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1 Geological context 

The understanding of the geology and structural framework of the Surat and Bowen basins continues 

to evolve. A detailed description of the geological and stratigraphical framework is provided in OGIA 

(2019). As described in that report, the Surat Cumulative Management Area (CMA) incorporates parts 

of three large sedimentary basins: the southern part of the Bowen Basin, the Surat Basin and the 

western part of the Clarence-Moreton Basin. Geologic formations within the three basins mainly 

comprise various layers of sandstone, siltstone and mudstone that were primarily deposited by rivers 

and lakes, with occasional marine influences.  

An updated summary of the geological model is provided in OGIA (2021a).  

2 Hydrogeological basins 

There are four primary groundwater systems in the Surat CMA, each comprising one or more 

aquifers: 

• Great Artesian Basin (GAB): a Jurassic to Cretaceous hydrogeological basin comprising 

alternating aquifers and aquitards of various geologic formations of Surat Basin sediments 

and their equivalents. 

• Bowen Basin: Permian to Triassic aquifers and aquitards of the Bowen Basin formations 

underlying the Surat Basin. 

• Basalt: Cenozoic consolidated surficial aquifer that mainly caps the Clarence-Moreton Basin 

along the Great Dividing Range (GDR). 

• Alluvium: Quaternary unconsolidated surficial aquifers; mainly the Condamine, Border Rivers 

and St. George alluviums. 

In terms of productive groundwater supplies, the GAB and the Condamine Alluvium are the two most 

significant groundwater systems in the Surat CMA. A generalised 3D representation of groundwater 

systems is shown in Figure 2-1.  

2.1 The Great Artesian Basin  

The GAB is the largest and deepest artesian basin in the world, comprising multiple layers of 

alternating sandstone, siltstone and mudstone that form sequences of aquifers and aquitards. Rather 

than being a single geologic basin, the GAB is a hydrogeological basin comprising several component 

basins. These are collectively spread across 1.7 million km2, covering four states and nearly one-fifth 

of Australia (Ransley & Smerdon 2012).  

In Queensland, the GAB covers about 65% of the state and ranges in thickness from less than 100 m 

close to the basin margins, to more than 3,000 m in the central parts of the basin. Groundwater 

movement is very slow, estimated at about 1–5 metres per year. For the most part, the GAB is under 

artesian pressure. Recent validation of groundwater flow conceptualisation from isotopic data by 

CSIRO, using the OGIA 2016 groundwater flow model, suggests groundwater ages in excess of 1 

million years over most of the Surat CMA (Siade et al. 2018).  
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Figure 2-1: Representation of the main groundwater systems in the Surat CMA 

In the Surat CMA, two geological basins – the Surat Basin and the equivalent Cecil Plains Sub-basin 

of the Clarence-Moreton Basin – form the sub-basins of the GAB and are considered a single 

connected hydrogeological system. The boundary between the Surat Basin and the Eromanga Basin 

to the west is the Eulo-Nebine Ridge. To the northeast, the boundary between the Surat and Mulgildie 

basins is defined by a basement high over which the Evergreen Formation thins out, forming a natural 

hydrogeological divide between these basins. The Cecil Plains Sub-basin is divided from the 

remainder of the Clarence-Moreton Basin in the east by the Toowoomba Strait – a hydrologic divide 

coincident with the present-day line of the GDR (Day, Bubendorfer & Pinder 2008; Smerdon & 

Ransley 2012).  

The main aquifers are the Precipice Sandstone, Hutton Sandstone, Gubberamunda Sandstone, 

Mooga Sandstone, Bungil Formation and their equivalents. These aquifers are generally laterally 

continuous, have significant groundwater storage and permeability and are extensively developed for 

groundwater use. Aquifers are recharged by infiltration of rainfall and leakage from streams into 

outcropping sandstone, mainly on the eastern margins of the basin, close to the GDR.  

