
 
 

 

LAKE EYRE BASIN SPRINGS ASSESSMENT PROJECT 

 

A HYDROGEOLOGICAL AND 
ECOLOGICAL 
CHARACTERISATION OF 
SPRINGS NEAR LAKE 
BLANCHE, LAKE EYRE BASIN, 
SOUTH AUSTRALIA 

DEWNR TECHNICAL 
REPORT 2016/03 



 

Funding for these projects has been provided 

by the Australian Government through the 

Bioregional Assessment Programme. 





http://www.environment.sa.gov.au/
http://creativecommons.org/licenses/by/4.0/
http://www.waterconnect.sa.gov.au/




















http://www.bioregionalassessments.gov.au/




















































































































































 

DEWNR Technical report 2016/03  82 

 

Figure 5–1: Cross-section A–A’ through investigation area, highlighting the interpretation of Coorikiana Sandstone 
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Figure 5–2: Cross-section B–B’ through investigation area, highlighting the interpretation of Coorikiana Sandstone 
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Figure 5–3: Cross-section C–C’ through investigation area, highlighting the interpretation of Coorikiana Sandstone 
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In both the cases of the Lake Blanche and Reedy Springs complexes, it is not known how coal seam gas (CSG) development 

may change the hydrogeological conditions in the larger groundwater environment, and whether this may alter the current 

hydrogeological conditions as observed. Examining such scenarios will require further study.  

Springs that have the most similar hydrochemical profile to groundwater from the Cooper Basin are highly likely to be supplied 

by the J-K aquifer, given the large distances between these spring complexes and the Cooper Basin. These include Twelve 

Springs and Petermorra Springs, which are both located approximately 40 km south of the southern margin of the Cooper 

Basin. Consequently, they are considered unlikely to be affected by CSG-related developments within the Cooper Basin. 

5.3 Data gaps associated with risks and hydrogeological conditions 

5.3.1 Refining knowledge about the structural connectivity between springs and deep aquifers 

Crossey et al. (2013) identified mantle-derived gases using 3He/4He ratios within spring waters collected from Twelve Springs 

and Reedy Springs. This is indicative of a structural connection between the springs and the mantle via a deep-seated fault 

structure in the investigation area; however, it does not necessarily indicate that groundwater from deeper sources is feeding 

springs. This is pertinent if potential groundwater-affecting developments change current-day conditions such as confining 

pressure, fracture porosity or permeability, which may be currently preventing deep groundwater migration. Although this is a 

possibility, there is currently no data available to indicate whether such deep-seated connecting structures exist beneath the 

Lake Blanche spring complex, which is the closest to the Cooper Basin and Weena Trough.  

Fracking has been practised during normal conventional hydrocarbon extraction since the late 1960s (Carnell 1991; Freaner 

1998). In particular, the Moomba, Toolachi and Daralinge gas fields and reservoirs provide good examples where gas found in 

tight formations has been successfully developed using fracking (Freaner 1998). Given this established history, it is not 

anticipated that the potential for induced seismicity will change markedly as a consequence of fracking with the advent of CSG 

extraction from the Cooper Basin compared with predominantly conventional extraction seen today.   
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6 Overview 

6.1  Determination of hydrogeology-based risks to springs 

As previously discussed in Keppel et al. (2015c), risks to spring wetland environments from developments affecting 

groundwater in the area are influenced by the following factors: 

1. Pressure head supporting the spring 

2. Source of groundwater, whether this is from multiple sources or a single source 

3. Nature of groundwater flow supporting the spring 

4. Geological controls of spring formation and how this influences conduit morphology. 

All these factors may contribute variably between different spring groups, altering the risk profile individually. Green and 

Berens (2013) demonstrated that groundwater pressure head could not be used to predict the flow at a given spring. For 

instance, a large pressure head may be reportable near a particular spring complex; however, conduit formation that relies on 

secondary fracture sets though a thick confining layer may ultimately lead to small groundwater flows at the spring. 

Conversely, a lower pressure head may support comparatively larger flows if the confining layer is thin and structures are well 

developed. It is speculated that geological controls on spring flow may also entail variations in regolith development, given 

recent work by OGIA (2015) stressing the importance of regolith processes in the formation and maintenance of springs.  

6.2  Summaries for springs 

The following tables and figures summarise the structure, hydrogeological and hydrochemical characteristics of a number of 

spring groups within the Lake Blanche region. Table 6-1 defines terminologies used within the summaries for structural and 

hydrochemical characterisations. 

