mAHD.

Figure 6.18 Watertable contours in the Macintyre River area on the Goondiwindi 1:250,000 sheet
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Figure 6.19 shows the watertable on the Dalby and Ipswich 1:250,000 sheets. The western Clarence-Moreton Basin
(Cecil Plains and Laidley sub-basins) was included in the Assessment to gain a better understanding of the complex
groundwater divide between the Clarence-Moreton and Surat basins. The watertable in the Clarence-Moreton Basin is
shown west of the Ipswich Fault. Two structures and one groundwater divide are shown in Figure 6.19 – the Kumbarilla
Ridge, Helidon Ridge and the watertable divide on the Great Divide. The watertable lies in the Kumbarilla Beds
(specifically the Springbok Sandstone) on the Kumbarilla Ridge and in the Walloon Coal Measures in the Condamine
River valley. The Condamine alluvium water level data were not included in the construction of the watertable map –
generally the alluvial water levels are equal to or slightly lower than those in the Walloon Coal Measures (Hillier, 2010).
Further east the watertable passes into the Hutton Sandstone, sandstones of the Marburg Subgroup and Main Range
Volcanics, and in some areas, the Walloon Coal Measures where this formation has not been significantly eroded.
The structure of the Kumbarilla Ridge comprises two slightly offset topographic highs trending north-northwest,
coinciding with two slightly offset groundwater mounds. One could speculate that the offset could be a result of
movement along an intervening north-east trending fault which could explain the displacement, but no such feature is
shown on the 1:250,000 geological map. The name ‘Helidon Ridge’ is informally proposed for the basement high which
separates the Cecil Plains and Laidley sub-basins of the Clarence-Moreton Basin. This structure creates a complex
groundwater divide that varies according to the hydrostratigraphic level of each aquifer. For the Hutton Sandstone,
Marburg Subgroup and Walloon Coal Measures, the the watertable divide coincides with the topography (Figure 6.19).
Finally, for the Evergreen Formation and basal Precipice Sandstone, the groundwater divide coincides with Helidon
Ridge (Figure 6.19).

Figure 6.19 Watertable contours in the eastern Surat and western Clarence-Moreton Basins on the Dalby and Ipswich 1:250,000
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Figure 6.20 is the potentiometric surface of the uppermost Early Cretaceous aquifers and leaky aquitards over the Eulo
Ridge. The area shown in Figure 6.20 is from the Eulo and Toompine 1:250,000 sheets. The Eulo Ridge is the basement
high separating the Surat and Eromanga Basins and is also a site of many springs, most of which have ceased to flow.
The axis of the Eulo Ridge (Figure 6.20) is coincident with the watertable highs and passes through granite basement
inliers. The potentiometric surface of the watertable is constructed from recent (post 2000) water level measurements in
bores in the Winton Formation west of the Ridge, and from bores in the Wallumbilla Formation (mainly Doncaster
Member) east of the Ridge where the Winton Formation is patchy, thin and generally unsaturated.
Remarkable features shown in Figure 6.20 are the local groundwater recharge and discharge zones in the watertable
aquifer. Although the watertable is considered to be regional in nature, on the Eulo Ridge it exhibits some characteristics
of a local groundwater flow system. With this interpretation, there are local recharge mounds along the Eulo Ridge and
there are two mounds straddling the Paroo River and a small granite intrusive (too small to see in the figure). Bores in
these mounds intersect the Doncaster Member and are flowing artesian wells.
An alternative (and more likely) explanation is that there is regional leakage upward from the Cadna-owie – Hooray
Aquifer into the Doncaster Member. As well as diffuse leakage upwards along the axis of the Eulo Ridge, leakage up
local faults may contribute to the small but linear artesian mounds observed on either side of the Paroo River. In almost
this entire region, the potentiometric heads in the Cadna-owie-Hooray aquifer exceed those of the watertable.
A local groundwater discharge zone is indicated by the closed 120 m watertable contour around Lake Wyara. Lake
Wyara is an episodically filled salt lake of area 50 km2 and its mean floor elevation is 119 mASL. ‘Wyara’ means ‘bitter
water’ in the local Budjari tongue, an acknowledgement of the fact that its waters reach extreme salinities (>350 g/L).

Figure 6.20 Potentiometric surface of groundwater in the uppermost Early Cretaceous partial aquifers and leaky aquitards over the Eulo
Ridge sheets
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Carpentaria Basin regional watertable
Dry season watertable.
The dry season watertable is shown in Figure 6.21. Along the coastal plains of the Gulf of Carpentaria and Cape York,
the watertable lies in the Karumba Basin sediments. Eastward as the land surface rises into elevated uplands and
plateaux, the watertable passes into the Mesozoic rocks of the Carpentaria Basin. The difference between the dry and
wet season watertable becomes more significant from south to north as rainfall increases.
Data used in the compilation of Figure 6.21 come from diverse sources, consisting of:
•

DERM Groundwater database for the entire area of the three basins

•

Warner (1968) for water level data in the Wyaaba Beds on the Normanton and Galbraith 1:250,000 sheet
areas.

•

The BMR auger-hole program of the 1970s (Gibson, 1975; Martin, 1980; Smart, 1976; Smart et al., 1974) for
the remainder of Cape York.

•

(Coffey and Hollingsworth Pty. Ltd., 1971) for the Weipa Peninsula.

The most salient feature in Figure 6.21 is the low hydraulic gradients in the Karumba Basin sediments compared to those
in the Carpentaria and Laura basins. Whilst this is probably partly driven by topography, it also infers that higher
transmissivities exist in the Karumba Basin. This might be more of a function of aquifer thickness than hydraulic
conductivity – there are many areas of the coastal plain of southern Cape York where the combined thickness of Wyaaba
Beds and Bulimba Formation reaches 300 m, particularly in the Staaten River Embayment.
South of the Gulf of Carpentaria the maximum thickness of the Claraville beds and equivalents is only 100 m but the
regional hydraulic gradient is low. However, in this area the underlying Normanton Formation and the Allaru Mudstone
are very sandy as indicated by gamma ray logs of bores in the Burketown Depression. It appears that these Cretaceous
sandier units are hydraulically continuous with the overlying Cenozoic sediments, and this would explain the enhanced
transmissivity south of the Gulf of Carpentaria.
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Figure 6.21 Watertable elevation in the Carpentaria-Karumba and Laura-Kalpowar basins. Areas of interest highlighted
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Areas of interest in the Carpentaria Basin regional watertable
Some areas of interest of the watertable are shown in Figure 6.21, Figure 6.22 and Figure 6.23. Figure 6.23 shows the
watertable mound and groundwater divide on the Kimba Arch that separates the Laura and Carpentaria basins. The
stratigraphic drill-hole BMR Hann River 1 was drilled on the Kimba Arch and intersected 5.5 m of Quaternary sand
overlying 31 m of Bulimba Formation which is the host for the watertable. (Whitaker and Grimes, 1977) speculated on the
existence of a shallow watertable beneath the Kimba Plateau because of the presence of springs around the plateau
margin. The groundwater divide on the Kimba Arch (Figure 6.22) shows there is no hydraulic connection between the
Laura and Carpentaria basins.

Figure 6.22 Watertable across the Kimba Plateau demonstrating the hydraulic independence of the Carpentaria and Laura basins

Figure 6.22 shows the zero watertable contour relative to the coastline in the southern Gulf of Carpentaria. The
significant feature here is that the zero contour lies up to 30 km inland from the coast, and is not coincident with the coast
as might be expected. In fact the zero contour follows the landward boundary of a Quaternary unit designated ‘Qrp’ on
the Burketown and Normanton 1:250,000 sheets. Simpson (1973) describes ‘Qrp’ as a black organic saline clay which
occupies tidal flats and is inundated during the wet season and partially dries to form a thin salt crust in the dry season.
According to tide gauging by the National Tidal Centre, the range from highest to lowest astronomical tide at Mornington
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Island is 3.793 m and at Karumba it is 4.569 m. The large high tides explain the persistence of tidal mud flats for up to
30 km inland.

Figure 6.23 Watertable of the Burketown area highlighting the difference between the zero watertable contour and the coastline due to
the extent of the tidal range

Water quality in the watertable aquifers
Water quality in the watertable aquifers of the Karumba Basin is variable and in some cases unpredictable. Generally the
best quality groundwater is to be found in the Bulimba Formation. Although a few flowing artesian water bores in the
Bulimba Formation have been reported in the western part of the Staaten River Embayment (Grimes, 1972), all other
bores in the Bulimba Formation are sub-artesian.
Water quality in the Claraville and Wyaaba Beds is highly variable, ranging from fresh to saline. Warner (1968)
investigated the potential of the Wyaaba Beds to provide water suitable for irrigation of tropical crops on the Normanton
and Galbraith 1:250,000 sheets. From 22 investigation boreholes drilled in the Wyaaba Beds, he found that water quality
was extremely variable with a range of 400 – 53,000 mg/L TDS and a mean of 11,000 mg/L TDS. The high salinity
groundwaters occurred in bores closest to the Gulf of Carpentaria and some of these may have intersected the marine
facies of the Wyaaba Beds so the groundwater may be, in part, connate marine water. An interesting trend to emerge
from Warner’s work is that of yield and water quality generally improving with depth in the Wyaaba Beds. It stands to
reason that this trend should apply in all of the Karumba Basin Cycles because they are all basically fining-upward
sequences. This would be the case particularly in the Laura Basin where the Bulimba Formation has a highly permeable
basal section (Fairview Gravels). Further north at the Edward River Mission, Grimes (1977) reports moderate yields
(5 L/second) in the basal Wyaaba Beds and good quality water (< 800 mg/L TDS).
Taylor et al. (2008) document some interesting contrasts in groundwater quality between the Carpentaria and Karumba
Basin aquifers at Weipa. These authors report an average dry season groundwater salinity of 48 mg/L TDS in the
Bulimba Formation at East Weipa over the period 1982 – 1987. At Andoom (north of the Mission River, just across the
river from East Weipa) the Bulimba Formation groundwater salinity was 16 mg/L TDS for the same period. These very
low salinities have a rainwater signature and infer rapid infiltration and transmission through the aquifer. In contrast,
Taylor et al. (2008) report salinities of artesian groundwaters of the Eulo Queen Group (Carpentaria Basin) of 1040 and
1070 mg/L TDS at East Weipa and Andoom respectively.
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Permeability and specific yield
In the Karumba Basin, investigations have been focussed on the permeability of the Bulimba Formation at Weipa, and
opinion on this parameter differs between workers. Smart (1977a; 1977b) assesses permeability of the Bulimba
Formation as being low overall, and unpredictable. He documents how shallow bores in the Bulimba Formation suffer
from the unstable nature of vughy clays in the laterite and that bores are prone to failure by collapse of these clays from
dewatering. Smart et al. (1980) describes how trenches were then the preferred mechanism for extracting groundwater
from the Bulimba Formation.
Smart (1977a; 1977b) makes the very important observation that vertical permeability exceeds horizontal permeability in
the Bulimba Formation in the Weipa – Aurukun areas. This anisotropy is a consequence of the laterite weathering
process.
Greene (1971) carried out pump tests on three production bores in the Bulimba Formation at Weipa. He derived
hydraulic conductivity values of 335, 155 and 140 m/day. These are all high, particularly the first one, and Greene also
commented on the high variability of the Bulimba Formation shallow aquifer over short distances.
Chapman (1963) conducted a long term pump test with three observation bores in the Bulimba Formation at Weipa. He
derived a very high hydraulic conductivity value of 205 m/day and a specific yield of 0.1.
Coffey and Hollingsworth (1971) pump tested three production bores in the Bulimba Formation at Weipa and derived
hydraulic conductivity values of 180, 240 and 260 m/day. These workers calculated a specific yield of 0.08. Like Greene
(1971), Coffey and Hollingsworth (1971) commented on changes in aquifer properties within short lateral distances.
Zambelli (1991) describes horizontal solution pipes in the Bulimba Formation at Weipa that become filled with water
during the wet season. These pipes would greatly increase the secondary permeability and porosity of the aquifer.
Dry to wet season watertable fluctuations
The only place in all three basins of this region where the variation between the dry and wet season watertable has been
measured is on the Weipa Peninsula. Coffey and Hollingsworth (1971) measured wet and dry season water levels in
42 piezometres on the Weipa Peninsula from 1967 to 1970. The piezometres were all set in the Bulimba Formation.
Coffey and Hollingsworth (1971) measured an average wet season watertable rise on the Weipa Peninsula of 2.6 m from
1967 to 1970. They also recorded local maxima of 3 m south of Weipa township, 4 m south-east of the Weipa
Aerodrome and 6 m at Willum Swamp.
Recharge
Kellett et al. (2003) estimated recharge in the Hooray Sandstone and equivalent aquifers in the intake beds of the Surat
and Eromanga Basins. These workers estimated recharge rates of 10 – 20 mm/year in the intake beds of the Gilbert
River Formation near the boundary of the northern Eromanga Basin at the Euroka Arch. Recharge occurs where the
intake beds outcrop or are shallowly buried beneath Cenozoic sediments. No estimates have been made for recharge in
the intake beds of the Carpentaria or Laura Basins, but it is reasonable to expect the rate of 10 – 20 mm/year would
continue northward into the intake beds of the southern Carpentaria Basin. Furthermore, it is highly likely that recharge in
the intake beds would increase northward with the increase in rainfall. Based on rainfall gradients alone, recharge rates
of up to 50 mm/year could reasonably be expected to occur in the intake beds of the Laura Basin and northern
Carpentaria Basin. Recharge in these areas must be substantial to maintain the considerable spring discharge and to
provide baseflow to the northern rivers. By integration of these speculative recharge rates across the area of occurrence
of the intake beds of the Carpentaria Basin, we estimate the total recharge flux is 432,100 ML/year – much higher than
the intake beds of the Eromanga and Surat Basins due primarily to the northern monsoonal climate. The recharge flux is
unevenly distributed, with 400,000 ML/year of it estimated to occur north of 140. Discharge from baseflow springs on
Cape York is estimated to be 630,000 ML/year (Cox and Barron, 1998) which is nearly 200,000 ML/year more than the
intake beds can supply. The remainder must be supplemented by groundwater from the Karumba Basin.
Groundwater recharge to the Karumba Basin sediments is fundamentally different to that of the Carpentaria and Laura
Basins. Whereas the latter are recharged in distinct bounding arcuate zones, recharge to the Karumba Basin sediments
occurs by diffuse rainfall infiltration over their entire area of occurrence. In particular, the strong vertical anisotropy and
high vertical permeability of the laterite developed on the Bulimba Formation suggests that recharge to this formation
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would be from vertical infiltration of rainwater during the wet season over its entire area of occurrence. The same style of
recharge is expected for the Bulimba Formation in the Laura Basin, and in the overlying Lilyvale Beds (equivalent to the
Wyaaba Beds).
Based on water balance considerations and wet and dry season watertable fluctuations, Chapman (1963) estimated a
mean annual recharge of 433 mm/year to the Bulimba Formation at Weipa. This is an extremely high value and
represents 25 percent of annual rainfall, an order of magnitude higher than the proportion of rainfall which recharges the
intake beds of the Carpentaria and Laura Basins. Coffey and Hollingsworth (1971) measured an average wet season
watertable rise of 2.6 m on the Weipa Peninsular (see section 4.1). Assuming a specific yield of 0.1 we calculate average
annual recharge to be 260 mm/year based on these watertable fluctuations. This is only 60 percent of Chapman’s
recharge estimate but nonetheless is a considerable quantity.
From simultaneous observations of rainfall depth and water level fluctuations, Coffey and Hollingsworth (1971)
concluded a threshold rainfall value of 1067 mm must occur before the watertable rises, the rise being proportional to the
excess rainfall over 1067 mm. Their report does not contain any supporting documentation or hard data that we could
use to assess the veracity of this threshold rainfall value. Presumably this is the amount of rainfall required to replenish
the dry season soil moisture deficit before infiltration can begin.
Warner (1968) suggested the Wyaaba Beds further south may receive local recharge from stream leakage in addition to
diffuse rainfall recharge. Warner (1968) reached this conclusion because he observed that the low salinity waters
(<500 mg/L TDS) he intercepted during his drilling program occurred peripheral to existing or abandoned stream courses.
The recharge flux in the Karumba Basin is very high. Integrating estimated recharge rates of 2 mm/year for the Claraville
Cycle, 5 mm/year for the Wyaaba Cycle and 150 mm/year for the Bulimba Cycle over the area of occurrence of these
formations, we estimate the total flux is 4,825,780 ML/year (or 4,825.8 GL/year). Note the estimated recharge rate of the
Bulimba Formation at Weipa (260 mm/year) is discounted to 150 mm/year to account for lower rainfall areas to the south.
This flux is comprised of 177,260 ML/year for the Claraville Cycle, 181,480 ML/year for the Wyaaba Cycle and
4,467,040 ML/year for the Bulimba Cycle. Thus the total recharge flux for the Carpentaria and Karumba Basins
combined is estimated to be 5,257,880 ML/year. About 630,000 ML/year of this flux is discharged by baseflow springs,
about 10,000 ML/year is extracted by bores and the remainder is lost through evapotranspiration and submarine outflow.
Groundwater recharge and discharge of the on-shore Laura Basin
Assuming a recharge rate of 40 mm/year, we estimate the diffuse recharge flux to the intake beds of the Laura Basin to
be 200,000 ML/year. This estimate was derived by integrating the assumed recharge rate across areas of outcrop of the
Gilbert River Formation and Dalrymple Sandstone.
We estimate diffuse recharge to the Cretaceous/Cainozoic formations of the Laura Basin as follows:
•

Bulimba Formation – 7,360 ML/year based on an assumed recharge rate of 150 mm/year.

•

Lilyvale Beds – 15,140 ML/year based on an assumed recharge rate of 5 mm/year (equivalent to the Wyaaba
Beds in the Karumba Basin).

•

Brixton Formation – 6,570 ML/year based on an assumed recharge rate of 2 mm/year (equivalent to the
Claraville Beds in the Karumba Basin).

Thus total diffuse recharge to the Cretaceous/Cainozoic formations is estimated to be 29,070 ML/year and the far larger
recharge in the intake beds of Jurassic rocks is estimated to be 200,000 ML/year.
The watertable in the Laura Basin discharges into the Coral Sea. The majority of groundwater discharge occurs along
the coastline at Princess Charlotte Bay with a much smaller discharge component into Bathurst Bay.
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6.2

Flow losses due to evapotranspiration by riparian vegetation
in the Eromanga Basin and western Surat Basin

6.2.1

The regional watertable peripheral to rivers in western Queensland

The watertable surface for the Eromanga and Surat basins (Figure 6.2 and Figure 6.13) depicts a high degree of surface
water – groundwater interaction along many reaches of the major rivers of western Queensland. In many places where
the rivers have cut braided channels through rolling hills, the watertable surface is markedly depressed about the river
axes indicating the rivers act as line sinks for the regional aquifer. This is a necessary but not sufficient condition for the
rivers to be gaining streams along certain reaches, resulting in a ‘leaky landscape’. This will be tested in this section
using satellite imagery to differentiate deeply rooted phreatophytes from grasses/forbs along reaches of rivers which the
watertable map indicates may potentially be gaining streams. Surface water – groundwater interaction appears to be
diminished where the streams open out into alluvial plains or terminal wetlands.
The Enhanced Vegetation Index
A time series of a MODIS Enhanced Vegetation Index - EVI – (Lymburner et al., 2011) was used to map streams that
maintained healthy riparian vegetation over the last major drought period in the GAB from 2000 to 2008. A detailed
explanation of the EVI methodology and its limitations is given in Appendix D. The rationale was that if riparian
vegetation grows vigorously (i.e. Exhibits a high EVI) during prolonged drought, then it must be drawing water from a
permanent source other than rainfall, channel flow or floodouts. The obvious source is a shallow groundwater store,
accessible to the root zone, beneath and peripheral to the stream channels. The rivers which maintained a high EVI in
their riparian zone had corridors dominated by river red gum (Eucalyptus camaldulensis) in the east with Coolibah
(Eucalyptus victrix) becoming dominant westward (Figure 6.25). E camaldulensis is an opportunistic species which can
send sinker roots downward in search of water to depths beyond their upper canopy height vertically – over tens of
metres (Hulme and Hill, 2005). However, the energy required to lift water from such depths can lead to water stress for
the tree. Trees suffering water stress exhibit a low EVI signature. It seems that E camaldulensis is quite comfortable
drawing water from depths of 7.5 to 10 m (Calder et al., 1997), and also the species is renowned for its salt tolerance.
Mensforth et al. (1994) reported that E camaldulensis trees at distances greater than 15 m from stream channels in
south-eastern Australia used no stream water, being completely dependent on groundwater even though the salinity of
the groundwater ranged from 30 dSm-1 to 50 dSm-1. (30,000 – 50,000 µS/cm EC; the latter is equivalent to sea water
salinity). However, these authors also reported that E camaldulensis exhibited water stress at electrical conductivities
higher than 40,000 µS/cm (equivalent to approximately –1.4 MPa). Thorburn and Walker (1993) found that E
camaldulensis trees adjacent to stream channels transpired groundwater in preference to stream water in an area where
the groundwater was moderately saline (EC 10,000 µS/cm). It appears that river red gums have a preference for
groundwater, possibly because of the dissolved nutrients in the groundwater but temperature could also be a factor. For
the purpose of this exercise, we may assume that streams whose riparian zones exhibit a high sustained EVI during
prolonged drought indicate areas where the watertable lies within about 10 m below the alluvial terraces and peripheral
floodplain, and also areas where the groundwater salinity does not exceed 40,000 µS/cm EC.
The EVI time series analysis proved to be a useful tool in the watertable mapping in riparian zones of the major streams
of the Eromanga Basin and the unregulated streams of the western Surat Basin. The watertable was set at 10 m below
the floodplain for those river corridors that exhibited a high EVI throughout 2000–2008. For reaches which did not
maintain a high EVI, the watertable was drawn parallel to the topography but constrained by water levels in bores closest
to the rivers. Generally this resulted in the watertable lying 20 to 40 m below the floodplain where they closed about the
river axes. The closest bores were generally located at distances from the channel greater than the approximate 1 in 20
year flood level.
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Figure 6.24 Riparian corridor of the Warrego River 10 km north of Cunnamulla. The riparian vegetation here is dominantly Eucalyptus
camaldulensis which displayed a high EVI signature throughout the drought years 2000 – 2008. and thus was presumed to source its
water from shallow groundwater. We estimate total minimum evapotranspiration losses from the riparian vegetation of the Warrego
River and its tributaries are 21,060 ML/year

Mapping riparian vegetation with persistently high EVI
The GAB-wide map of healthy and persistent riparian vegetation based on EVI time series coefficients for the period
2000–2008 is shown in Figure 6.25. Using a basemap image of the RBG image, watercourses that had adjacent riparian
vegetation exhibiting the ability to maintain high EVI values during the time series were classified as ‘High’. Steps were
taken to ensure consistency across the whole GAB.
Many river systems with high EVI values can be immediately identified in the map. as orange lines with a typical river
shape. Here the EVI coverage is overlain on the surface geology basemap and the watercourses that remain blue are
those that have low EVI values.
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Figure 6.25 Great Artesian Basin – wide coverage of healthy and persistent riparian vegetation based on three EVI time series
coefficients for the period 2000–2008. Streams with high EVI values along their riparian corridors are shown in orange
[Note: see A3 Figure 21 in the compendium of A3 figures for more detail]

