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Foreword 

The Department for Environment and Water  (DEW) is responsible for the management of the Stateõs natural 

resources, ranging from policy leadership to on-ground delivery in consultation with government, industry and 

communities. 

High-quality science and effective monitoring provide the foundation for the successful management of our 

environment and natural resources. This is achieved through undertaking appropriate research, investigations, 

assessments, monitoring and evaluation. 

DEWõs strong partnerships with educational and research institutions, industries, government agencies, Landscape 

Boards and the community ensures that there is continual capacity building across the sector, and that the best 

skills and expertise are used to inform decision making. 
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Executive summary 

The documentation for the Far North Prescribed Wells Area Groundwater Model is presented over several 

volumes. The purpose of these reports is to provide an overview of the study area, provide scientific evidence for 

the conceptual hydrogeological model us ed as the basis for the decisions and assumptions made during model 

construction and history matching. This volume (Volume 2) provides the following:  

¶ a summary of the hydrogeological basin configuration, as well as stratigraphic and hydrostratigraphic 

underpinnings of the numerical groundwater model construction 

¶ an overview of the potential impact s that inter-aquifer connectivity, tectonics and fault-related deformation of 

strata may have on hydrodynamics across the study area.  

The main study area focus is the Far North Prescribed Wells Area in South Australia (SA), but also extends to 

encompass all the Eromanga Basin in SA and the Northern Territory (NT), with a ôbuffer zoneõ extension into 

south-western Queensland (QLD) and north -western New South Wales (NSW) (Figure 1). This area also covers the 

Pedirka Basin in SA and the NT, the Arckaringa Basin in SA, and the Cooper Basin in SA, along with part of the 

Cooper Basin in south-western QLD, as these basins all have potential hydraulic interactions with the Eromanga 

Basin. 

The most important groundwater resources found within the study area are those contained with Eromanga Basin 

strata. The Eromanga Basin can be described as having a bowl shape that is partly defined and modified by  

tectonic warping and faulting . Within the basin in SA, a zone of structural weakness and faulting associated with 

the underlying Adelaide Geosyncline and related Torren Hinge Zone, divides the basin. This is also connected with 

spring development. East of this zone, the aquifer system is largely confined and mostly artesian, while west of this 

zone, the aquifer system is largely unconfined. A series of mountain ranges composed of basement rocks frame 

the western and southern margins of the Eromanga Basin. 

In the SA part of the Eromanga Basin, the most important strata sequence forming an aquifer consists of the 

Cadna-owie Formation, the Algebuckina Sandstone, and their lateral equivalents (primarily the Namur Sandstone 

and Adori Sandstone). The collective hydrostratigraphic terminology commonly used in SA for aquifers within 

these lithologically connected and extensive units is the ôJ-K aquifer.õ The name J-K aquifer is based on the general 

time period over which aquifer strata were deposited and the stratigraphic coding for these time periods being 

the Jurassic (J) to Cretaceous (K) period.  

The other important aquifer is associated with the sub-basinal Hutton Sandstone and the Poolowanna Formation, 

found in the deeper parts of the Eromanga Basin near where it is underlain by the Cooper Basin. While these two 

geological units are lateral equivalents of the Algebuckina Sandstone and hence strictly part of the J-K aquifer, 

they are considered separately for this study as they are not pervasive across the study area and are separated 

from the other formations by a thick, more extensive, confining unit, the Birkhead Formation.  

Several important confining units occur in various areas across the study area. The most important is the finer-

grained sediments of the Rolling Downs Group (for example, Bulldog Shale) which overlies the Cadna-owie 

Formation. In addition, the Main Eromanga Aquifer Sequence itself includes intervening fine-grained confining 

units, such as the Birkhead Formation, Westbourne Formation and Murta Member in the deeper parts of the basin. 

The conceptualisation is primarily focused upon describing groundwater flow within the sequence of strata 

defined by the top of the Cadna -owie Formation to the top of the pre -Jurassic units (Figure 2). Collectively, this 

package of aquifers and confining units is called the ôMain Eromanga Aquifer Sequence.õ It is essentially the 

combination of the extensive J-K aquifer and the sub-basinal HuttonðPoolowanna Aquifer, including intervening 

confining units (Figure 2), noting that sub -regional lithological varia tion as well as structural deformation may 

contribute to modification of hydraulic properties and basin configuration , potentially leading to the development 

of semi-discrete sub-basinal regions.  



 

 

 

Figure 1:  Location map of the study area  

Based on this conceptualisation, a major component of data collation work was the development of structure 

surfaces used to describe the extent, configuration and thickness of aquifers and confining unit s within the study 

area. Data sources included water well logs, mineral exploration and petroleum drilling records, seismic data, and 

the updat ing and integration of existing structure surfaces. Structure surfaces, and consequent isopachs for the 

following formations within the study area were generated. 

¶ top of the Cadna-owie Formation (ôCõ Horizon)  

¶ top of  the Murta Formation (õDmõ Horizon)  

¶ top of  the McKinlay Member (McKinlay Horizon)  

¶ top of the Namur Sandstone (õDnõ Horizon)  

¶ top of the Hutton Sandstone (õHõ Horizon)  

¶ base of the Poolowanna Formation (ôJõ Horizon).  

For the purposes of this model, the base of the Poolowanna Formation was classified as ôbasementõ.  

These structure surfaces were used to discretise the Main Eromanga Aquifer Sequence into 5 hydrostratigraphic 

units based on regional scale hydrostratigraphy. These included the Cadna-owie Formation aquifer, the Murta 

Formation confining unit, the NamurðAlgebuckina Sandstone aquifer, the Birkhead Formation confining unit and 

the HuttonðPoolowanna aquifer. A sixth basement unit  of nominal thickness representative of strata below the 

Main Eromanga Aquifer Sequence was also incorporated. Prior to the completio n of these structure surfaces, 

rigorous data quality assessments on multiple draft surfaces were undertaken. 



 

 

Neotectonics and faulting shaped the basin configuration  and structure as well as altering the hydraulic properties 

of the strata. One of the most significant expressions of this is the development of springs, associated with either 

uplift and erosion stripping away confining unit rocks or by faulting and fracturing causing spring conduit 

formation. Faulting and fracturing may also impart a heterogeneous hydraulic condition on an aquifer, causing 

barriers to groundwater flow in  some directions, while enhancing flow in others, with such features possible within 

the same fault zone.  

Overlying aquifers in the Neocretaceous, Tertiary and Quaternary strata may have connectivity with the Main 

Eromanga Aquifer Sequence where the main confining unit of the Rolling Downs Group is absent . This occurs 

primarily near the western and southwestern margins of the basin. Connectivity with aquifers in Neocretaceous 

strata is difficult to ascertain with any certainty although there is potential for limited connectivity related to 

faulting deformation.  

There are several groundwater systems underlying the Main Eromanga Aquifer Sequence that may have hydraulic 

connections at a regional scale. Aquifers within the underlying Permo-Carboniferous Cooper, Pedirka and 

Arckaringa basins may have zones of hydraulic communication with overlying Mesozoic Eromanga Basin aquifers. 

This connection may be lithological or related to structural deformation ; however, the presence of confining units 

within these Permo-Carboniferous basins limits the extent and magnitude of such inter-aquifer connections. 

 

  



 

 

 

Figure 2:  A) Plan view of structure surface outlines used in numerical model. B) Cross -section through study area 

showing model layers and key structures  



 

 

From this data compilation, analysis and literature review, several limitations were made apparent. Of particular 

importance are that:  

¶ The vertical discretisation is primarily based on stratigraphy. While this provides a simple and largely adequate 

means of grouping strata into logical hydrostratigraphic units, any lithological variation or variable  impact of 

digenetic alteration  within these hydrostratigraphic units may not be sufficiently captured within this 

conceptualisation.  

¶ There is over-simplifying or mi srepresentation in the model construction concerning the relationship bet ween 

the Main Eromanga Aquifer Sequence and any overlying or underlying aquifers  

¶ There is limited knowledge of the hydrogeological impact of faulting in the model. A determination as to 

whether there is sufficient evidence for a fault zone is required before an assessment can be made about 

whether a fault zone is having a material impact on groundwater flow at the scale of model construction .  

 



 

 

1 Introduction 

Groundwater in the Far North Prescribed Wells Area (FNPWA) is vital for the success of the mining, energy, 

pastoral and tourism industries, and the provision of community water supplies in the Landscape SA South 

Australian Arid Lands (LSA SAAL) Management Region (Figure 1.1). The continued success and expansion of these 

industries is dependent on balancing the needs of existing users and the environment. Of particular environmental 

importance are the spring wetland communities in the discharge areas of the Great Artesian Basin (GAB) 

hydrogeological super-basin, which are listed under the Commonwealth Environmental Protection and Biodiversity 

Conservation (EPBC) Act 1999. Protection of these environments is regulated and managed at a State level through 

the Far North Water Allocation Plan (FNWAP), through the description and implementation of spring buffer zones, 

water management zones and drawdown triggers at state borders. Further, the South Australian Government also 

has regulatory responsibilities over water management under the Roxby Downs (Indenture Ratification) Act 1982.  

With demand for groundwater expected to grow in the mining and energy industries, a new numerical 

groundwater flow model is required to evaluate current knowledge and determine key knowledge gaps. This 

model will also be a tool to inform management of groundwater resources, both ongoing and for future major 

developments.  

1.1 The Far North Prescribed Wells Area  

Groundwater in the Far North Prescribed Wells Area (FNPWAP) is managed under the Far North Water Allocation 

Plan (FNWAP); a key principle within being to manage groundwater resources by pressure (head) and to allocate 

by volume. The FNPWA was prescribed on 27 March 2003, and the first FNWAP was adopted on 16 February 2009. 

The 2021 FNWAP was adopted on the 27 February 2021. 