Table 6-1: Terminology definitions used in summaries 

Model type Terminology Explanation 

Structure Model 1 Basin margin, fault structure 

Structure Model 2 Basin margin, sediment thinning and outcropping aquifer unit 

Structure Model 3 Basin margin, sediment thinning and structure combination 

Hydrochemistry Group 1 Crystalline basement (fractured rock) aquifer 

Hydrochemistry Group 2 Patchawarra Formation aquifer 

Hydrochemistry Group 3 J-K aquifer 

Hydrochemistry Group 4 Shallow Great Artesian Basin aquifer (Coorikiana Sandstone) 

Hydrochemistry Group 5 Cenozoic aquifer 
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL 

(mbgs) & 

flow (L/s) 

Notes 

Petermorra, 

Public House, 

Chimney and 

Catt Springs 

(OPC, OPH) 

Petermorra 199 Primary: 

model 2 

Secondary: 

model 3 

Group 1 & 3 Fresh to highly weathered Rolling Downs Group 

and Proterozoic crystalline basement outcrop. 

Spring deposits, Quaternary, colluvial and alluvial 

sediments. Erosional and depositional 

environment. 

-12 to 4, 

no flow 

estimated 

Petermorra, Public House, Chimney and Catt Springs 

form a long chain of springs near the northern margin 

of the Flinders Ranges. Proterozoic crystalline 

basement, J-K aquifer, Rolling Downs Group and 

Quaternary colluvial and alluvial rocks and sediments 

all occur in the area. The thickness of the confining 

layer varies greatly from 0 m to 170 m. 

The springs’ position close to outcropping crystalline 

basement suggests that a thin or absent confining 

layer is the primary cause of spring formation at this 

location. However, the depth of confining layer 

sedimentary rock deepens to the north at a steep 

repose, and therefore fracturing associated with 

localised faulting, as evidenced in outcrop exposures 

of Rolling Downs Group rocks, may also be important 

to spring development.  

Groundwater is currently thought to be primarily 

sourced from the J-K aquifer based on groundwater 

flow and hydrochemistry, with the crystalline 

basement fractured rock aquifer also contributing at 

some locations, most notably Petermorra Mound 

Spring.  

Spring ecology 

Spring types present here include Abutment, Erosional 

Channels and Travertine Mounds (Gotch et al. 2016). 

They have low macroinvertebrate diversity but high 

abundance and diversity of significant flora (1 

endemic, 1 rare, 1 relict). The springs are in moderate 

to good condition due to lower grazing pressure. 

They are subject to occasional flooding. 

Culturally, these springs are sensitive to the Pirlatapa 

and Adnyamathanha peoples.  

Figure 6–1: Petermorra Springs Group summary 
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL 

(mbgs) & 

flow (L/s) 

Notes 

Twelve Springs 

(OTS) 

Twelve 72 Primary: 

model 2 

Group 3 Quaternary alluvial and colluvial sediments. 

Moderately to highly weathered Rolling Downs 

Group rocks. Fresh to moderately weathered 

crystalline basement rocks. Depositional to 

erosional environment. 

–10, no 

flow 

estimated 

Twelve Springs is near the northern margin of the 

Flinders Ranges. Proterozoic crystalline basement 

rocks, J-K aquifer rocks, Rolling Downs Group rocks 

and Quaternary colluvial and alluvial sediments all 

occur in the area. The thickness of the confining layer 

is generally thin (0–5 m). 

The springs’ position close to outcropping crystalline 

basement suggests that a thin or absent confining 

layer is the primary cause of spring formation at this 

location.  

Groundwater is thought to be primarily sourced from 

the J-K aquifer, on the basis of groundwater flow and 

hydrochemistry. 

 

Spring ecology 

Spring types present here are Sand Mounds (Gotch et 

al. 2016). They have low macroinvertebrate diversity 

but high abundance and diversity of significant flora 

(1 endemic, 1 rare, 1 relict, 1 uncommon). The springs 

are in good condition due to lower grazing pressure. 

They are subject to occasional flooding. 

Culturally, these springs are sensitive to the Pirlatapa 

and Adnyamathanha peoples. 

 

Figure 6–2: Twelve Springs Group summary 
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL 

(mbgs) & 

flow (L/s) 

Notes 

Reedy Springs, 

Rocky Springs, 

St Mary Pool 

(ORE) 

Reedy 384 Primary: 

model 1c 

Groups 3 & 5 Moderately to highly weathered Rolling Downs 

Group outcrop. Spring deposits, Quaternary, 

colluvial, alluvial and lacustrine sediments. 

Erosional and depositional environment. 

–8 to –24, 

no flow 

estimated 

Rocky and Reedy Springs form a chain of springs 

approximately 30 km north of the North Flinders 

Ranges and the crystalline basement outcrop therein. 

Rolling Downs Group rocks, and Cenozoic and 

Quaternary colluvial and alluvial sediments all occur in 

the area. The depth to the J-K aquifer is approximately 

270 mbgs, and the depth to the interpreted 

Coorikiana Sandstone (?) aquifer is approximately 

150 mbgs. 

The springs are some distance from the margins of 

either the Great Artesian Basin or the Cooper Basin. 

They are in an area of considerable confining layer 

thickness, but close to an interpreted fault that has 

displaced Mesozoic sedimentary rocks. Along with 

evidence from electrical geophysical surveys, this 

indicates that the primary cause of spring formation at 

this location is faulting.  