For the streams of the Surat Basin, Figure 6.25 shows high EVI values for the upper reaches of the Macquarie,
Castlereagh and Namoi River systems (and low EVI values in their lower reaches) in the Coonamble Embayment. The
entire lengths of the Macintyre-Barwon, Condamine-Balonne and Maranoa Rivers are depicted in Figure 6.25 as high
EVI. Notable exceptions (i.e. Streams with low EVI) are the Gwydir and lower Moonie Rivers. The Dawson River in the
north and the Warrego River in the west of the Surat Basin are mapped as high EVI. All the streams lying between the
Balonne River and the Warrego River are low EVI.
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All of the upper reaches of the major streams of the Central Eromanga Basin exhibit high EVI values. The EVI values
diminish where the rivers anabranch into multiple channels on alluvial plains and deltas. This trait is particularly evident
on Cooper Creek and the Diamantina River. The drop in EVI generally coincides with a change in riparian vegetation
from eucalypts to saltbush in the channel country. Figure 6.25 shows very few reaches of the streams of the Western
Eromanga Basin have high EVI values.
In the southern Carpentaria/Karumba Basin, many reaches of the Flinders River and the entire length of the Gilbert River
are mapped as high EVI (Figure 6.25), but all other streams in this region exhibit low EVI values. With the notable
exception of the Mitchell River, the low EVI trend continues northward to the Edward River. The EVI is very high for all
rivers north of the Edward River. In fact, it is difficult to differentiate the riparian vegetation from that of the hinterland in
northern Cape York because it all displays vigorous growth indicating it is less influenced by drought than the areas to
the south. The majority of streams in the Laura Basin likewise exhibit high EVI values.
Evapotranspiration losses by riparian vegetation in the Central Eromanga Basin and western Surat Basin
If the area, tree density and evapotranspiration rate of the high EVI riparian corridors of the streams of the Central
Eromanga Basin and western Surat Basin are known, then evapotranspiration losses can be estimated for each river
system. The Central Eromanga Basin is an ideal setting in which to perform this calculation because of its relatively
pristine environment – negligible irrigation and no river regulation. The same cannot be assumed for the majority of Surat
Basin streams because there are substantial irrigation areas and all the major rivers apart from the Dawson and Warrego
Rivers are regulated. The streams of the northern Carpentaria/Karumba Basin are also not suitable for this analysis
because of the difficulties in separating the lush riparian and hinterland vegetation, but the rivers of the southern part of
the basin may well be suitable. Streams of the Western Eromanga Basin are not suitable because of the low EVI values
prevailing in this part of the GAB.
The high water use (evapotranspiration) of the dominant tree species of the riparian corridors in the Central Eromanga
Basin, Eucalyptus camaldulensis, is well known. In common with most other trees, E camaldulensis transpires its largest
volumes of water in late spring and early summer – of the order of several tens L/day/tree for a crown size of around
50 m2 – declining to one to two L/day/tree in moist and cool conditions during winter. To derive the number of trees in the
riparian corridors of each river system, we classified tree density according to Specht’s categories of closed, open,
scattered and sparse from satellite images of the high EVI corridors. Trees were counted along many transects in each
of the categories for every river and the total number of trees thus derived was multiplied by an average
evapotranspiration of 262.5 L/tree/year (Zahid and Nawaz, 2007) to obtain total ET flux. These authors measured
evapotranspiration and several other parameters on E camaldulensis trees for a year in experimental plots in Pakistan. It
is important to acknowledge that the Zahid and Nawaz ET figure will be a minimum value because these authors started
their experiments with seedlings 20 cm high and at the end of the twelve months the E camaldulensis trees were on
average 2 m high. In contrast, the trees in the riparian corridors of the Eromanga and western Surat Basins are
comprised of a high proportion of mature trees. As E camaldulensis ages, its root system becomes more extensive and it
accesses a greater volume of substrate and water.
ET losses for each river system are shown in Table 6.1. To calculate evapotranspiration losses The National Dynamic
Vegetation Database was used (Lymburner et al., 2011). This is the same data set the time series EVI work was derived
from. This vegetation map covers all of Australia and has 32 classes of cover including 4 for trees. This allowed the use
of data of the same resolution and accuracy to estimate tree cover in the riparian zones of the selected ‘High’ EVI
watercourses. GIS methods were used to calculate the acreage of each tree density class along each river system.
These acreages were then converted to evapotranspiration fluxes based on the calculated number of trees for each tree
density class and average ET rates according to Zahid and Nawaz (2007).
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Table 6.1 Evapotranspiration losses for each river system
Stream

Estimated minimum ET loss
(ML/year)

Flinders River

21,674

Warrego River

21,060

Barcoo River

15,275

Thomson River

6,446

Diamantina River

124

Bulloo River

123

Paroo River

110

Georgina River

64

Farrars Creek

3

Wilson River

3

Total

64,882

It must be emphasised that the total ET loss from groundwater in the Eromanga and Surat Basins of ~ 65,000 ML/year
must be regarded as strictly a minimum estimate for two reasons – (1) the average ET used in our calculation is for
young trees only, and (2) only two streams in the Surat Basin (Warrego and Paroo Rivers) were included in the
calculation. The true figure of total ET loss from groundwater in the Eromanga and Surat Basins is probably of the order
of 100,000 ML/year. This is double the total spring discharge from the basins and is a significant component of any GAB
groundwater balance.
Source aquifers for evapotranspiration losses by riparian vegetation in the Central Eromanga Basin and western Surat
Basin
Although the ET losses discussed in the previous section are described as losses from the watertable, there are some
instances where the groundwater generating the shallow watertables beneath the rivers appears to be initially derived
from upward flow from the JKh aquifer. With the exceptions of the headwaters of the Diamantina River and the Flinders
and Barcoo Rivers, the rivers with high EVI signatures in their riparian corridors (i.e. high watertables) have a north-east
– south-west trajectory. This is parallel to the regional stress direction (see Figure 9.2) and fractures with this north-east
– south-west orientation may be dilated and be potential conduits for upward transmission of groundwater. We are of the
opinion that shallow watertables beneath the lower Paroo River are generated by sub-surface discharge from the Eulo
Springs which are fed by the JKh aquifer. Even though the majority of the Eulo Springs have ceased to flow at ground
surface, they probably still discharge in the sub-surface, either into the Winton Formation aquifer or into alluvium. The
lower Paroo River downstream of the Eulo Springs is characterised by an increase in verdancy and tree density of the
riparian corridor compared to the upper reaches of the river.
In our opinion, the shallow watertable beneath the Thomson River near Longreach is also fed by upward leakage from
the JKh aquifer because of the unexplained pressure drop in the JKh pressure surface there. There may well be other
reaches of rivers with the north-east to south-west trajectory where the shallow watertables (and ET losses) are
generated by upward flow but we have no evidence to say one way or the other. We are reasonably certain the shallow
watertables beneath the upper Diamantina, Flinders and Barcoo Rivers do not have a vertical leakage component
because these streams cut across the principal stress directions.
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Regional hydrodynamics

Authors: Smerdon BD, Rousseau-Gueutin P, Simon S, Love AJ, Taylor AR, Davies PJ and Habermehl MA
This chapter describes the flow system dynamics, including collation of groundwater data to develop maps of historical
groundwater levels in the Cadna-owie – Hooray Aquifer and equivalent formations, assessing the potential for
cross-formational groundwater flow by investigating vertical trends in groundwater pressure, and descriptions of the
recharge and discharge processes occurring in the Great Artesian Basin (GAB).

7.1

Potentiometry

7.1.1

History of groundwater pressure measurement and mapping

Measurement of groundwater pressure in the GAB started in the early 1900s and maps are included in the reports of the
Interstate Conference on Artesian Water (ICAW, 1913; 1914; 1922; 1925; 1929) and subsequent reports, (Queensland
Government, 1955). These pressure measurements were part of studies to understand the nature of the GAB and to
explain the decrease in pressures and flows in the early years following artesian groundwater development, as well as
for compliance purposes in the management of the artesian groundwater resources. Legislation was passed to control
the use of subsurface water in Queensland in 1910 and in New South Wales in 1912, after several earlier attempts to
legislate had been made since 1891. Following the introduction of government control, bores had to be licensed,
monitored and conform to prescribed standards. These steps marked the beginning of groundwater pressure
measurement in the GAB.
Groundwater pressure data has been used to prepare potentiometric surface maps, showing the potentiometric surfaces
for specific aquifers for particular years or time intervals in basin-wide studies by Audibert (1976), Habermehl (1980;
2001a), Habermehl and Lau (1997), and Radke et al. (2000) and groundwater modelling studies by Seidel (1980) and
Welsh (2000; 2006; 2007). Pressure data also formed an important part for the development and interpretation of results
for the Great Artesian Basin Bore Rehabilitation Program (GABBRP) and Great Artesian Basin Sustainability Initiative
(GABSI) during the 1990s, 2000s and 2010s and for the Great Artesian Basin Resource Study (GABCC, 1998) and the
Basin-wide Great Artesian Basin Strategic Management Plan (GABCC, 2000).
Previous potentiometric surface maps
The previous studies have produced numerous potentiometric surface maps for Cadna-owie – Hooray Aquifer and
equivalent formations. A brief summary is given below for the potentiometric surface maps that have been produced
since the 1970s, noting the key differences in the approach and resultant maps.
Audibert (1976) compiled the potentiometric surface contour map of the Cadna-owie Formation – Hooray Sandstone
aquifer in the Eromanga and Surat basins for 1900. This coverage was derived from initial bore pressure data over the
period 1880 to 1920, and as such was compiled from much fewer data points than subsequent potentiometric surface
interpretations for 1960 (Welsh, 2000) and 1970 (Audibert, 1976; Habermehl, 1980). The Audibert (1976) potentiometric
surface of 1900 depicted the Diamantina River and Cooper Creek channels in the northern Eromanga Basin as
prominent sinks or drains for groundwater flow in the Cadna-owie – Hooray Aquifer and equivalent formations (Radke et
al., 2000). The inference here is that under undeveloped conditions, the GAB aquifers were leaking vertically upwards
into pools of these drainage systems. Habermehl (1980) presented the potentiometric surface of the Cadna-owie –
Hooray Aquifer and equivalent formations for 1880, the time when the first boreholes were sunk in the GAB. The
Habermehl (1980) coverage was derived inversely by model (GABHYD) simulation, was much smoother than the
Audibert (1976) contours, and the line sinks of the northern Eromanga Basin were absent.
Habermehl (1980) showed the potentiometric surface of Cadna-owie – Hooray Aquifer and equivalent formations in the
Eromanga and Surat basins for 1970. Pressures were standardised to a fresh water equivalent head at 15 °C. This
coverage was extended to include the Carpentaria Basin by Habermehl and Lau (1997). Audibert (1976) presented the
potentiometric surface for the same aquifer for 1970, based essentially on the same data used in the Habermehl (1980)
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compilation. The Audibert (1976) surface is generally lower (by about 20 m) than the equivalent surface of Habermehl
(1980), and the line sinks of the drainage features in the northern Eromanga Basin were preserved in the Audibert (1976)
1970 contours but not evident in the Habermehl (1980) surface.
Welsh (2000) showed the potentiometric surface for the Cadna-owie – Hooray Aquifer and equivalent formations for
1960, but pressures were temperature corrected to 25 °C. This coverage included the southern Carpentaria Basin but
excluded Cape York Peninsula. The Habermehl (1980) and Welsh (2000) pressure surfaces are broadly similar, but
there are some notable differences. In particular, the Welsh (2000) surface shows a prominent groundwater mound
extending over the Cooper Basin in the Eromanga–Windorah area, which was not evident in the Habermehl (1980)
contours. Also, the Welsh (2000) contours depict a pronounced groundwater sink north of Lake Eyre, again not evident in
the smoothed Habermehl (1980) coverage. The Welsh (2000) coverage depicts subdued line sinks that may be related
to drainage features in the northern Eromanga Basin, but not as pronounced as the Audibert (1976) coverages.
Brownbill (2000) presented a discontinuous contour coverage of the potentiometric surface of the Pilliga Sandstone
aquifer (the New South Wales equivalent of the Cadna-owie – Hooray Aquifer and equivalent formations) for 1986. The
pressure heads were not temperature corrected. Groundwater flow directions in the Brownbill (2000) coverage are
similar to the Habermehl (1980) and Welsh (2000) coverages but, in general, the heads in Brownbill (2000) are lower
than either Habermehl (1980) or Welsh (2000), particularly in the Coonamble Embayment.
More recently, the Geological Survey of Queensland (GSQ) have also prepared maps of groundwater levels for Surat
aquifers within Queensland as part of their assessment for carbon capture and storage (Hodgkinson et al., 2010).

7.1.2

Potentiometric surface maps

The distribution of groundwater level data is dependent on the distribution of the water bores and the number of water
bores measured. Initially, most flowing artesian water bores in the GAB were located near the margins of the aquifers,
and as time progressed, the remaining flowing artesian bores are restricted to the deeper parts of the GAB.
For the Assessment, digital records of groundwater monitoring data were obtained from the NSW Office of Water, NSW
Department of Mineral Resources (DMR), Queensland Department of Environment and Resource Management (DERM),
the South Australian Geodatabase and the Northern Territory Department of Natural Resources, Environment, the Arts
and Sport (NRETAS). Each groundwater database included artesian groundwater pressure and sub-artesian
groundwater level measurements from the early 1900s to 2010.
Each of these state agency databases is unique, having different formats, levels of information and quality control.
Moreover, the databases contain information that pre-dates the establishment of these agencies and may be either
unreliable or incomplete. To establish a common database for the Assessment, large text files of the original data were
imported into a Microsoft Access database where the data could be sorted, queried and exported into one workable
spreadsheet. After an extensive survey and query of both databases it became evident that there were a number of
missing fields and sparsely populated fields. For example, information about depths of casing slots and bottom levels of
open bores from the ground surface and aquifer association to a particular bore were not always available. The compiled
data were then subject to a quality assurance (QA) process to validate different fields of the original data through cross
referencing and spatial information tools, for example, high resolution digital elevation models to validate surveyed
geographical data.
Hydraulic head correction
The artesian pressure values are dependent on the temperature and salinity of the groundwater. As these properties
vary across the GAB, the pressure values must be converted to a common basis – referred to as a correction. From this
common basis, maps of groundwater levels can be made across the GAB. There are multiple steps for the pressure
correction. Each groundwater monitoring location was georeferenced to the 1-second digital elevation model and the
approximate temperature and salinity were derived from data in Radke et al. (2000).
The artesian pressure measurements were converted to an equivalent groundwater level at 25 °C using a temperature
and salinity correction (Post et al., 2007) that includes the density estimation algorithm of Batzle and Wang (1992).
Temperature and salinity correction provides a common basis to describe hydraulic head. In variable-density aquifers,
such as those in the GAB, the hydraulic heads do not correctly represent the evolution of the pressure and elevation, and
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the potentiometric surface cannot be used to infer groundwater flow directions and rates. The correction expresses the
measured hydraulic heads as a function of a reference density. This produces an equivalent hydraulic head pattern that
represents the pressure and elevation pattern in the aquifer. For this Assessment the fresh water head, as proposed by
Post et al. (2007), has been used:
h f,i = z i +

Pi
ρf g

where hf,i is the fresh water head (m), zi is the elevation of the screen (m), Pi is the pressure at the well screen (Pa), ρf is
3
the fresh water density (kg/m ) and g is the gravitational acceleration (m/s²). The fresh water head can be calculated
from the measured hydraulic head using the following equation:
h f,i =

ρ − ρf
ρi
hi − i
zi
ρf
ρf

where hi is the measured head (m) and ρi is the density at the measurement points (kg/m ).
3

3

Hydraulic head data obtained in this Assessment was density-corrected to a standard reference of 999 kg/m (fresh
water at 20 °C). The algorithm proposed by McCutcheon et al. (1992) has been used to infer the density from the salinity
and temperature measurements:
ρi = ρ 0 + AS + BS 3/2 + CS 2

with
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where S is the salinity (percentage or g/kg) and ρ0 is the pure water density determined by the following equation:


(T + 288.9414 )
(T − 3.9863 )2 
ρ 0 = 1000 1 −
 508929.2 (T + 68.12963 )


Groundwater temperature
The temperatures of artesian groundwater have been measured since the early days of development at the surface
(ICAW, 1913; 1914; 1922; 1925; 1929) but downhole temperatures and temperatures in the aquifers have only been
measured with downhole probes since the 1960s. Surveys by the Bureau of Mineral Resources, Geology and
Geophysics (BMR), (now Geoscience Australia) acquired downhole temperature data from approximately 1250 water
bores in Queensland, New South Wales and the Northern Territory parts of the GAB between 1960 and 1975
(Habermehl, 2001b). In addition, temperature data was collated from petroleum exploration and production wells in
south-west Queensland and north-east South Australia (Pitt, 1986). The combination of BMR and petroleum data were
used to prepare groundwater temperature and geothermal gradient maps (Habermehl, 2001b).
The most up-to-date groundwater temperature data is shown on Figure 7.1 and includes these earlier data. The high
temperatures of the artesian groundwater in the GAB represents a potential geothermal resource, and some geothermal
energy projects have been developed, for example, a geothermal power station at Birdsville (on the boundary between
the Central Eromanga and Western Eromanga regions), where the groundwater temperature is 90 °C at the ground
surface (Habermehl and Pestov, 2002). The high temperatures from flowing artesian water bores require the cooling of
the water for use, both for drinking water purposes within towns and homesteads, as well as for pastoral use.
A correlation exists between the temperature of the groundwater in the aquifers and the depths of the aquifers. Shallow
parts of the GAB, where aquifers are relatively close to the ground surface, such as near the recharge areas, contain
relatively cool water, with temperatures only up to 40 °C. The regions of intermediate depths have temperatures between
40 and 60 °C and the deeper parts of the GAB show higher temperatures between 60 and 90 °C (Habermehl, 2001a).
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Figure 7.1 Groundwater temperature of the Cadna-owie – Hooray Aquifer and equivalents, derived from downhole, bottom of hole and
surface (free-flowing) measurements
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Mapping the evolution of groundwater levels
Groundwater level data were collated for an analysis of historical groundwater conditions, grouped into five 20-year
intervals from 1900 to 2000, and the most recent decade (2000 to 2010). The maps are shown on Figure 7.2. The
20-year intervals allowed a greater number of monitoring data to be used, especially where an individual bore may only
be measured very infrequently. Changes in priorities and diminished resources available to state water authorities
caused a reduction in the data collection activities in the field and the frequency of pressure measurements. A shift has
also occurred from the collection of pressure measurement data from as many bores as possible within the GAB towards
the collection of pressure measurement data from selected, regionally representative water bores as part of the
establishment of a monitoring network across the GAB (Sinclair et al., 2000), with an aim to monitor the network bores at
least once every three years. In the Assessment a single hydraulic head value was chosen for each 20-year increment,
or if more than one measurement was available, the mean value was calculated. This approach generated a summary of
groundwater monitoring since the early 1900s and allowed development of potentiometric surfaces following a consistent
method.
The density corrected hydraulic head data were interpolated considering the presence of regional tectonic faults shown
in Chapter 2 (Figure 7.3 and Figure 7.4). Where a regional tectonic fault had caused a vertical offset in the Cadna-owie –
Hooray Aquifer and equivalent formations, the regional tectonic fault was assumed to act as a barrier to groundwater flow.
The resultant maps illustrate the spatial distribution of groundwater levels, from which groundwater flow directions can be
inferred, and the potential influence of regional tectonic faults on groundwater levels. In addition to the interpolation that
considered faulting, the hydraulic head values were also contoured using the Topo-to-Raster tool in ArcGIS to produce a
smoothed surface for comparison (Figure 7.3 and Figure 7.4).
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Figure 7.2 Potentiometric surface maps for the Cadna-owie – Hooray Aquifer and equivalents across the Great Artesian Basin for
20-year intervals of pressure measurements since the start of development of Great Artesian Basin aquifers
Note: the most recent map (2000 to 2010) includes results from modelling of equivalent aquifers in the Cape York region, which has
insufficient measured data to create potentiometric surface as was done for the remainder of the Great Artesian Basin
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Figure 7.3 Pre-development (circa 1900 to 1920) potentiometric surface maps for the Cadna-owie – Hooray Aquifer and equivalents
across the Great Artesian Basin, with and without influence of regional tectonic faulting

Figure 7.4 Modern (circa 2010) potentiometric surface maps for the Cadna-owie – Hooray Aquifer and equivalents across the Great
Artesian Basin, with and without influence of regional tectonic faulting

The broad-scale trend in the potentiometric surface remains consistent with previous interpretations of groundwater
conditions in the GAB, with groundwater levels of almost 500 mAHD at the Great Dividing Range and its slopes to about
25 mAHD south of Lake Eyre. In the Surat Basin, groundwater flow in the Cadna-owie – Hooray Aquifer is largely south
and west from the recharge zones in the east. Flow from the Coonamble Embayment in the south-east is initially to the
north, then to the west and south to join flow paths from the north. The presence of the Eulo and Nebine ridges nearly
establishes a groundwater divide, however, there is some flow that occurs across these ridges.
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The most extensive and complex groundwater flow patterns are located in the Eromanga Basin. Groundwater flow
originates at the eastern and western margins of the GAB and discharges in the vicinity of Lake Eyre. The presence of
regional tectonic faults throughout the central portion of the Eromanga Basin result in a complex distribution of
groundwater levels and changes since the early 1900s to modern day (Figure 7.2). The inclusion of regional tectonic
faults as barriers illustrates the Cadna-owie – Hooray Aquifer and equivalents as a non-contiguous groundwater system,
assuming that some of the faults form barriers – which is not completely known in the GAB. Extensive regional tectonic
faulting in the central portion of the Eromanga Basin, oriented north to south, provides a major constraint to the
distribution of groundwater levels and the direction of groundwater flow. These barriers establish semi-isolated sections
of the Cadna-owie – Hooray Aquifer and equivalents where groundwater throughflow is diminished (or absent).
Bore hydrographs
Regional drawdown maps are shown in Habermehl (2001a; 1979) and Habermehl and Lau (1997). Macaulay et al.
(2009) show artesian pressure trends within the GAB based on selected monitoring bores.
For selected bores across the GAB, hydrographs are shown (Figure 7.6) with the difference in groundwater level
between the first 20-year increment (1900 to 1920) and the most recent increment (2000 to 2010). Hydrographs for
additional bores (shown as black dots in ) are provided in Appendix E. Areas of large decline, ranging up to several tens
of metres, correlate with areas of high bore densities in the eastern parts of the GAB. The drilling of the bores and the
subsequent discharge of artesian groundwater caused this decline. This is exacerbated by the accumulation of declining
groundwater levels through the interference effects of neighbouring bores, especially in the Surat Basin. During the early
stages of development the large number of free flowing bores discharged large amounts of groundwater. Some of these
bores are still present and free flowing today and many others leak from corroded bore casings and headworks
(Habermehl, 2009). High initial discharge from individual bores (and from the GAB as a whole) during the early years of
exploitation was mainly the result of the release at high pressure of groundwater from elastic storage of the confined
aquifers. By comparison, groundwater levels in the Western Eromanga region are fairly stable, with only a slight decline
on the eastern part, near the Cooper Basin.
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Figure 7.5 Potentiometric difference surface between pre-development and modern day including selected groundwater level
hydrographs

Sources of error
The collection of pressure measurement data by the testing of flowing artesian water bores is a complex and time
consuming activity with many practical and technical difficulties, including the remoteness of most bores, the access to
the bores, the status and different conditions of most bores, the high water pressures, large flows and generally high
water temperatures of the flowing artesian water bores. The problems also relate to the different tests and the duration of
the testing, ranging from a few hours to many hours or more than one day per bore. In addition, the bores tested are all
pastoral, homestead or town bores, as there are few specifically drilled and equipped monitoring bores in the GAB. Many
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bores are old and could have corroded casing, clogged inlets and other obstructions downhole or other drawbacks,
which make them less than ideal for testing and monitoring purposes.
The surface and subsurface conditions of the bores require special techniques and treatment or limit the number of bores
to be measured. This is in particular the case for older bores, which often show signs of corrosion and poor condition of
the casing and/or bore headworks, including the status of the valves to control, restrict or stop the artesian flow from the
bore. Possible leakage from holes in the casing within the borehole should also be investigated, to ascertain whether
artesian groundwater from a higher pressure aquifer moves out of the bore towards and into lower pressure (and usually
stratigraphically higher) aquifers. Leaking bores and bores with suspect or corroded bore casings and/or valves are
usually not tested, because the pressure results would be unreliable and because further damage could be done to the
bore during the pressure testing.
The presence of gas in the artesian groundwater is a very common occurrence (Habermehl, 1986) and its accumulation
within the bore casing during static tests can cause errors in the pressure measurements. The cooling down of the water
column within the top of the bore casing during static tests, particularly for deep bores can also have a significant effect
on the measured pressures and need to be corrected in the analyses of the data. Usually, apart from the temperature,
pH and electrical conductivity are also measured during tests.
Good quality geological information, drillers records and equipment data (including casing details) are required for each
individual bore, to determine the stratigraphy and identify the aquifer(s) tapped, as well as the lithology and depths of
groundwater encountered, the pressure head, flow, temperature and quality of groundwater. Many bores tap multiple
aquifers, either within the same hydrostratigraphic unit or within different hydrostratigraphic units. Bores tapping multiple
aquifers in different stratigraphic units should not be used for testing and sampling purposes, as the results would be a
mixture of different pressures, temperatures and chemistry. Another complication is that most bores only partially
penetrate the aquifers from which they obtain their artesian groundwater. This influences the calculation of transmissivity
and other aquifer characteristics. The quality of the field testing program and the recording of the test results determine
the subsequent analyses and interpretation of the final results prior to inclusion in databases.

