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 Hydrogeological Overview of Springs in the Great Artesian Basin

M. A. (Rien) Habermehl1

Abstract
The Great Artesian Basin (GAB) is a regional groundwater system consisting of aquifers and 
confining beds within the sedimentary Eromanga, Surat and Carpentaria Basins. They under-
lie arid to semi-arid regions across 1.7 million km2, or one-fifth of the Australian continent. 
Artesian springs of the GAB are naturally occurring outlets of groundwater from the confined 
aquifers. Springs predominantly occur near the eastern recharge margins and the south-western 
and western discharge margins of the GAB. These zones of natural groundwater discharge 
represent areas of permanent water, with widely recognised cultural, spiritual and subsistence 
importance to Indigenous people for tens of thousands of years. The unique hydrogeological 
environments – discharge, hydrochemistry and substrate – support a range of endemic flora 
and fauna protected under the EPBC Act (1999). Springs have formed in many areas across the 
GAB; however, the largest concentrations occur near the south-western margins of the basin. 
Supporting these flowing artesian springs is a multi-layered aquifer system, comprising Jurassic- 
to Cretaceous-age sandstones and siltstone, and confining beds of mudstones. Hydrogeological, 
hydrochemical and isotope hydrology studies show that most artesian springs and flowing water 
bores in the GAB derive their water from the main Jurassic–Lower Cretaceous  Cadna-owie 
Formation – Hooray Sandstone aquifer and its equivalents. Focusing on springs in South 
Australia, this paper provides a summary of the hydrogeology of the GAB, including zones of 
recharge and regional groundwater flow directions, with a major focus on summarising under-
standing of the occurrence and formation of springs.
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hydrology, spring deposits 
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Introduction
The Great Artesian Basin (GAB) is a confined 
groundwater basin, underlying about 1.7 mil-
lion km2, around one-fifth the area of Australia, 
within Queensland, New South Wales (NSW), 
South Australia (SA) and the Northern Territory 
(NT), where artesian springs are present in 13 
major groups (supergroups in Figure 1; Habermehl, 
1982, 2020). Most of the basin underlies arid and 
semi-arid regions with low rainfall, whereas the 
most northern parts of the GAB have high tropical 
seasonal rainfall. 

Artesian springs and areas of seepage are abun-
dant in the marginal areas of the basin, especially 

in the southern and south-western discharge areas, 
and near the eastern recharge areas. The largest 
concentration of springs and their sedimentary 
deposits, mainly tufa carbonates but also mud, 
forming conical mounds and platforms, is present 
near the south-western margins (Habermehl, 1982, 
2020; Keppel et al., 2011). Springs have probably 
developed over several climatic cycles, and dating 
of spring deposits shows age ranges up to 740,000 
± 120,000 years, with some springs most likely 
older (Habermehl, 2020; Prescott & Habermehl, 
2008; Priestley et al., 2018).

Springs are of immense cultural and ecological 
importance, in particular to Aboriginal Peoples, 
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who have a strong connection with their land and 
the associated resources, especially spring water-
ing points in desert areas (Badman, 2000; Hercus 
& Sutton, 1985; Moggridge, 2020; Silcock et al., 
2020).

Many GAB springs, essentially natural sur-
face discharge points of the basin’s aquifers, have 
developed associated groundwater-dependent eco-
systems, and support populations of unique and 

threatened fauna and flora (Fensham & Fairfax, 
2003; Fensham et al., 2010, 2016; Gotch, 2006, 
2013; Noble et al., 1998; Ponder, 1986; Rossini et 
al., 2018). The conservation significance of GAB 
groundwater-dependent ecosystems and their bio-
logical communities has been recognised, and they 
are protected under the Environment Protection 
and Biodiversity Conservation Act 1999 (Cth) 
(EPBC Act, 1999), as shown in Figure 1. 

Figure 1. Great Artesian Basin showing the location of the main spring supergroups and complexes. Locations in 
green are listed and protected under the EPBC Act (1999), while those in red are not listed under this Act (Source: 
Smerdon et al., 2012a, with permission from CSIRO, Australia).
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Following European settlement, springs became 
some of the earliest watering points for livestock 
and led to the discovery of the large-scale occur-
rence of artesian water in the GAB following 
construction of the first free-flowing artesian water 
bore in 1878 (Habermehl, 1980, 2020). Drilling of 
bores for stock, domestic and town water supplies 
expanded rapidly from the 1880s onwards (Brake, 
2020; Habermehl, 1980, 2020). 