Currently, the total groundwater sourced is 176 ML/d (2018ð19 data) (Figure 1.2), with the majority (approximately 

76% or 134 ML/d) sourced from the GAB hydrogeological super-basin aquifers (Figure 1.3) This volume of water is 

made up of mining, industrial and human requirement supplies, co -produced water (water extracted with 

petroleum hydrocarbons), water for stock and domestic use, bore-fed wetlands and other amounts. Demand for 

the groundwater resources is expected to grow, particularly in response to growth in the mineral and energy 

industries.  

1.2 Previous modelling  

Although several groundwater models cover part of the western margin of the GAB hydrogeological super -basin, 

they are subject to one or more of the following limitations in terms of suitability for cumulative impact 

assessment to inform management of aquifers within SA:  

¶ a small or constrained geographical extent 

¶ an over-simplified or limited aquifer system representation  

¶ proprietary ownership by private companies that prohibits use for regulatory water -resource assessments  

¶ being based on outdated hydrogeological conceptualisations that do not reflect the current understanding of 

basin structure and groundwater processes, including recharge and discharge 

¶ not considering other interconnected basins that form important water resources in the FNPWA 

¶ not being designed to consider the cumulative impacts of multiple groundwater users.  



 

 

 

Figure 1.1:  Location map of  the  Far North Prescribed Wells Area and study area .  



 

 

 

Figure 1.2:  Total licensed volume (176 ML/d) presented by licence purpose description, FNPWA.  

 

Figure 1.3:  Licensed volume sourced from the GAB hydrogeological super -basin (134 ML/d) presented by licence 

purpose description, FNPWA.  



 

 

DEW has developed a numerical groundwater flow model to address the gaps identified in the existing models 

and to provide a tool to inform management of groundwater resources in the FNPWA . This model is consistent 

with the latest science and knowledge and can be updated in the future, providing a quantitative and predictive 

tool for development assessments and to inform management decisions. Further discussion of previous modelling 

is provided in Volume 8 of this report.  

1.3 The study area  

To cover an area of sufficient extent to achieve the model objectives, the study area (Figure 1.1) encompasses 

portions of the Eromanga Basin in QLD and NSW, part of the Cooper Basin in QLD, and the entirety of the 

following administrative areas and features of hydrogeological significance: 

¶ Eromanga Basin in SA and the NT 

¶ Cooper Basin in SA 

¶ Pedirka Basin 

¶ Arckaringa Basin 

¶ the Far North Prescribed Wells Area (PWA). 

The initial model design is to simulate groundwater flow within the main Eromanga aquifer sequence, with a focus 

on the Far North PWA in SA.  

The study area (Figure 1.1) covers a total area of about 721,370 km2. A 10 km-wide external buffer encompassing 

the features described in the above dot points extends beyond the southern, western and northern perimeters of 

the study area. The eastern boundary extends between 245 km and 420 km from the NT border into QLD; 

between 125 km and 190 km from the SA border into QLD; and between 60 km and 140 km into NSW from SA 

border. The eastern boundary is designed to allow for lateral inflow of groundwater to the study area in some 

areas and no flow in others, consistent with the groundwater flow system contours  interpreted during this project . 

The spatial extent of the eastern boundary was selected to provide a sufficient distance away from the areas of 

interest in SA, so that the hydraulic conditions along the boundary do not materially influence simulation results.  

1.4 Reporting structure  

Given the size and multi-faceted nature of the investigation that supported the model development, reporting 

occurs over several volumes: 



 

 

1. Simplified technical summary 

2. Hydrogeological framework  

3. Hydraulic parametrisation 

4. Groundwater flow system dynamics  

5. Time series data 

6. Recharge and discharge processes 

7. Water use and balance estimations  

8. Model construction and history matching  

1.5 Volume  objective  

This volume (Volume 2) provides a summary of the basin configuration, stratigraphic and hydrostratigraphic 

underpinnings of model layer interpretation and construction, as well as an overview of the potential impact inter -

aquifer connectivity, tectonics and fault -related deformation of strata may have on hydrodynamics. Additionally, a 

brief overview of pertinent features of the past and present climate, landscape and surface drainage is provided. 

 

 



 

 

2 Landscape data, topography, and surface 

drainage 

Topographical data within the model conceptualisation is primarily used to determine the extent of artesian and 

non-artesian conditions, as well as providing a means to determine the Reduced Standing Water Level (RSWL) 

against a standard Australian height datum (m AHD). Further, topography and hydrology  descriptions potentially 

indicate key drivers of groundwater flow. For example, the gradient between highlands and potential discharge 

points like springs at lower elevations provides one basic line of evidence for a gravity driven groundwater flow 

system. Finally, the condition or permanence of such features may provide information concerning the magnitude 

or frequency of potential groundwater affecting phenomena, such as recharge events linked to streamflow. 

2.1 Landscape data 

Topographical data can be derived from several sources which have varying levels of resolution and accuracy. 

2.1.1  Survey data  

Modern survey data are used where possible for water level determination, with digital elevation model (DEM) 

data used where survey data is not available. Survey data may be sourced from either a differential global 

positioning system (GPS) methodology or a triangulation method. Further discussion is provided in Appendix A. 

Wherever possible, surveyed reference and ground elevation data were used in preference to elevation data 

derived from the 1-second Shuttle Radar Topography Mission (SRTM) Digital Elevation Model (DEM) (Wilson et al. 

2011) or other elevation data sources (Appendix A). Several wells located near the Wellfield A and B areas of 

Olympic Dam mining operations (Figure 1.1) had shuttle-derived digital elevation model elevations in the 

database. In this case, Olympic Dam mining operations  provided surveyed reference elevations for all 108 water 

wells in the Wellfield A and Wellfield B region to reduce topographical data uncertainties . 

2.1.2  Digital Elevation Model  

A DEM is used in conjunction with potentiometric surface data to map artesian conditions, as well as providing a 

means of calculating the elevation of structure surfaces of the various hydrostratigraphic units. The SRTM 1-

second ôhydrologically -enforcedõ National Digital Elevation Model (1-second DEM-H) (Wilson et al. 2011) was used 

in conjunction with mapped surface drainage and land use data from the DEW Geographic Information System 

(GIS) server to determine topography.  This DEM data has been hydrologically conditioned and drainage enforced  

to ensure drainage flow paths based on elevations and mapped streamlines are captured and that catchments and 

related hydrological attributes  are accurately delineated. This informs model design in terms of stratigraphic 

surfaces, hydrology and depth-to-water calculations (Figure 2.1). Where high or medium quality survey data were 

not available, an elevation derived from the 1-second DEM-H was used in preference to other low-quality data 

(Appendix A). 

  



 

 

2.1.3  Landscape data accuracy  

Part of this application included replacing the DEM-derived ground elevation of more than 400 wells with the 1-

second DEM-H in SA Geodata. Prior to this update, DEM-derived ground elevations for these wells were obtained 

from the bare earth National Digital Elevation Model (1 -second DEM), which was considered less accurate. DEM-

derived ground elevation s are used where there are no survey elevations available for the calculation of the 

RSWLs. Although the average and median difference between 1-second SRTM DEM and 1-second SRTM DEM-H 

elevations at water wells in the 2019 dataset was small (Ĭ 0.053 m and Ĭ0.046 m, respectively), the minimum 

(Ĭ 7.98 m) and maximum (4.18 m) differences highlighted the need to update ground elevations for all water well 

records sourced from SA Geodata. This is an important correction because spring flows can be dependent on 

quite small artesian aquifer pressures. 

The location of major rivers and creeks was described using the ôGEODATA TOPO 250K Series 2õ geodatabase that 

is maintained by Geoscience Australia and copies of which are maintained by DEW (Geoscience Australia 2006) 

(Figure 2.1). 

2.2 Topography  

The topography  encompassed by the study area is typically very flat. Topographic variation is largely derived from 

the rivers and creek-lines that typically drain toward the center of the study area (Figure 2.1). The larger rivers are 

generally wide, gently sloping and have in some cases developed an anastomosing habit reflective of the lack of 

relief. Rivers typically terminate in one of a few playa lakes near the center of the study area, or into delta -shaped 

sink holes (Figure 2.1). Headward erosion on the margins of catchment areas form escarpments or breakaways. 

Buttes and mesas form where hardpan development creates a caprock that is resistant to erosion. Notably, such 

features are prominent around limestone depositing spring environments.   

Large playa lakes occur in much of the central and south-eastern portions of the study area, with the largest being 

Kati ThandaðLake Eyre at approximated 9,500 km2. Kati ThandaðLake Eyre is also the lowest point topographically, 

below sea level at approximately Ĭ15 m AHD (Figure 2.1). 

The study area is largely bordered by highlands and plateaus. The more prominent highlands include the Northern 

Flinders, Wiloran and Gawler ranges on the southern margin, the Musgrave and MacDonnell Ranges to the north-

west, the Goyder and Hamilton Ranges to the north-east and the Barrier Ranges to the south-east (Figure 2.1). The 

Denison and Davenport Ranges, which coincide with the Precambrian Peake and Denison Inliers, form the most 

prominent highland within the study area and are located to the west of Kati ThandaðLake Eyre. Further to the 

west, the low escarpments of the Stuart Range mark the western margin of the Lake Eyre hydrological basin 

(Figure 2.1). Simon-Coincon et al. (1996) interpreted the Denison and Davenport Ranges to be the remnant of a 

former drainage divide during the Tertiary  Period, and that headward erosion by eastward flowing rivers and 

creeks formed the flat escarpment that now separates the Stuart Range from the Denison and Davenport Ranges 

(Figure 2.1). 