7.2

Cross-formational flow

7.2.1

Natural vertical leakage

Cross-formational flow occurs where a vertical pressure gradient exists between two formations and there is sufficient
permeability to permit flow between them. The rate of transfer between units is therefore a function of the connectivity in
terms of permeability between the two units and the magnitude of the pressure gradient between them. Where aquitards
form good seals, this means that the rate of transfer is extremely slow even if the pressure gradient is strong. Conversely,
even where two permeable units are adjoining, there may be little cross-formational flow if the vertical gradient is small
relative to the lateral gradient. In an artesian basin the difference in pressure between the aquifers is a function of the
higher elevation of the recharge areas of the lower aquifers and higher hydrostatic pressures at depth. Additional
pressure effects, including over pressuring of some aquifers and/or irregular pressure patterns in the subsurface, is
probably minor, as the aquifers consist largely of sandstone and siltstone sediments rather than clays or mudstones.
Assessment of cross-formational flow can be through theoretical estimation of the potential and through measurement of
physical exchange. To illustrate potential locations where cross-formation flow could be occurring in the GAB,
groundwater levels in Cadna-owie – Hooray Aquifer and equivalents were compared with the regional watertable
(Chapter 6). Where groundwater levels in the Cadna-owie – Hooray Aquifer and equivalents are greater than the
watertable, there is a potential for upward vertical leakage. Where groundwater levels in the Cadna-owie – Hooray
Aquifer and equivalents are lower than the watertable, there is a potential for downward vertical leakage. It must be
noted that mapping this comparison in Figure 7.6 only indicates where there is a potential driving force for vertical
groundwater flow to occur (i.e. a pressure gradient). The existence of potential upward vertical leakage (blue in Figure
7.6) also suggests that the confining layers overlying the Cadna-owie – Hooray Aquifer and equivalents generally have a
low permeability. Conversely, areas of potential downward vertical leakage (orange tones in Figure 7.6) also suggests
that the confining layers have additional conduits that promote higher permeability (e.g. polygonal faulting, as described
in Chapter 5).
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Across most of the GAB the groundwater levels of the Cadna-owie – Hooray Aquifer and equivalents are greater than the
watertable. This result simply illustrates that the majority of the GAB is likely to be under artesian conditions (if the
groundwater levels are also greater than the ground surface elevation), as would be expected, and that upward vertical
leakage could occur from lower aquifers through the overlying (leaky) aquitards and subsequently into and through the
shallower aquifer systems. Figure 7.6 also reveals areas along the margins of the GAB where the watertable elevation is
greater than the groundwater levels of the Cadna-owie – Hooray Aquifer and equivalents. These areas indicate a
potential for groundwater recharge conditions (downward vertical flow) to occur. In addition to the margins of the GAB,
the potential for recharge conditions are apparent across many parts of the Eulo and Nebine ridges, and several parts in
the centre of the Eromanga Basin where mounding was observed in the watertable. The data presented in Figure 7.6
indicates the potential for vertical leakage that requires investigation at a finer spatial scale, but provides a line of
evidence regarding vertical leakage.

Figure 7.6 Difference between the watertable and Cadna-owie – Hooray Aquifer and equivalents potentiometric surface across the
Great Artesian Basin. Positive values indicate potential for downward flow and negative values indicate potential for upward flow
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Natural leakage or natural discharge takes place from springs and areas of seepage, which are abundant in the marginal
areas of the Western Eromanga Basin, particularly along the Mound Spring Line in the southern and south-western
discharge areas. Flowing artesian springs within the region, and especially within the discharge margins, are generally
associated with structural features, such as faults, folds, monoclines and intersecting lineaments. Upward artesian
groundwater flow along faults is the source of many springs, and also the abutment of aquifers against impervious
bedrock, and pressure water breaking through thin confining beds near the discharge margins of the GAB.
Other forms of natural vertical leakage include subsurface outflow into neighbouring sedimentary basins and submarine
discharge (partly from subsea springs) in the Gulf of Carpentaria.

7.2.2

Pressure-elevation profiles

Pressure-elevation profiles are used to characterise the potential for vertical flux. Pressure-elevation profiles are plots of
the pore pressure as a function of the screen elevation. Pressure-elevation profiles can only be plotted for areas of
similar topography where the water pressure surface does not show significant variations. In a purely hydrostatic
environment, groundwater flow is essentially horizontal, following the path of least resistance through an aquifer.
However, if vertical pore pressure gradients are higher or lower than the vertical hydrostatic pressure gradient
groundwater flow may be upward or downward respectively (Tóth, 2009). Connectivity between adjacent beds and the
characteristics of the intervening beds becomes critical in determining whether there is actual flow between formations.
The characterisation of the groundwater flow field and hence the driving forces in a sedimentary basin require the
knowledge of the fluid dynamic parameters (h, P, ρ, γ). The graphical or analytical analysis of these parameters enables
the identification of the flow distribution and flow intensity of an area (Tóth, 2009). Generally, the hydraulic head (h)
distribution along vertical and horizontal planes is used to evaluate vertical and horizontal water movement. Pore
pressure (P) distribution of an area is also used to characterise the flow pattern.
The pore pressure (P) is the mechanical force acting on the fluid per unit surface area. The vertical gradient of the pore
pressure (γ) is the change in pore pressure per unit vertical length in a flow domain. The vertical change of the pore
pressure controls the direction and intensity of the vertical flow component in an area hereby it is useful for analysis of
the flow field.
In a hydrostatic environment, where only horizontal flow movement exists, the rate of vertical pressure change in a static
fluid numerically equals the specific weight of that fluid:
γ st =

dP
= ρg
dd

where d is the depth below the watertable, ρ is the fluid density (kg/m ) and g the gravitational acceleration (m/s ). If the
flow has a vertical component, this equation is not valid and the pressure will differ from the hydrostatic pressure values
3

2

for different depths (Tóth, 2009). This difference produces characteristic trends for different directions and intensities of
the flow.
Vertical pressure gradients for a given location can be represented by either by P(d)- or P(z)-profiles. These are plots of
the pore fluid pressures versus the depth (d), or more commonly versus elevation (z) above a datum level (Figure 7.7).
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Figure 7.7 Illustration of pressure versus depth profile (adapted from Tóth, 2009)

For fresh water (ρ= 999 kg/m ), the hydrostatic vertical pressure gradient is γst= 9.8067 MPa/km. Values greater or less
then γst, i.e. γdyn >γst or γdyn <γst indicate a force component driving the fluid upward or downward, respectively (Tóth and
Almási, 2001).
3

In an ideal case a P(z)-profile is compiled from data measured simultaneously along a vertical line below one surface
point in the field. In practice, data from several wells have to be combined on a single P(z)-profile to increase the data
density and enable interpretation. Ideally, the effect of any topographic elevation differences should be minimised by
choosing areas with little to no topographic differences.
P(z)-profiles have been compiled in areas with sufficient data and where topographic variations were minimal. P(z)profiles were created rather than P(d)-profiles, as absolute elevation is more accurate than depth where there is large
variability (more then 10 m) in the ground elevation. In the plots, the hydrostatic pressure line was inferred from the
average density and ground elevation for the specific area. The P(z)-profiles were compiled for the smallest areas in
which the data distribution was greatest, and the variation of the ground elevation was minimal.
Across the GAB, only 13 profiles were analysed due to a lack of data meeting the requirements described above (all
profiles are presented in Appendix E). Selected profiles are shown in Figure 7.8 that are indicative of regional conditions.
Higher resolution data from smaller areas would permit more detailed analysis. These additional data could be obtained
from drill-stem testing or measurement of pore pressure conditions at multiple depths in a single locations. In the Surat
Basin, SU-1 and SU-4 indicate vertical gradients that are slightly lower than the local vertical hydrostatic gradient. This
represents a small potential downward flow within a mainly through-flow condition. Profiles SU-5 provides an example of
potential upward flow conditions (pressure gradient higher than the hydrostatic pressure gradient) with potential for
upward groundwater movement within the Cunnamulla Shelf. In the Eromanga Basin, CE-1 illustrates a potential for
downward flow in the known recharge area, WE-1 illustrates a nearly hydrostatic profile (slightly downward flow
conditions), and CE-3 and WE-3 indicate vertical pressure gradients higher than the hydrostatic gradient representing
upward flow potential from depths ranging from 100 to 600 m in the discharge areas.
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Figure 7.8 Selected pressure versus elevation profiles in the Great Artesian Basin. Labelling refers to corresponding region report (e.g.
CE-1 indicated Central Eromanga profile number 1)

7.2.3

Induced vertical leakage

Cross-formational flow or natural vertical leakage is a natural phenomenon. In contrast, induced vertical leakage consists
of flow within or outside the bore casing within drill-holes. This flow results from the higher pressure in the stratigraphic
lower aquifer and the lower pressure in higher aquifer and flow into and out of the casing because of corrosion holes or
flow outside the bore casing.
Inter-aquifer leakage generally takes place in water bores which have not been constructed to bore construction
standards required for the hydrogeological conditions in specific regions in the GAB. Corroded bore casings in artesian
water bores provide important pathways for the inter-aquifer leakage and this is a significant problem, as most of the
artesian water bores are between 50 and 100 years old and many are subject to corrosion of the mild steel casing below
the ground surface in the Rolling Downs Group. Pressure cementing of the outside of the steel bore casing within the
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drill-hole to reduce the possibility of corrosion became mandatory in most areas of the GAB since the 1930s but full
protection is not always guaranteed and about 1300 bores in Queensland were drilled prior to the enactment of this
legislation (Palmer and MacNamara, 1991).
The results of inter-aquifer leakage studies and the interpretation of geophysical logs obtained specifically for these
studies from a number of bores in the GAB in the Queensland and New South Wales parts of the north-eastern, eastern
and south-eastern Eromanga Basin and the northern and southern parts of the Surat Basin showed the extent of this
problem (Habermehl, 2009). Extrapolation of these results will provide an indication of the possible losses of artesian
groundwater caused by inter-aquifer leakage across the whole of the GAB.
Geophysical logs were acquired from 68 bores in Queensland and from 31 bores in New South Wales as part of the
inter-aquifer leakage studies and include: natural gamma-ray, casing collar locator, temperature, flow meter and caliper
logs. For selected bores down-hole video camera records were obtained. The logs and other bore data, including
lithology and casing data were compiled and interpreted and detailed assessment reports have been provided.
Inter-aquifer leakage was assessed by interpreting the wire-line logs for signs of corrosion based on features in the logs,
particularly in the casing collar locator, temperature, flow meter and caliper logs, as holes in the casing can be identified
from these logs (Habermehl, 2001b). Video camera records were used in some bores to confirm corrosion, breaks of, or
holes in the casing and visible leakage of the casing.
In New South Wales 12 bores out of the 31 bores investigated showed inter-aquifer leakage, 6 bores showed possible
inter-aquifer leakage and 13 bores do not leak. Geophysical logs were obtained from all of the 31 bores investigated. In
Queensland 10 bores out of the 68 bores investigated showed inter-aquifer leakage, 35 bores show possible inter-aquifer
leakage and 23 bores do not leak. Geophysical logs were obtained from 65 of the 68 bores investigated.
Estimation of the (spatial) extent of inter-aquifer leakage in the New South Wales and Queensland parts of the GAB by
extrapolation of the results from the assessments of the geophysical logs from the bores should be investigated. The
results from logs obtained during the survey and a comparison with geophysical logs acquired during the period 1960 to
1975 by BMR (Habermehl, 2001b) could estimate the progress of corrosion during the 40-year period, and could assist in
delineating present and future corrosion activity and be useful in prioritising bore rehabilitation under the GABSI program.
The inter-aquifer leakage by the way of the corroded and leaking bore casing of artesian water bores might be affected
by the increased artesian pressures (partial pressure recovery) in some areas, caused by the Great Artesian Basin Bore
Rehabilitation Program (GABBRP) and the Great Artesian Basin Sustainability Initiative (GABSI) bore rehabilitation
program since 1989. Measurements and identification of anomalous differences in artesian pressures and/or artesian
flows from bores within a region before and after extensive rehabilitation to be carried out in the region could identify
leaking bores or bores at risk of leakage.
Several areas in the GAB have been known since the early 1900s to contain corrosive artesian groundwater. Corrosion
is usually caused by high levels of CO2 in parts of Queensland and New South Wales and Cl-SO4 levels in South
Australia within the GAB. In particular areas near Tertiary basalts in Queensland and New South Wales appear
susceptible to high levels of CO2. Investigations have been carried out on corrosion of bore casing in the GAB by Bauld
et al. (1998), ICAW (1913; 1914; 1922; 1925; 1929), Larsen et al. (1996), Ogilvie (1954) and the Queensland
Government (1955).
Induced leakage also results from the drawdown of bore development. These effects could reverse the direction of
vertical leakage, when pressure in the underlying aquifer is reduced as groundwater is extracted through free or
controlled artesian flow or through pumping. The drawdown cone then causes artesian groundwater from overlying
aquifers and/or aquitards to leak downwards into the underlying, developed aquifer. In most cases this would be leakage
from the aquitards in the Wallumbilla Formation downwards into the underlying aquifers in the Cadna-owie Formation
and Hooray Sandstone and their equivalents, or into deeper aquifers in the Jurassic sequence.

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 173

Chapter 7 Regional hydrodynamics

7.3

Recharge

7.3.1

Recharge mechanisms

Understanding groundwater recharge mechanism and rates is notoriously difficult and is often referred to as the most
difficult parameter to measure in a groundwater budget (Healy, 2010; Scanlon et al., 2003). Generally low recharge rates
combined with large spatial and temporal variability of water fluxes result in additional complexity. There are three
different recharge mechanisms that occur in the GAB, namely, diffuse recharge, ephemeral river recharge and mountain
system recharge. A comprehensive review of different recharge mechanisms in the arid zone of Australia is given in
Wohling et al. (2013a; 2013b), Cook et al. (2004) and Crosbie et al. (2009; 2013).
Diffuse recharge is groundwater recharge that is distributed over large areas in response to rainfall infiltrating the soil
surface and percolating through the unsaturated zone to the watertable (Healy, 2010). Along the eastern and western
margins of the GAB, diffuse recharge occurs where the confining beds of the Injune Creek Group and Rolling Downs
Group are discontinuous or absent. In these areas, recharge occurs from direct infiltration to the soil into the outcropping
regions of the Cadna-owie – Hooray Aquifer and equivalents, downward hydraulic movement through aquifers above the
aquifer where the hydraulic conditions permit.
Recharge from ephemeral rivers can occur ‘directly’ where the river channel crosses a GAB intake bed or ‘indirectly’
where episodic flow events in an arid zone river cause a pulse of recharge. The direct form of ephemeral river recharge
is thought to occur on the western slopes of the Great Dividing Range, where rivers, creeks and alluvial groundwater
systems overlie the intake beds. In these locations, the process of localised recharge is relatively fast and effective as
water infiltrates the underlying aquifers depending on the depth and configuration of the regional watertable and the
hydraulic characteristics of the material overlying the aquifers. The indirect form of ephemeral river recharge is thought to
occur on arid zone rivers along the western margin of the GAB. As described in Fulton et al. (2013), recharge occurs ‘in
channel’ through the base of the river bed and does not encompass any localised recharge that results from overbank
flooding. Although flow events in arid zone rivers are often anecdotally referred to as ‘floods’, overbank flooding along the
recharge reach of the rivers is relatively rare due to the significant width and defined channel structure of the rivers.
Mountain system recharge (MSR) is arguably one of the most difficult recharge mechanisms to quantify. MSR describes
the contribution of groundwater recharge derived from mountains to adjacent aquifers (Wilson and Guan, 2004). The
recharge mechanisms that describe MSR can be categorised into two processes: mountain block recharge (MBR) and
mountain front recharge (MFR) (Wahi et al., 2008). In general terms, MBR describes subsurface inflows from the
consolidated mountain block, and MFR describes infiltration (or seepage) from streams (either perennial or ephemeral),
at the mountain front. Wohling et al. (2013a) recognised MSR as a newly defined recharge mechanism in the western
margin of the GAB.

7.3.2

Previous recharge studies

Eastern margin of the Great Artesian Basin
Recharge in the Queensland part of the GAB was estimated by Kellett et al. (2003) and McMahon et al. (2002) and
recharge in the New South Wales part of the GAB by Habermehl et al. (2009). These studies have utilised a combination
of data including rainfall chemistry (chloride concentrations and stable isotopes of water), groundwater hydrograph
records, and collection of cores from the unsaturated zone. The intake beds of the aquifers and the interbedded
aquitards are present along the eastern margin of the Eromanga Basin and the Surat Basin. The recharge investigations
in Queensland dealt mainly with the Hooray Sandstone aquifers and Hutton Sandstone aquifers. The parts of the
recharge areas of the GAB that are within the Eromanga Basin and Surat Basin can be separated based on the
descriptions and data in Kellett et al. (2003).
Recharge occurs along the intake beds, which extend along the eastern outcrop margin on the western and eastern
slopes of the Great Dividing Range. Topography is a controlling factor on rainfall, and the maximum elevations of the
exposed aquifer sandstones in the Queensland area are between 280 m and 1000 mAHD. Rainfall is dominated by
summer rainfall from thunderstorms of the north-west monsoon as well as heavy rainfall from tropical cyclones moving
inland from the north and east coast areas. Rainfall chemistry data show that chloride concentrations increase from west
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to east and south to north and these gradients of chloride fallout are influenced by the distance to the Coral Sea.
Gradations exist in the distribution of the amount of rainfall from north to south in the recharge areas, with important
differences in the occurrence of high magnitude rainfall events. The most southern parts are occasionally reached by
winter and spring rainfall from fronts originating in the Southern Ocean.
In cored drill-holes through the unsaturated zone, a bulge in the chloride profile was present up to 20 m depth, well below
the root zone, followed by a steady or slow decline in chloride concentrations to the groundwater table. The amount of
chloride per square metre stored in the unsaturated zone varies considerably between sites and values range from
2
2
1 kg/m for 33 m to 37 kg/m for 32 m of unsaturated zone. The chloride concentration bulges are relatively constant and
represent equilibrium recharge fluxes beneath the root zone generated by piston flow and calculated diffuse recharge
rates of 0.03 to 2.4 mm/year by chloride mass balance.
Much lower chloride concentrations are found in the deeper parts of the profiles and represent zones where water is
transmitted by preferred pathway flow. This type of flow requires high magnitude rainfall to saturate the regolith.
Preferred pathway flow rates are estimated at 0.5 to 28.2 mm/year at 14 sites and are the dominant recharge form in the
intake beds and result from the combination of the episodic nature of rainfall in these areas together with the stratified
nature of the aquifer.
High chloride concentrations of more than 1000 mg/L and up to 3000 mg/L occur in the aquifers above the Injune Creek
Group in the intake beds in the southern parts of the Surat Basin in Queensland, as well as fresher zones of groundwater
with less than 200 mg/L chloride. Low levels also occur further north in the Lower Cretaceous aquifers in the eastern
intake beds and are less than 100 mg/L in the far northern parts. Chloride levels in the Hutton Sandstone are mostly
around 700 mg/L, but in the southern Surat Basin in Queensland are up to 1500 mg/L. In the northern parts of the Surat
Basin chloride levels are less than 200 mg/L and even as low as 20 mg/L in the intake beds.
Recharge rates calculated by chloride mass balance in the saturated zone for the Hooray Sandstone and Hutton
Sandstone give a range from 1 to 4 mm/year in the northern Surat Basin, but can be up to 7 mm/year. However, in the
central recharge areas of the Eromanga Basin margin, the rates are generally less than 0.5 mm/year, though further
north they rise to 4 to 5 mm/year. Recharge rates in the Ronlow beds range from 0.5 to 10 mm/year and the higher rates
continue northwards, with the rates for the Gilbert River Formation estimated at between 10 to 15 mm/year. Figure 7.9
shows the distribution of the recharge rates in the Pilliga Sandstone intake beds (location shown in Chapter 5). The high
rates of recharge in the area of the Warrumbungle Mountains stand out and are probably the result of higher rainfall in
this elevated region. Similarly, the area near Narrabri is elevated and higher rainfall could affect it. The high recharge
rates in the area east of Moree and Warialda could be a response to the shift from native to summer crops and irrigated
crops in this area, as well as incised creeks and rivers and infiltration into the Pilliga Sandstone of groundwater out of the
overlying, jointed basalts The recharge rates in the area of the New South Wales – Queensland border show a seamless
continuation of the recharge estimates for the New South Wales and Queensland portions of the recharge areas.
Recharge rates in the Hutton Sandstone are higher than in the Hooray Sandstone and probably reflects the higher
rainfall at the higher elevations of the Hutton Sandstone intake beds. Higher recharge rates also occur where rivers
valleys have sandy alluvial terraces, whereas permeability of the sandstone in the river bed is low.
The New South Wales Department of Water and Energy water sharing plan for the New South Wales part of the GAB
(DWE, 2009) estimated the long-term average annual net recharge for the eastern recharge zone of the GAB (the area
of the intake beds north of the Gwydir River to the New South Wales – Queensland border) at 19 GL/year and for the
southern recharge zone (the area of the intake beds south of the Gwydir River to Dubbo and towards Nyngan) at
42.4 GL/year, a total of 61.4 GL/year for the eastern intake beds (the average annual net recharge for the Surat
Groundwater Source was estimated at 75 GL/year).
Recharge rates for the Hooray Sandstone and Hutton Sandstone were calculated by chloride mass balance in the
saturated zone. This method produces a lumped long-term recharge rate damped against annual and seasonal
variations in rainfall and weather patterns and chloride input. Kellett et al. (2003) discuss several advantages and
disadvantages of the use of this method. The application of the chloride mass balance in the saturated zone provides a
smoothing effect that dampens the annual variations in rainfall and chloride and removes the sampling bias in the
heterogeneous medium.
Groundwater has been frequently analysed for hydrochemistry, including chloride, deuterium and oxygen, carbon-13 and
36
carbon-14 isotopes. Hydrochemistry and isotopes samples, as well as Cl isotopes had been collected previously from
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flowing artesian water bores located downgradient from the recharge areas, in the confined parts of the aquifers by Airey
et al. (1983), Calf and Habermehl (1984), Shimada et al. (1998; 1999), Mahara et al. (2009) and Radke et al. (2000).
Groundwater ages and travel times determined from the radio-active isotopes, combined with information from the stable
isotopes, indicate that long-term recharge was derived from rainfall and support downgradient groundwater movement.
Radiocarbon dating of groundwater samples showed that a considerable proportion of the samples from the Hooray
Sandstone and Hutton Sandstone aquifers are greater than 20,000 years.
Low recharge rate areas estimated by chloride mass balance in the saturated zone of the Kumbarilla beds in the eastern
Surat Basin have corrected ages of greater than 25,000 years. Progressive aging of the groundwater from east to west
suggests lateral throughflow dominates over vertical flow throughout most of this unit.
In the northern Surat Basin and in the central part of the Eromanga Basin modern groundwater occurs in some bores
and in general groundwater in the Hutton Sandstone aquifer appears to be younger than in the higher aquifers, though
groundwater in the Hooray Sandstone aquifer has groundwater with ages between 17,000 years and 27,000 years. In
the northern recharge areas of the Eromanga Basin groundwater ages of all aquifers generally decreases, which concord
with the general trend of increasing recharge northward.
Western margin of the Great Artesian Basin
Love et al. (2000) used chloride and chlorine-36 dating techniques to provide mean flow velocities (0.24 ±0.03 m/year)
and an estimate of groundwater recharge (0.16 ±0.08 mm/year) using a chloride mass balance approach along two
transects in the south-western GAB. Wohling et al. (2013b), mapped an area larger than previously thought where
diffuse recharge has the potential to contribute recharge to the unconfined Cadna-owie – Hooray Aquifer and equivalents.
They estimated diffuse recharge rates using a number of techniques including chloride mass balance from groundwater
data, environmental tracers and point estimate from chloride mass balance in the unsaturated zone. Wohling et al.
(2013b) determined that diffuse mechanisms contribute a mean recharge across the newly mapped area of
0.15 mm/year. Given the low rates and any potential uncertainties on these estimates it can be inferred that the actual
diffuse recharge rate is effectively zero.
Active ephemeral river recharge to the Cadna-owie – Hooray Aquifer and equivalents along the Finke and Plenty rivers
2
has been determined to occur across 16 km of river bed. Recharge rates along the Finke River are estimated at
between 380 and 850 mm/year, while a single flow event in October 2010 was estimated to contribute 1275 mm of
recharge. Annual recharge to the aquifer from the Plenty River was estimated between 17 and 92 mm/year. Stable
isotopes of water in the aquifer link recharge with summer, monsoonal rainfall events occurring in months that have
rainfall in excess of 150 mm. All other ephemeral river recharge along other western margin rivers is considered minimal.
Evidence of paleorecharge
Paleorecharge in the GAB has not been studied separately, but aspects of it are dealt with in most of the hydrochemistry
and isotope studies of the GAB. Airey et al. (1983; 1979), and Calf and Habermehl (1984) show observed systematic
variations in the chloride levels of the artesian groundwater in part of the eastern marginal and basinward areas could
reflect variations in the rate of recharge and infiltration of recycled salt throughout the Late Quaternary. Minima and
maxima in chloride concentrations correlate with the last glacial and interglacial period respectively. The stable isotope
2
18
rations δ H and δ O show that nearly all values plot on or near the meteoric waterline and that the artesian groundwater
14
36
is meteoric in origin. Studies of environmental radioactive isotopes C and Cl from artesian groundwater of water bores
14

from the recharge areas, across the Basin and towards the discharge areas show decreasing percentages of modern C
36
13
and Cl and the groundwater dating has been carried out and isochrones interpreted. The carbon isotope ratio δ C
13
increases basinwards, as does alkalinity, and the variation of δ C is closely related to the changes in HCO3 and other
aspects of hydrochemical evolution along the groundwater flow lines (Calf and Habermehl, 1984; Herczeg et al., 1991).
The age and residence times of the artesian groundwater and the groundwater movement rates and flow patterns in the
14
36
GAB have been determined with C and Cl and noble gases by several workers, including Airey et al. (1983; 1979),
Bentley et al. (1986), Bethke et al. (1999), Calf and Habermehl (1984), Cresswell et al. (1996), Habermehl (2003; 2004;
2005a; 2005b), Habermehl et al. (1993), Hasegawa et al. (2010), Lehmann et al. (2003), Love et al. (2000), Mahara et
al.(2009), Radke et al. (2000), Shimada et al. (1998; 1999), Torgersen and Clarke (1985), Torgersen and Ivey (1985),
and Torgersen et al. (1991). These authors also discuss aspects of paleorecharge, both for the eastern and western
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recharge margins, as well as the possible recharge from the north-western margin of the GAB. Groundwater ages from
14