Geological mapping of the intake beds in 
Queens land and NSW and along the eastern, 
 northern, north-western and southern basin mar-
gins, combined with the information from drill 
holes, enabled the determination that the Jurassic–
Lower Cretaceous sedimentary sequence contained 
significant artesian groundwater supplies, and 
assisted in the determination of the shape and size 
of the GAB (Pittman, 1914). By the end of the 
 nineteenth century, many accepted the basin as a 
classic artesian groundwater basin.

A range of activities is very dependent on artesian 
groundwater from the basin provided by flowing 
artesian and pumped artesian (sub- artesian) water 
bores (Habermehl, 2020). Activities include sheep 
grazing (wool) and beef cattle farming, homestead 
and town water supplies in the rangelands since 
the 1880s, petroleum ventures since the 1960s, and 
mining activity within and outside the GAB area 
since the 1970s–1980s. 

Diminishing flows and pressures in artesian 
bores and springs because of groundwater exploita-
tion via numerous bores increasingly alarmed bore 
owners, and ultimately state governments became 
involved in efforts to reduce wastage of ground water 
from many of the privately drilled bores. Once state 
governments passed legislation to control the use 
of sub-surface water in the early 1900s, bores had 
to be licensed, detailed information provided and 
bores completed according to prescribed standards 
(Brake, 2020; Cox & Barron, 1998; Habermehl, 
2020; Reyenga et al., 1998). 

Systematic investigations of the groundwater 
con ditions in the GAB increased markedly as a 
result of the five conferences (ICAW – Interstate 
Con ferences on Artesian Water), held in 1912, 1914, 
1921, 1924 and 1928 (Habermehl, 1980, 2020). 
Although artesian springs were listed in the reports 
of these conferences, information on artesian 
springs was limited. The Commonwealth Bureau 

of Mineral Resources, Geology and Geophysics 
(BMR) carried out further studies of GAB arte-
sian springs from the mid-1970s as part of its GAB 
hydrogeology study; these studies were con tinued 
subsequently by the BMR’s replacement – the Aus-
tralian Geological Survey Organisation (AGSO 
since 1992; Geoscience Australia since 2004). They 
concentrated initially on the distribution and hydro-
geological characteristics of springs (Habermehl, 
1982, 2020). 

The purpose of this paper is to describe the 
hydrogeology and hydrochemistry of springs, in-
cluding zones of recharge and regional ground water 
flow directions, discharge characteristics, and the 
structure, lithological composition and depositional 
age of spring deposits. This hydro geological foun-
dation supports the papers that follow in this Royal 
Society of Queensland Special Issue on threatening 
processes, management  options and conservation of 
GAB springs.

Hydrogeology
The GAB is a multi-layered, confined aquifer sys-
tem, with artesian aquifers in Triassic, Jurassic and 
Cretaceous fluvial, fluvio-lacustrine and other con-
tinental and shallow marine quartzose sandstones 
(Habermehl, 1980, 2020). Intervening confining 
beds or aquitards consist of Jurassic siltstone and 
mudstone, and thick Cretaceous marine mudstone 
sediments form the main confining units (Figures 2 
and 3; Habermehl, 1980, 2020; Habermehl & Lau, 
1997; Radke et al., 2000; Ransley et al., 2015; 
Smerdon et al., 2012a,b). 

The sedimentary sequence of the GAB is up to 
3000 m thick and forms a large synclinal structure, 
uplifted and exposed along its eastern margin since 
the Late Cretaceous and Early Tertiary. This uplift 
of the Great Dividing Range, where most recharge 
takes place from rain falling on and infiltrating into 
exposed or sub-cropping sandstones, and from creeks 
and rivers, caused the elevation difference between 
the ranges and the low elevation of most of the basin 
area and its sub-surface sandstone aquifers. It also 
created the artesian conditions and locations where 
groundwater under pressure in an aquifer would 
rise above the ground surface if a water bore were 
constructed. The difference in these potentiometric 
elevations results in a predominantly south-westerly 
direction of groundwater flow from eastern recharge 
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areas to discharge areas. The arte sian conditions of 
the aquifers result in natural flowing artesian springs 
and also the flow of artesian water from bores drilled 
into the aquifers (Figures 2 and 3).