A large percentage of the surface within the study area is composed of desert. Many named deserts occur in or 

near the margins of the study area, including the Great Sandy, Simpson, Strzelecki, Tiari, Pedirka, Great Victoria 

and Sturt Stony deserts (Figure 2.1). Mabbutt (1977) interpreted wind -driven (aeolian) deflation as the dominant 

physical process shaping the surficial environment. Longitudinal and lunette sand dune environments form 

prominent landscapes in the plains and playa lake region. Denudation may also be an important landscape 

altering process. Karlstrom et al. (2013) calculated denudation rates of between 15 to125 m/million years (Ma) 

using uranium-series dating on Mesozoic outcrops beneath spring-related limestone found on buttes and mesa 

within the study area, whereas Simon-Coincon et al. (1996) suggested denudation rates within a similar range (20 

to100 m/Ma). Denudation is likely to be driven by neotectonic-related upwarping within the Australian continent, 

with Quigley et al. (2007), Sandiford et al. (2009) and Sandiford et al. (2020) all presenting evidence for 

intracontinental neotectonic deformation  in the northern Flinders Ranges, on the southern margin of the study 

area, as well as from within the study area. 



 

 

 

Figure 2.1:  Topography of the study area , with key topographic features highlighted  



 

 

2.3 Surface drainage  

Surface drainage within the study area can be described as concentric, with headwaters located in highlands and 

escarpments near or outside of the study area and terminuses either within or within a distance of one of the 

playa lakes or ephemeral deltas near the center. The most prominent drainage terminus within the study area is 

the large playa of Kati ThandaðLake Eyre, toward which most rivers and creeks in the region drain (Figure 2.1). 

Smaller playas that function as drainage terminuses within the south-eastern portion of the study area include 

Lake Blanche, Lake Gregory, Lake Callabonna and Lake Frome (Figure 2.1). Other lake terminuses with localised 

catchments include Lake Cadibarrawirracanna, located between the Stuart and Denison and Davenport Ranges, 

and Lake Yamma, Lake Mahattie, and the Bilpa Morea Claypan in QLD (Figure 2.1). Craddock et al. (2010) 

suggested that the number of rivers in the north -west of the study area terminating in ephemeral deltas and 

playas in the Simpson Desert were once likely to terminate in Kati ThandaðLake Eyre during wetter climatic periods 

of the OligoceneðMiocene period. 

Rivers, creeks, and lakes in the region are ephemeral, with flow events highly episodic and tend ing to be short 

lived. Kotwicki and Allan (1998) noted that such flow events are driven by either heavy monsoonal rains or heavy 

winter rains associated with La Niña events in the Pacific Ocean. Further, Habermehl (1980) noted that most flow 

events terminate only part way down the reach of many rivers due to the impact of low gradients and high 

evaporation and infiltration rates. Permanent surface water is typically associated with waterholes and spring-fed 

wetlands, or rock holes supplied from rainfall (Silcock 2010).  

2.4 Great Artesian Basin Springs and other groundwater dependent ecosystems  

There are two recognized types of groundwater dependent ecosystem (GDE) found within the study area. By far 

the most recognized are those associated with discharging groundwater from the GAB hydrogeological super-

basin. The GAB springs are iconic features of the Central Australian landscape and are of great ecological, Cultural, 

and economic importance. Over 5,000 spring vents have been mapped in SA, stretched across a length of 

approximately 800 km from just south of the SAðNT state border to Lake Frome (Figure 2.1).  

As mentioned in Chapter 1, the GAB springs are listed under the Commonwealth EPBC Act 1999 as threatened 

ecological communities and consequently, much of the water resource-related regulation and legislation relating 

to this region focusses on GAB springs. The isolation of GAB springs within an otherwise arid environment make s 

them ecological ôhotspotsõ where endemic flora and fauna have evolved over very long periods of time . For 

example, Miller (1987) suggested the origins of the Desert Goby Chlamydogobius eremius that mostly occurs in 

artesian spring environments in Central Australia, dates spring activity from the end of the Tertiary  Period. 

Similarly, Murphy et al. (2009) used mitochondrial DNA and allozyme analysis of the freshwater amphipods of the 

family Chiltoniidae found in  the GAB Springs of SA to suggest most evolutionary lineages originated in the late 

Miocene. 

The cultural and economic significance of the GAB springs encompasses both Indigenous and non-Indigenous 

communities. Evidence found at GAB springs through Central Australia suggests that they provided a water source 

for game and itinerant habitation for Indigenous populations for up to the last 10,000 years (Cox and Barron 

1998). Hercus et al. (1985) and McLaren and Hercus (1986) noted that GAB springs are often spiritually and 

culturally significant locations with Indigenous peoples who have a close relationship with the land.  

European settlement of the region commencing in the 1800s relied on the GAB springs as both a source of water 

and a means of navigation. Stuart (1865) made special note of the importance of the springs to th e survival of his 

expedition. Later, the Overland Telegraph and the first Adelaide to Alice Springs rail line closely followed the line 

of springs through this region.  Today, while their ecological significance takes precedence, the GAB springs still 

hold economic importance for the local tourism industr y. 

  



 

 

Other GDEs found within the study area are associated with riparian vegetation near rivers and creeks. Usually, 

these GDEs are thought to be dependent on shallow occurrences of groundwater. Such groundwater stores may 

be perched and separated from underlying aquifers by a confining unit (Miles and Costello e 2015). Many of the 

regionõs waterholes would therefore fall within this category. While still important ecological and economic 

sources of water within the region, their generally low reliance on deeper groundwater sources means they are not 

a focus of this modelling study. 

The hydrogeology of spring s as they pertain to this study are discussed further in Volume 6. 

 



 

 

3 Climate 

Climate is a fundamental component of the hydrological cycle driving both recharge through rainfall and 

discharge through evaporation. Currently, most groundwater resources that are the focus of this study are derived 

from lateral through -flow. However, rainfall is of more importance in the west  where Mesozoic-aged aquifer rocks 

outcrop and sub-crop (Chapter 4) and where important points of recharge, such as the ephemeral river recharge 

at the Finke and Plenty Rivers has been identified (Fulton et al. 2013). Likewise, evaporation as a driver of 

discharge occurs in regions where groundwater resources are found in the near surface, such as shallow aquifers 

near springs. 

With respect to paleoclimate, Habermehl (2001) noted that groundwater within the GAB hydrogeological super -

basin is of meteoric origin and may have an age of over 1 Ma near the centre of the basin, inferring that 

groundwater flow can be described using continental -scale flow lines. Over such time-periods, paleoclimatic 

variation and its impact on recharge rates may influence the GAB groundwater resource. Consequently, an 

appreciation of paleoclimatic variation may be helpful to understand long-term natural transience in groundwater 

pressures. Further, paleoclimatic variation and its relationship to recharge and groundwater flow may lead to a 

greater understanding of the potential implications of future climate change.  

Looking forward , the potential impacts of anthropological climate change are pertinent for shallow aquifers or 

those parts of the study area that are potentially recharge zones, as it is these areas that respond most quickly to 

changes in rainfall and evapotranspiration (and hence recharge potential) in the timeframes considered.  

3.1 Current climate  

3.1.1  Temperature  

The recent climate of the study area is arid (Allan 1990; McMahon et al. 2005). Average maximum daily 

temperatures range from 21 to 32 °C, whereas average minimum daily temperatures range from 8 to 17 °C (Figure 

3.1, Bureau of Meteorology (BoM) 2019). The average mean daily temperature for the study area ranges between 

15 and 25°C. Monthly average temperatures typically vary between 17°C and 40°C at the Moomba Airport, 

Oodnadatta Airport and Marla Police Station weather stations (Figure 3.2, Figure 3.3). Generally, the northern and 

eastern portions of the study area are hotter than the southern and western portions.  

3.1.2  Rainfall  

For the purposes of estimating recharge, Radke et al. (2000) noted that given its size, the GAB hydrogeological 

super-basin may fall within more than one local climate zone. The study area occupies a large portion of the 

south-western, western and central portions of the GAB hydrogeological super-basin and thus largely falls within 

an arid zone where prevailing rainfall is largely sourced from weak winter cold fronts. Rainfall is typically higher 

along the north-western, north -eastern and eastern margins of the study area, which are likely receiving influence 

from northern monsoonal weather patterns . Rainfall is generally less than 250 mm per year, with mean annual 

average rainfall varying between 131 and 375 mm/y (Figure 3.4; BoM 2019). Rainfall occurrence within the study 

area is sporadic, and the intensity of rainfall can vary considerably. Notably, McMahon et al. (2005) stated that 

precipitation within the wider Lake Eyre Basin was more variable than 65% of equivalent arid regions 

internationally . Estimates of recharge from rainfall are discussed in Volume 6 of this report. 

 



 

 

 

Figure 3.1:  Average daily, maximum, minimum and mean temperatures, study area  



 

 

 

 

Figure 3.2:  Average monthly temperature and rainfall, Moomba Airport, Oodnadatta Airport and Marla Police 

Station weather stations. 



 

 

 

Figure 3.3:  Weather stations and cumulative deviation from mean  rainfall  



 

 

 

Figure 3.4:  Average annual rainfall ) and pan evapotranspiration 



 

 

Rainfall totals from several weather stations across the study area viewed as a cumulative deviation from the mean 

show a similar pattern (Figure 3.3). While the different time -periods over which data was collected mean that the 

deviations exhibited within each station dataset are not directly comparable, patterns in relative deviation may still 

be used to describe climatic trends. Where sufficient records are available, a notable drying occurred between the 

later 1920s and the 1970s. The 1970s display a significant increase in rainfall, concomitant with flooding 

experienced in the region, which culminated in Kati ThandaðLake Eyre filling between 1974 and 1977 (Allan 1985). 

Between 1980 and the present day there have been a few lesser high rainfall periods, coinciding with 1989, 1999 

to 2001, 2009 to 2011 and 2015 to 2016. Drier periods typically followed these events.  