In the classical conceptual model of the GAB, groundwater recharge was understood to occur in 

outcrop areas, where formations were exposed to the surface. Groundwater then flowed primarily 

along the formation towards the south, southwest and west, discharging naturally via springs and 

watercourses in some cases, with the remaining groundwater flowing into the GAB to the southwest. 

More recent studies by Geoscience Australia (GA), OGIA and other research organisations such as 
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the University of Queensland (UQ) suggest that groundwater flow dynamics in the eastern parts of the 

GAB are more complex and do not necessarily conform to this simple classical model. For example, 

in the Surat Basin, north of the GDR, groundwater flow appears to be towards the northeast, 

suggesting discharge into the Dawson River catchment. This flow direction is consistent with the 

topography, but not with the dip of the stratigraphic sequence, which is generally towards the 

southwest. This pattern of flow continues to be represented in OGIA’s groundwater flow model. The 

generalised groundwater movement within the GAB aquifers within the Surat CMA is shown in Figure 

2-2. 

 

Figure 2-2: Regional groundwater flow system 

Vertically across the formations, the head gradients are generally downwards in outcrop areas where 

recharge groundwater enters the system. In the confined parts of the basin, the head gradient 

reverses to upward, as the heads within the formations tend to increase with depth. Local and 

subregional variations to this regional pattern do occur in response to groundwater extraction or 

geological features. OGIA (2021b) describes the current groundwater flow conditions in the primary 

aquifers of the Surat CMA in more detail.  

Groundwater quality in most aquifers is generally fresh to brackish and suitable for stock purposes, 

with salinity averaging 1,900 milligrams per litre (mg/L). The Walloon Coal Measures generally has 

higher salinity, averaging 3,000 mg/L total dissolved solids (TDS) and ranging from about 150 mg/L to 

more than 18,000 mg/L. Groundwater quality is spatially variable, due to: the lateral and vertical 

variability in the lithology of the formation; variations in groundwater recharge; and variations in the 

length of time the groundwater has resided in the formation. Further details on the hydrochemical 

characterisation of aquifers within the Surat CMA are provided in OGIA (2021c). 
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2.2 The Bowen Basin system 

The Triassic sandstone aquifers of the Clematis Group are the main aquifers used for water supply 

purposes in the Bowen Basin. The Moolayember Formation is primarily a fine-grained siltstone and 

mudstone formation which generally hydraulically separates the Bowen Basin sediments from the 

Surat Basin sediments above.  

The Triassic aquifers of the Bowen Basin (predominantly the Clematis Sandstone) were historically 

recognised as aquifers of the GAB, due to their artesian pressure and potential for connection with 

Jurassic aquifers. More recently, these aquifers tend no longer to be seen as part of the GAB 

(Smerdon & Ransley 2012; T. R. Ransley et al. 2015). The interconnection of these aquifers with the 

overlying GAB aquifers is nevertheless recognised and in Queensland, the Surat and Bowen basins 

are managed together under the Water (Great Artesian Basin and Other Regional Aquifers) Plan 

2018.  

Across most of the Bowen Basin, the Clematis Sandstone aquifer is separated from the Bandanna 

Formation (from which coal seam gas (CSG) is produced in the Bowen Basin) by a thick sequence of 

fine-grained, low-permeability siltstones and mudstones of the Rewan Group.  

There is limited data available on the groundwater conditions within the deeper Bowen Basin 

sediments underlying the Bandanna Formation. In general, however, these formations are fine-

grained, well cemented and have low permeability. These sediments include the coal-bearing Cattle 

Creek Formation, which has been the target of recent CSG exploration activities. 

2.3 Alluvial systems 

Shallow alluvial groundwater systems have been variably developed for irrigation, stock and domestic 

(S&D) and town water supply purposes. The most significant and highly developed system is the 

alluvium associated with the Condamine River, used for irrigation and town water supply with minor 

use for domestic and other purposes. Bore yields range up to 60 litres per second (L/s), although 

most are less than 10 L/s (Department of Environment and Resource Management 2009; Klohn 

Crippen Berger 2010a).  