Detailed descriptions of the geology, hydro-
geology and aspects of the occurrence of artesian 

springs are given in Fensham & Fairfax (2003), 
Fensham et al. (2016), Flook (2020), GABWRA 
(2012), Green et al. (2013), Habermehl (1980, 
1982, 2001a,b, 2020), National Water Commission 
(2013), Office of Groundwater Impact Assessment 
(OGIA) (2016) and Radke et al. (2000).

Figure 2. Map of Australia showing the location of the Great Artesian Basin, extent of GAB aquifers, and struc-
ture contours on the base of the Rolling Downs Group/top of the Cadna-owie Formation – Hooray Sandstone 
(main aquifer) and equivalents (after Habermehl, 2001a, 2020; with permission from the Geological Society of 
Australia).
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Figure 3. Geological cross-section of the Great Artesian Basin (see Figure 2 for location of the cross-section A–B, 
after Habermehl, 2001a, 2020; Habermehl and Lau, 1997; with permission from Geoscience Australia).
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Figure 4. Directions of regional artesian groundwater flow in the Great Artesian Basin (after Habermehl, 1980, 
1986, 2001; Prescott & Habermehl, 2008, with permission from Geological Society of Australia).

Recharge to the aquifers occurs predominantly 
in the eastern marginal areas and is derived from 
rainfall on the western slopes of the Great Dividing 
Range, where the main aquifers are exposed or sub-
crop (Habermehl et al., 2009; Kellett et al., 2003; 
McMahon et al., 2002), and from creeks and rivers. 
The area receives relatively high rainfall, whereas 
the western margin of the basin in the arid centre of 
the continent receives minor rainfall and thus little 
recharge (Keppel et al., 2013). 

Regional groundwater movement in the aquifers 
is towards the southern, south-western, western and 
northern margins, where artesian springs provide 
natural discharges (Figures 1, 2 & 4; Habermehl, 
2020; Habermehl & Lau, 1997; Keppel et al., 
2013; Love et al., 2013; Smerdon et al., 2012a,b). 
Residence or travel times of artesian groundwater 
range from almost recent in the recharge areas to 
more than one million years near the centre of the 
GAB (Habermehl, 2020).

Hydrochemistry and Hydrogeology
BMR and its successors carried out hydro chemistry 
and isotope hydrology studies from 1974 to 2009. 
Their interpretation has provided significant infor-
mation on the origin, recharge, movement, ground-
water flow patterns and residence times of GAB 
groundwater. Waterbores and springs were sampled 
throughout the GAB by a number of Australian and 
overseas scientists and organisations (Habermehl, 
2020). Deuterium and oxygen-18 stable isotope 
data from artesian groundwater in the GAB plot on 
or near the Global Meteoric Water Line and con-
firm the  origin of artesian ground water as  meteoric 
(Airey et al., 1983; Bentley et al., 1986; Calf & 
Habermehl, 1984; Habermehl, 2020; Habermehl et 
al., 2009; Kellett et al., 2003; Radke et al., 2000). 
This was a contentious issue during the early 
 twentieth century when connate or plutonic origins 
of the groundwater were suggested (Endersbee, 
2005; Gregory, 1906). 
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The hydrochemistry of artesian groundwater 
and springs is closely associated with the hydro-
chemistry of the source of the groundwater, usually 
the Cadna-owie – Hooray aquifer (Habermehl, 
1986, 2020; Herczeg et al., 1991; Radke et al., 
2000). The groundwater derived from the  eastern 
recharge areas within the main aquifers is charac-
terised by Na-HCO3-Cl type water, with usually 
500 to 1500 mg/L total dissolved solids, and water 
from the western recharge areas characterised by 
Na-Cl-SO4 (Habermehl, 1980, 1983, 2001a, 2020; 
Radke et al., 2000).