36

the GAB determined from the C and Cl and noble gas results are in general in good agreement with the calculated
hydraulic ages, suggesting that the flow conditions of the artesian groundwater have remained largely unchanged during at
least the past one million years.
Recharge processes in the southern area of the intake beds included the same degree of evaporative concentration for
2
18
the past approximately 30,000 years as indicated by the characteristic δ H and δ O proportions of groundwater relative
14
14
to C activities ( C pMC) and isotopic composition has been relatively constant over that period. The central area
groundwater suggest that recharge conditions have become progressively more evaporated from about 10,000 years
2
18
ago to the present. The δ H and δ O proportions of the northern group indicate that recharge conditions have involved
about the same degree of evaporative concentration over the past 30,000 years, but the most modern groundwater tend
to be the most depleted. This could indicate a change in rainfall patterns to a greater frequency of high intensity rainfall
events (more than 200 mm per 30 days) commencing about 3500 years ago. Paleorecharge rates are consistently higher
than modern recharge rates except in areas that have undergone extensive land clearing.

7.3.3

Groundwater recharge estimate

The chloride-mass-balance method (CMB) was used in the Assessment to estimate spatially distributed recharge. The
main advantage of using CMB is that recharge can be estimated over larger spatial scales. For this reason, it is the most
widely used method for estimating recharge in Australia. The CMB method provides a smoothing effect that dampens the
annual variations in rainfall and chloride and removes the sampling bias in mixed geological materials (i.e.
heterogeneous deposits). At the spatial scale of the Assessment, the CMB method estimates total recharge for the area
of the intake beds, which includes widespread diffuse recharge and direct (or localised) recharge.
The premise behind the CMB method is that, in low- to moderate-salinity environments the dissolved chloride ion is
conservative (i.e. does not take part in any geochemical reactions). By comparing chloride concentrations in rainfall to
those measured in groundwater, the recharge rate can be estimated:
R = (P·CP – O·CO)/CG
where R is recharge rate (mm/year); P is mean annual precipitation (mm/year); O is mean annual overland flow
(mm/year); and CP, CO and CG are chloride concentrations (mg/L) in precipitation, overland flow and shallow
groundwater, respectively.
In the Assessment, chloride concentrations in rainfall were obtained from a recently constructed map of chloride
deposition for Australia (Leaney et al., 2011) and chloride concentrations in groundwater were obtained from the
recharge studies by Kellett et al. (2003) and Habermehl et al. (2009). This approach ensured that a consistent estimation
of recharge for the eastern margin of the GAB. For the western margin of the GAB, Wohling et al. (2013b) recently
mapped recharge.
Figure 7.9 shows the recharge estimate for the Cadna-owie – Hooray Aquifer and equivalents. Across the majority of the
Surat Basin, recharge is estimated to be less than 5 mm/year, with the exception of portions of the Hutton Sandstone,
which have values greater than 20 mm/year in the north part of the region. Similarly, recharge values of up to
45 mm/year were estimated for a localised region on the east side of the Coonamble Embayment. For the remainder of
the eastern margin of the GAB, the spatial distribution and values are similar to those reported previously by Kellett et al.
(2003), less than 5 mm/year, with a trend for increasing recharge in the north of the region, with values up to 45 mm/year.
Across the western margin of the GAB, recharge was effectively zero (mean of 0.15 mm/year).
The scarcity of groundwater data prohibited application of the chloride-mass-balance method (CMB) for Cape York.
Instead, the results of previous CMB estimates (Kellett et al., 2003) further south in Queensland (coincident with the
Central Eromanga region) have been used to approximate the rate of recharge in the Carpentaria region. The trend
observed by Kellett et al. (2003) was increasing recharge to the north, corresponding to annual rainfall, with 10 to 20
mm/year in parts the Gilbert River Formation. Recharge occurs where the intake beds outcrop or are shallowly buried
beneath Cenozoic sediments. No estimates have been made for recharge in the intake beds of the Carpentaria or Laura
basins, but it is reasonable to expect the rate of 10 to 20 mm/year would continue northward into the intake beds of the
southern Carpentaria Basin. Furthermore, it is highly likely that recharge in the intake beds would increase northward
with the increase in rainfall. A similar increase was found in the groundwater recharge modelling by Crosbie et al. (2009)
for northern Australia, with up to 300 mm/year of recharge at Cape York. Based on rainfall gradients alone, recharge
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rates of up to 50 mm/year could reasonably be expected to occur in the intake beds of the Laura Basin and northern
Carpentaria Basin. Recharge in these areas must be substantial to maintain the considerable spring discharge and to
provide baseflow to the northern rivers. However, it should also be noted that the correlation between high rainfall and
high recharge would have an upper limit where aquifers are nearly filled to capacity. Where the groundwater levels are
close to the ground surface in the intake beds, rejected recharge could occur, and provide an upper limit. Assuming that
recharge rates would increase northward, the total amount of recharge to the Gilbert River Formation and Helby Beds
was approximated at 432 GL/year.

Figure 7.9 Groundwater recharge estimated by the chloride-mass-balance method to Cadna-owie – Hooray and Hutton aquifers
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7.4

Discharge

Discharge from the GAB aquifers occurs naturally in the form of concentrated outflow from artesian springs, vertical
diffuse leakage from the Lower Cretaceous-Jurassic aquifers towards the Cretaceous aquifers and upwards to the
regional watertable and as artificial discharge by means of free or controlled artesian flow and pumped abstraction from
water bores drilled into the aquifers.

7.4.1

Springs

Springs and areas of seepage are abundant in the marginal discharge areas of the GAB, particularly in the southern,
south-western, north-western and northern areas. Most springs are concentrated in groups, covering relatively small
areas. Habermehl (1982) and Habermehl and Lau (1997) identified 11 of the spring-groups shown in Table 7.1. The 12th
and 13th spring-groups (L – Cape York and M – Mitchell River/Staaten River) were a later addition. Ponder (1986) and
Fensham and Fairfax (2003) re-defined the above spring-groups into Spring supergroups, which are subdivided into
Spring-complexes, Spring-groups and Springs. A Spring could contain one or more vents.
Previous studies of Great Artesian Basin springs
A limited number of records exist on springs and their discharges in the GAB during the early years of development
(ICAW, 1913; 1914; 1922; 1925; 1929). Williams (1974) and Cobb (1975) measured discharges and described and listed
references for springs in South Australia. Fairfax and Fensham (2002), and Fensham and Fairfax (2003) described
historical information and present data, including discharges, from springs in the Queensland part of the GAB. Ransley
(2003) compiled the data of Fairfax and Fensham (2003), and Fensham and Fairfax (2003) into a digital database
(Ransley, 2003).
Fensham and Fairfax (2003) suggest that the total flow rate estimated for GAB springs in Queensland is 102.4 ML/day
and that 95 percent of this flows from recharge springs. More than half of this flow is provided by recharge springs in the
Flinders Group in the northern margin of the Eromanga Basin part in the Euroka Arch area. Fensham and Fairfax (2003)
also report that 93 percent of the original 245 spring groups in the recharge areas in Queensland are still active. In the
discharge areas 36 percent of the original 300 spring-groups have at least some springs that are active. Major damage
or total damage as a result of excavation had been caused to 26 percent of the active spring-groups.
In the South Australian part of the GAB, the Assessment considered springs in 3 supergroups, namely; Lake Eyre
supergroup, Dalhousie supergroup, and Lake Frome supergroup. Williams (1974; 1979) and Cobb (1975) measured the
discharge from a large number of the springs in these areas and Williams and Holmes (1978) also studied spring
discharges. Draper and Jensen (1976) provided some data on the springs in Lake Frome. The SAALNRMB (2009)
estimate that 14 percent of total discharge is from springs, of this total it is estimated that 90 percent comes from the
Dalhousie supergroup. Smith (1989) estimated that total spring discharge to be 25 ML/day.
Springs are also common in the recharge areas along the eastern margins, but most of these springs are the result of
‘overflow’ or the ‘rejection’ of recharge into the aquifers, or result from the intersection of the local topography and
aquifers. Rejected recharge is the expression used for groundwater flowing from springs within and near the GAB
recharge areas, where the groundwater emerges from springs because the groundwater levels within the aquifer are
close to or at the ground surface, resulting in overflow or outflow of the groundwater from the exposed aquifers,
particularly where small or large topographic depressions are present. At times some springs flow if the recharge to the
aquifer exceeds the lateral throughflow or the groundwater movement in the downgradient parts of the aquifer and/or
during or following heavy rainfall. Other springs in and near the recharge areas are present where the local topography,
such as gullies and valleys intersect the aquifers and groundwater outflow results.
Estimates of spring discharge
Rates of discharge from the springs are generally low, and range from less than 1 L/second to about 150 L/second, the
latter from a spring at Dalhousie Springs, northern South Australia. The temperatures of the spring water range from
about 20 to 45 °C. Total spring discharge is estimated at 130 ML/day, with 54 ML/day being produced from the Dalhousie
Springs. Spring discharges have declined as a result of water bore development in many parts of the GAB during the
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past 100 years, and in some areas springs have ceased to flow (Fairfax and Fensham, 2002; Fensham and Fairfax,
2003; Habermehl, 1980; 2001a). Locations of springs have been determined in Queensland using GPS by Fensham and
Fairfax (2003) with data included in Ransley (2003) and locations and elevations of selected springs were measured in
South Australia by (Gotch, 2013).
This amount of 130 ML/day from measurements and estimates of present-day flowing springs in the GAB is probably a
close estimate for all present-day flowing springs, though an unknown number of flowing and non-flowing springs in the
recharge areas of the Surat Basin are not included, nor are all springs in the south-western margin of the Eromanga
Basin in South Australia included. In addition, springs in recharge areas (recharge springs) were not included in these
estimates, despite the fact that springs in recharge areas can produce large flows, which feed the headwaters of some
river systems in the area between Injune and Springsure and north-east of Augathella.
The above figure of 130 ML/day for present-day spring flow is probably much less than the flow from springs in
pre-development days around 1880. However, the original flow from springs in the GAB at that time is difficult to estimate,
as the number of measurements and descriptions of springs throughout the GAB is limited and sometimes variable or
their accuracy is difficult to interpret. Fairfax and Fensham (2002) estimated that 89 percent of spring groups have
become inactive over a large part of the Queensland part of the GAB during the past 100 years until 2002. The reduced
pressures as a result of the lowering of the potentiometric surface following the groundwater extraction by flowing and
pump water bores in the GAB is the main cause of spring flow diminution and springs ceasing to flow. The occurrence of
water bores and their drawdown in the vicinity of springs has affected most springs. Recharge springs could be less
affected as relatively high rainfall in most of the recharge areas probably maintains sufficient flow from those springs.
Springs are quite common in the recharge areas along the eastern margins of the Carpentaria region and are primarily
associated with the rejected recharge process, which has not been studied in great detail. Groundwater discharge is
likely occurring where from the Gilbert River Formation into the river systems via artesian springs. Baseflow discharge is
a significant water source for the river systems in the Carpentaria region. Based on stream gauging data for the Great
Artesian Basin Resource Study (GABCC, 1998), the estimated baseflow contribution on Cape York is 630 GL/year.

Table 7.1 Spring supergroups and estimated discharge rates
Habermehl (1982),
Habermehl and Lau (1997)

Spring supergroup

Fairfax and Fensham (2002),
Fensham and Fairfax (2003)

Estimated
discharge (L/s)

Area

A

Barcaldine

Aramac/Barcaldine/Jericho/Tambo

55

77

228

48.5

B

Springsure

Springsure/Injune

19

37

272

377.95

C

Bogan

Bogan River/Carinda

3

3

-

-

D

Bourke

Yantabulla/Bourke/Weilmoringle

22

22

14

0.135

E

Eulo

Eulo

53

52

204

6.70

F

Lake Frome

Lake From/Lake Callabonna

23

23

-

-

G

Lake Eyre

Maree/Lake Eyre/Oodnadatta

239

277.5

-

-

H

Dalhousie

Dalhousie

84

708

-

-

I

Mulligan River Mulligan River/Mt Whelan

34

34

43

1.05

J

Springvale

8

12

75

7.21

K

Flinders River Julia Creek/Flinders River/Saxby River

25

37

155

719.69

L

Cape York

Cape York Peninsula

-

-

10

23.50

M

Mitchell

Mitchell River/Staaten River

-

-

-

-

565

1282.5

1001

1184.8

Springvale

total

Spring groups

Estimated
discharge (L/s)

Name

Spring groups

Note: blank cells indicate data that was not collected/investigated
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7.4.2

Diffuse leakage

Diffuse groundwater discharge from the GAB occurs by a combination of very slow upward leakage through massive
sections of aquitards and comparatively fast preferential flow along fractures and faults. Both mechanisms discharge
water upwards to the regional watertable. Diffuse discharge is a poorly constrained component of the GAB water balance
and the proportion that may be very slow leakage to preferential flow is unknown. The rate of diffuse discharge is
generally considered to be low; however, the process is also considered to occur across widespread areas.
Woods et al. (1990) and Costelloe et al. (2006; 2009) used chemical and isotopic soil water and shallow groundwater
profiles and evapotranspiration measurements to estimate vertical groundwater fluxes in the south-western margin of the
GAB. A critical assumption in each of these studies is that upward vertical leakage from greater depths maintains a
regional water table, and that the source of upward vertical leakage is from artesian aquifers in the GAB.
Woods et al. (1990) estimated vertical fluxes beneath bare gibber plains of South Australia to be between about 0.5 to
4.5 mm/year. Costelloe et al. (2006; 2009) measured vertical fluxes along and near the outcropping aquifer-aquitard
boundary in the south-western margin of the GAB west of the Peake and Denison ranges and the northern edge of the
Gammon and Willouran Ranges. In these areas with substantial salt crusting at the surface, flux rates were in the order
of 35 to 80 mm/year. Other high flux rates are known from dry salt lakes in Australia, USA and Chile, including discharge
rates from Lake Frome and Lake Eyre at 90 to 230 mm/year and 9 to 28 mm/year respectively (Allison and Barnes,
1985; Ullman, 1985).
Harrington et al. (2013) defined, the term ‘diffuse discharge’ as the myriad of processes involving upward leakage
through the aquitard sequence that do not culminate as modern-day springs at ground surface. Thus ‘diffuse discharge’
includes very slow leakage through massive sections of the aquitard, as well as preferential flow through fractures and
faults, both of which supply groundwater into shallow, phreatic aquifers for subsequent lateral flow and/or discharge by
pumping. Diffuse discharge has been assumed to form an important component of the total discharge budget of the GAB.
However, this has proved difficult to quantify. Harrington et al. (2013) determine leakage rates through the major
confining unit of the Bulldog Shale, and developed a methodology to upscale point estimates to the regional scale.
Chloride profiles through the aquitard were modelled to give an upward flux of approximately 0.0004 mm/year. Noble gas
data in indicated an upward flux of ~20 to 300 ML/day. Of this 20 ML/year can be assigned to slow diffuse leakage while
the remainder would occur via the preferential flow mechanisms. The SAALNRMB (2009) reported that 59 percent of
total discharge is from diffuse discharge.
To provide an indicative value in the water budget, a first-order approximation of the total diffuse groundwater discharge
was made following the method described in Harrington et al. (2013). This Darcy’s Law approach used Figure 7.6,
combined with an estimate of the bulk permeability. This approach is not expected to generate robust discharge
estimates – rather it provided a constraint to the estimated water budget. The first-order approximation for diffuse
discharge was completed for 10 km2 areas across the region. For each 10 km2 area the vertical hydraulic gradient was
calculated between the potentiometric surface and watertable. A fraction (10 percent) of each area was assumed to be
–9
comprised of preferential pathways having a hydraulic conductivity of 1×10 m/second and the remainder of the area
–13
(90 percent) was assumed to have a hydraulic conductivity of 1×10 m/second. The actual fraction of the GAB that may
contain preferential flow pathways is unknown, so additional fractions (5 and 15 percent) were also considered to create
a range of potential estimates. There is also a great deal of uncertainty with the hydraulic conductivity values. However,
this method provides a first-order estimate of diffuse discharge.

7.4.3

Bores

Groundwater in the GAB has been extracted from flowing artesian water bores since artesian water was discovered in
1878, allowing an important pastoral industry to be established. Water bores are up to 2000 m deep, but average about
500 m. Artesian flows from individual bores exceed 10 ML/day (more than 100 L/second), but the majority have much
smaller flows. About 3300 of the 4700 flowing artesian water bores drilled in the GAB, remain flowing. The accumulated
discharge of these water bores (including water supply bores in about 70 towns, as in most cases the artesian
groundwater supply is the only source of water for towns, homesteads and the pastoral industry) is about 1200 ML/day,
compared to the maximum flow rate of about 2000 ML/day from about 1500 flowing artesian water bores around 1918.

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 181

Chapter 7 Regional hydrodynamics

Flowing artesian bores obtain their groundwater from aquifers in the Lower Cretaceous and the Jurassic sequence,
mainly from the aquifers in the Cadna-owie Formation, Hooray, Algebuckina and Pilliga Sandstones and their equivalents,
although in the eastern parts of the Eromanga Basin and in the Surat Basin the stratigraphic lower aquifers in the Hutton
Sandstone and Precipice Sandstone are also used. Extraction from these aquifers has caused significant changes in the
rate of various discharges in time (GABCC, 1998; 1980; 2001a; Habermehl and Seidel, 1979). High initial flow rates and
pressures of artesian water bores have diminished as a result of the release of water from elastic storage in the
groundwater reservoir, and approach a new steady-state condition in many areas.
Naturally non-flowing, but artesian (sub-artesian) water bores generally tap the aquifers in the Cretaceous Winton and
Mackunda Formations. These non-flowing bores, which number over 30,000 (Habermehl, 1980; Habermehl and Lau,
1997) are generally shallow (i.e. several tens to hundreds of metres deep). It is estimated that these, generally
windmill-operated, pumped water bores supply on average 0.01 ML/day, and produce a total of about 300 ML/day.
In the Surat region, the Assessment collated discharge rates for water bores and petroleum wells for the groundwater
model (Welsh et al. 2012) and found that the total groundwater discharge through bores and wells is 232 GL/year. For
comparison, the Queensland Water Commission (QWC, 2012) reported a value of 23 GL/year for the Cadna-owie –
Hooray Aquifer and equivalents in the Surat Cumulative Management Area, which is a smaller area than the Surat region.

7.4.4

Evidence of paleodischarge

Paleodischarge in the GAB has not been studied separately, but some aspects of it are dealt with in some of the
hydrochemistry and isotope studies of the GAB. One investigation of the direct relationship with paleodischarge has been
the studies of spring mound deposits in the south-western discharge margin in South Australia and their dating by
Habermehl (1982; 1989; 2006; O’Shea and Jankowski, 2006), and Prescott and Habermehl (2008).
The area between Lake Frome to Lake Eyre to Oodnadatta and Dalhousie Springs is the natural discharge area of the
GAB for artesian groundwater derived from the eastern recharge areas in the Great Dividing Range in Queensland and
from the western recharge margin in the Northern Territory and South Australia (Habermehl, 1980; 1986; 2001a;
Habermehl and Lau, 1997). Hydrochemical and isotope hydrology studies support the groundwater flow patterns derived
from hydrogeological and potentiometric surface data (Airey et al., 1983; 1979; Bentley et al., 1986; Bethke et al., 1999;
Calf and Habermehl, 1984; Cresswell et al., 1996; Habermehl, 2003; 2004; 2005a; 2005b; Habermehl et al., 1993;
Hasegawa et al., 2010; Lehmann et al., 2003; Love et al., 2000; Mahara et al., 2009; Shimada et al., 1998; 1999;
14
36
Torgersen and Clarke, 1985; Torgersen et al., 1991). The C and Cl and noble gases studies show that the present
artesian groundwater flow directions have been in place for at least 1 million years. Studies of the stable isotope ratios
δ H and δ O show that nearly all values plot on or near the meteoric waterline and that the artesian groundwater is
meteoric in origin (Habermehl, 2001a).
2

18

Many springs have built up conical mounds several metres to several tens of metres in diameter and up to several
metres high. The mounds consist of mud and sand particles brought up from the aquifers and overlying aquitards, by
windblown material and by the chemical and biological precipitation of solids in the artesian groundwater at the ground
surface. Many of the carbonate spring mound deposits comprise tufa, travertine and very fine-grained or crystalline
carbonate. Dating of some of these carbonate deposits from artesian springs in the south-western margin of the GAB
show ages up to 700,000 years (Prescott and Habermehl, 2008; Priestley et al., 2013).
The spring mound deposits in the area south-west of Lake Eyre range from topographically high and apparently older
deposits to topographically low springs with younger deposits. The change in elevations of the different spring mound
deposits over time appears to be the result of the lowering by erosion of the land surface and spring outlet levels in
Quaternary times (Habermehl, 1982). Several of the older spring deposits of now dry extinct springs (springs which are
unlikely to ever flow again because of their elevation in relation to the present potentiometric surface of the Lower
Cretaceous-Jurassic aquifers in the region and/or because they are probably fully cemented) occur up to more than 45 m
above the ground surface and above nearby active flowing springs with younger spring deposits (Habermehl, 1982). The
carbonate deposits of the extinct and no longer flowing springs of Hamilton Hill, Beresford Hill, parts of the Kewson Hills
and the Strangways Springs area form hard limestone caps and large carbonate platforms on pedestals and circular
mesas of the underlying Bulldog Shale, which have been protected from erosion by these spring carbonate deposits
(Habermehl, 1982). An additional cause of the lowering of the spring outlet levels has been the lowering of the
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potentiometric surface of the artesian aquifers of the GAB in this area, the main discharge region of the GAB during the
Quaternary.
During the period from the late 1800s until the present, spring flow rates have severely diminished as a result of the
drilling of flowing artesian bores and the subsequent lowering of the potentiometric surface in the spring regions. Some of
the large and older spring mound deposits still show spring activity, with many flowing artesian springs and seepages
occurring in parts of the Kewson Hill, Elizabeth Springs and Strangways Springs mounds. Some parts of these spring
mounds contain extinct springs and also inactive springs, the latter being springs which are not flowing at present, but
which may start flowing again. Jersey Springs (north-west of Elizabeth Springs), Elizabeth Springs and Kewson Hill have
also many springs below the general ground surface, in incised creek gullies and valleys.
Luminescence dating of quartz sand grains within a representative selection of the spring mound deposits provided the
ages of these sediments and show that the spring mound deposits were laid down over a time range from the present
day to more than 740,000 years ago. The spring deposits of three active flowing springs have ages of 15.1 ±2.2,
10.9 ±1.5 and 13.9 ±1.0 ka respectively. Spring complexes with both active flowing and dry extinct mounds have ages of
60 ±8 and 219 ±35 ka. Spring deposits of springs which ceased flowing, and are overlying pedestals of Cretaceous
Bulldog Shale and of substantial height (up to more than 45 m above the surrounding plain) gave ages of 128 ±33 ka and
400 ±100 ka respectively. A large spring mound, with active flowing springs, and other inactive parts, was sampled from
a dry inactive part, which gave an age of 740 ±120 ka (Prescott and Habermehl, 2008).
The ages of several basal spring deposits, as determined from

14

C, U/Th, thermoluminescence and paleomagnetic

studies suggest that some springs might have been (re-)activated as a result of major climatic changes. Wet and dry
periods in the Lake Eyre Basin region correlate with marine oxygen isotope stages as shown by Magee et al. (2004) who
determined a lake level curve for Lake Eyre and wet and dry events based on the intensity of the Australian monsoon for
the past 150,000 years. Stratigraphic analyses of the Lake Eyre region sediments provided a nearly continuous record of
lake level changes, chronologically constrained by multiple dating techniques.
Several dated spring deposits and possibly the emergence of some springs appear to be related to paleoclimate events
and the start of the wetter or full-lake periods during the Pleistocene (Prescott and Habermehl, 2008). Some of the dated
spring deposits were laid down in the early parts of wet and high level lake periods following long dry periods, which
suggest that wet periods resulted in increased recharge and increased pressures in the GAB and increased flow from
existing or newly established springs in the discharge areas. The variations of the paleoclimates of the Lake Eyre
(surface water) (Hesse et al., 2004) will have affected the main groundwater discharge area of the GAB located to the
west, south-west, south and south-east of Lake Eyre, but more importantly the eastern and western recharge areas of
the GAB. Parts of the north-eastern margin of the Lake Eyre (surface water) Basin coincide with the north-eastern
recharge area of the GAB and the western recharge area is located within the Lake Eyre catchment. A sustained
increase or decrease in rainfall and evaporation has an effect on the GAB’s recharge areas. Significant changes could
alter the potentiometric surface, hydraulic gradient and hydrodynamics of the artesian groundwater in the GAB and affect
the discharge areas, including spring flow and spring development and spring mound deposition. The older spring
deposits with ages of more than 200,000 years to 740,000 years cannot be precisely correlated with dry and wet evens
at this stage (Prescott and Habermehl, 2008).