The Condamine Alluvium is incised into the underlying Surat and Clarence-Moreton basin sediments 

by up to 120 m in the central area and comprises gravels and fine to coarse-grained channel sands 

interbedded with clays. The productive part of the alluvium is composed of individual channel sand 

and gravel units that are typically less than 20 m thick. A thick, clayey sequence of sheetwash 

deposits overlies the productive granular alluvium in the east, causing the aquifer to be semi-confined 

in nature.  

The Condamine Alluvium is primarily recharged from infiltration through the bed of the Condamine 

River. Minor recharge occurs laterally from the surrounding bedrock and alluvium of the tributaries of 

the Condamine River. The consistent layer of low-permeability black soil (up to 10 m thick) over most 

of the Condamine Alluvium restricts direct rainfall recharge. 

Groundwater quality within the Condamine Alluvium is generally good; however, salinity is higher 

towards the margins of the alluvium in areas that are more distant from the river and in the down-

valley direction, where permeability is lower. In these areas, groundwater has resided in the aquifer 

for longer and there is more potential for the alluvium to interact with the basement (Klohn Crippen 

Berger 2010b). The salinity in the aquifer ranges from TDS of about 40 mg/L to more than 16,000 

mg/L, with an average TDS of about 1,500 mg/L. 
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The St. George Alluvium is an unconsolidated to semi-consolidated formation occurring west of St. 

George, extending over 25,000 km2 with a maximum thickness of more than 200 m. The deeper parts 

of the aquifer consist of unconsolidated coarse sand with gravel layers covered by silt, clay, siltstone 

and mudstone layers. The upper part is more laterally extensive and comprises unconsolidated fine to 

very coarse sand beds, up to 4 m thick.  

In the south of the Surat CMA within the Border Rivers area, the Dumaresq River Alluvium contains 

groundwater resources in semi-confined alluvial aquifers, with a total thickness up to 100 m. It 

extends from Mingoola to Keetah Bridge, covering an area of 380 km
2

, of which 204 km
2

 is in New 

South Wales and 176 km
2

 is in Queensland. 

To the north of the Surat CMA within the Fitzroy River drainage basin, significant unconfined and 

unconsolidated alluvial aquifers are associated with the Dawson, Mackenzie, Nogoa and Comet 

rivers. However, the alluvium associated with these rivers is relatively narrow and thin, and the 

coarser sand and gravels are rarely continuous in any direction, occurring in lenses and discontinuous 

deposits. 

2.4 Basalts 

The Tertiary basalts of the Main Range Volcanics contain significant aquifers used for irrigation, S&D 

and town water supply purposes. The aquifers are typically 10 to 30 m thick. Bore yields are highly 

variable, ranging from 5 to 50 L/s, with an average of about 20 L/s. Water quality is generally good, 

with TDS averaging 900 mg/L and ranging from 50 to 4,000 mg/L. Tertiary basalts also occur in the 

north of the area, overlying the Bowen Basin sediments. In general, the aquifers in these basalts are 

not as high-yielding as those of the Main Range Volcanics.  

3 Hydrogeological boundaries of the Surat Basin 

The inferred hydrogeological boundaries for the Surat Basin are shown on Figure 3-1. The northern 

boundary of the Surat Basin is well defined by the outcrop areas of the deeper sediments. However, 

the location of the buried ridges between the Surat Basin and the Eromanga and Clarence–Moreton 

basins is less well defined.  

The current south-western boundary of the Surat Basin with the Eromanga Basin is along the Eulo-

Nebine Ridge, which is a broad basement high with very shallow GAB sediments (Ransley & 

Smerdon 2012). The GAB WRA (Ransley & Smerdon 2012) identified the western edge of the ridge 

as the boundary between the Eromanga and Surat basins, while in the past, DNRM (2005) used the 

eastern edge of the ridge as the boundary. Klohn Crippen Berger (2016) noted that the inferred 

groundwater divide in the deeper Cadna-owie Hooray aquifer corresponds to the existing boundary, 

while the groundwater divide in the shallower water table lies further west relative to that of the deeper 

groundwater divide and roughly aligns with the boundary between the Condamine‐Balonne and 

Warrego catchments. 