The hydrogeological characteristics of the main 
confining aquitard overlying the main confined 
aquifer, the Cadna-owie – Hooray aquifer, have 
been studied in detail (Hasegawa et al., 2016). The 
BRS (Bureau of Rural Sciences, where the GAB 
project and its staff were located from 1998 to 2009) 
and their Japanese scientific counterparts drilled 
two fully cored holes: (i) one down- gradient from 
the basin’s recharge area near Richmond, Queens-
land in 2004, to a depth of 264 m; and (ii) near the 
discharge margin of the basin near Marree, SA in 
2005, to a depth of 197 m (Habermehl, 2006a,b). 
Samples of 36Cl and 37Cl from rock cores were used 
to characterise the hydrodynamics of the main con-
fining bed, the Rolling Downs group, and the main 
confined aquifer (Hasegawa et al., 2016). Results 
show that the groundwater flow in the confining 
mudstone layer is less than 10–5 m/year because 
diffusion is dominant. Spring flows will therefore 
mainly occur where the sedimentary sequence is 
disturbed and permeability and porosity increased, 
such as within or near geological faults. 

A range of studies has been undertaken to assess 
flow velocity and residence time in GAB aquifers, 
including the analysis of cosmogenic 3He, 4He, 
14C and 36Cl radioisotopes (Habermehl, 2001a, 
2020). These studies indicate that artesian ground-
water movement is in the order of 1 to 2.5 m/year. 
Groundwater ages, residence or travel times of the 
artesian groundwater from the eastern recharge 
areas to the central and south-western parts of the 
GAB are up to one to two million years.

Thermal Gradients
Geothermal gradients in the GAB vary widely, 
with a mean of about 39°C/km and a range of 
about 15°C/km to 100°C/km (Polak & Horsfall, 

1979). Maps and data on groundwater temperatures 
in the basin and geothermal gradients are shown 
in Habermehl (2001b, 2002), Habermehl & Lau 
(1997) and Habermehl & Pestov (2002). The cen-
tral and south-western areas of the GAB overlie a 
large area where estimated crustal temperatures 
between 180° and 300°C occur at depths of 5 km 
(Chopra & Holgate, 2005). Groundwater tempera-
tures of flowing artesian bores tapping the Lower 
Cretaceous–Jurassic aquifers range from about 
30° to 100°C (the latter at Birdsville), and artesian 
spring temperatures range from about 20° to 45°C, 
with springs at Dalhousie Springs (SA) having 
the highest temperatures, up to mid-40°C (Smith, 
1989; Radke et al,, 2000; Wolaver et al., 2020). 
Many artesian springs have elevated water tem-
peratures, in particular most of the springs in the 
south-western part of the GAB, an indication of the 
usually deep origin of the groundwater and aqui-
fers, and/or high temperatures of rocks at depth.

Spring Nomenclature
Eleven groups of springs were initially identified 
(Habermehl, 1982) and later defined as super-
groups by Ponder (1986). Subsequently, two more 
groups were recognised, and extensive datasets 
of individual spring locations were prepared by 
Fairfax & Fensham (2003) and Fensham & Fairfax 
(2003) in Queensland, by Gotch (2006, 2013) and 
Gotch & Defayari (2006) in SA, and by Pickard 
(1992) in NSW. 

Ponder (1986) proposed the basic spring termi-
nology, ranging from the different parts and vents 
of individual springs, to the association of springs 
in groups, to spring complexes, and ultimately 
to large groups of springs called supergroups 
(Figure 1). Abbreviated definitions of spring occur-
rences, ranging from individual vents to springs, 
spring groups, spring complexes and supergroups, 
are given in Table 1. 

Most of the springs occur in groups, covering 
relatively small areas. This occurs because there is a 
relationship with geological faults, or where the arte-
sian groundwater from the underlying aquifer breaks 
at that location through relatively thin overlying 
confining beds towards the ground surface, or near 
the abutment of confined aquifers bordering older, 
impermeable basement rocks (e.g. south- western 
margins) and near some basement highs between 
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sedimentary basins, e.g. near Eulo and areas north 
of Julia Creek (Figures 1, 2 & 3) (Whitehouse, 1954; 
Habermehl, 1980, 1982; Flook, 2020).