3.1.3  Evaporation  

Hamilton et al. (2005) measured average pan evaporation rates in the Cooper Creek region of Central Australia of 

2,500 mm/y , while Tetzlaff and Bye (1978) reported an evaporation rate of approximately 3,000 mm/y in the Lake 

Eyre region. Based on interpolation, evaporation rates across the study area vary between 2,300 and 3,600 mm/y 

(Figure 3.4). Pan evaporation is modelled to be highest near the north-eastern border of SA and lowest in the 

south-eastern and south-western corners of the study area. Notably, the minimum rate of 2,300 m/y (6.3 mm/d ) 

and the maximum of 3,600 mm/y (9.8 mm/d) are like the estimated evaporation rate at Dalhousie Springs (6.5 

± 0.7 mm/d). Further, it is also like the maximum evaporation rate estimated using the energy budget (10 mm/d ) 

for the region by Williams and Holmes (1978) and Holmes et al. (1981). 

3.2 Paleoclimate  

With respect to the hydrogeology of the study area, a review of paleoclimatic science indicate that there are three 

important factors to consider during hydrogeological conceptualisation:  

¶ The current rate of recharge to the GAB hydrological super-basin is much less than discharge and consequently 

groundwater pressures in the basin are potentially in a state of natural, long-term decline. 

¶ There is some ambiguity in determining changes in overall rainfall patterns between glacial and interglacial 

periods using Quaternary Period-fluvial and lacustrine records from Central Australia. 

¶ There is some hydrochemical evidence for changes in groundwater flow direction that might be attributable to 

paleoclimate. 

The past climate in the study area depends on global glacial and interglacial periods. Stable isotopes of elements 

like oxygen -are often used to investigate paleoclimate, because variations in the ratio of 18O/16O (Ů18O) are linked 

to varying evaporation from the earthõs oceans, which is directly linked to ocean temperature and by extension, 

climatic temperature. Using d18O isotope data from a combination of speleothem, polar ice and deep-sea cores, 

Waelbroeck et al. (2002) and Lisiecki and Raymo (2005) determined that there had been 12 interpretable glacial 

and interglacial periods in the last 500,000 years, with six occurring within the past 150,000 years. Glacial and 

interglacial periods have been linked by Lee et al. (2017) to Milankovich cycles, or cyclic changes in the precession 

(wobble around the earthõs spin axis) that peaks every 20,000 years approximately, obliquity (tilt of the earthõs axis) 

that peaks every 40,000 years and eccentricity (shape) of the earthõs orbit that peaks every 100,000 years.  

In the context of Australia, Frakes (1979), Duguid et al. (2005) and Nanson et al. (2008) all suggested that 

paleoclimatic proxy records indicate a general shift to more arid conditions throughout the late Cenozoic Era from 

between 10 and 17 Ma. Extending this concept, Rousseau-Gueutin et al. (2013) and Welsh et al. (2012) used 

groundwater modelling to argue that the current rate of recharge to the GAB hydro geological super-basin is 

much less than discharge and consequently groundwater pressures in the basin are potentially in a state of 

natural, long-term decline.  



 

 

How variations in global paleoclimate are reflected at more localised scales require additional  data to establish. 

Such records may include pollen and vegetation records, local speleothem growths, as well as sedimentation 

records from lacustrine, fluvial and dunal environments. These kinds of records may provide relative data 

concerning the rainfall and temperature within a paleo -environment and therefore may serve as proxies in the 

absence of direct climate data. With respect to Central Australia and in particular areas within the study area, 

Priestley et al. (2017a) found evidence linking periods of increased travertine deposition at springs with wetter 

periods mapped using climatic proxies. However, they were unable to distinguish a pattern between shifts from 

monsoonal (northern) to temperate (southern) rainfall patterns, citing the size and complexity of groundwater ÿow 

paths contained within the GAB hydrogeological super-basin. Further Croke et al. (1996), Keppel et al. (2013) and 

Priestley et al. (2017a) noted some ambiguity in determining changes in overall rainfall patterns between glacial 

and interglacial periods using Quaternary Period-fluvial and lacustrine records from Central Australia. 

Finally, the impact of paleoclimate on recharge and hydrodynamics has also been used to partly explain variations 

in hydrochemistry within the general area. Keppel et al. (2015b) noted that distributions in major ion and isotope 

hydrochemistry from bores completed in the Boorthanna Formation aquifer near Margaret Creek in the south-

eastern portion of the study area suggested groundwater flow ed from east to west, in contrast to modern 

groundwater flow that is west to east , based on head data. Keppel et al. (2015b) interpreted hydrochemistry as 

indicative of paleo-groundwater flow paths from recharge areas on the margins of the Billa Kalina Basin (Figure 

2.1). From this, they surmised that the ephemeral wetlands in this area were potentially larger, wetter and acting as 

a source of recharge to the Boorthanna Formation aquifer at the time this flow path was active. Keppel et al. 

(2015b) suggested that, in the intervening time, a combination of a drying climate and to a lesser extent 

neotectonics had altered the groundwater flow path, but there had been insufficient time for this new pressure 

regime to flush the aquifer of this prior hydrochemical signature.  

3.3 Climate change  

3.3.1  Historical data analysis  

To understand the potential impacts of climate change within the GAB region and to contextualise results from 

global climatic models, Fu et al. (2020) analysed observed climatic variability in the GAB region from 1960 to 2016. 

This was in addition to the future climatic projections for the GAB region from 40 global climatic models described 

in the Intergovernmental Panel on Climate Change Fifth Assessment Report. 

From analysis of historical results, Fu et al. (2020) found that although rainfall and temperature generally increased 

across the GAB hydrogeological super-basin region (see Figure 3-3 for cumulative deviation from Mean ( CDM) 

rainfall data), the statistical significance of these measures varied. While the increase in temperature year per year 

(y2) was considered statistically significant, the general increase in rainfall across the super-basin was not, except in 

a few locations, one of which was near Marla on the south-west margin of the basin (calculated as approximately 

3 mm/y 2).  

With respect to evapotranspiration, Fu et al. (2020) examined pan evaporation observations and FAO56 Penman-

Monteith estimations , which returned contrasting results. Pan evaporation observations displayed a significant 

decrease (Ó Ĭ5mm/y 2) for a large portion of the western GAB hydrogeological  super-basin region, with most of  

the study area showing at least some decrease in evapotranspiration. In contrast, FAO56 Penman-Monteith 

estimations show most of  the study area experiencing a statistically insignificant increase in evapotranspiration, 

except for an area near Marla and the Frome embayment, where a decrease was observed.  

  



 

 

The increase in rainfall, concomitant decrease in evaporation and therefore potential increase in recharge near 

Marla contrasts with earlier hypotheses from paleoclimatic studies suggesting an overall drying climatic trend and 

therefore a general decrease in overall recharge. However, this highlights the potential variability between shorter 

term trends determined using direct rainfall and temperature observations in discrete locations, versus trends 

interpreted to occur over thousands of years using temper ature proxies. Further, it also reinforces the need to 

examine a variety of data sets to understand fully the impacts of climate variability at more localised scales and 

the importance of continuous climatic measurement to establish meaningful climate datasets.  

3.3.2  Climate change forecasts  

Fu et al. (2020) undertook an analysis of 40 global climate models (GCMs), with an emphasis on two emission 

scenarios, described as ôRepresentative Concentration Pathwaysõ (RCPs). RCPs are prescribed pathways for 

greenhouse gases and aerosols in combination with land use changes that are employed by climate change 

modellers as a consistent means of describing a range of broad potential climate outcomes (Commonwealth 

Scientific and Industrial Research Organisation (CSIRO), 2019). RCPs describe the radiative forcing, or extra heat 

the lower atmosphere will retain because of increased greenhouse gas and aerosol concentration, by the end of 

the 21st Century (CSIRO 2019). These scenarios included the median (RCP4.5) to high (RCP8.5) emission scenarios 

of greenhouse gasses. RCP4.5 is indicative of a stabilisation scenario without overshoot pathway to 4.5 Wm -2 

(æ650 ppm CO2 equivalent) at stabilisation after the year 2100 and RCP8.5 represents a rising radiative forcing 

pathway leading to 8.5 Wm-2 (æ1,370 ppm CO2 equivalent) by 2100. 

Fu et al. (2020) found that temperatures were projected to increase  for the RCP4.5 and RCP8.5 emission scenarios. 

Model predictions were generally found to be in keeping with historical trends  as described by Fu et al. (2020) 

(Table 3.1). Annual rainfall values in the GAB region were projected to decline overall in the future although the 

change was generally small and some models did predict increases (Fu et al., 2020) (Table 3.1). 

Table 3.1:  Predicted temperature and rainfall changes based on the RCP4.5 and RCP8.5 emission scenarios  

Climate scenario  Year range Temperature range (°C)  Rainfall change (%)  

RCP4.5 2010 to 2054 0.61 to 1.79 Ĭ0.72 to Ĭ0.82 

 2030 to 2074 0.9 to 2.39 Ĭ1.3 to Ĭ1.2 

 2055 to 2099 1.16to 3.25 -Ĭ2.48 to Ĭ1.75 

RCP8.5 2010 to 2054 0.76 to 2.05 Ĭ12.06 to +15.79 

 2030 to 2074 1.34 to 3.3 Ĭ18.73 ðto +11.63 

 2055 to 2099 2.38 to 5.01 Ĭ27.8 to  +14.75 

 

Fu et al. (2020) observed that the findings of their GCM analysis contrasted with general, albeit statistically 

insignificant, increases in rainfall in historical records over the past 50 years. This reflects a similar disparity with 

respect to rainfall records and paleoclimatic data and again emphasises the importance of localised, long and 

continuous climatic records of various scales and sources to fully appreciate the past as well as understand what 

might happen in the future.  