7.5

Water budget components

Managing groundwater resources relies on understanding the characteristics and scale of groundwater recharge, flow
and discharge. For the GAB, like many other semi-arid to arid zone aquifers around the world, the current rate of
recharge is significantly less than discharge. Groundwater currently stored in the Cadna-owie – Hooray Aquifer and
equivalents is a legacy from higher recharge rates that occurred during much wetter periods in the early Holocene and
Pleistocene age.
A regional groundwater budget provides an estimate of the total amount of groundwater inflow and outflow for a given
timeframe. Table 7.2 provides a summary of the region’s water budget components and a brief comparison of some
water components with previous estimates and groundwater modelling. A regional groundwater budget is often
determined from the results of a groundwater model. However, considering that the primary aim of the Assessment is to
update the conceptualisation of the GAB, the groundwater budget is estimated from the latest groundwater information
rather than a groundwater model. This groundwater information (e.g. groundwater chemistry, calculations by Darcy’s
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Law) is independent of any groundwater model. The intention of this water budget is to provide an indication of the net
inflow and outflow for the GAB, and is only representative of the Cadna-owie – Hooray Aquifer and equivalents.
For a complex groundwater system – such as the GAB – there could be several different components for inflow and
outflow. There is a degree of uncertainty about each component of the water budget. This can lead to a range of values –
that have either been determined from a single method (having a range of uncertainty) or from using the findings from
different studies. Estimated diffuse fluxes (recharge and discharge) are based on relatively simple relationships and the
extrapolation of point measurements to a broad spatial scale. For recharge, this includes concentrations of chloride in
precipitation and groundwater. For discharge, this includes the permeability (expressed as hydraulic conductivity) that is
assumed to represent the entire thickness of a geological formation and the proportion of the region that may have
preferential flow pathways. Considering these uncertainties, the regional water budget components presented should be
considered indicative budget, rather than exact budget. The estimates of recharge and discharge are also only
representative of modern conditions. However, the groundwater systems of the GAB have been evolving over a
geological timescale.

Table 7.2 Summary of water budget components for the Cadna-owie – Hooray Aquifer and equivalents
Reporting region

Groundwater recharge
Chloride mass
balance1

Chloride mass
balance2

Surat

157

Central Eromanga
Western Eromanga
Carpentaria
Total
Reporting region

Bore extraction

Assessment
modelling3

Conceptual
diagrams4

Assessment
modelling3

295

185

237

232

162

264

165

142

155

7

N/A

40

7

60

N/A

N/A

101

432

64

326

559

491

818

511

Diffuse discharge5

Spring discharge
Habermehl (1982)

5% preferential
pathways

10% preferential
pathways

15% preferential
pathways

Surat

14

46

92

139

Central Eromanga

25

62

124

185

Western Eromanga

24

37

72

109

N/A

N/A

N/A

N/A

63

145

288

433

Carpentaria
Total
1

see section 7.3.3
Kellett et al. (2003) and Habermehl (2009)
GABtran and Cape York models, Welsh et al. (2012)
4
see Chapter 9
5
method described by Harrington et al. (2012), see section 7.4.2
2
3
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8

Regional hydrogeochemistry

Author: Cresswell RG and Duesterberg C
This chapter presents a synthesis of hydrochemical trends occurring in the Great Artesian Basin, which are discussed in
the context of the updated conceptualisation presented in earlier chapters of this report. The hydrochemical data and
previous findings of Radke et al. (2000) are reinforced in many parts of this chapter. A summary of the hydrochemical
data sources and additional plots (Piper and Schoeller) are presented in Appendix F.

8.1

Hydrochemical and stable isotopic trends

Radke et al. (2000) presented hydrochemical trends in groundwater of the Cadna-owie – Hooray Aquifer and equivalent
formations following a number of flow paths, starting from recharge areas of the Great Artesian Basin (GAB) and
continuing down gradient to discharge zones. Stable isotopic data from these groundwaters have shown that the waters
that enter the confined area of the GAB from the eastern recharge areas are meteoric in origin (Airey et al., 1979). That
is, the groundwaters of the GAB are initially derived from rainwater. This rain contains trace levels of a number of ions,
derived mostly from seawater, but also from entrained dusts and aerosols liberated from the land and mixed in the
atmosphere. The rain will also dissolve any salts (such as halite and gypsum) lying on the land surface and these
minerals will add additional sodium (Na), chloride (Cl), calcium (Ca) and sulphate (SO4) to the water. Evaporation and
transpiration of this dilute solution as it permeates the soils will concentrate these ions further. Weathering and oxidation
of any sulphides and feldspars as the solution infiltrates through the soils of the intake beds will release SO4 and silica
(Si) ions into solution. As the waters flow down gradient, oxidation conditions near the intake beds is generally replaced
by reduction processes and SO4 concentrations may decrease unless additional sources of oxygen are present.
Rainwater is generally slightly acidic (carbonic acid) and this initiates carbonate dissolution, although methanogenesis or
methanation is an important process that can also increase the amount of bicarbonate (HCO3) in the system if there is
significant organic material either dissolved in the groundwaters or in the host rock. At the same time, ion exchange
between the groundwater and reactive clays in the host rocks takes place, with Ca and magnesium (Mg) more strongly
held to clays and Na likely to given up to the groundwaters. Ultimately, these non-conservative ions reach equilibrium
through the system while conservative ions, such as chloride, may continue to diffuse from more concentrated formations
into less concentrated formations. Thus, as the total dissolved solids (TDS) or total dissolved ions (TDI) increase,
groundwaters evolve towards dominance of Na and Cl, but with still elevated HCO3 and Si. This simplified evolutionary
process is further explored below.
Of all the possible flow path permutations across the GAB, three flow paths (NEa, CEc and CEd) were used by Radke et
al. (2000) to illustrate the range of geochemical evolution scenarios and have been considered in detail through
modelling using the NETPATH geochemical modelling package (an interactive program for modelling geochemical
reactions along a flow path) (Radke et al., 2000) (Figure 8.1). These flow paths are summarised as follows.
Northern Eromanga flow path
The northern Eromanga (NEa) flow path represents a complete progression from recharge to discharge across the
longest flow path in the GAB. Groundwaters recharge along the Great Dividing Range, then flow from north-east of
Hughenden, south-west beneath Winton and across to join the Birdsville Ridge at Birdsville. Groundwaters then head
south to Lake Eyre where they discharge as a series of springs. This represents the classic Great Artesian Basin flow
path with groundwaters entering the system through recharge in the north-east likely taking in excess of two million years
to discharge in the south-west (Bentley et al., 1986; Radke et al., 2000; Torgersen et al., 1991).
Along the first 250 km of the NEa flow path (see Figure 8.1) there are gradual increases in total dissolved ions (TDI), Na
and alkalinity, decreases in Ca, Mg, SO4 δ H and δ O, while Cl remains constant. This indicates the occurrence of
2

18

cation exchange reactions that consume Ca and Mg and contribute Na and alkalinity to groundwater. Between 250 and
600 km along the NEa flow path, changes in major ion concentrations are similar to along the first 250 km of the flow
36
path, with the exception of increases in Cl. There is also a slight increase in Cl/Cl suggesting the introduction of

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 191

Chapter 8 Regional hydrogeochemistry

younger and slightly more saline groundwater from the north-western margin of the GAB. Beyond 850 km along the NEa
flow path (downgradient of the Toomba Thrust) major ions (excluding SO4), TDI and alkalinity increase markedly due to
mixing of groundwater with flow from the Central Eromanga Depocentre.

Figure 8.1 Transects showing major ion variation within the Cadna-owie – Hooray Aquifer downgradient of the eastern recharge zones
(Radke et al., 2000)
Note: NEa – northern Eromanga flow path A; CEc – central Eromanga flow path C; CEd – central Eromanga flow path D
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Central Eromanga flow paths
The northern of the central Eromanga Basin flow paths, CEc, illustrates the chemical evolution of groundwaters
recharging on the eastern margin and flowing into a deep basin, in this case the Central Eromanga Depocentre.
Along the first 40 km of the CEc flow path there are small increases in TDI, Na, K, Ca and alkalinity coinciding with
36
36
decreases in Cl, Mg, SO4, Cl/Cl and Cl. Increases in Na and alkalinity indicate cation exchange, but Ca also increases
markedly. Beyond 150 km along the CEc flow path (downgradient of the Canaway Fault) TDI, alkalinity and all other ions
36
36
increase whilst Cl and Cl/Cl remain low. This represents an abrupt transition to low flow conditions in the Central
Eromanga Depocentre.
Further south, the CEd flow path originates in the same recharge zone as path CEc, but flow is to the south-west across
the Eulo and Nebine ridges area; across the divide between the Surat and Eromanga Basins where GAB beds thin and
converge.
Along approximately the first 150 km of the CEd flow path, Cl is high, associated with the TACEM (a region extending
across the Tambo, Augethella, Charleville, Eddystone and Mitchell 1:250,000 map sheets) anomalies. Increases in TDI,
Na, alkalinity and δ C also occur along this section, while potassium (K), Ca and Mg decrease significantly.
13

36

Cl/Cl

gradually decreases downgradient, but still remains high and SO4 remains high. Beyond 250 km along the CEd flow path
(corresponding to the region where all the ‘J’ aquifers merge as the aquitards thin out) TDI, Cl, Na, K and alkalinity are
lower and increase downgradient, while Ca, Mg and SO4 remain low. The lower ion concentrations in the Cadna-owie –
Hooray Aquifer beyond 250 km along the CEd flow path are due to mixing with lower salinity groundwater up-welling
from the underlying aquifers as the units thin across the Nebine arch.

8.2

Hydrochemical evolution

To explain the hydrochemical trends seen in across the GAB, as illustrated by the flow paths defined by Radke et al.
(2000) and summarised above, a number of processes must be considered:
•

concentration of salts and gases due to evapotranspiration

•

respiration

•

dissolution of soil gases

•

dissolution of salts

•

bacterial sulphate reduction

•

fermentation

•

methanogenesis

•

reactions with aquifer minerals and gases

•

diffusion of ions from adjacent aquitards

•

upward leakage of groundwater from underlying aquifers.

The influence of these processes on the evolution of groundwater is complex, but generally leads to a gradual increase
in TDS in the groundwaters and this can be used as a first approximation for groundwater geochemical evolution paths
(Figure 8.2). The sequence of dot points above represents the approximate change in emphasis in process as the
groundwater moves from the recharge zone through unconfined then confined then artesian conditions and through to
the discharge zone. Multiple processes may in operation at any given location to varying degrees and multiple lines of
evidence must be used to evaluate each flow path in detail.
Groundwater from the eastern side of the Eromanga Basin is observed to transition from a low TDS groundwater of CaMg-HCO3 type to a Na-HCO3 type groundwater with increasing distance from the recharge zone.

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 193

Chapter 8 Regional hydrogeochemistry

Figure 8.2 Total dissolved solids for groundwaters within formations of the Great Artesian Basin sequence

NETPATH modelling of evolutionary paths of groundwater in the Coonamble Embayment and the Eromanga Basin
showed that the Ca-Mg-HCO3 and Na-HCO3 type groundwaters could have originated from an early, shallow, low-TDS
groundwater. This supposition is based in part on the isotopic evidence from the stable carbon isotopes of inorganic
matter in the groundwaters, whereby soil-derived (recharge) CO2 with δ C values of –22 per milPDB is mixed with CO2
13

from formation dolomite and calcite that have δ C values of –6.5 per milPDB (PDB is PeeDee Belemnite, a carbonate
13

standard used for carbon-13). This also indicated that processes involving carbonates are critical in understanding the
chemical evolution of GAB groundwaters.
High TDS coincides with the Surat and Eromanga depocentres for all aquifers in the GAB while the Carpentaria is the
freshest basin, reflecting the high annual rainfall of the northern system that generates significant recharge each year to
the intake beds and overlying Cenozoic formations during the wet season (CSIRO, 2009).
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8.2.1

Carbonate processes

All of the aquifer groups described in the Assessment show similar spatial trends in TDS (Figure 8.2). The increase of
total dissolved solids (TDS, or TDI) along the groundwater flow paths is primarily caused by the dissolution of aquifer
carbonates (i.e. calcite, dolomite and possibly siderite).
+

During the groundwater recharge process, low-TDS, slightly acidic water acquires CO2 and/or H which dissolve the
aquifer carbonates (i.e. calcite):
1.

CaCO3 + CO2 + H2O → Ca

2.

CaCO3 + H → Ca
+

2+

2+

+ 2HCO3

–

+ CO2 + H2O
2+

+

+

As groundwater flows through the aquifer, Ca , generated by reactions 1 and 2, exchanges for Na and H on clays:
3.

Ca

2+

+ Na, H-Clay → Na + H + Ca-Clay
+

+

Calcite dissolution along the groundwater flow path continues due to calcite undersaturation driven by the removal of
2+
Ca by reaction 3:
4.

CaCO3 → Ca

2+

+ CO3

2–
+

This requires an ongoing addition of CO2 and/or H which is likely generated through methanation of organic material to
water, hydrogen sulphide, sulphide and CO2 (Figure 8.3).
These reactions contribute to an:
•

increasing Na and HCO (or alkalinity) in groundwater (Figure 8.4)

•

increase in pH as CO2 and H are consumed

•

initial increase followed by a decrease in the partial pressure of CO2 with increasing pH

•

initial increase in Ca

•

increase in δ C of dissolved carbonate (Figure 8.5).

+

–

+

2+

followed by a decrease to near zero

13

In the Coonamble Embayment the δ C is bimodal (–12 and –6.5 per mil). δ C gradually increases from an assumed
13

13

initial value of –22 per mil in recharge waters, along the groundwater flow path to –12 per mil, and to a predominant
value of –6.5 per mil. This may be caused by two separate or sequential dissolution processes. A δ C value of –12 per
13

mil in groundwater can be produced by dissolution of an aquifer carbonate (–6.5 per mil) by CO2 gas of –22 per mil, but a
+
value of –6.5 per mil in groundwater requires extensive dissolution of aquifer calcite by H , possibly combined with
isotopic exchange. Groundwater with the δ C value of –12 per mil is not necessarily the precursor of groundwater with
13

the δ C value of –6.5 per mil. These values could have been produced by mixing of two groundwaters.
13

Intriguingly, the δ C values reported for groundwaters in the Cooper Basin, which underlies the Eromanga Depocentre,
13

are similar (–11.7 to +0.3 per milPDB) to those measured in groundwater in the Cadna-owie – Hooray aquifer. This
suggests that upward leakage and diffusion of carbon from the Cooper Basin may be taking place.
The increase in sodium, coupled with the decrease in Ca and Mg results in groundwaters with a high sodium adsorption
ratio (SAR) (Figure 8.6). In general, waters with SAR > 8 are considered too sodic for irrigated agriculture or potable
supplies. Much of the GAB, therefore, provides groundwater that is only suitable for pastoral agriculture. Areas with
waters with high SAR and high TDS (salinity) are unsuitable for stock supplies.
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Figure 8.3 Typical evolution of bicarbonate concentration in the Great Artesian Basin intake beds (Taulis, 2007)

As was noted for TDS, there is a broad coincidence in alkalinity and SAR for the confined aquifers of the GAB. The
unconfined Winton-Mackunda and equivalent aquifers generally show lower values, except in the vicinity of the discharge
springs where evaporating discharge waters from lower formations recharge the overlying aquifers.
Also clearly demarked are the three major groundwater basins in the GAB: Surat, Eromanga and Carpentaria, separated
by generally fresher zones across intervening arches or ridges. Preferential recharge across these highs act to enforce
the separation of these basins with interrupted flow paths and indeterminate evolutionary histories (see chemical trends
for flow path CEd, Figure 8.1).
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Figure 8.4 Alkalinity for groundwaters within formations of the Great Artesian Basin sequence
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Figure 8.5 Stable carbon isotope variations in Cadna-owie – Hooray groundwaters
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Figure 8.6 Sodium adsorption ratio for groundwaters within formations of the Great Artesian Basin sequence
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8.2.2

Silicate processes

In the early stages of chemical evolution, the SiO2 concentrations in groundwater in the Carpentaria, Karumba and
northern Eromanga basins and the Coonamble Embayment are partly controlled by the solubility of amorphous silica and
mainly controlled by chalcedony solubility in more evolved groundwaters (indicated by higher alkalinities). The source of
silica in groundwater is unknown, but is most likely derived from silica and silicate minerals within the aquifer.

8.2.3

Processes affecting minor cations and anions

Cation and anion concentrations in groundwater change in two main patterns as groundwater evolution increases the
alkalinity:
1.

Concentration gradually increases in the early stages of groundwater evolution to a maximum and then
decreases (e.g. CEc flow path)

2.

Rapid increase in concentration during the early stages of groundwater evolution and then decreases (e.g.
NEa flow path).
2+

2+

2+

+

2–

2+

2+

2+

Pattern 1 is generally followed by Ca , Mg , Sr , K and SO4 . Ca , Mg and Sr evolve in parallel with the
+
2–
carbonate system. The controls on K and SO4 evolution are less obvious. It is likely, however, that the decrease in
SO4

2–

2–

as groundwater evolves is due to bacterial sulphate reduction to S

(Figure 8.7).

Iron and manganese follow pattern 2. Initially iron increases as dissolved oxygen decreases in groundwater via microbial
3+
2+
processes, and as Fe in iron oxides is reduced to Fe . Subsequent reductions in iron concentrations result from
2–
increasing S concentrations and the precipitation of iron sulphides, and/or the precipitation of iron carbonate (siderite).
Siderite and iron sulphides are common in GAB sediments and groundwaters are commonly close to saturation with
respect to siderite.

Figure 8.7 Typical evolution of sulphate concentration in the Great Artesian Basin intake beds (Taulis, 2007)
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Figure 8.8 Sulphate concentrations for groundwaters within formations of the Great Artesian Basin sequence

Sulphate is highly correlated with recharge areas, petroleum basins, discharge areas and with the western margin of the
GAB (Figure 8.8).

8.2.4

Evidence of vertical mixing

For vertical mixing to occur a gradient in concentration and/or hydraulic head must be present to drive a differential flux.
The rate of the mixing is then a function of the permeability, and hence hydraulic conductivity, of the adjacent layers and
the ability to transfer water and its constituents across boundaries. Thus, in recharge zones this flux is dominantly
downwards, while in discharge areas the flux is predominantly upwards (as shown in Chapter 7). Aquitards, with low
hydraulic conductivity, impede vertical fluxes while aquifers, with high hydraulic conductivities, promote flux. Critical,
therefore, are areas where aquifers overlying aquifers and the spatial variability in aquitards. Chapter 5 describes the
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potential for inter-connectivity where aquifers (or leaky aquitards) are juxtaposed. Chapter 7 describes the pressure
potentials across the GAB and the relationship of pore pressures to the prevailing hydrostatic pressures. The pressure
differential between the confined and unconfined systems is also presented in Chapter 7. Critically, where a pressure
differential exists in the same locality as either juxtaposed aquifers, or where structures, such as regional tectonic faults
or polygonal faults, provide conduits for flow, there will be an exchange of groundwaters between formations.
Similar evolutionary processes appear to be operating throughout the basin and throughout the different aquifer systems
making it difficult to categorically determine vertical mixing from major element considerations. Mass balance estimations,
however, suggest that vertical fluxes are large and a qualitative estimate of relative fluxes out of the Cadna-owie –
Hooray and equivalents was attempted by Radke et al. (2000) (Figure 8.9).

Figure 8.9 Reduced groundwater flow (thick to thin arrows), leakage (vertical arrows) and increased salinity (blue to red colours) depict
the hydrodynamics of the Cadna-owie – Hooray aquifers of the Great Artesian Basin (from Radke et al., 2000)

Minor elements that are not present in significant concentrations in recharging waters can provide clues to vertical
leakage in the GAB. Fluoride is an element thought to derive from deeper granites and the concentration distribution
across the GAB (Figure 8.10) suggests areas where vertical leakage is prevalent. In particular, prominent fluoride
concentrations around Longreach and extending down to the Queensland – New South Wales – South Australia corner
can be correlated with deep granites (Radke, 2009).
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Figure 8.10 Fluoride concentration for groundwaters within formations of the Great Artesian Basin sequence
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Diffusion, hydraulic gradients and discharge rates
Across the GAB, only one explicit and reported study has aimed at quantifying vertical fluxes through the major aquitard
sequence (Harrington et al., 2013). Two cored boreholes west of Lake Eyre were analysed for geologic, geophysical,
physical, chemical and isotopic properties and numerical simulations of one-dimensional flux were used to estimate
vertical fluxes through multiple lines of evidence. Estimation of diffuse discharge (defined in Figure 8.11) revealed very
low but pervasive discharge form deeper aquifers via the regional aquitard (Table 8.1). Estimates using noble gases may
give limits on preferential discharge, which appears to be a significant volume in the mass balance of the GAB.