The majority of the artesian groundwater dis-
charging from springs originates from the eastern 
recharge areas and is derived from the Cadna-owie 
– Hooray aquifer and its lithostratigraphic equiva-
lents (Habermehl, 1980, 2001a,b, 2020). Springs 
also occur near recharge areas in the eastern mar-
gins, where many springs are the result of ‘overflow’ 
or ‘rejection’ of recharge into the aquifers, or result 
from the intersection of local topography and aqui-
fer sandstones (e.g. valleys cutting into aquifers). 

Groundwater from the western recharge areas 
feeds more than 80 flowing artesian springs in 
the Dalhousie Springs area in South Australia 
(Figure 5). Dalhousie Springs is set in the core 
of the Dalhousie anticline, which is uplifted to a 
dome, breached and eroded, with major geological 
faults located in the dome structure. Groundwater 
from the Cadna-owie Formation and Algebuckina 
Sandstone moves to the ground surface and pro-
duces these springs (Zeidler & Ponder, 1989; 
Smith, 1989; Wolaver et al., 2020). Krieg (1989) 
estimated the origin of the springs at not more than 
one to two million years ago. Dolomitic carbon-
ate caps (deposited by springs) on mudstone hills 
exist in the eroded anticline core, and many springs 
produce small to very large (up to 160 L/s) flows 
of groundwater. Mud mounds are present in many 
areas at Dalhousie, where mud is pushed upwards, 
but little water appears on the surface. Dalhousie 
Springs produces the largest amount of GAB arte-
sian spring groundwater in South Australia.

Spring Discharge and Deposits
Continuous measuring and automatic digital data 
collection equipment was constructed by the author 
and BMR/AGSO technical staff and maintained 
at four Dalhousie springs for about a decade from 
1990 (Habermehl, 1990). Continuous records of 
meteorological data on rainfall, temperature, wind 
direction/strength and barometric pressure were 
recorded at the climate station. Discharges and con-
tinuous water levels were recorded at constructed 
measurement weirs at four selected springs. The 
locations of the measured springs and weirs 1, 2, 3 
and 4 are shown in Figure 6.1 in Smith (1989), and 
in Appendix 1 and Figure 2 in Wolaver et al. (2020). 

These springs and other selected springs in the 
Dalhousie area were repeatedly sampled ( usually 
at six-monthly intervals) by the author and BMR/
AGSO technical staff for hydrochemistry and iso-
tope analyses during the 1970s and 1980s (including 
during the 1985 Dalhousie Springs Expedition; 
Zeidler & Ponder, 1989), and on a regular basis dur-
ing the 1990s, until 1997 (data listed in Radke et 
al., 2000). Weir 2, located in the outflow channel 
of the spring-fed main pool (Dalhousie ‘swimming 
pool’), shows the discharge of the pool to be around 
160 L/s, the largest flow from any of the Dalhousie 
springs.

The water levels (and thus discharges) of the 
artesian springs at Dalhousie appear to be influ-
enced mainly by fluctuations in barometric pres-
sure, whereas the flow in the outflow channels was 
influenced by the quantity and growth of the bor-
dering vegetation (in particular the common reed 
– Phragmites australis). Temporary removal of this 
vegetation following fires caused by thunderstorms 
had an immediate effect, evidenced as increases in 
water levels and discharges.

Many of the springs in the south-western GAB 
deposit tufa and travertine carbonate sediments 
(Figure 6A). In the south-western parts of the basin, 
some springs have built up conical mounds several 
metres high, several metres or tens to hundreds of 
metres in diameter and several to tens of metres 
thick (Figure 6B). Others have built up large plat-
form deposits; examples are shown in Prescott & 
Habermehl (2008) and in Figures 6A–D. Conical 
mounds consisting of mud, brought up as liquid 
mud by spring flows, occur in a number of loca-
tions in the GAB, in particular in the Eulo area, 
Queensland (Figure 6C) and at Dalhousie Springs, 
South Australia (Figure 6D).

Spring mounds can develop by a number of pro-
cesses (Fensham et al., 2010; Habermehl, 1982), 
including: 

• by upward transport of sub-soil or mud from 
the confining bed to the ground surface by 
artesian water flow from the aquifer or over-
lying aquitard;

• by the expansion of montmorillonite surface 
clays; 

• by the accretion of calcium carbonate as 
cemented travertine;
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• by the accumulation of mud, silt and sand 
produced by springs and aeolian sand; and 

• through the development of peat from spring 
wetland vegetation.