Finally, Fu et al. (2020) also noted that the lack of agreement with evapotranspiration measures and projected 

rainfall was difficult to assess in the context of socioeconomic impact. For instance, one may determine that 

ground water demand would increase with decreasing rainfall; however, such relationships are most notable in 

irrigation areas, none of which are found in the SA portion of the GAB hydrogeological super -basin. In contrast, 

water demand for pastoralism fluctuates with fodder availability, whic h may be expected to correlate with rainfall. 

If rainfall were to consistently increase, so could water demand. However, if periods of drought were to increase, 

stocking rates may be more likely to fall. Such variability when modelling projected water use in future -looking 

modelling scenarios is worth considering when assessing cumulative impacts over time.  



 

 

3.3.3  M odel predictions concerning climate change  

While climate change is of ancillary concern during model construction and history matching, an understanding of 

potential climate change-related impact in the near- and long-term future may aid design of future scenarios. 

An attempt at predicting the impacts of climate change on the GAB hydrogeological super-basin was undertaken 

by Welsh et al. (2012) using the GABTrans model. Welsh et al. (2012) modelled recharge by using scaling factors 

derived from GCMs that were then applied to recharge cells. Recharge cells were defined by mapping work 

subsequently published by Ransley et al. (2015) and largely coincided with regions of sub-cropping and 

outcropping aquifer strata  within the entire GAB hydrogeological super-basin. With respect to the study area that 

is the subject of this study, Welsh et al. (2012) demarcated the portion of GAB hydrogeological super-basin aquifer 

units located along the western and southwestern edge of the basin that contained either dry or unconfined 

groundwater conditions as ôintake bedsõ within their model construction. Recharge rates applied to cells to 

simulate the ôcurrent dayõ condition were obtained by allowing rates to vary on a zonal basis between 1 and 30 

mm/y  during calibration , except for 2 regions where recharge rates were fixed.  

Three scenarios were examined:  

¶ An extension of 2010 climate and groundwater  development unchanged to 2070 . 

¶ A predicted change in climate from 2010 to 2070, but with current development scenarios in place over 

the same period of time. The future scenarios included the wet extreme, median and dry extreme future 

climates. Welsh et al. (2012) stated that these future climate scenarios included potential groundwater 

recharge rates ranging from 66% of the current rate under the dry extreme c limate scenario to 183% 

under the wet extreme climate scenario.  

¶ A prediction of future climate and development scenarios extended from 2010 to 2070, including new 

groundwater  extractions as well as rehabilitation of current free-flowing bores.  

Welsh et al. (2012) found that in the scenarios with unchanged climate and development that groundwater 

extraction exceeds replenishment in most of the GAB modelled in SA. Under the second scenario, although 

groundwater extraction was predicted to exceed replenishment in most of the south and west of the GAB, notable 

exceptions were increases in groundwater level near Marla under the wet extreme climate and decreases in 

groundwater level over most of the intake beds under the dry extreme climate.  

Under the third scenario, although Welsh et al (2012) noted groundwater level recoveries in parts of QLD and 

NSW based on projected bore rehabilitation, the impact in the Far North Prescribed Wells Area (FNPWA) is like 

that found in the second scenario. 

  



 

 

4 Basin configuration and 

hydrostratigraphy 

The geometry of the hydrogeological basin and the contained hydrostratigraphic units are important aspects of 

the conceptual model. An accurate depiction assists the estimation of groundwater flows and hydraulic 

parameters. However, properly understanding the basin configuration, the hydrostratigraphy and particularly the 

history of its formation, helps model conceptualisation beyond these fundamental requirements.  

Given the size of the study area, the relationship between the stratigraphy and the hydrostratigraphy can be 

complex. While strata across the study area may share a lateral stratigraphic nomenclature, a different set of 

nomenclature may be required to distinguish hydrostratigraphic relationships and groundwater flow systems , as 

these are influenced by more than just stratigraphy. While stratigraphy across the GAB hydrogeological super-

basin has historically served as a proxy for hydrostratigraphy, some effort has been made here to separate the 

concepts of stratigraphy from hydrostratigraphy.  

Tectonics is a key basin configuration factor in that it not only provides the necessary accommodation space for 

basin sedimentation, but ongoing tectonic activity may continue to influence and shape hydrogeology after basin 

sedimentation ceases. This modification may take the form of uplift, down-warping or faulting, which may change 

the basin configuration  or hydrogeological  properties of contained strata over time , including changing or 

forming groundwater flow s ystems or altering hydraulic conductivity  or connectivity. 

Importantly, in large basins such as the GAB hydrogeological super-basin that are still considered neotectonically 

active (Keppel et al. 2020a; Sandiford et al. 2020), the basin configuration and hydraulic properties of strata may 

be constantly evolving. Therefore, the flow systems they host may in fact be a much different age to t he water 

molecules contained within strata. Such a concept may have important ramifications when trying to determine 

groundwater flow velocities or the age of groundwater flow sys tems, particularly where proxies such as 

hydrochemistry are used as lines of evidence. 

4.1 Setting  

There are several aquifer systems captured within the study area, defined variably by groundwater age, flow 

systems, hydrostratigraphy and basin nomenclature. The interconnectedness or otherwise of these systems has 

been an open question of recent research (see for example, Howe et al. 2008; Keppel et al 2015b; Radke and 

Ransley, 2020). Regardless, most groundwater resources in the Far North are contained within strata of the 

Eromanga Basin.  

As discussed in Section 1.3, the study area is designed the encompass all the Eromanga Basin found within SA and 

the NT and therefore captures all the confined and sub-artesian portions of the Main Eromanga Aquifer Sequence 

found within these states, including important regions of potential recharge. The eastern boundary extends into 

QLD and NSW from the SA border. This allows for lateral inflow of groundwater from  the Main Eromanga Aquifer 

Sequence strata, located outside the study area but at a sufficient distance away from the areas of interest (Figure 

4.1). Additionally, the study area encompasses Eromanga Basin strata that overlie the main Eromanga aquifer 

sequence, the most important  of which is the main confining layers of the Rolling Downs Group (Table 4.1), which 

may be found over most of the study area. Above this confining layer may be found other minor aquifers and 

confining  layers in the Eromanga Basin and Lake Eyre Basin strata (Table 4.1). 

 



 

 

 

Figure 4.1:  A) Sedimentary basins within GAB hydrogeological super -basin B) Structural geology and configuration underlying Mesozoic sedimentary rocks within the study area



 

 

Further, the study area encompasses regions in which important aquifers and confining layers are found 

underlying the main Eromanga aquifer sequence. These units are predominantly associated with Permo-

Carboniferous strata associated with the Cooper, Arckaringa and Pedirka basins (Figure 4.1). These aquifer and 

confining layer sequences are important with respect to the possible interaction with groundwater within the main 

Eromanga aquifer sequence, but also because of their importance to the energy industry. 

4.2 The Eromanga Basin and its relationship to the GAB 

The Eromanga Basin is a Mesozoic epi-continental depo center composed of non-marine to marine sedimentary 

rocks. Historically, the Eromanga Basin and chronostratigraphically equivalent basins in QLD and NSW, such as the 

Surat, Clarence-Moreton and Carpentaria basins, have been described collectively as the Great Artesian Basin, or 

GAB (Figure 4.1A). This ôhydrogeological super-basinõ (Krieg et al. 1995) covers approximately 22% of the 

Australian land surface (Habermehl 1980), including significant areas of QLD, NSW, SA and the NT. Although the 

GAB hydrogeological super-basin includes sedimentary rocks from several epi-continental depressions, of these 

the Eromanga Basin is the largest by volume and is coincident with the GAB within the confines of the study area 

(Figure 4.1A). Consequently, the Eromanga Basin component of the GAB hydrogeological super-basin is the focus 

of this study and thus all following  discussions. By extension, all the hydrostratigraphic units found within the Main 

Eromanga Aquifer Sequence may also be described as part of the GAB. 

4.3 Eromanga Basin configuration  

The formation of the Eromanga Basin was triggered when general uplift occurring within SA during the Triassic 

period coincided with continental down -warping to the northeast (Krieg et al. 1995; Ollier 1995; Toupin et al. 1997; 

Wopfner and Twidale 1967). Consequently, variations in basin subsidence or upwarping and global sea level 

changes during the Mesozoic Era led to the development of a series of transgressional alluvial, fluvial and marine 

sequences that formed the basin sediments (Krieg et al., 1995; Wopfner and Twidale, 1967). Further, volcanic 

activity associated with a subduction zone along the eastern margin of the Australian continent also contributed 

to sediment fill.  

The basic configuration of the GAB hydrogeological super-basin is that of a bowl,  partly defined by and 

progressively modified by the re-activation of several pre-depositional faults and folding. A series of mountain 

ranges composed of basement rocks frame the margins of the GAB hydrogeological super-basin, including the 

Northern Flinders and Willoran Ranges to the south, the Gawler Ranges to the south-east, the Musgrave and 

MacDonnell Ranges to the west and the highlands collectively known as the Great Dividing Range to the east 

(Figure 4.1).  

Within the study area, there are several important intra-basinal structural features. The Peake and Dennison Inliers, 

where Precambrian basement rocks outcrop, is the most prominent surface expression of the Torrens Hinge Zone, 

forming the Denison and Davenport Ranges (Figure 4.1A). The Torrens Hinge Zone is a zone of structural 

weakness and faulting that is associated with the northern extent of the Adelaide Geosyncline. The Adelaide 

Geosyncline is a Neoproterozoic to Middle Cambrian basin complex in SA that underlies the central and southern 

portions of the study area and extends south to include the Northern Flinders Ranges.  

The Adelaide Geosyncline is of particular importance to the basin configuration and by extension, the 

hydrodynamics inherent in Mesozoic strata within the study area (Figure 4.1B). Primarily, it divides the thicker parts 

of the Eromanga Basin to the east from the thinner part of the Eromanga Basin to west. This structure also serves 

to delineate largely confined and artesian groundwater pressures within Mesozoic aquifers to the eastern and 

northern parts of the study area from the largely unconfined and often dry aquifer conditions that predominate in 

the south-west.  