Figure 8.11 Conceptual diagram of groundwater discharge mechanisms evaluated as part of the Harrington et al. (2013) study

Table 8.1 Comparison of groundwater discharge rate estimates for the south-west margin of the Great Artesian Basin (Harrington et al.,
2013)
Reference

204 ▪

Discharge (ka)

Method

Comment

Evaporation from soils,
assumed to be equal to
GAB leakage

Rate (mm/y)

Volume (ML/d)

Woods et al. (1990)

0.5 to 7

-

Soil water chloride and
deuterium profiles

Far North Prescribed
Wells Area WAP

-

274

Residual term in regional
water balance

Costelloe et al. (2011)

0.5 to 300

~200 to 690

Soil water chloride and
deuterium profiles, eddy
correlation,
microlysimeters

Evaporation from soils,
assumed to be equal to
GAB leakage

Harrington et al. (2013)

0.0003 to
0.0005

~0.2

Vertical profiles of
hydraulic and isotopic data

Evaporation from soils

Harrington et al. (2013)

-

~20 to 300

Noble gases in phreatic
aquifer

Preferential discharge
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8.3

Inference of groundwater age

Radiogenic isotopes allow the inference of time constraints on the hydrodynamics of the GAB. These nuclear clocks
enable flow rates through the system to be deduced and mean age of groundwater to be estimated. Unfortunately, there
are no long-lived radio-isotopes of the constituent elements of water (hydrogen and oxygen), so radio-isotopes of
dissolved species are used. These can act as proxies for the groundwater, if it can be established that their evolution
follows that of the water in which they are sampled.
36

Fortunately, the most conservative ion in groundwaters, chlorine, has a naturally-occurring radioisotope, Cl, that has a
half-life (300,000 years) that is ideally suited to groundwater systems that are as extensive as the GAB. Over 300
36
groundwater samples have been analysed for Cl content across the basin. From these data, Radke et al. (2000)
selected 183 quality assured analyses from the Cadna-owie – Hooray aquifers and equivalents to establish a spatial
distribution of the radio-isotope’s concentration across the basin. The concentration was normalised to the stable
isotopes of chloride to eliminate any environmental effects that may occur during recharge.
Radiocarbon has also been measured at various locations across the GAB. The shorter half-life (5730 years), however,
precludes its use except in the near-recharge region, predominantly within the unconfined zone of the aquifer.
Measurement is made on the dissolved inorganic carbon (DIC), with results reported as percent modern carbon (pMC).
4

Other works have considered the radioisotopes He (Bethke et al., 1999; Mahara et al., 2009; Torgersen et al., 1992)
40
87
Ar (Torgersen et al., 1989) and Sr (Collerson et al., 1988) in the GAB.

8.3.1

Carbon-14

14

The C distribution across the GAB nicely locates the regions of prominent recharge around the GAB’s margins,
particularly the influence of the Finke River on the western margin (Figure 8.12). Radiocarbon rapidly diminishes to
background levels away from recharge areas and recharge values are not consistent across the GAB. There are
insufficient sampling locations to fully characterise the intake beds, but sample pairs (two bores sampled along a similar
flow line can give an insight into the flow-rates of recharging waters within 200 km of recharge. These are summarised in
Table 8.2. A simple decay relationship is assumed, which is a valid assumption, provided the chemistry does not
significantly vary, particularly with respect to bicarbonate. The paucity of
precludes any further meaningful analysis of the data.

14

C sampling in specific recharge zones

Table 8.2 Average flow rate analyses based on parent-daughter 14C pairs from the margins of the Great Artesian Basin
δ age (ka)

Flow path length (km)

Flow rate (m/y)

Northern Eromanga

8.1

22

2.7

Central Eromanga

18.7

54

2.9

Surat Basin

17.4

31

1.8

Western Margin

3.3

23

7.0

Region
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Figure 8.12 Carbon-14 variation in the Cadna-owie – Hooray Aquifer groundwaters across the Great Artesian Basin (after Radke et al.,
2000)
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8.3.2

Chlorine-36
36

The relatively low density of the Cl data nevertheless shows a regional spatial pattern that succinctly delineates the
hydrodynamic regimes of the GAB (Figure 8.13).

Figure 8.13 Chlorine-36 to chloride ratio variations in the Cadna-owie – Hooray aquifers across the Great Artesian Basin
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Chlorine-36 is produced naturally by cosmic ray interactions with the atmosphere (mostly with the argon). It is dissolved
in water vapour and falls out with rainfall, together with any sea-spray or terrestrially-derived salt. The variability of the
salt content of rainfall, combined with near-surface effects of evapotranspiration and mixing with surface salts, means
36
36
15
that normalisation to chloride (the Cl to chloride ratio – traditionally reported as Cl/Cl as parts per 10 ) is generally
36
more useful to diagnose processes and estimate groundwater ages, than is the total Cl concentration. The latter is
36
useful, however, when looking at recharge processes and at time frames beyond the limit of Cl dating. Chlorine-36 is
35
also produced from neutron-capture on Cl. Pertinent to the GAB, trace levels of uranium and thorium in the aquifer
36
release sufficient neutrons to create a background of Cl in the groundwaters proportional to the amount of chloride
–15
present. This in situ background (giving a ratio of about 10 x 10 in the GAB) limits the age to which we can date
–15

groundwaters. This limit is defined by the recharge value, which varies from a ratio of about 80 to over 180 x 10
around the margins of the GAB and this limits age information to less than 900 ka for western GAB waters where the
–15
input value is about 80 x 10 , to 1.2 Ma for waters derived from the south-eastern (Coonamble) recharge zone where
–15
recharge values in excess of 180 x 10 are observed.
Once in the confined aquifer, three main processes can vary the observed ratio: decay of the radioisotope and/or mixing
with salts dissolved from the host rocks and/or mixing with more saline groundwaters within the aquifer itself. By
employing a model that incorporates these three processes, we can obtain a best fit to the observed data and thus derive
36
flow-rates for the groundwaters of the GAB. Basically, two end-member parcels of water are ascribed initial Cl and
chloride concentrations and progressively mixing, while also incorporating a rate of mixing and thus a decay component.
This model is then superimposed on data defined by transect analysis based on the potentiometric surface and
combined with geochemical congruency and an iterative process is employed until a best fit is obtained between the
model and the data.
From 4 broad recharge regions, 11 groundwater streamlines were previously modelled (Radke et al., 2000). In general,
36
the Cl to Cl ratio diminishes into the GAB. The rate of diminution varies substantially across the region, and is lowest
along the Eulo and Nebine ridges area and along the north-northwestern Eromanga (the Diamantina-Birdsville Track
Ridge) plume. Beyond the Toomba Thrust, where this plume changes direction southward, the ratio remains almost
36
36
constant, at a level that is commensurate with in situ production of Cl. Rapid drops in the Cl to Cl ratio are observed in
the Coonamble Embayment and on the western margin. These signify a substantial source of very old chloride to the
36
system that swamps out any age information we may have obtained from the Cl signal.
The best flow-lines for the analysis of the age structure, and hence flow-rates, of the GAB waters are along the zones of
36
gradual Cl drop noted above. The best model fit to the data requires a gradual incorporation of formation salt dissolved
into the groundwaters as they evolve down gradient. Thus, about 0.7 mg/L chloride is added along the north-east derived
transect every 100 ka at least as far as Birdsville (Figure 8.14). From there to Mungeranie in north-east South Australia
the waters rapidly approach background levels, and we may invoke mixing with the more saline groundwaters waters
observed southward towards the discharge zone. Unfortunately, there is insufficient spatial data to resolve this scenario
from that of continued dissolution of 0.7 mg/L chloride from adjacent beds every 100 ka. This is largely because beyond
36

Mungeranie, the Cl signal is swamped by the in situ levels (Figure 8.15). From this, we estimate that the groundwaters
take an average of 300 ka to reach Birdsville from the recharge zone and a further 500 ka to reach Mungeranie. This
give flow-rates of 2.5 m/y from recharge to Birdsville, then reduced flow of 0.5 m/y to Mungeranie. These rates compare
36
36
to the lower estimates of flow of 1.3 m/y and 0.4 m/y, respectively, if Cl decay is taken as the only control on Cl levels.
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Figure 8.14 Modelling of potential mixing curves for 36Cl data from the north-east to south-west transect (after Radke et al., 2000)

A similar situation occurs along transects from the eastern recharge beds. The chloride levels, however, are more
variable, and decrease down gradient. Invoking paleo-environmental variations, as suggested for chloride, sodium,
36

calcium, sulphate and alkalinity trends in this region, we can use the Cl to Cl ratio as an approximate age indicator, and
ignore any addition of chloride from within the aquifer. This would suggest that the main arcuate anomaly observed in
36
other ions occurred approximately 60 ka, though we are sampling the very northern edge of this anomaly with the Cl.
36

Plotting the Cl to Cl ratio against alkalinity for this transect reveals a strong correlation (Figure 8.15). This is apparent
36
for all Cl to Cl data samples in the Cadna-owie – Hooray aquifers. This relationship allows the extrapolation of time
36
lines beyond that available through Cl alone. Thus, waters from locations up-gradient of Mungeranie. This suggests
that alkalinity continues to increase through the GAB to discharge. From this we estimate ages for groundwaters
discharging in the south-west to be between 1 and 2.2 Ma (Figure 8.15).
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180
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80
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Figure 8.15 Concordance of alkalinity increase with 36Cl to Cl ratio decrease along the north-east to south-west trending flow line
through the Eromanga Basin (after Radke et al., 2000). Dashed line shows a possible, but less likely, alternate flow line from the same
recharge source
36

The very low Cl to Cl ratios that approach zero in the Cape York groundwaters are seen to result primarily from the
36
dilution effect from the oceanic signature of the Gulf of Carpentaria-derived salts. Higher Cl to Cl ratios within the older
groundwater seen in the Weipa bores, may reflect Quaternary recharge during periods of lower sea-level. At low
sea-level in glacial periods, the Gulf became isolated from oceanic influences with the emergence of the Torres Strait
and the Arafura Sill, and was transformed into the freshwater Lake Carpentaria (Torgersen et al., 1988).
36

–15

There are only two other regions defined by low Cl to Cl ratios of <10 to 20 x 10 , one within the Central Eromanga
depocentre and south-westwards to the mound springs, and the other in the north-western area of the Coonamble
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Embayment. By inference from the analysis of the transects described above, these areas represent regions of very slow
to stagnant flow of groundwaters.

8.4

Discussion of implied hydrodynamics

We currently only have a reasonable picture of the hydrodynamics of the main production aquifers of the GAB – the
Cadna-owie – Hooray and equivalents (Radke et al., 2000). Spatial patterns of the more limited data for other GAB
aquifer groups, however, are similar to those of the Cadna-owie – Hooray and equivalents, suggesting similar chemical
evolutions. The Surat and Carpentaria Basins are clearly distinguished and separate from the Eromanga Basin.
Recharge from the eastern margin is distinctly different to that from the western margin. In particular, the western margin
retains a high sulphate concentration that is rapidly lost in waters derived from the eastern recharge areas. This suggests
that sulphate reduction seen in the east is not present in the west.
The presence of regional tectonic faults can help explain the variability in ionic concentrations across the GAB, though
this requires further investigation. The Toomba Fault appears to provide a significant break to groundwater flow and
causes upwelling and discharge in this region. In the east, the Goondiwindi Fault marks a distinct break on the eastern
margin of the Surat Basin with minimal flow from the east and most recharge from the north.
Minor element distributions indicate potential locations of vertical leakage that correspond to areas of crustal weakness
associated with regional tectonic faults and basement highs. Fluoride concentrations show a strong relationship to known
and inferred deep granites.
A measured diffuse vertical leakage rate through an aquitard in the Western Eromanga is very small, but total volume of
water transfer through the aquitard is significant across the region and may be a major component of mass loss from the
GAB.
Hydrochemical signatures show spatial variations that are best explained as a result of the combined effects of limited
regions of significant flow from recharge zones through to discharge zones and areas of very low flow in deeper parts of
the basins within the GAB. Groundwater mixing along the transition zones between these two flow regimes is indicated
by hydrochemical trends. Significant groundwater flow is relatively limited to regions adjoining the recharge zones and
where the aquifer has shallow burial, in contrast to deeper regions of the basins within the GAB with very low flow.
In the central and eastern Eromanga Basin and the Coonamble Embayment of the Surat Basin, a combination of the
spatial distribution of hydrochemical signatures (chloride, alkalinity, calcium, δ C) and
13

36

Cl-derived groundwater flow

rates allows delineation of these two flow regimes with differing hydrochemical evolution of the groundwater. The region
in which

36

Cl to Cl levels plateau at approximately 20 x 10

–15

marks the zone of relatively stagnant groundwaters.

Very low flow regimes have flow velocities on the order of 0.03 to 0.3 m/year, in contrast to the moderate velocities of
1.2 to 2.5 m/year for younger waters.

210 ▪

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

© CSIRO 2012

Chapter 8 Regional hydrogeochemistry

8.5

References

Airey PL, Calf GE, Campbell BL, Habermehl MA, Hartley PE and Roman D (1979) Aspects of the isotope hydrology of
the Great Artesian Basin, Australia. International Symposium on Isotope Hydrology – International Atomic Energy
Agency and United Nations Educational, Scientific and Cultural Organisation. International Atomic Energy Agency,
Vienna, 205–219.
Bentley HW, Phillips FM, Davis SN, Habermehl MA, Airey PL, Calf GE, Elmore D, Gove HE and Torgersen T (1986)
Chlorine 36 dating of very old groundwater 1: The Great Artesian Basin, Australia. Water Resources Research
22(13), 1991–2001.
Bethke CM, Xiang Z and Torgersen T (1999) Groundwater flow and the 4He distribution in the Great Artesian Basin of
Australia. Journal of Geophysical Research 104(B6), 12,999–913,011.
Collerson KD, Ullman WJ and Torgersen T (1988) Ground waters with unradiogenic 87Sr/86Sr ratios in the Great
Artesian Basin, Australia. Geology 16(1), 59–63.
Costelloe JF, Mativ V, Western AW, Walker JP and Tyler M (2011) Field estimates of groundwater discharge – Great
Artesian Basin, South Australia. 19th International Congress on Modelling and Simulation. Modelling and
Simulation Society of Australia and New Zealand and International Association for Mathematics and Computers in
Simulation, Perth, 2100–2106.
CSIRO (2009) Water in the Western Cape region. In: CSIRO (ed.) Water in the Gulf of Carpentaria Drainage Division. A
report to the Australian Government from the CSIRO Northern Australia Sustainable Yields Project. CSIRO Water
for a Healthy Country Flagship, Australia, 417–479.
Harrington GA, Smerdon BD, Gardner PW, Taylor AR and Hendry J (2013) Chapter 8: Diffuse discharge. In: Love AJ,
Shand P, Crossey LJ, Harrington GA and Rousseau-Gueutin P (eds) Allocating water and maintaining springs in
the Great Artesian Basin, Volume III: Groundwater discharge of the western Great Artesian Basin. National Water
Commission, Canberra.
Mahara Y, Habermehl MA, Hasegawa T, Nakata K, Ransley TR, Hatano T, Mizuochi Y, Kobayashi H, Ninomiya A,
Senior BR, Yasuda H and Ohta T (2009) Groundwater dating by estimation of groundwater flow velocity and
dissolved 4He accumulation rate calibrated by 36Cl in the Great Artesian Basin, Australia. Earth and Planetary
Science Letters 287, 43–56.
Radke BM (2009) Hydrocarbon and geothermal prosepctivity of sedimentary basins in central Australia; Warburton,
Cooper, Perdirka, Galilee, Simpson and Eromanga basins. Geoscience Australia, Canberra.
Radke BM, Ferguson J, Cresswell RG, Ransley TR and Habermehl MA (2000) Hydrochemistry and implied
hydrodynamics of the Cadna-owie – Hooray Aquifer, Great Artesian Basin, Australia. Bureau of Rural Sciences,
Canberra.
Taulis M (2007) Groundwater characteristics and disposal modelling for coal seam gas recovery. PhD Thesis, University
of Canterbury, New Zealand. Viewed 19 December 2012,
<http://ir.canterbury.ac.nz/bitstream/10092/3104/1/thesis_fulltext.pdf>.
Torgersen T, Habermehl MA and Clarke WB (1992) Crustal helium fluxes and heat-flow in the Great Artesian Basin,
Australia. Chemical Geology 102(1–4), 139–152.
Torgersen T, Habermehl MA, Phillips FM, Elmore D, Kubik P, Jones BG, Hemmick T and Gove HE (1991) Chlorine-36
dating of very old groundwater 3. Further studies in the Great Artesian Basin, Australia. Water Resources Research
27(12), 3201–3213.
Torgersen T, Kennedy BM, Hiyagon H, Chiou KY, Reynolds JH and Clarke WB (1989) Argon accumulation and the
crustal degassing flux of 40Ar in the Great Artesian Basin, Australia. Earth and Planetary Science Letters 92, 43–56.
Torgersen T, Luly J, De Deckker P, Jones MR, Searle DE, Chivas AR and Ullman WJ (1988) Late Quaternary
environments of the Carpentaria Basin, Australia. Palaeogeography, Palaeoclimatology, Palaeoecology 67, 285–
261.
Woods PH (1990) Evaporative discharge of groundwater from the margin of the Great Artesian Basin near Lake Eyre,
South Australia. PhD Thesis, Centre for Groundwater Studies, Flinders University of South Australia, Glen Osmond,
South Australia.

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 211

Chapter 8 Regional hydrogeochemistry

212 ▪

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

© CSIRO 2012

Chapter 9 Advancing the understanding of the Great Artesian Basin

9

Advancing the understanding of the
Great Artesian Basin

Authors: Ransley TR, Smerdon BD and Radke BM

9.1 Advancing the conceptual model
Geological understanding of the Great Artesian Basin (GAB) grew steadily over the late 19th and into the 20th Century,
and with it the concept emerged of a layered hydrogeological system comprising continuous and relatively uniform
aquifers separated by aquitards across much of the basin. With attempts to quantitatively model such an idealised
system from the 1970s onwards (Audibert, 1976; Seidel, 1980; Welsh, 2000), it became apparent that the architecture
and aquifer characteristics of the system fell short of predictability. A challenge to the concept of through-flow in layered
aquifers in the GAB had been made by (Mazor, 1992), although this challenge was successfully countered in part by
(Kellett et al., 1993). However, this controversy highlighted the need for critical appraisal and a better understanding of
the system.
Interpretation of the hydrochemistry of artesian groundwaters in the system (Radke et al., 2000) indicated major
groundwater provinces within the GAB - regions with depths exceeding 1000 m approached stagnation, while areas of
shallower depth exhibited measureable groundwater through-flow (Radke et al., 2000). Decreasing flow rates across the
basin within the Cadna-owie – Hooray Aquifer suggested that through-flow was driven primarily by upward leakage in the
sequence and that only a minor component of groundwater traversed the entire basin to discharge on the south-western
margin (Radke et al., 2000).
Furthermore, the concept of through-flow in layered aquifers did not adequately address hydraulic interconnection with
underlying and overlying geological basins.
While the simple layered through-flow concept (of aquifers and aquitards defined by major lithostratigraphic units) may
be applicable in some areas in the GAB, it falls short of describing the complexity in the GAB. Distinction between
aquifers and aquitards, based on hydrogeological characteristics is often difficult. Additionally, structural disruptions exist
within the GAB sequence through major faulted displacements and polygonal faulting.
To address some of these concerns, the hydrostratigraphy of the Jurassic-Cretaceous GAB sequence has been revised
to better represent the gradational or overlapping nature of hydraulic properties between some aquifers and aquitards.
Previously defined ‘aquifers and aquitards’ are now classified by five intermediates: ‘aquifer’, ‘partial aquifer’, ‘leaky
aquitard’, ‘tight aquitard’ and ‘aquiclude’.
This assessment documents evidence for structural disruption in the GAB sequence by regional tectonic faulting with
displacements ranging up to 400 m. The central Eromanga Basin has experienced the greatest structural overprint from
both faulting and folding. The existence of these structural disruptions are likely to significantly impact on groundwater
through-flow within the GAB sequence as well as enhance vertical flow Figure 9.1. Both the vertical transmissivity and
lateral impedance to groundwater flow are used to interpolate the regional potentiometric surfaces of the Cadna-owie –
Hooray Aquifer.
Polygonal faulting is pervasive within the Rolling Downs Group sequence of the Eromanga Basin. In this province as well
as in the southern Carpentaria Basin, intra-formational polygonal faulting pervades the entire Rolling Downs Group
aquitard, and can extend up through the Winton-Mackunda Aquifer to the surface. Although displacements by polygonal
faulting are relatively small, the pervasiveness of this phenomenon is considered to significantly increase vertical
permeability and hence reduce the effectiveness of faulted aquitards.
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Figure 9.1 Vertical leakage of groundwater via faults and polygonal faulting, with loss to the system through riparian evapotranspiration
and evaporation

9.1.1

Interaction between the watertable and Great Artesian Basin aquifers

Mapping of the regional watertable has provided an understanding of the interaction between the shallow groundwater
system and GAB aquifers. This includes identification of flow losses from the system and the existence of intra-basin
recharge in the watertable aquifer which coincide with outcropping areas of Winton and Mackunda formations in the
Eromanga Basin and the Griman Creek formation in the Surat Basin.
Watertable mapping in conjunction with remote sensing has identified river reaches within western Queensland that
contain corridors of riparian vegetation drawing water from a permanent source other than rainfall, channel flow or flood
outs. These river reaches act as drains to the watertable and are characterised by a marked depression of the watertable
surface about the river axis. Flow loss due to evapotranspiration by riparian vegetation in the Eromanga Basin and in the
western Surat Basin is calculated at 65,000 ML/year, and exceeds the total spring discharge from the combined Surat
and Eromanga basins. Although the source of groundwater flow to these rivers is speculative, two mechanisms could
equally account for such flow: groundwater flow resulting from local recharge into the watertable aquifers of the Winton
and Mackunda formations, or upward leakage from underlying artesian aquifers along major structures, coinciding with
these river reaches (Figure 9.1).
The phenomenon of regional groundwater loss was first depicted by the watertable map of Audibert (1976) (later
published by Habermehl (1980). Audibert (1976) noted a strong degree of similarity between the effect of three
prominent, more or less parallel, drainage lines (The Diamantina, Cooper Creek and Bulloo Rivers) on the watertable as
well as the potentiometric surfaces of the CA1 and CA2 artesian aquifers. Audibert (1976) postulated upward leakage
along major structures could accounts for such patterns, noting that the three rivers valleys coincide with structural
lineaments which were likely to provide privileged vertical leakage paths.
Further indirect evidence that points towards upward leakage from artesian aquifers along major structures from comes
from surface stress orientation (Hillis and Reynolds, 2000). North-east to south-west surface stress vectors in the north–
eastern portion of the Eromanga Basin parallel the main drainage orientation, (Figure 9.2) suggesting that tensile forces
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perpendicular to these vectors could dilate any structural feature that is coincident with these river reaches, and enable
vertical leakage from underling aquifers to the watertable.
It is our opinion that in some instances the groundwater generating the shallow watertables beneath the rivers appears to
be initially derived from upward flow from the JKh aquifer. The shallow watertables beneath the lower Paroo River are
generated by sub-surface discharge from the Eulo Springs which are fed by the JKh aquifer.
Additionally, the Thomson River near Longreach is also likely to be fed by upward leakage from the JKh aquifer because
of the unexplained pressure drop in the JKh pressure surface there. There may well be other reaches of rivers with the
NE-SW trajectory where the shallow watertables (and ET losses) are generated by upward flow but we have no evidence
to say one way or the other. We are reasonably certain the shallow watertables beneath the upper Diamantina, Flinders
and Barcoo Rivers do not have an upward vertical leakage component because these streams cut across the principal
stress directions.