To the northeast, the Surat Basin is bounded by the Auburn Arch. Further south, the boundary with 

the Mulgildie Basin is defined along the basement high over which the Evergreen Formation thins out, 

with some basement outliers. This forms a natural hydrogeological divide between the basins as 

groundwater flows away from the divide – north to the Mulgildie Basin and south to the Surat Basin. 

Water table mapping by Geoscience Australia (T. R. Ransley et al. 2015) indicates that there could be 

some minor flow from the Surat Basin to the Mulgildie Basin through surficial sediments (Figure 3-2). 
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Figure 3-1: Geological basins and major structural elements in the Surat CMA 
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Figure 3-2: Hydrogeological divide between the Surat and Mulgildie basins (after T Ransley & 

Smerdon (2012)) 

The boundary between the Surat and Clarence–Moreton basins to the east was historically 

considered to be the Kumbarilla Ridge (Draper 2013). However, Day, Bubendorfer & Pinder (2008) 

consider the eastern boundary of the Surat Basin to be the Toowoomba Strait, equivalent to the 

present-day line of the GDR through Toowoomba. Day, Bubendorfer & Pinder (2008) argue that the 

sedimentary sequences in the Cecil Plains Sub-basin, the western-most sub-basin of the Clarence–

Moreton Basin, are more comparable to the sediments in the Surat Basin than to the remainder of the 

Clarence–Moreton Basin to the east of the Toowoomba Strait.  

Similarly, in the GAB WRA assessment, Ransley et al. (2012) concluded that there is continuity of the 

sequence across the Kumbarilla Ridge and a clear lithostratigraphic correlation between the Jurassic 

sequences in the Surat Basin and those of the Cecil Plains Sub-basin, identifying the groundwater 

divide to be coincident with the Main Range Volcanics for the younger Jurassic formations (Figure 

3-3). The assessment also identified a new ridge, named informally as the Helidon Ridge – a subtle 

basement structure, trending north-northeast to south-southwest, separating the Laidley and Cecil 

Plains sub-basins and likely controlling groundwater flow in the deeper lower Jurassic sequence. 

Various assessments by OGIA (2016) and Klohn Crippen Berger (2016) have confirmed that the 

groundwater divide – both in the Hutton Sandstone and equivalents, and in the overlying Walloon 

18
0

2
8
0

2
4
0

18
0

3
6
0

12
0

160

220

2
4
0

160

140

180

160

180

180

160

340

220

160

2
2
0

120

140

2
0
0

1
8
0

2
4
0

3
4
0

32
0

3
0
0

260

280

220 200

16
0

2
6
0

2
4
0

MONTO

MUNDUBBERA
B

u
r nett River

Bo yneRiv
e
r

S
t John Creek

C
ad

a
rg

a

Creek

S

pl i
n

te
rC

r
e
e

k

Cameron

C
re

e
k

Nogo
R

ive r

M

on
a

l
C

re
e

k

Aubu rn
R

iver

0 10 20

Km

Town

Watercourse

Water Table Contour

Clarence Moreton

Mulgildie

Surat

Water Table Elevation (mAHD)

30 - 120

120. - 140

140 - 160

160 - 180

180 - 200

200 - 220

220 - 240

240 - 260

260 - 280

280 - 300

Boundary used in 

Current Assessment



Surat CMA and its groundwater systems 2021 

Office of Groundwater Impact Assessment 8 

Coal Measures – aligns generally with the edge of the escarpment of the GDR (Figure 3-3). 

Therefore, for all practical purposes, the Surat Basin and Cecil Plains Sub-basin of the Clarence-

Moreton Basin are considered as a single, well-connected hydrogeological system. 