To the north of the Torrens Hinge Zone, the Dalhousie-McDills Ridge forms a concealed basement high that 

separates the Poolowanna and Eringa trough depocenters and is coincident with the largest (by water discharge) 



 

 

SA spring-system at Dalhousie Springs. Another prominent basement high is associated with the Mount Woods 

Inlier and the Coober Pedy Ridge. Finally, a concealed basement high with a north-east strike that separates the 

Poolowanna and Patchawarra trough depocenters forms the Birdsville Track Ridge. On the surface, the Birdsville 

Track Ridge is expressed as exposures of late Cretaceous and early Cenozoic units within low amplitude anticline 

structures associated with the Cordillo, Gason, Innamincka, and Cooryanna domes (Figure 4.1A). 

4.4 Tectonic history and neotectonics  

The influence of tectonics and neotectonics on the Eromanga Basin, as well as overlying and underlying strata is 

important to understand, as these recent deformation events may be dynamically affecting the flow of 

groundwater. This dynamic influence may: 

¶ result from uplift, either along the margins or within the basin, which may change the direction of 

groundwater flow , or from active seismicity, faulting and folding, which may either form sub -basinal 

regions, or form conduits for inter -aquifer connectivity and spring formation   

¶ control the distribution of artesian pressure by partially disrupting aquifer lateral connectivity in 

combination with impedance of vertical upward flow (Sandiford et al (2020) , or through the inhibition or 

re-direction of lateral flow within a confined aquifer via the development of faulting.  

As discussed previously, one of the most important intra -basin structural features is the Torrens Hinge Zone and 

associated Adelaide Geosyncline. This feature transects the study area and is coincident with the many spring 

occurrences and therefore the endpoint of groundwater flow within the J-K aquifer. The tectonic origins of this 

structure after sedimentation date back to the Cambrian  Period, when several west-north -west compressive 

tectonic events contributed to what is now called the Delamerian Orogeny. These produced several north -south 

trending thrusts, north -west trending transgressive shears, recumbent folds, igneous intrusions and 

metamorphism (Cotton et al. 2007) as well as inverting parts of the Adelaide Geosyncline. In total, Preiss (2000) 

mapped 5 successive rift  cycles with unique loci  and orientation . Springs occurring along and near these structures 

indicates that the tectonic history of this region is an important influence on the hydrogeology of the Eromanga 

Basin. 

More recently, Sandiford et al (2020) suggested that the basal traction imparted by the rapid movement of the 

Australian continent has had several important impacts . These include: 

¶ causing most tectonic activity to occur on the southern side of a prominent keel observed within the 

lithospheric thickness near Innamincka (Figure 4.1A) and therefore within the southern half of the GAB 

hydrogeological super-basin  

¶ causing variations of the mechanical properties of the sub-lithospheric mantle , which will affect the 

transmission and distribution of stress into the overlying plate , potentially expressing itself in the form of 

changes in surface elevation as well as in the pattern and location of discharge from impacted aquifers. 

Further, a link between recent seismicity, spring formation and therefore impact on the hydrogeology of the study 

area can be made. Louden (1995) and Sandiford and Quigley (2009) have attributed this seismicity to the release 

of continental stress along weak zones concomitant with the Adelaide Geosyncline, which contains pre-existing 

faults, and zones of lithospheric heterogene ity and lithospheric buckling . Karlstrom et al. (2013) described the re-

activation of pre -existing basement structures during continental-scale compression from the early Cenozoic Era 

to the present day as the primary control on the tectonic development and basin configuration of the GAB 

hydrogeological super-basin. Further, Keppel et al (2020a) noted that these areas of high seismicity are 

concomitant most of the mapped spring sites within the SA portion of the GAB hydrogeological super-basin 

(Figure 4.1A).  



 

 

4.5 Stratigraphy  

The geology found within the study area consists of several on-lapping intra -cratonic marine to non -marine 

sedimentary basins dating back to the early Phanerozoic Eon that overly metamorphic and igneous rock of 

Cambrian and Precambrian origin. Table 4.1 provides a summary of the major stratigraphic units found within the 

study area. 

Table 4.1:  Stratigraphy  of the Far North groundwater study area  

Period  Unit name  Related units  Lithology 

description  

Depositional 

environment  

Hydrogeological 

characteristics  

Q
u

a
te

rn
a
ry

-T
e

rt
ia

ry
 

Lake Eyre 

Basin 

Coonarbine 

Formation, 

Eurinilla 

Formation, 

Millyera 

Formation, 

Willawortina 

Formation, 

Cadelga 

Limestone, 

Doonbara 

Formation, 

Namba Formation, 

Etadunna 

Formation, 

Cordillo Silcrete, 

Eyre Formation, 

Mount Sarah 

Sandstone 

Variable sandstone, 

conglomerate, gravel 

beds, sand, silt, clay 

and mud units. 

Limestone, dolomite 

and silcrete horizons. 

Terrestrial. Various 

fluvial, alluvial, colluvial, 

lacustrine and aeolian 

depositional 

environments and 

regolith overprint 

processes. 

Major aquifers in the Eyre 

Formation. Leaky 

aquitard / partial aquifer 

(variation between sub 

formational units) in the 

Namba Formation. 

C
re

ta
c
e

o
u

s 

Winton 

Formation 

 Non-marine shale, 

siltstone, sandstone 

and minor coal 

seams. 

Low energy, fluvial, 

lacustrine, and paludal 

(swamp and marsh). 

Confined lenticular 

aquifers, discharge in 

eroded anticlines. Shales 

act as confining units. 

Mackunda 

Formation 

 Partly calcareous, 

fine-grained 

sandstone, siltstone 

and shale. Marks 

transition from 

marine to freshwater. 

Subtidal marine and 

shore faces. 

Confined minor aquifers 

within confining  units, no 

known natural discharge. 

Oodnadatta 

Formation 

(Rolling Downs 

Group)  

Allaru Mudstone 

(QLD), 

Woolridge 

Limestone 

Member 

Laminated, claystone 

and siltstone, with 

inter-beds of fine-

grained sandstone 

and limestone. 

Low energy, shallow 

marine. 

Confining unit with minor 

aquifers. 

Toolebuc 

Formation 

 Laminated 

carbonaceous clayey 

mudstone with fish 

fossils, calcareous 

clayey mudstone or 

coquinite with 

Inoceramus shells and 

clayey mudstone. Oil 

shale. 

Low energy marine. 

Peak of marine 

transgression. 

Confining unit. 



 

 

Period  Unit name  Related units  Lithology 

description  

Depositional 

environment  

Hydrogeological 

characteristics  

Coorikiana 

Sandstone 

(Rolling Downs 

Group) 

 Predominantly 

carbonaceous, clayey, 

fine-grained 

sandstone and 

siltstone.  

High energy, marine, 

shore face and gravel 

bars. 

Confined minor aquifer. 

Bellinger 

Sandstone 

(Rolling Downs 

Group) 

 Interbedded fine - to 

coarse-grained 

sandstone, with minor 

mudstone and 

conglomerate. 

No published 

depositional 

interpretation at time of 

reporting. 

Possible minor aquifer. 

Possibly related to 

occurrences of artesian 

groundwater in a thin 

sandstone unit within 

Rolling Downs Group 

south of Lake Blanche 

and north of the Frome 

Embayment. 

Bulldog Shale 

(Rolling Downs 

Group) 

Wallumbilla 

Formation (QLD) 

Grey marine shaly 

mudstone, micaceous 

silt and pyrite are also 

present, with minor 

silty sands. Occasional 

lodestones. 

Low energy, marine, 

cool climate. 

Main confining bed for 

the JurassicðCretaceous 

aquifers. 

C
re

ta
c
e

o
u

s 

Cadna-owie 

Formation 

Mount Anna 

Sandstone, 

Parabarana 

Sandstone, 

Trinity Well 

Sandstone, 

Livingstone Tillite, 

Sprigg Diamictite, 

Wyandra 

Sandstone (QLD) 

Heterogeneous, 

mainly fine-grained 

sandstone and pale-

grey siltstone. Coarser 

sandstone lenses 

occur in the upper 

part of the formation.  

 

Localised tillite and 

diamictite classified as 

member units denote 

significant variations 

in depositional 

environment. 

Transitional from 

terrestrial freshwater to 

marine. Minor glacial 

sedimentation 

represented by 

member unit 

classifications. 

A good aquifer  in many 

parts, high yields and 

good water quality. May 

be a confining unit near 

the south -west Cooper 

Basin. 

Murta 

Formation 

 Finely interbedded 

siltstone, shale and 

fine to very fine-

grained sandstone. 

Minor medium - to 

coarse-grained 

sandstone. Diagenetic 

siderite nodules and 

cementation in 

sandstone and 

siltstone beds are 

diagnostic in wireline 

logging.  

Largely lacustrine, with 

several lacustrine-

related facies identified. 

Confining unit. 

McKinlay 

Member 

 Silty sandstone. Transitional unit 

between braided fluvial 

deposits of the 

underlying Namur 

Sandstone and the 

overlying lacustrine 

Murta Formation.  

Partial aquifer. 



 

 

Period  Unit name  Related units  Lithology 

description  

Depositional 

environment  

Hydrogeological 

characteristics  

C
re

ta
c
e

o
u

sð
J
u

ra
s
s
ic Namur 

Sandstone 

 Fine- to coarse-

grained sandstone 

with minor 

interbedded siltstone 

and mudstone. 

Diagenetic calcite 

cement found locally 

in basal sequences. 

Braided fluvial 

environment.  

Major aquifer. Equivalent 

of the Hooray Sandstone 

found in QLD.  

J
u

ra
s
s
ic 

Algebuckina 

Sandstone 

 Fine- to coarse-

grained sandstone, 

with granule and 

pebble 

conglomerates. 