Figure 9.2 Coincidence of crustal stress vectors (after Hillis and Reynolds, 2000) and river tracts with high evapotranspiration losses
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Although at lower magnitudes compared to this evapotranspiration loss in the central Eromanga Basin and western Surat
Basin, regionally significant groundwater loss occurs in the north-eastern Surat Basin in both the Dawson River valley
and the Mulgildie Basin. In both of these areas, deeply incised river valleys drain groundwater from intake beds,
especially from the Hutton Sandstone aquifer. In the Dawson River valley within the GAB, the groundwater loss from the
aquifers is estimated to be 8.6 GL/year which is sufficient to lower the regional potentiometric surface of the Hutton
Sandstone aquifer to induce groundwater flow to the north and northeast. This watertable feature is in concurrence with
Jacobsen and Lau (1987) and Hodgkinson et al. (2010), who mapped a similar northward flow of GAB groundwater in
the Surat Basin. Groundwater flow loss from the GAB northward to the Muldilgie Basin and Burnett River is estimated to
be 3.9 GL/year. Most of this flow loss occurs from the Hutton Sandstone aquifer.
Additional subtle features evident in the watertable mapping offer further insights on localised hydrogeological processes.
At the western boundary of the Surat Basin, watertable mapping indicates that the Eulo Ridge and its subsurface
extension to the south-west into NSW are close to being a watertable divide which separates the Surat and Eromanga
Basins (Figure 9.3 and Figure 9.4). However, while the Eulo and Nebine Ridges act to impede groundwater flow between
the Surat and Eromanga basins in the deeper GAB aquifers, the potentiometry of the shallower Cadna-owie – Hooray
Aquifer, indicates convergence of south-westerly groundwater flow to the south of the Eulo Ridge.
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(a) Cadna-owie – Hooray potentiometric surface

(b) Watertable surface

Figure 9.3 Topography, structure, and groundwater potentiometry of the Eulo Ridge area showing (a) the potentiometric surface of the
Hooray Sandstone aquifer and implied groundwater flow directions, and (b) watertable potentiometry and inferred groundwater flow
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(c) Terrain

(d) Top surface of Hooray Sandstone

Figure 9.4 Topography, structure, and groundwater potentiometry of the Eulo Ridge area showing (c) Surface topography of the area
with springs, structural axis of the ridge, and surface discharge at salt lakes. (d) Structure on the top surface of the Hooray Sandstone
below the Eulo Ridge

Within the western Eromanga Basin, watertable mapping indicates that bed underflow in the Finke River is a significant
contributor to the groundwater discharge at Dalhousie Springs. In effect this interaction can be conceptualised as a
simple bucket and pipe system with rapid groundwater recharge during flood events occurring beneath the Finke River,
resulting in shallow groundwater flow to the south-east, eventually discharging at Dalhousie Springs. The coincidence of
these springs with the north-northeast oriented McDills-Mayhew structural trend suggests that this structure is implicit in
the redirection of near-surface groundwater southwards to Dalhousie Springs. Almost half the discharge at Dalhousie
springs can be attributed to recharge from the Finke River with the remainder being comprised of deep circulation
groundwater flow.
Along the north-western boundary of the Eromanga Basin (southwest of Boulia), the watertable indicates a system which
is either recharged from outside of the basin or is locally recharged. This concept disagrees with interpretations by
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Habermehl (1980) and (Habermehl and Lau (1997), that identify this area as one of groundwater outflow from the GAB
into the Georgina Basin.
Mounding of the watertable over major structural domes; the Gason Dome and the Innamincka Dome, can be explained
by contrasting mechanisms – localised recharge or upward leakage from artesian aquifers via fractures intrinsic to the
structural deformation of the feature. On Innamincka Dome, groundwater mounding coincides with the axis of the
structure and is most likely a local recharge mound resulting from enhanced recharge via fractures into the Winton
Formation. In contrast the water table mound overlying the Gason Dome, is interpreted to be a groundwater discharge
feature, fed by upward leakage from underlying aquifers. Evidence for this alternative mechanism includes: the presence
of numerous surface discharge features over and around the dome, the offset of the groundwater mound to the surface
topography (one would expect the top of the Gason dome to be coincident with the water table mound if local recharge
was occurring), and a tract of the Warburton River immediately to the northwest where consistently high
evapotranspiration suggests upward groundwater leakage. Additionally, the Gason Dome is an inlier within a thick cover
of the Lake Eyre Basin sequence. In this region on the Birdsville Track Ridge, petroleum accumulations in some domes
within the Namur Sandstone (Cadna-owie-Hooray Aquifer) are attributed to leakage up from the underlying Cooper Basin
(Radke, 2009).
To further illustrate the potential for interaction between the shallow groundwater system and GAB aquifers, the modern
potentiometric surface was compared with the watertable. Where groundwater levels in the Cadna-owie – Hooray Aquifer
and equivalents are greater than the watertable, there is a potential for upward vertical leakage. Where groundwater
levels in the Cadna-owie – Hooray Aquifer and equivalents are lower than the watertable, there is a potential for
downward vertical leakage (Figure 7.6). This mapping provides additional indirect evidence of vertical connectivity, and
requires additional comparison with vertical profiles of hydraulic head measured at key locations and further comparison
with hydrochemical to verify vertical connectivity.
Local groundwater mounds in the watertable indicate intra-basin recharge in the watertable aquifer. Generally the
watertable mounds coincide with areas of outcrop of the Winton and Mackunda Formations in the Eromanga Basin and
the Griman Creek Formation in the Surat Basin. The Watertable mounds in the Surat Basin are not as prominent as
those in the Eromanga Basin. This recharge is a significant component of the water balance for the Eromanga Basin and
is discussed in the following section describing the Water Budget.

9.1.2

Regional flow patterns in the Great Artesian Basin aquifers

The Late Cretaceous and Early Jurassic artesian aquifers have been studied more extensively than the watertable.
Measurement of artesian groundwater pressure in the GAB started in the early 1900s and used to prepare potentiometric
surface maps, showing the potentiometric surfaces for specific aquifers for particular years or time intervals in basin-wide
studies. In this study, groundwater level data were collated for an analysis of historical groundwater conditions, grouped
into five 20-year increments from 1900 to 2000, and the most recent decade (2000 to 2010). The maps are shown on
Figure 7.2 and were interpolated considering the presence of regional tectonic faults. Where a fault had caused a vertical
offset in the Cadna-owie – Hooray Aquifer and equivalent formations, the fault was assumed to act as a barrier to
groundwater flow. The resultant maps illustrate the spatial distribution of groundwater levels, from which groundwater
flow directions can be inferred, and influence of faults on groundwater levels.
Hydrochemical trends (Chapter 8) generally confirm the interpretation of the hydrodynamics and illustrate the spatial
differentiation across the GAB. However, additional work is needed at spatial scales that are more closely aligned with
the hydrogeological area of interest. The presence of regional tectonic faults can help explain the variability in ionic
concentrations across the GAB, though this requires further investigation. The Toomba Fault appears to provide a
significant break to groundwater flow and causes upwelling and discharge in this region. In the east, the Goondiwindi
Fault marks a distinct break on the eastern margin of the Surat Basin with minimal flow from the east and most recharge
from the north. Minor element distributions indicate hot spots of vertical leakage that correspond to areas of crustal
weakness associated with faults and basement highs. Fluoride concentrations show a strong relationship to known and
inferred deep granites
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9.1.3

Interaction between the Great Artesian Basin and underlying geological basins

Where aquifers are connected, there is potential for groundwater to move from one basin to the other resulting in
potentially unanticipated impacts on groundwater resources. Understanding the hydraulic connectivity between
geological basins is vitally important for a complete water balance for the GAB as well as for assessing of the impacts of
future development of connected hydrogeological basins.
Connectivity between the GAB and underlying geological basins has been established in the context of hydrocarbon
migration and accumulations in regions prospective for hydrocarbons. However, to our knowledge, the spatial distribution
of areas of potential connectivity has not been previously mapped across the entire GAB.
Connectivity with the GAB and underlying basins is offered by the overlap of adjacent aquifers and leaky aquitards above
and below the basal unconformity of the GAB. Figure 5.2 addresses this connectivity across the entire GAB, indicating
the distribution and character of juxtaposition of units between overlapping basins. Hydraulic interconnection is probable
but inferred. The areal proportions of connectivity vary greatly between the sub-basins of the GAB.

9.2

Characteristics of hydrogeological units

The only way to effectively measure bulk hydraulic properties of aquifers is by direct measurement from in field shut-in
and pumping tests. Unfortunately such field determinations are rare for aquifers of the GAB.
Due to this paucity of critical data, a surrogate approach for estimation of hydraulic properties has been necessary. It is
an indirect approach, requiring assumptions, and hence there are reservations are over the limitations of certainty with
aspects of quantification. Porosity and permeability data are available from state databases. This data was acquired
predominantly for petroleum reservoir evaluation and as such is biased to sands and porous sediments, and is not
representative of all lithologies in hydrostratigraphic intervals that commonly include inter-bedded shales and fine-grained
rocks. The proportion of sands and porous sediments, a sand-shale ratio, within a sequence of interest has to be
determined from logs of the sequence. In the absence of consistent observations across all subsurface data – drillers
logs, cuttings, water bore logs, cores, wire-line logs, the latter were selected for standardisation. However, for the
necessity of a universal log, only Gamma logs proved consistently available throughout the GAB for both cased and
open holes. The quantitative interpretation of gamma logs without other supporting wire-line logs requires basic
assumptions to differentiate clays, muds and shales from sands and clean silts.
The use of gamma ray wire-line logs for stratigraphic correlation has been an effective and well established practice.
However, use of GR logs to quantify sand to shale ratios through Vshale calculations, is only possible where there is
adequate knowledge of sediment mineralogies. Such practice has been common in lithofacies analysis in the petroleum
industry, but often it has necessitated use of a combination of other wire-line log information (particularly resistivity, and
neutron-density).
Application of this approach failed for a whole of sequence appraisal of the GAB sequence.
This study has highlighted that only limited and cautious application is possible in using gamma-ray data alone to
interpret regional V shale trends in the absence of adequate mineralogical information on the sediments. It is now
apparent that in some provinces, and in some stratigraphic units of the GAB, that there remains the inherent problem of
distinguishing radiogenic sands from potassic clays, and of distinguishing low emitting clays from quartzose sands. There
are too many overlapping GR signatures for a definitive distinction between sand and shale in the GAB.
Instead, the approach highlighted the dearth of existing knowledge about clay mineralogy - throughout the various
regions of all sub-basins in the GAB as well as variations through the entire sequence. Mineralogical data exists for the
Jurassic – Cretaceous aquifers but is notably absent for the aquitards, especially for units in the Rolling Downs Group
aquitard. The presented gamma-log statistics indicate that the distinction between aquifers and aquitards is not definitive.
However, these data establish regional variation and trends within individual units, but the causes of variation are not
explicit. Basin wide-statistics of GR data from GABLOG can and do indicate trends, differences and similarities, and the
degree of variability of gamma signature. Unfortunately that is all that can be stated categorically without further detailed
study.
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This assessment highlights the general low statistical mode of gamma ray values for all stratigraphic units. This result
indicates the sediments of the GAB tend towards low radiogenic mineralogies.

9.2.1

Investigation of lithologies in specific bores and stratigraphic sequences

The geological formations that contain aquifers have sands with average permeability values between 100 and 1000 mD,
with only a few measurements below 10 mD. This is equivalent to approximately 0.1 to 1 m/year of horizontal
groundwater movement. The geological formations known to contain aquitards have sands with average permeability
values between 10 and 100 mD, which is equivalent to approximately 1 cm/year of horizontal groundwater movement.
Permeability variation for the Surat Basin aquifers does not appear to differ greatly, with average values being 426 mD
for the Hutton Sandstone and 320 mD for Precipice Sandstone. The average permeability value for the Surat region
aquitards is 67 mD for the Walloon Coal Measures and 87 mD for the Evergreen Formation. In the central portion of the
Eromanga Basin, the Cadna-owie Formation has an average permeability of 96 mD, which is a low value for an aquifer.
Spatially, the permeability increases along a north-easterly gradient, especially near the Nebine Ridge marks the border
with the Surat Basin. Similarly, the permeability of the Hooray Sandstone is highest in the north-east, which also has an
average value of 131 mD. It should also be noted that the reported permeability values were measured in a laboratory
using a rapid assessment technique performed at ambient conditions for temperature and pressure.

9.3

Updating the boundary of the Great Artesian Basin

The boundary of the GAB has been progressively modified with more detailed and critical geological and hydrogeological
mapping. Prior to this study, the most comprehensive definition of the entire GAB was that offered by Habermehl and
Lau (1997). More recently a revised boundary for the South Australian portion of the GAB was produced for the Great
Artesian Basin (Eromanga Basin) hydrogeological map (Keppel et al., 2012).
This reassessment and revision of the GAB boundary has benefited from more recent geological mapping, access to
airborne geophysical surveys and drillhole data. Particularly significant changes to the boundary have been made in the
Surat and Carpentaria basins.
The complex groundwater divide between the Surat Basin and the Clarence-Moreton Basin has been redefined (Figure
5.4). Stratigraphic data from drill holes has allowed geological modelling of subsurface indicates the presence of a ridge,
informally named the Helidon Ridge, that is most likely to act as a groundwater divide within the lowermost Jurassic units
of the sequence (Figure 5.3). In contrast, watertable mapping indicates that the GAB boundary for the Walloon Coal
Measures follows the edge of the Great Dividing Range (Figure 6.19).
In the Coonamble Embayment, a reinterpretation of the western extent of the GAB has shifted this hydrogeological
boundary between 10 and 30 km eastward and the southern extent approximately 60 km further south (Figure 5.32). This
revision was based on new airborne geophysical surveys and drilling.
In the Carpentaria Basin, a revised location of the western extent of the GAB has been identified and is taken to be the
mapped structural boundary between the Proterozoic basement rocks and the sediments of Karumba and Carpentaria
basins. Here the reinterpreted boundary lies up to approximately 35 km to the west of the Habermehl and Lau (1997)
boundary (Figure 5.33).

9.4

Water budget for the Great Artesian Basin

The updated conceptualisation of the GAB hydrogeological system has brought to light previously poorly understood
and/or unknown mechanisms affecting recharge and discharge across the GAB. While not all groundwater fluxes
resulting from some of these mechanisms can be estimated, they should be considered in conjunction with basin wide
water balance estimates. In an effort to articulate the key findings of this assessment and their impact on the GAB water
balance, a water balance is presented for each sub-basin within a conceptual hydrogeological framework. The new
significant components to the water balance of the GAB include intra-basin recharge, recharge from overlying Cenozoic
basins (Karumba Basin), ET losses from the watertable in the Late Cretaceous and Cenozoic sequences, losses from
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the watertable to rivers intersecting GAB recharge areas (Dawson and Burnett rivers) and as yet unquantified -upward
leakage.

Figure 9.5 Hydrogeological framework and groundwater balance for the Carpentaria Basin

For the Carpentaria and Karumba Basins, we have estimated the recharge components of the groundwater balance
(Figure 9.5). In the Carpentaria Basin intake beds of Jurassic sandstones, we estimate a total recharge flux of 432,100
ML/year but the flux is unevenly distributed with 400,000 ML/year of it occurring north of 14°. Discharge from baseflow
springs on Cape York is estimated to be 630,000 ML/year which is nearly 200,000 ML/year more than the intake beds
can supply. The remainder must be supplemented by groundwater from the Karumba Basin.
The recharge flux in the Karumba Basin is very high. We estimate the flux is 177,260 ML/year in the Claraville Beds,
181,480 ML/year for the Wyaaba Beds and 4,467,040 ML/year for the Bulimba Formation giving a total of
4,825,780 ML/year for the Karumba Basin Cycles. Thus the total recharge flux for the Carpentaria and Karumba basins
combined is 5,257,880 ML/year. About 630,000 ML/year of this flux is discharged by baseflow springs, about
10,000 ML/year is extracted by bores and the remainder is lost through evapotranspiration and submarine outflow. These
terms have never been quantified before.
From EVI analyses on the Cape York vegetation, it is apparent that ET losses from the watertable aquifer are very high.
The most significant feature shown in Figure 9.5 is the very low bore usage compared to the high recharge. There
appears to be plenty of scope for further groundwater development in the Carpentaria Basin, and also particularly in the
Karumba Basin.
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Figure 9.6 Hydrogeological framework and groundwater balance of the Eromanga Basin
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Figure 9.7 Detailed hydrogeological framework and groundwater balance of the Eromanga Basin represented on Figure 9.5

For the Eromanga Basin, an additional recharge component to the water balance is through intra-basin recharge to the
Winton and Mackunda formations.
Estimated recharge is 120,610 ML/year in the Winton Formation and 43,160 ML/year in the Mackunda Formation. That is,
the total intra-basin recharge of 163,770 ML/year is 21,300 ML/year higher than recharge in the intake beds on the
western slopes of the Great Dividing Range.
The component of discharge through ET has been estimated as a minimum value of 44 GL/year in the Eromanga Basin.
However it is unclear what proportion of this discharge is derived from the deeper Jurassic-Cretaceous aquifers and what
proportion is derived from the shallower Winton-Mackunda aquifer. However, even if all the ET loss is assigned to the
Winton-Mackunda aquifer, it is clear that total inputs (164 GL/year recharge from rainfall) exceed total outputs
(57.2 GL/year comprised of 44 GL/year ET losses and 13.2 GL/year bore extractions).
Inspection of Figure 9.7 shows a glaring disparity between inputs and outputs in the Winton-Mackunda formations
compared to those in the Hooray/Hutton sandstones. In the Hooray/Hutton sandstone aquifers, total inputs consist of
~149 GL/year recharge from rainfall plus an unquantified but probably small quantity of lateral throughflow from the Surat
Basin. Total outputs from bore abstractions (244 GL/year), spring flow (46.5 GL/year) and vertical leakage (196 GL/year)
are estimated to be 486.5 GL/year. This imbalance between inputs and outputs has been the root cause of alarming
pressure reductions experienced in the GAB since development. Thus the decline in storage of the Hooray/Hutton
aquifers in the Eromanga Basin is estimated to be 337.5 GL/year.
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Figure 9.8 Hydrogeological framework and groundwater balance of the Surat Basin

In the Surat Basin (Figure 9.8) the intra-basin recharge to the Griman Creek formation (equivalent to the WintonMackunda aquifers in the Eromanga Basin) is significantly less (~1GL/year) than that to the equivalent Winton-Mackunda
aquifers in the Eromanga Basin. Outputs from the Griman Creek Formation partial aquifer consist of ~ 3 GL/year due to
bore abstractions (Barclay, 2001) plus an unknown proportion of ET losses estimated to be about 56 GL/year in the
Surat Basin. Thus the Griman Creek Formation has the potential to experience a decline in storage of the order of 50
GL/year, but most of this deficit is thought to be replenished by upward leakage from the Hooray (equivalent) aquifer and
by downward leakage from alluvium because we are not aware of any significant water level declines in this formation.
Inputs to the Jurassic aquifers consist of 237.5 GL/year recharge from rainfall in the intake beds. This figure is comprised
of 80.3 GL/year recharge in the Hutton Sandstone intake beds in Queensland, 73.2 GL/year for the Hooray equivalents
in Queensland and 84 GL/year for the Pilliga Sandstone in NSW. However, net recharge in the intake beds is
considerably lower than this because of 12.5 GL/year flow losses to the Dawson River valley and Mulgildie Basin (mostly
Hutton Sandstone), 25.2 GL/year discharge from rejected recharge springs (mostly Hutton and Precipice Sandstones)
and 11.9 GL/year discharge from the Springsure spring group (mostly Hutton, Precipice and Clematis Sandstones). If all
these flow losses are assigned to the Hutton Sandstone, then net recharge for the Hooray/Hutton aquifer is about 187.9
GL/year.
Outputs include 126.5 GL/year bore abstractions, small spring discharges (~0.2 GL/year), an unknown proportion of ET
loss (56 GL/year), diffuse upward leakage (93 GL/year) and groundwater throughflow to the Eromanga Basin (probably
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small). Overall, it appears that the Hooray/Hutton equivalent aquifers in the Surat Basin are not in the same parlous state
of overuse as in the Eromanga Basin, however there is potentially a decline in aquifer storage of up to 87.8 GL/year,
about 250 GL/year less than the Hooray/Hutton aquifers in the Eromanga Basin. The drop in aquifer pressure resulting
from the decline in storage has not been uniform over the Surat Basin. Pressure drops in the Gubberamunda Sandstone
aquifer have been very high in the southwest of the Surat Basin (Habermehl and Lau, 1997), exceeding 100 m in the
area between St George and Cunnamulla where groundwater usage is highest.
The potential impacts of coal seam gas production in the intake beds of the northern Surat Basin are as yet not fully
understood. Although the target formation for gas and water production is the Walloon Coal Measures, there will be
leakage generated in the Springbok Sandstone, Hutton Sandstone and Gubberamunda Sandstone aquifers, with the
magnitude of induced drawdown depending on the degree of hydraulic connection between the Coal Measures and the
sandstone aquifers.

9.5 Knowledge and information gaps
The collation, analysis, and interpretation of geological and hydrogeological knowledge for the GAB are ongoing. To
continue advancing the understanding of the GAB, refining the conceptual model and developing more robust
groundwater models, will rely on closing the following knowledge gaps:
•

More complete hydraulic characterisation, especially of aquitards, at the formation scale.

•

The processes and variability in vertical leakage/cross-formational flow.

•

Quantification of the hydraulic connection between the GAB and underlying and adjacent geological basins.

•

Quantification of the hydraulic connection between the GAB and overlying geological basins and shallow
groundwater systems.

•

More detailed understanding of the effects of structure on groundwater flow
o

regional tectonic faults and the affect of their orientation in the present-day crustal stress field

o

polygonal faults systems and their response to the present-day crustal stress field

•

The rate and distribution of groundwater recharge and discharge in the Carpentaria region

•

Adequate coverage of potentiometric data for the central and western Eromanga Basins (excepting the
easternmost sector) and for the Carpentaria Basin

•

Mineralogical (especially clay mineralogy) characterisation of the Rolling Downs Group and its regional
variability throughout the sub-basins.

•

The effect of significant drawdown in most northern Eromanga Basin region and Weipa area on groundwater
movement patterns.

•

More comprehensive understanding of the Winton-Mackunda aquifer and aquifer characteristics as this is the
most exploited aquifer in the pastoral industry.

The GAB is a vast groundwater basin and detailed information is very sparse, often clustered in only a few areas.
Sufficient data representing all geological formations that host the GAB are required for monitoring the water resource,
and continuing to test and develop concepts of how it works. The following information gaps must be addressed to assist
closing the knowledge gaps:
•

Regionally comprehensive in-field measurement of transmissivities values for each system of aquifers and
aquitards.

•

Dedicated nested monitoring bores within multiple formation in artesian areas to obtain vertical pressure
profiles to assess vertical leakage.

•

Estimates of vertical leakage/cross-formational flow at the formation scale.
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•

Variability of hydraulic characteristics of Rolling Downs Group aquitards.

•

Recent pressure and water level data particularly in the Hutton Sandstone and deeper formations.

•

More consistent coverage and availability of wire-line log data, including gamma ray, neutron density, and
resistivity.

•

Assessment (and QA/QC) of available petroleum well log data.
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Compendium of A3 figures
This compendium has been optimised for printing on A3 paper (297 mm x 420 mm).