 

Figure 3-3: Sub-division boundary of the Clarence-Moreton Basin with reference to 

groundwater divides (modified after Smerdon & Ransley (2012)) 

4 Hydrostratigraphic units and classification 

The formations in the Surat CMA have long been classified as aquifers and aquitards. A compilation 

of the geological descriptions (nomenclature, age, distribution, rock types, and hydrological 

properties) for all formations in the GAB was developed as part of the GAB Water Resource 

Assessment (Ransley & Smerdon 2012). All formations were reclassified to recognise the variability in 

properties of hydrostratigraphic units, providing a gradational classification that includes ‘aquifer’, 

‘partial aquifer’, ‘leaky aquitard’, ‘tight aquitard’ and ‘aquiclude’ (Ransley, Radke & O’Brien 2012). This 

classification system was further refined by Ransley et al. (2015). 

Recent studies in the Surat Basin (T. R. Ransley et al. 2015) suggest that within most of the 

formations, there is a greater degree of heterogeneity and spatial variability, both vertically and 

laterally, than previously acknowledged. As a result, a single formation may show characteristics of all 

five hydrostratigraphic classifications at different locations and depths. Nevertheless, the gradational 

system is considered useful for regional conceptualisation and has been used as a basis for further 

classification of the formations in the Surat CMA (Figure 4-1).  
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Figure 4-1: Generalised hydrostratigraphic classification in the Surat CMA  



Surat CMA and its groundwater systems 2021 

Office of Groundwater Impact Assessment 10 

The proposed definitions for those classes are: 

• regional aquifer: high transmissivity, bore yields that are vertically and laterally consistent at 

a regional scale, e.g. Precipice Sandstone 

• partial aquifer: medium transmissivity, bore yields that are vertically and laterally inconsistent 

at a regional scale and exhibiting a high degree of heterogeneity, e.g. Hutton Sandstone 

• tight aquifer: medium to low transmissivity, bore yields that are regionally inconsistent and 

exhibiting a high degree of heterogeneity e.g. Springbok Sandstone 

• interbedded aquitard: similar to a tight aquifer but with thin, spatially limited water-yielding 

zones are interbedded in an otherwise tight aquitard, e.g. Walloon Coal Measures 

• tight aquitard: predominantly low permeability, regionally extensive and thick formations. 

The depositional setting and lithological composition are highly influential on the heterogeneity of a 

formation and therefore its aquifer properties. Lithological composition data (Figure 4-2) suggests that 

the upper Hutton Sandstone, Precipice Sandstone and lower Springbok Sandstone contain much 

higher sandstone proportions than the other formations. There is a clear distinction between the upper 

Hutton Sandstone’s higher sandstone proportion and the lower Hutton Sandstone’s lower sandstone 

proportion. A similar pattern is noted in the Springbok Sandstone. However, the characteristics of 

sandstone bodies (including the degree of cementation, particle size, swelling clay content, thickness, 

and continuity) within different formations can vary significantly. 

 

Figure 4-2: Lithological composition of relevant formations in the Surat CMA 

All formations, including those which are sandstone-dominated, show significant proportions of fine-

grained strata (mudstone, siltstones, and carbonaceous shale) indicating a high degree of 

heterogeneity both horizontally and vertically. The presence of these fine sediment layers has a 

significant influence on vertical permeability and formation anisotropy. 
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In the Walloon Coal Measures, coal represents about nine per cent of the overall thickness of the 

formation. Siltstone, sandstone and mudstone form the matrix within which the coal lenses exist. 

There are also coal lenses in the Springbok Sandstone, comprising about three per cent of that 

formation’s total thickness.  

The Westbourne Formation contains the highest proportion of mudstone. This reaffirms its status as 

one of the major aquitards.  

A detailed assessment of the hydraulic properties of the hydrostratigraphic units within the Surat CMA 

is reported in OGIA (2021d). 
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