Low gradient fluvial, 

including rivers and 

floodplain. Both arid 

and wet climates. 

Major aquifer, high 

yielding bores. 

Westbourne 

Formation 

 Interbedded shale, 

siltstone with minor 

sandstone. Cross 

bedding, cross-

lamination, plant 

fossils and vertical 

burrows evident. 

Lacustrine depositional 

environment Restricted 

to northern Cooper 

Basin region. 

Largely a confining unit, 

possibly a minor aquifer 

in places. 

Adori 

Sandstone 

 Well-sorted, sub-

rounded, cross-

bedded fine to coarse 

grained sandstone. 

Diagenetic calcite 

cement found locally 

in basal sequences. 

Low sinuosity braided 

fluvial environment, 

possible wave 

reworking. 

Aquifer. 

J
u

ra
s
s
ic 

Birkhead 

Formation 

 Interbedded 

carbonaceous 

siltstone, mudstone 

and fine- to medium -

grained sandstone, 

with thin lenticular 

coal seams, silcrete 

and calcrete. Root 

mottling and 

bioturbation evident.  

Finer grained sediments 

and coal deposited in 

lacustrine and coal-

swamp environments 

(Lake Birkhead) that 

were cut by 

meandering fluvial 

channels. 

Largely a confining unit. 

Possibly a minor aquifer 

in places. 

Hutton 

Sandstone 

 Fine- to coarse-

grained sandstone 

with minor 

carbonaceous 

siltstone and shale 

inter-beds and pebble 

conglomerate beds. 

Braided fluvial with 

interpreted reworking 

by aeolian and 

lacustrine processes. 

Aquifer.  

Poolowanna 

Formation 

 Fine- to medium -

grained sandstone 

interbedded with 

laminated to massive 

siltstone and shale, 

thin discontinuous 

coal seams and 

intraclast breccia. 

A meandering or 

anastomosing fluvial 

environment with 

minor floodplain.  

Partial aquifer. 



 

 

Period  Unit name  Related units  Lithology 

description  

Depositional 

environment  

Hydrogeological 

characteristics  

T
ri
a
s
s
ic 

Simpson Basin Peera Formation, 

Walkandi 

Formation 

Shale, siltstone, minor 

sandstone (Peera 

Formation). Red-

brown shale, green 

siltstone and fine-

grained sandstone 

(Walkandi Formation). 

Possible Lacustrine. Confining unit. 

P
e

rm
o
-C

a
rb

o
n

if
e

ro
u

s
 

Cooper Basin Cuddapan 

Formation, 

Morney Beds, 

Nappamerri 

Group, 

Gidgealpa Group 

Glaciogene 

sediments, non-

marine coal measures, 

lacustrine shales, 

conglomerate, 

sandstone, mudstone, 

siltstone. 

Glaciolacustrine, 

terrestrial tillite, 

outwash, braided fluvial 

and lacustrine 

environments. 

Sandstone units may be 

aquifers; however, over-

pressurisation from gas 

generation may inhibit 

groundwater ingress and 

flow-through. 

Arckaringa 

Basin 

Mount Toondina 

Formation, 

Stuart Range 

Formation, 

Boorthanna 

Formation 

Mt Toondina 

Formation: Upper 

unit: grey 

carbonaceous shale, 

coal and interbedded 

grey sandstone, 

siltstone and sandy 

shale. 

Lower unit: shale, 

siltstone and 

sandstone 

Stuart Range 

Formation: Grey 

mudstone, siltstone 

and shale 

Boorthanna 

Formation: Upper 

unit: interbedded 

marine clastic rocks, 

(silt to boulders ) 

Lower unit: 

glaciogene sandy to 

bouldery claystone 

and diamictite, 

intercalated with 

shale and carbonate 

units 

 

Glaciogene through 

transgressional marine, 

with youngest units 

fluvio-lacustrine. 

Mount Toondina and 

Boorthanna Formations 

contain aquifers. Stuart 

Range Formation is a 

confining unit.  

P
e

rm
o
-C

a
rb

o
n

if
e

ro
u

s
 

Pedirka Basin Purni Formation. 

Crown Point 

Formation 

Purni Formation: 

Interbedded sands, 

silts and clays, as well 

as coal beds. 

Crown Point 

Formation: Sandstone 

and shale 

Fluvial and paludal 

(swamp) environments 

in Purni, glacio-fluvial 

and glacio-lacustrine in 

Crown Point Formation.  

Sandstone and coal 

seams are potential 

aquifers, Claystone and 

shale potential confining 

units. 

P
re

-C
a
rb

o
n

if
e

ro
u

s 

Crystalline 

basement 

Warburton Basin, 

Adelaide 

Geosyncline 

Metasedimentary 

rocks ranging from 

greenschist through 

to gneissic grade, 

granitoid intrusives, 

basic dykes and sills. 

NA Fractured rock aquifers 

present where 

mechanical deformation 

permits. 



 

 

4.6 Hydrostratigraphy  

4.6.1  The Eromanga Basin/ Great Artesian Basin super -basin 

In SA, the Cadna-owie Formation, the Algebuckina Sandstone, and their lateral equivalents form the most 

important aquifers in the SA portion of the GAB hydrogeological super-basin with respect to both economically 

based extraction and environmental dependence (Figure 4.1, Figure 4.3). Although the Cadna-owie Formation is 

generally regarded as an aquifer through much of the study area, there are important exceptions to this 

interpretation. Lithological heterogeneity as well as burial -induced diagenesis may affect the classification, to the 

point where this unit can be a leaky aquitard (Ransley and Smerdon 2012). For example, Radke et al. (2000) 

interpreted that aquifer horizons over the deeper parts of the Cooper Basin had reduced permeability and 

porosity because of burial pressure and diagenesis based on observed near-stagnant groundwater flow.  

Underlying the Cadna-owie Formation  in areas outside the Cooper Basin region, the Algebuckina Sandstone (in 

SA) or the De Souza Sandstone (in the NT) is a thicker, fine- to coarse-grained sandstone, with granule and pebble 

conglomerates of a generally terrestrial origin. In deeper parts, such as near the Cooper Basin, the Algebuckina 

Sandstone may laterally grade into several different stratigraphic units, including the Hooray, Namur, Adori  and 

Hutton sandstones, as well as intra-aquifer confining units such as the Murta, Westbourne and Birkhead 

formations.  

Historically, the Cadna-owie Formation, Algebuckina Sandstone, and lateral-equivalent units have been treated as 

a single unit in historical conceptual and numerical groundwater models  (Radke et al., 2000; Welsh, 2000). For 

example, in Habermehl (1980), Seidel (1980) and Love et al. (2013a and b), a collective term of the ôJõ (Jurassic) 

aquifer is used. Such collective nomenclatures can be considered an oversimplification, particularly in the Cooper 

Basin region. This may in part be driven by a lack of information of these units, as most hydrogeological data, 

particularly in SA, originates from either the Cadna-owie Formation, Algebuckina Sandstone or Namur Sandstone. 

An important tene t of this modelling project is the discrete representation of the se intra-aquifer confining unit s.  

Table 4.2 presents a summary of aquifer and confining unit nomenclature used for this modelling study. The 

Cadna-owie Formation, the Algebuckina Sandstone, and their lateral equivalents, plus the sub-basinal Hutton-

Poolowanna aquifer, and including intervening confining units, is referred to as the ôMain Eromanga Aquifer 

Sequenceõ. This collective term is largely used to describe the main sequence of strata being represented in model 

construction, and thus captures all strata within the upper and lower vertical limits of the model ( Table 4.2).  



 

 

Table 4.2:  Summary of hydrostratigraphic unit nomenclature  

Collective Term  Western Study area  Cooper Basin Region, study area  

Formation  Hydrostratigraphic 

Units  

Formation  Hydrostratigraphic 

Units:  

Main confining units  Rolling Downs Group Main confining units  Rolling Downs Group Main confining units  

 Main Eromanga 

Aquifer Sequence 

Cadna-owie 

Formation (and lateral 

equivalents) 

J-K aquifer 

Cadna-owie 

Formation Intra-sequence 

confining units  

Algebuckina 

Sandstone 

Murta Formation  

McKinlay Member 

Adori Sandstone 

J-K aquifer 
Westbourne 

Formation* 

Namur Sandstone 

Birkhead Formation 
Intra-sequence 

confining unit  

Hutton Sandstone 
Hutton -Poolowanna 

aquifer 
Poolowanna 

Formation 

Basement Pre-Jurassic Basement Pre-Jurassic Basement 

*Possible minor intra-aquifer confining unit  

Within the Main Eromanga Aquifer Sequence, the most important definition for the purposes of conceptualization 

is that of the ôJ-K aquifer.õ The term ôJ-K aquiferõ primarily refers to a combined unit consisting of the Cadna -owie 

Formation, where mapped as an aquifer, and the Algebuckina, Adori and Namur Sandstones (Figure 4.3). Most of 

the hydrogeological information about the GAB from within SA and wider study area comes from these 

formations and specifically the first two, which are in conformable contact everywhere except where the Murta 

Formation occurs. Although conceptualized here as a single unit to aid model construction, sub-regional 

lithological variation as well as structural deformation may contribut e to modification of hydraulic properties and 

basin configuration, which may have led to the development of semi -discrete sub-basinal regions. Such semi-

discrete sub-basins within the wider GAB may be interpretable based on lithology,  structure, hydraulic properties 

and hydrochemistry. With respect to the GAB hydrogeological super-basin and how our conceptualisation of 

aquifer and confining layer units were determined , Norton and Rollet (2022) and Rollett et al. (2022) calculated 

sand/shale ratios from geophysics logs obtained from key wells to interpolate the lithological distribution and the 

thickness of predominantly sand and shale units across the GAB. These works demonstrate that at the super-basin 

scale the South Australian portion of the Main Eromanga Aquifer Sequence is predominantly composed of sand 

units when compared to laterally equivalent units found to the east and in particular the Surat Basin (Figure 4.2). 