A3 Figure 1 Digital elevation model with Great Artesian Basin boundary and aquifer recharge zones
[this figure provides more detail for Figure 2.2]
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A3 Figure 2 Hydrogeological basement elevation with structural elements of the Eromanga, Carpentaria, Surat and Clarence-Moreton basins
[This figure provides more detail for Figure 2.3]
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A3 Figure 3 Basement of Great Artesian Basin with underlying geological basins
[This figure provides more detail for Figure 2.7]
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A3 Figure 4 Thickness of Cenozoic sequence over the Great Artesian Basin
[This figure provides more detail for Figure 3.1]
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A3 Figure 5 Thickness of Paleogene-Neogene sequence overlying the Great Artesian Basin
[This figure provides more detail for Figure 3.2]
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A3 Figure 6 Thickness of Cenozoic weathering
[This figure provides more detail for Figure 3.3]
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A3 Figure 7 Draft Lithostratigraphic correlation of the Great Artesian Basin sequence across the Central Eromanga, Surat and Clarence-Moreton basins (after Beynon et al., 1997; Bradshaw and Yeung,
1992)
[A3 reproduction of Figure 4.1]
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A3 Figure 8 Lithostratigraphic correlation of the Great Artesian Basin sequence across the Central Eromanga, Caroentaria and Laura basins (after Beynon et al., 1997; Bradshaw and Yeung, 1992)
[A3 reproduction of Figure 4.2]
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A3 Figure 9 Hydrostratigraphic sequence of the Eromanga, Carpentaria Surat and Clarence-Moreton basins
[A3 reproduction of Figure 4.3 and Figure 4.4]
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A3 Figure 10 Extent of Paleogene-Neogen deposits in relation to the underlying Jurassic-Cretaceous sequence of the Great Artesian Basin
[This figure provides more detail for Figure 5.9]
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Compendium of A3 figures

A3 Figure 11 Comparative gamma-ray statistics of Great Artesian Basin regions (as shown in Figure 5.11) based on data of GABLOG bores
[A3 reproduction of Figure 5.12]
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A3 Figure 12 North-south section south of the Gulf of Carpentaria, over the Euroka Arch
[A3 reproduction of Figure 5.14]
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A3 Figure 13 Qualitative Vshale assessment of bore section south of the Gulf of Carpentaria, over the Euroka Arch
Note: Vshale values vary from well to well even with normalisation. This section follows A3 Figure 11– Carpentaria North-South section
[A3 reproduction of Figure 5.15]
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A3 Figure 14 Comparison of gamma-ray statistics in bores parallel to the eastern coast line of the Gulf of Carpentaria
[A3 reproduction of Figure 5.16]
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A3 Figure 15 Gamma-ray statistics of bores representing a section traversing along the edge of the Boulia Shelf in the north-west of the Eromanga Basin and following the Birdsville Track Ridge
[A3 reproduction of Figure 5.17]
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Compendium of A3 figures

A3 Figure 16 Section through the Central Eromanga depocentre
Note: this figure presents formation from the Rolling Downs Group to the Hooray Sandstone. Deeper formations are given in A3 Figure 17
[A3 reproduction of Figure 5.18]
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A3 Figure 17 Section through the Central Eromanga depocentre
Note: this figure presents gamma-ray statistics for the sequence from the Cadna-owie Formation down to the Evergreen Formation and equivalents. Characteristics of overlying formations are given in A3
Figure 16
[A3 reproduction of Figure 5.19]
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A3 Figure 18 East-west section from the western Eromanga Basin to the eastern Surat Basin
[A3 reproduction of Figure 5.20]
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A3 Figure 19 North-south section of bores following the Eulo-Nebine Ridge
[A3 reproduction of Figure 5.21]

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 247

Compendium of A3 figures

A3 Figure 20 Thickness of Rolling Downs group with location of polygonal faulting
[This figure provides more detail for Figure 5.29]
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A3 Figure 21 Thickness of Rolling Downs group with location of polygonal faulting
[This figure provides more detail for Figure 6.25]
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Data was acquired by individual teams mainly from state jurisdictions. In some cases the data required correction and/or
transformation into required formats before it could be used for input into models and analysis. A key requirement for the
Assessment was to have all data archived in a secure framework, with demonstrable integrity and a well-defined audit
trail. This was managed by having an allocated ‘data custodian’ within each of the teams with the responsibility of
archiving their team’s data. Data coordinators within CSIRO and Geoscience Australia were responsible for ensuring that
the data custodians were given guidance and assistance in structuring their archive, migrating data into the archive, and
documenting the data using appropriate metadata cataloguing tools. A ‘data manager’ was responsible for coordinating
all of these activities as well as handling all data licensing issues, ensuring that storage resources and data management
tools were accessible and usable, as well as managing any data management issues that may have arisen.
The facility used for data storage was the WRON server, which is located at CSIRO, Black Mountain laboratories in
Canberra. The server contains high storage volumes (i.e. greater than 600 terabytes) a tape archiving facility, high-end
processing clusters, and metadata cataloguing tools. The facility is supported by an administrator, with high-level
technical skills, who provided support for technical issues including the application of appropriate security and backup
protocols for the Great Artesian Basin Water Resource Assessment.
The Assessment’s data archive contained within the WRON server constituted the point of truth for all data. Although
much of the Assessment work occurred externally within Assessment partner organisations, all data sources,
intermediate and final data products, and components of code/modelling software had to be migrated into the
Assessment’s data archive accompanied with appropriate metadata.
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Geological timescale

The following figures represent the international stratigraphic chart as published by the International Commission of
Stratigraphy (ICS, 2010). The chart has been modified to suit an A4 format.

Apx Figure B.1 Geological timescale for the Neogene period
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Apx Figure B.2 Geological timescale for the Paleogene period

254 ▪

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

© CSIRO 2012

Appendix B Geological timescale

Apx Figure B.3 Geological timescale for the Late Cretaceous period
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Apx Figure B.4 Geological timescale for the Early Cretaceous period
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Apx Figure B.5 Geological timescale for the Jurassic period
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Apx Figure B.6 Geological timescale for the Triassic period
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B.1 References
ICS (2010) International Stratigraphic Chart. International Commission on Stratigraphy. Viewed 25 October 2011,
<http://www.stratigraphy.org/column.php?id=Chart/Time%20Scale>.
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Gamma-ray data for hydrostratigraphic sequences in the Great Artesian Basin
The available GR data is from two primary sources.
•

GABLOG wire-line logged water bores (Habermehl, 2001) and

•

Petroleum wells with available wire-line bores (QPED, GSQ, PIRSA databases)

The GABLOG data set generally does not extend below the Injune Creek Group. The sampling interval for the GABLOG
GR data set is 0.5 m. The petroleum well data is less well ordered and assessment of this data set was limited to
selected bores in section.
Vshale analysis from gamma-ray data
The least convoluted Vshale calculation is a linearly normalised Vsh (Asquith and Krygowski, 2004).

Where
Vsh

=

linear Vshale,

GR

=

gamma-ray count at a specific depth

GRmin =

minimum gamma-ray value within a well

GRmax =

maximum gamma-ray value within a well

The main objective of GR to Vshale conversion was to allow for the ready qualitative comparison of GR log response from
different wells in conjunction with other well log data sets. Assessed on its own, Vshale is subject to many unknowns
associated with GR logs. Additionally, the processing of raw data into Vshale can mask critical magnitude variations in GR
records.
The GR log is a non-linear response between shale content and GR reading (Brain, 1989a). (Cant, 1984) identifies that a
midpoint value between the maximum and minimum GR log values approximates a 28 percent shale content. This infers
Vshale values may yield an interpreted result which is higher than the actual percentage of shale within an interval.
By the nature of conversion, normalised shale volumes or Vshale may hold little benefit when comparing bores from region
to region. Consequently in the Assessment, analysis will focus on the raw GR data in API units.

Statistical assessment of gamma-ray data
The following procedure was applied to the GR data of both the water bores in the GABLOG data set and petroleum
wells where data was available. The GR data is presented in American Petroleum Institute (API) units.
The prime intent of this approach is to gather synopsis information regarding a range of statistical parameters of the GR
data. Statistical analysis is presented for key stratigraphic units and their equivalents within the GAB in two spatial
approaches: for regional comparison as well as sections across and between regions. For each well and borehole, the
identified stratigraphic intervals were taken from GABLOG, PIRSA, QPED and BRS after these datasets were QA
checked.
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The key composite stratigraphic groups used in this assessment are:
•

Cenozoic cover

•

Rolling Downs Group and equivalents comprising
o

Allaru Mudstone

o

Toolebuc Formation

o

Wallumbilla Formation

•

Cadna-owie Formation

•

Hooray Sandstone and equivalents

•

Injune Creek Group – (Birkhead, Westbourne Formations, Adori and Springbok sandstones, Eurombah
Formation and the Walloon Coal Measures)

•

Hutton Sandstone

•

Poolawana and Evergreen formations, Marburg Subgroup

•

Precipice Sandstone

For both the regional assessment and bore section statistical approaches, the following statistics for the GR data
distribution are derived for each stratigraphic unit:
•

minimum

•

th
5 percentile

•

th
95 percentile

•

maximum

•

mean

•

mode

•

median.

Limitations of this statistical assessment
The accuracy of this quantitative statistical assessment of GR data sets relies on the integrity of the quality of the GR
logs and the accuracy of stratigraphic picks.
As alluded to earlier, the GR data from petroleum wells required significant manual pre-selection prior to evaluation.
Limited random checks on the stratigraphy highlighted the very occasional misinterpretation which was deleted from the
dataset. An unknown is the number of other bores with poorly-defined stratigraphic intervals that could be identified from
yet another iteration of QA.
With aggregation of stratigraphic equivalents at the formation level across sub-basins, a more inclusive sample set offers
effective inter-regional comparison, but with a downside that such a manipulation may mask the identity of distinctly
different units within the one stratigraphic group. On balance, this aggregation strategy was deemed essential to highlight
trends or variations within any one stratigraphic group across the whole basin.
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The Enhanced Vegetation Index in
watertable mapping

The Enhanced Vegetation Index dataset
The Enhanced Vegetation Index (EVI) is a vegetation monitoring tool suitable for detecting changes in photosynthesis in
vegetation communities. It has been applied in this study to determine how riparian vegetation responds to drought and
to constrain the watertable elevation beneath riparian corridors of unregulated streams.
Remote sensing information used in this assessment came from the National Dynamic Land Cover Dataset (Lymburner
et al, 2011), and involves 186 EVI observations for each pixel over the period 2000 to 2008. The majority of this period
was severe drought in the Eromanga and Surat Basins. The Moderate Resolution Imaging Spectroradiometer (MODIS)
satellite data at 250 m resolution was used. Each of the 186 images were built up over a 16 day period. At the end of
each 16 day period, after error checking and removal of cloudy images, a single composite image was generated.
The resulting time series allows analysis of change over the period 2000 to 2008. Statistics such as mean and standard
deviation can be calculated as well as identification of minimums, maximums, rates of change and various seasonal
indicators.
Twelve different coefficients were available from the National Dynamic Land Cover Dataset. Four of these were used for
the assessment. They were mean, standard deviation, flatness, and minimum.
Interpretation of the Enhanced Vegetation Index coefficients
Each coefficient was viewed as a greyscale image (Apx Figure D.1) to observe the values in riparian vegetation along
major watercourses. Some riparian vegetation could be seen to maintain higher EVI values throughout the time series.
These exhibited as areas with higher mean EVI, lower standard deviation, and higher flatness. These coefficients
indicate the vegetation persisted in a relatively healthy and vigorous state though the drought compared to other
vegetation in the area. Higher mean EVI values along with less variation indicate the ability to maintain growth and vigour.
Along other streams the riparian vegetation showed little difference in these values compared to the general vegetation
of the region. These areas exhibit lower mean and minimum values and higher standard deviation and indicate a high
dependence on rainfall events to produce growth.
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Apx Figure D.1 Greyscale image of a single EVI coefficient (mean). The global minimum is displayed (light grey/white) indicating pixels
that maintained high EVI and dark shades indicate low EVI over the time series. The Paroo and Warrego Rivers run north south.

RGB Colour Composite of EVI time series data
Coefficients can also be displayed as colour images by allocation of coefficients to each of the red-blue-green channels.
A common approach is to allocate the coefficients as in Apx Table D.1

Apx Table D.1 RGB combination displaying consistently vigorous vegetation over the time series as bright orange and reds
Colour

Coefficient used

Red

Mean EVI

Green

EVI Standard Deviation

Blue

EVI Flatness coefficient

Using this combination shows regions that maintain a high EVI throughout the time series as bright orange colours. In the
Eromanga Basin only the riparian vegetation that had access to water throughout the drought has this bright orange
colour. This colour is comparable to the coastal areas of Queensland where the topical vegetation has maintained high
EVI values 2000–2008 and exhibits a similar bright orange colour (Apx Figure D.2).
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Apx Figure D.2 RGB composite image used to interpret the long term vigour of riparian vegetation. The Paroo and Warrego rivers show
a high EVI. Considering that riparian vegetation, can survive well in drought if it has access to the watertable, identification of reaches of
streams with this characteristic was considered to be an important input into the watertable mapping.

Investigation of the RGB image and comparison with Google Earth images allows general interpretive principles to be
listed. Apx Table D.2 identifies some of the main colours in the RGB image and how the can be generally interpreted.

Apx Table D.2 General interpretation of colours in RGB image using red for mean, green for standard deviation and blue for flatness.
Colour

Indicating

Bright orange, reds and High mean, low SD, flat

Interpretation
Tropical forests and High EVI riparian vegetation

yellow
Dark reds
Blues and Purples

Moderate Mean EVI, Low SD, quite

Areas of most commonly native forest or shrubs.

flat

Undeveloped land such as National Parks

Low mean, Low SD, poor flatness

Grazing lands, grassland and savannah affected easily
by drought - rainfall dependant.

Light blues, light greens Moderate mean, High Standard
Bright Green
Black

Commonly cropped and irrigated land, EVI that varies

Deviation and low flatness

strongly throughout the time series

Dominated by high standard

Intermittent water bodies, fields that are fallow,

deviation

irrigated, and cropped.

Zero EVI

Permanent water bodies (intermittent water bodies are
green)
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The effect of stream flow and pools
Because the EVI of water is effectively zero, pools of water along streams will reduce the strength of the EVI parameter.
When a pool only covers part of a pixel, it will reduce the value for that pixel. If the pool dries and becomes covered in
grass the EVI goes from minimum to a large value, increasing the standard deviation over the time series and causing
greenness in the affected pixels. Similarly, flood water will increase the standard deviation, initially dropping the EVI to
zero while the flood passes, then producing a high EVI as the grasses shrubs and trees grow and use the water. These
factors are demonstrated along the Thomson River where flood waters have caused many pixels to have zero minimum
values as well as high standard deviation (Apx Figure D.3).
An increase in the standard deviation along these same reaches of the Thomson River is demonstrated in the RGB
image in Apx Figure D.2. The braided nature along parts of the Thomson River suggest it shares some of the
characteristics of the Georgina and Diamantina Rivers, and Cooper Creek further west, including the sparse trees and
dominance of grass understory. Further factors causing a light green/blue colouration to the image could be clearing,
grazing and irrigation along the river. Note the tributary streams north east of the Thomson River in Apx Figure D.2 all
exhibit a high EVI.

Apx Figure D.3 Thomson River near Longreach. Black areas along the river are pixels of zero EVI caused by floodwaters. Tributary
streams in the north west exhibit higher minimum EVI than those in the south east.
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Apx Figure D.4 Thomson River exhibiting a high standard deviation in the EVI shown by the greenness in the image.

Limitations of the 250 m pixels
At a spatial resolution of 250 m the MODIS satellite imagery is suitable for quick analysis over this broad region but is
limited in detecting some significant riparian zones.
On many smaller watercourses and along some of the major ones, the riparian zone can be very narrow, in fact so
narrow that only part of the pixel is riparian zone. Since the reflectance value is general value for the whole pixel, EVI
calculations for these narrow riparian zones will be under estimated. This is particularly so where the pixel includes some
water in the river channel or is partly covered by dry non-riparian vegetation.
Narrow riparian zones are common in the west where the only trees are those within 100 m of the river bank (Apx Figure
D.5) or along the banks of channels in braided river systems. In the east it is common for agricultural practices to have
cleared the land leaving only a narrow riparian zone of trees (Apx Figure D.6 and Apx Figure D.7).
In these cases the 250 m size pixels underestimate the riparian vegetation.
Apx Figure D.3, Apx Figure D.4 and Apx Figure D.5 indicate of the limitations of resolution of 250 m pixels on the MODIS
satellite imagery.
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Apx Figure D.5 Google Earth image of the Georgina River. The yellow line on the bank is 25 m long on the ground. The MODIS pixel is
about as large as the whole frame. The affect of the riparian vegetation would be minimal in this pixel

Apx Figure D.6 Google Earth image of the Dawson River. In the centre is a yellow line 250 m long indicating that a 250 m x 250 m
MODIS pixel would only be a about half filled with the riparian vegetation
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Apx Figure D.7:Same area on the Dawson River as in 6.32, showing a bright orange EVI signature of the riparian vegetation along the
river corridor, as well as darker red coloured wooded areas and light blue/green farmland
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Bore hydrographs
Selected bore hydrographs for locations across the Great Artesian Basin. The groundwater level data have been
temperature and salinity corrected following the method described in Chapter 7.

Apx Figure E.1 Potentiometric difference surface between pre-development and modern day including selected groundwater level
hydrographs (black dots) presented in this appendix
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Apx Figure E.2 Hydrographs for selected bores shown on Apx Figure E.1
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Apx Figure E.3 Hydrographs for selected bores shown on Apx Figure E.1
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Apx Figure E.4 Hydrographs for selected bores shown on Apx Figure E.1
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Apx Figure E.5 Hydrographs for selected bores shown on Apx Figure E.1
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Pressure-elevation profiles and cross-sections
Pressure-elevation profiles are used to characterise the potential for vertical flux. Pressure-elevation profiles are plots of
the pore pressure as a function of the screen elevation. Pressure-elevation profiles can only be plotted for areas of
similar topography where the water pressure surface does not show significant variations. In a purely hydrostatic
environment, groundwater flow is essentially horizontal, following the path of least resistance through an aquifer.
However, if vertical pore pressure gradients are higher or lower than the vertical hydrostatic pressure gradient
groundwater flow may be downward or upward respectively. Pressure-elevation profiles have been compiled in areas
with sufficient data and where topographic variations were minimal, with notation (e.g. SU_1) that refers to the
Assessment region and plot number.
Cross-formational flows may also be evaluated using transects of bores that sample different formations. Bores are
rarely lined up on a straight transect, however, so bore information is generally projected from bores off the line to the
line of the hydrogeological cross-section. Care must be taken with this approach as the hydrogeology can vary
significantly even a short distance from the transect line. In order to minimise this concern, bores within a maximum of
10 km have been used to compile the hydrogeological cross-sections.

Surat region

Apx Figure E.6 Groundwater level with locations of pressure-elevation profiles and cross-sections in the Surat region
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Apx Figure E.7 Selected pressure versus elevation profiles in the Surat region as shown on Apx Figure E.6

© CSIRO 2012

Hydrostratigraphy, hydrogeology and system conceptualisation of the Great Artesian Basin

▪ 277

Appendix E Hydrodynamic data

Apx Figure E.8 Selected pressure versus elevation profiles in the Surat region as shown on Apx Figure E.6

Apx Figure E.9 Groundwater levels on key cross-sections (cross-sections A-A’ and B-B’: top to bottom) as shown on Apx Figure E.6
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Central Eromanga region

Apx Figure E.10 Groundwater level with locations of pressure-elevation profiles and cross-sections in the Central Eromanga region
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Apx Figure E.11 Selected pressure versus elevation profiles in the Central Eromanga region as shown on Apx Figure E.10
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Apx Figure E.12 Groundwater levels on a key cross-section as shown on Apx Figure E.10

Western Eromanga region

Apx Figure E.13 Groundwater level with locations of pressure-elevation profiles and cross-sections in the Western Eromanga region
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Apx Figure E.14 Selected pressure versus elevation profiles in the Western Eromanga region as shown on Apx Figure E.13
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Apx Figure E.15 Groundwater levels on key cross-sections (cross-sections A-A’ and B-B’: top to bottom) as shown on Apx Figure E.13
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The hydrochemical and isotopic data were collated from the following data sources:


BRS alkalinity_Tim alkalinity_QC.xlsx



BRS recharge_QC.xlsx



GAB Data NRETAS GA Copy2_QC.xlsx



GAB_borelist_Triton_waterchem_bore_details_QC.xlsx



GABhydrochemBRS_QC.xlsx



GA-GSQ_Surveys_June_2011.xlsx



GSQ QCd QDNR qldwaterchem_QC.xlsx



NSW DPI salinity_QC.xlsx



QCd waterchem data from WCR_QC.xlsx



SA DWLBC_QC.xlsx



GSQ_waterchem70_80s_QC.xlsx



SA Western Mining_QC.xlsx

Data from each of these sources was combined into a single data set of hydrochemical and isotopic data for the entire
Great Artesian Basin (GAB). Where possible, these data were checked for duplication of bores and/or samples between
multiple data sources, though due to the quantity of data and varying identification methods used between different data
sources (i.e. bore names, registered numbers, sample IDs, etc) some duplication may still exist within the data set. In
total the data set for the entire GAB comprised approximately 9000 distinct bore locations and hydrochemical and
isotopic data from approximately 17,000 sample events.
Following consolidation of the data set, each bore was assigned to a distinct hydrostratigraphic unit in accordance with
the aquifer, formation, or stratigraphic member indicated in the data source. For ease of comparison the numerous
aquifers, formations, and members were consolidated into six distinct units based upon the recognized stratigraphy of
the GAB within the Cretaceous-Jurassic sequence. The units were identified by a primary aquifer within the sequence
and included other contemporary members and formations. The hydrostratigraphic units assigned are summarised below.



Winton – Mackunda and equivalents: including the Rolling Downs Group, Wallumbilla and Toolebuc
Formations, Allaru Mudstone, Coreena and Doncaster Members and others.
Cadna-owie – Hooray and equivalents: including Algebuckina, Namur, Longsight, and Mooga Sandstones,
Ronlow Beds, Gilbert River Formation and others.



Adori Sandstone and equivalents: including the Westbourne and Birkhead Formations and others.



Walloon Coal Measures



Hutton Sandstone and equivalents



Evergreen – Precipice and equivalents: including the Boxvale Sandstone, Poolowanna Formation and others.

Where applicable, bores were assigned to units classified as Recent (for bores targeting tertiary or quaternary
sequences) or Basement if indicated in the data source. In some cases the target depth and/or stratigraphy for the bore
was unknown. Data for bores classified as Recent, Basement, or unknown have not been included in the maps and
hydrochemical plots here.
In addition to classification by hydrostratigraphic unit, bores were also organized spatially according to the hydrodynamic
provinces and inferred groundwater flow paths presented by Radke et al. (2000) for the Cadna-owie – Hooray Aquifer
and equivalent formations. It was assumed that groundwater flow in the overlying (i.e. Winton – Mackunda and
equivalents) and underlying (i.e. Adori, Walloon, Hutton, and Evergreen – Precipice formations and equivalents)
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formations followed similar flow paths to the Cadna-owie – Hooray Aquifer and equivalent formations. This assumption
was considered valid as maps of hydrochemical data for the different hydrostratigraphic units exhibited similar spatial
trends, as discussed in Chapter 8. Bores were categorized initially according to the hydrodynamic provinces, followed by
further grouping into sub-areas (e.g. Area 1, Area 2, Area 3, etc) along the inferred groundwater flow lines. In cases
where sub-areas contained a large number of bores or spatial distribution suggested separate source areas or flow paths,
further sub-division was necessary (e.g. Area 1A, Area 1B, Area 1C, etc). The spatial areas and sub-areas assigned for
the different hydrodynamic provinces are indicated in the respective plots.
In order to generate the maps shown in Chapter 8 and the hydrochemical plots shown in this appendix (Piper and
Schoeller plots), hydrochemical data available for each bore was consolidated to a single value for each parameter. The
parameter value was calculated as the geometric mean of the available data points. In other words for a bore location
with hydrochemical data from multiple sampling events, the value of a given parameter (e.g. TDS, Alkalinity, SAR, etc)
was calculated as the geometric mean of the values available.
The Piper and Schoeller plots are shown for selected areas across the GAB showing hydrochemical variation between
the various hydrostratigraphic units, which illustrates potential connection between the different formations. Additional
plots are also shown for spatial areas showing hydrochemical variation along presumed groundwater flow paths within a
given hydrostratigraphic unit. These plots allow assessment of hydrochemical evolution along the groundwater flow path.
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Apx Figure F.1 Piper and Schoeller plots by formation for the Coonamble Embayment
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Apx Figure F.2 Piper and Schoeller plots by formation for the southern Eulo-Nebine Ridge
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Apx Figure F.3 Piper and Schoeller plots by formation for the Surat Basin
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Apx Figure F.4 Piper and Schoeller plots by formation for the Eastern Eromanga Recharge Zone
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Apx Figure F.5 Piper and Schoeller plots by formation for the Northern Eromanga and Euroka Arch
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Apx Figure F.6 Piper and Schoeller plots by formation for the Northwest Eromanga
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Apx Figure F.7 Piper and Schoeller plots by formation for the Western Eromanga Recharge Zone
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Apx Figure F.8 Piper and Schoeller plots by formation for the southern Western Eromanga Basin
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Apx Figure F.9 Piper and Schoeller plots for the Cadnowie – Hooray formation and equivalents of the Coonamble Embayment
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Apx Figure F.10 Piper and Schoeller plots for the Winton – Mackunda formation and equivalents of the Surat Basin
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Apx Figure F.11 Piper and Schoeller plots for the Cadnaowie – Hooray formation and equivalents of the Surat Basin
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Apx Figure F.12 Piper and Schoeller plots for the Adori formation and equivalents of the Surat Basin
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Apx Figure F.13 Piper and Schoeller plots for the Walloon Coal Measures of the Surat Basin
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Apx Figure F.14 Piper and Schoeller plots for the Hutton formation and equivalents of the Surat Basin
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Apx Figure F.15 Piper and Schoeller plots for the Evergreen – Precipice formation and equivalents of the Surat Basin
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