Spring mound morphology is controlled by 
spring discharge rates, hydrochemistry, evaporation, 
the influence of organic and inorganic carbonate 
precipitation, and by erosion.

Lithological Composition
In 1985, the author and BMR technical staff 
drilled twenty-three fully cored drill holes into 
fossil carbonate spring mound deposits south-
west of Lake Eyre to determine their thickness 
and lithology (Figure 7). The sediments gener-
ally consist of calcite and dolomite, occurring as 
tufa, travertine and very fine-grained or crystal-
line carbonate  deposited as a chemical precipitate 
from the artesian groundwater, and precipitated 
by a combination of chemical, algal and bac-
terial action (Habermehl, 1986; Keppel et al., 
2011; Keppel et al., 2012). Many of the spring 
deposits contain  fossil reed casts and mollusc fos-
sils. Thicknesses of the drilled carbonate mound 
deposits range from almost 5–30 m. Radke (1990) 
determined and described the sedimentary pet-
rology of the drill cores from the 23 drill holes. 
The drill cores are stored at Geoscience Australia, 
Canberra, ACT.

 Thicknesses of the spring deposits were also 
determined through measurements of the geo-
logical profiles of several of the spring mounds, 
including Hamilton and Beresford Hills. Both 
mounds show the original spring outlets on top, 
which are now dry, and overlie the hard, lithified 

carbonate deposits (Habermehl, 1982; Prescott & 
Habermehl, 2008). These springs dried up in past 
geological times, when the potentiometric surface 
was lowered over time as nearby lower-level springs 
were breaking out at the ground surface, and the 
adjoining region was lowered by erosion of the 
(underly ing) soft Cretaceous clayey sediments dur-
ing more recent geological time (Habermehl, 1982). 
Caps of carbonate spring deposits protect the under-
lying pedestal of (Cretaceous) clayey sedi  ments 
from erosion (Figure 8). 

The Hamilton and Beresford springs and mounds 
(and many other springs and spring  deposits) are 
located along a major NW–SE fault line, the Norwest 
Fault. Several springs and spring deposits between 
Strangways Springs and Horse Springs are aligned 
in the Torrens Hinge Zone (Krieg et al., 1991). 
Strangways Springs is another elevated feature, 
protected from erosion by its carbonate platform 
(elevated in the landscape) and covered by a num-
ber of active and inactive carbonate spring mounds, 
some of them probably aligned along fault(s) within 
the Strangways platform (Figure 6B). Elizabeth 
Springs (South Australia) shows a large carbonate 
mound, which is still active, with water escaping at 
several levels and creating small and large water-
covered, stepped terraces (also at Blanche Cup 
Spring), where currently carbonate precipitation 
still takes place. Its mound is partially collapsed 
(inwards-dipping terraces) and broken up by faults, 
possibly because of the weight of the carbonate 
mound overlying saturated mudstone. Drill holes at 
Elizabeth Springs, at the base of the carbonate hill 
or mound, show the carbonate deposits to be up to 
30 m thick and probably thicker, as the drill hole is 
located some distance away from the main mound.

Table 1. GAB spring nomenclature and definitions (Fensham & Fairfax, 2003).

Spring nomenclature Definitions

Vent Point of water discharge at the ground surface.

Spring Vent or vents where the outflow forms a single spring wetland.

Spring group Multiple springs, with no adjacent springs more than 1 km apart, and all springs in 
a similar geomorphic setting.

Spring complex A group of springs or spring groups with no adjacent pair of springs or spring groups 
more than 6 km distant, and all springs in a similar geomorphic setting.

Supergroup Major regional cluster of spring complexes (13 supergroups are depicted in Figure 1).
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Figure 5. (A) Aerial photo of part of Dalhousie Springs (northern South Australia), looking south, showing 
vegetation-lined creeks (spring tails) with artesian groundwater flowing from springs within an arid landscape 
(Source: M. A. Habermehl); (B) Low-level aerial view of the main pool at Dalhousie Springs (Source: FOMS, 
https://www.friendsofmoundsprings.org.au/featured-mound/dalhousie-springs/); (C) Main spring-fed pool at Dal-
housie Springs (Dalhousie ‘swimming pool’) (Source: M. A. Habermehl).