This lithological distribution has been attributed to differences in depositional  systems between the western 

Eromanga Basin to chronologically equivalent basinal environments further east. Cotton et al. (2007) summarised 

depositional interpretations for the Hutton Sandstone that suggested fluvial transport of sediments originating in 

the south-west of the basin and extending to the north and east where sediments were redistributed through 

other, lower energy processes.  

At the scale of the study area, examples of possible sub-basinal regions include the largely unconfined south-

western Eromanga Basin (Howe et al. 2008) (Figure 4.1B) and within the north-eastern portion of the study area. 

Both flow systems coincide with areas where the Main Eromanga Aquifer Sequence is relatively shallow and thin 

compared to thicker sequence found toward the centre of the study area. Smaller, semi-discrete groundwater flow 

systems may also be interpreted as sub-basinal regions in the Wellfield area (Figure 1.1) or the western side of the 

Frome Embayment (Figure 4.1A). In these cases, basin configuration, proximity to areas of possible mountain 



 

 

system recharge or localised basement highs may contribute to the formation of such flow systems.  These sub 

regions are discussed further in Volume 6, where hydrochemical evidence for these is presented. 

Hydrostratigraphic nomenclature used in this study is designed to encompass regional scale hydrostratigraphy 

while allowing flexibility to discuss sub-regional scale discontinuity.  

By extension, the Hutton Sandstone and the Poolowanna Formation are being treated as a separate 

hydrogeological unit, referred to as the Hutton ðPoolowanna aquifer. Although the Hutton Sandstone and 

Poolowanna Formation are also lateral equivalents of the Algebuckina Sandstone, they are sub-basinal in extent. 

They are also less hydraulically connected with other strata compared to the Namur and Adori Sandstones given 

the presence, thickness and extent of the overlying Birkhead Formation confining unit (Figure 4.3). These 

differences in nomenclature can be described, with the HuttonðPoolowanna aquifer and intra -sequence confining 

units predominantly found in the Cooper Basin region, whereas in the Western Eromanga Basin, the J-K aquifer 

predominates (Table 4.2). 

  



 

 

 

 

Figure 4.2:  Example cross-section across the GAB showing the lithology variability within and between aquifers  

 



 

 

 

Figure 4.3:  Hydrostratigraphy of the SA portion of the Far North groundwater study area  



 

 

5 Inter-basin hydrostratigraphy and 

vertical connectivity 

Inter-aquifer connectivity refers to how groundwater migrates between aquifers. The conceptual model needs to 

consider connectivity to aquifers outside the Main Eromanga Aquifer Sequence. This assists with: 

¶ lateral and vertical boundary conditions 

¶ identification of subregional groundwater flow systems.  

5.1 Units o verlying the Main Eromanga Aquifer Sequence  

5.1.1  Rolling Downs Group  

For a very large portion of the study area, the Rolling Downs Group overlies the Main Eromanga Aquifer Sequence 

(Table 4.1 and Figure 5.1). The Rolling Downs Group is composed of shaly mudstone units of low permeability that 

were deposited in deep-water marine environments (Isbell 1957) (Table 4.1, Figure 4.3). The Bulldog Shale and 

Oodnadatta Formations outcrop extensively near the western margin of the GAB, whereas the Wallumbilla 

Formation and Allaru Mudstone occur at depth in the central portions of the basin near the borders of SA and 

QLD. This extensive relationship is ultimately what provides the confining pressure that promotes artesian 

groundwater conditions in the eastern and central parts of the study area.  

Where this main confining unit is absent or breached, such as in the western region, the strata that composes the 

J-K aquifer may either outcrop or come into contact with alluvial aquifers of the modern hydrological system. Such 

areas might be a zone of potential recharge to the J-K aquifer. 

Whilst the Rolling Downs Group is predominantly a confining layer, there are minor aquifers or partial aquifers 

found with it. From oldest to youngest, these sequences are: Bellinger Sandstone, Coorikiana Sandstone, and the 

Winton and Mackunda formations. The Bellinger Sandstone is a recently named unit found near the Frome 

Embayment (Alley and Hoare 2017) (Figure 4.1), whilst the other units are predominantly found north -east of the 

Torrens Hinge Zone, where Eromanga Basin strata become much thicker (Figure 4.1, Figure 5.1).  

The Coorikiana and Bellinger Sandstone units are minor aquifers and can be artesian in places (Harrington et al. 

2013; Keppel et al. 2016; Keppel et al. 2020b). The subsurface extents and configuration of these upper Eromanga 

Basin strata has not been adequately determined to assess their relationships to one another, or to the J-K aquifer. 

The Winton and Mackunda formations are the youngest units of the Rolling Downs Group. These formations were 

deposited during marine regressions through to terrestrial depositional environments  (Table 4.1, Figure 4.3). The 

marine calcareous sandstone, siltstone and shale of the Mackunda Formation and the non-marine shale, siltstone 

and sandstone of the Winton Formation also represent the youngest units of Mesozoic Eromanga Basin. Although 

typically sub-artesian and with variable salinity, sandstone sequences within the Winton and Mackunda formations 

are important aquifers in Central Queensland due to their relatively shallow depth (Golder 2015).  

Limited connectivity is considered possible with these younger Rolling Downs Group aquifers, although it is likely 

to be restricted to where faulting has either juxtaposed aquifers or provided a conduit.  

 



 

 

 

Figure 5.1:  Extents of important strata overlying the Main Eromanga Aquifer Sequence 



 

 

5.1.2  Cenozoic strata  

Unconformably overlying the Rolling Downs Group are terrestrial sedimentary units of the Cenozoic Lake Eyre 

geological basin. Variations in sedimentation and resultant stratigraphy within the Lake Eyre geological basin has 

been caused by the Birdsville Track Ridge dividing the wider Lake Eyre geological basin into two large sub-basins 

called the Tiari to the north -west and the Callabonna to the south-east (Table 4.1, Figure 5.1). Within both these 

sub-basins, the interbedded sandstone, shale, and lignite beds of the Eyre Formation form an important aquifer. 

Overlying the Eyre Formation are the Namba Formation in the Callabonna Sub-basin and the Etadunna Formation 

in the Tiari Sub-basin. Both units may contain minor aquifers with groundwater of highly variable salinity, as well 

as finer grained sedimentary rocks that may form confining unit s (Table 4.1). Other minor sub-basins within the 

western portion of the study area also exist, namely the Billa Kalina and the Hamilton (Figure 5.1). Notably, 

aquifers within the Hamilton Sub -basin are an important local groundwater resource for stock and domestic 

purposes (Keppel et al. 2017). 

Where Rolling Downs Group strata is missing or thin and groundwater conditions in the J -K aquifer are 

unconfined, the latter becomes receptive to recharge. Often such regions are difficult to identify because of the 

lithological similarity between stratigraphic units  of the Mesozoic and Cenozoic Eras. Such areas typically occur 

near the margins of the Eromanga Basin, or intra-basin regions where Mesozoic strata can become thinner, as well 

as near the Peake and Denison Inlier (Figure 4.1A). Figure 5.2 provides one such example located near the Garford 

Paleochannel west of Coober Pedy; here the confining layer of the Rolling Downs Group is missing and Mesozoic 

and Cenozoic sandstone both occur unconformably over Permo-Carboniferous claystone basement. In this 

example it is conceivable that the Mesozoic and Cenozoic sandstone layers are acting as a single 

hydrostratigraphic unit that is receptive to local recharge.  

Where the rocks of the J-K aquifer outcrop, the groundwater found in these areas is interpreted to coincide with 

the phreatic water table (Figure 5.3). However, for a predominant portion of the study area, the water table is 

associated with near-surface aquifer units found within Cenozoic sediments. The highly variable and localised 

nature of these units means that we do not assume that groundwater flow is continuous across the subregion. 

However, the phreatic surface typically reflects the regional topography, with areas of high groundwater elevation  

found near the Musgrave Ranges and the Central Australian Plateau to the north-west and west respectively. As 

with other aquifers, differences in elevation between the phreatic water table and th e potentiometric surface of 

the Eromanga Basin in this region may be used to interpret the potential for upward or downward leakage from 

one to the other . Whether such potential for leakage occurs is dependent on the demonstration of a conduit for 

flow and evidence of leakage. 

5.2 Units u nderlying the Main Eromanga Aquifer Sequence  

Sedimentary rocks of several Permo-Carboniferous basins underlie the Mesozoic age Main Eromanga Aquifer 

Sequence within the study area (Table 4.1, Figure 4.3). The Cooper, Arckaringa and Pedirka basins not only contain 

some coarser grained sedimentary sequences that in places are in contact with the Main Eromanga Aquifer 

Sequence, but they also contain appreciable amounts of coal and hydrocarbon source rocks that have been 

targeted by the energy industr y (Department of Manufacturing, Innovation, Trade, Resources and Energy, 2012). 

Below the Cooper Basin are metasediments and basalts of the Warburton Basin, and granitoids of the Big Lake 

Suite (Figure 4.3). The tectonic history and chronostratigraphy of rocks underlying the Cooper Basin have been 

discussed as important with respect to generating the appropriate thermal gradient to allow for the formation of 

oil (Meixner et al. 1999; Hall, et al. 2016) In contrast, Beardsmore (2004) suggested the very thick coals and their 

low thermal conductivi ties could account for much of the  thermal signature in the Cooper Basin region. By 

extension, any heat source or resultant thermal gradient is expected to affect groundwater flow in the overlying 

aquifers. 



 

 

 

Figure 5.2:  Cross-section showing lithological variation in Quaternary to Permian sedimentary rocks  near the Garford 

Paleochannel .   