39Hydrogeological overview of SpringS in tHe great arteSian BaSin

Depositional Age
Ages of spring deposits sampled in 1993 in this 
area (Figure 7) have been determined by thermo-
luminescence, with Elizabeth Springs (South Aus-
tralia) showing an age of at least 740,000 years 
± 120,000 years (Prescott & Habermehl, 2008). 
Subsequent uranium series show ages of 466,000 
± 135,000 years for Beresford Hill, and 465,000 
± 43,000 years for Dalhousie Springs (Priestley 
et al., 2018). Palaeomagnetic studies at Beresford 
Hill suggest ±700,000 years for carbonate spring 
 deposits overlying the hill (unpublished data, 
M. Idnurm and M. A. Habermehl, 1985). The range 
of episodic ages of the sedimentation of travertine 
spring deposits in several locations in the Lake Eyre 

region is consistent with wet (geological) periods in 
central and southern Australia and could indicate 
times of higher regional rainfall in the recharge 
areas of the basin (Magee et al., 2004; Prescott & 
Habermehl, 2008; Priestley et al., 2018). However, 
Ring et al. (2016) and Uysal et al. (2019) propose an 
alternative explanation for the paleohydrogeology 
and paleoclimate interpretation of Priestley et al. 
(2018). They consider that CO2 degassing from the 
earth mantle associated with active faulting played 
a major role in the spring travertine (carbonate) pre-
cipitation in the area south-west of Lake Eyre. Most 
springs in this area are aligned with or parallel to 
the major Norwest Fault and Torrens Hinge Zone 
(Drexel & Preiss, 1995; Krieg et al., 1991, 1992).

Figure 6. (A) Travertine carbonate deposits forming spring terraces between Elizabeth Springs and Kewson Hill, 
south-west of Lake Eyre, South Australia (geological hammer for scale); (B) Active flowing spring mound consisting 
of spring-deposited carbonate at Strangways Springs (south-west of Lake Eyre, South Australia), approximately 
6 m in height (person left of centre for scale); (C) Spring mound composed of mud in the Eulo area, Queensland; 
(D) Mud spring at Dalhousie Springs, South Australia (Source: All photographs by M. A. Habermehl).
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Figure 7. Locations of fully cored drill holes in spring deposits south-west of Lake Eyre, South Australia (upper 
plot, after Prescott & Habermehl, 2008, with permission from Geological Society of Australia); finer details of 
the locations of the fully cored drill holes in spring deposits at Elizabeth Springs (middle plot) and Hamilton Hill 
(lower plot).
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Figure 8. Hamilton Hill (in the background), similar to Beresford Hill, with a non-active (dry) fossil spring and 
spring-deposited carbonate cap overlying a pedestal of Cretaceous mudstone. Big Bubbler Spring (south-west 
of Lake Eyre, South Australia) in the foreground shows upwelling artesian groundwater, silt and sand (Source: 
M. A. Habermehl).

Conclusions
Springs of the Great Artesian Basin are natural surface discharge points of the basin’s extensive aquifers, 
clustered into 13 supergroups and hundreds of complexes. Many springs have developed groundwater- 
dependent ecosystems supporting e ndemic flora and fauna, now protected by Australian’s main 
envi ron mental legislation, the EPBC Act (1999). This  paper has provided an introductory hydrogeological 
foundation on groundwater flow patterns and ages, discharge from artesian springs and spring  deposits. 
This foundation informs the papers that follow on processes that threaten the hydrology, physical  habitat 
structure and persistence of springs and their endemic biological assemblages. It covers the history of 
extensive hydrogeological investiga tions and illustrates the remarkable  variety of spring formations, such 
as the conical mound springs and travertine terraces in the south-western parts of the basin. Investigations 
reviewed herein highlight the importance of understanding the relation ships between springs and their 
source aquifers, and the hydrogeological processes that create and maintain springs in the arid environ-
ments of the Great Artesian Basin.
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