Regional groundwater flow and hydrochemistry 

suggest the J-K aquifer is the primary source of 

groundwater, although one historical hydrochemistry 

result from spring vent ORE275 suggests that the 

Cenozoic aquifers may also be a source.   

Spring ecology 

Springs present here are mostly Sand Mounds (Gotch 

et al. 2016) or Erosional Channel springs. They have 

low endemic diversity and low abundances of 

significant flora (2 relict plants). The springs are in 

poor condition due to heavy grazing by cattle. 

 

Figure 6–3: Reedy Springs Group summary  
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL 

(mbgs) & 

flow (L/s) 

Notes 

Sunday Springs 

(OSU). 

Lake Blanche 

Spring (QLB) 

Lake 

Blanche 

10 Primary: 

model 1c 

Groups 4 & 5 Spring deposits, Quaternary 

lacustrine, alluvial and aeolian 

sediments. Depositional environment. 

–60 to –65,  

no flow 

estimated 

Sunday Springs and Lake Blanche Springs form a chain of 

springs approximately 60 km north of the North Flinders 

Ranges and the crystalline basement outcrop therein. 

Quaternary lacustrine, alluvial and aeolian sediments all occur 

in the area. The depth to the J-K aquifer is approximately 785 

mbgs, and the depth to the interpreted Coorikiana 

Sandstone (?) aquifer is approximately 365 mbgs. 

The springs are near the southern margin of the Cooper 

Basin, in an area of considerable confining layer thickness, 

but close to an interpreted fault that has displaced Mesozoic 

sedimentary rocks. This indicates that the primary cause of 

spring formation at this location is faulting. Electrical 

geophysical surveys indicate that a dominantly north-north-

east-trending regional fault and ‘flower structure’ or fault 

duplex (Aldam and Kuang 1988) may be present. 

Regional groundwater flow and hydrochemistry suggest a 

source from the Coorikiana Sandstone (?) aquifer, although 

Cenozoic aquifer groundwater may also be possible. 

Although a regional-scale fault is indicated at this location, 

and therefore a potential for connectivity between the 

springs and deeper aquifers, the lack of hydrochemical 

evidence suggests that depth-related confining pressure is 

significantly limiting the formation of porosity and 

permeability at depth. 

Spring ecology 

Spring types represented in this complex are predominantly 

Flat Depressions or Salt Lake (non–Brine Density) Springs 

(Gotch et al. 2016). They have low biological diversity (1 

uncommon plant) and are heavily impacted by invasive 

species (Polypogon monspeliensis). Their cultural significance 

is not known. 

 

Figure 6–4: Lake Blanche Springs Group summary  
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL (mbgs) 

& flow (L/s) 
Notes 

Mulligan Springs 

(OMM) 

(subgroup of 

Callabonna) 

Lake 

Callabonna 

47 Primary: 

model 1c 

Groups 3, 4 and 5? 

(mix) 

Spring deposits, Quaternary alluvial, 

lacustrine and playa beach sediments. 

Moderately to highly weathered Cenozoic 

outcrop. Depositional environment. 

–70,  

no flow estimated 

Mulligan Springs form a chain of springs 

approximately 30 km north-east of the North Flinders 

Ranges and the crystalline basement outcrop therein. 

Quaternary alluvial, lacustrine and playa beach 

sediments all occur in the area. Outcropping Cenozoic 

rocks (Namba and Eyre formations) also occur 

approximately 3 km to the west. The depth to the J-K 

aquifer is approximately 695 mbgs, and the depth to 

the interpreted Coorikiana Sandstone (?) aquifer is 

approximately 275 mbgs. 

The springs are some distance from the margins of 

either the Great Artesian Basin or the Cooper Basin, 

and in an area of considerable confining layer 

thickness. This suggests that the primary cause of 

spring formation at this location is faulting. However, 

there is currently little evidence for faulting, although 

this may be due to a lack of appropriate data. 

Regional groundwater flow and hydrochemistry 

suggest a source from the Cenozoic, the Coorikiana 

Sandstone (?) and possibly the J-K aquifer. Major ion 

hydrochemistry suggests that a mix of these 

groundwaters may be supplying springs. Faulting is 

tentatively interpreted to account for groundwater 

migration from depth. 

Spring ecology 

Springs in this complex are mainly Sand Mounds, 

Erosional Channels, Mud Mounds and Flat Depression 

types. 

These springs were a major campsite for the Pirlatapa 

people. 

 

Figure 6–5: Mulligan Springs Group summary   
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Group name 
Spring 

complex 

No. of 

springs 

Structural 

model 

Hydrochemical 

characterisation 
Geology/Surficial materials 

Est. SWL (mbgs) & 

flow (L/s) 
Notes 

Lake Callabonna 

Springs (OZN, 

OZM, OZS) 

Lake 

Callabonna 

57 Primary: 

model 1 

Groups 3, 4 and 5? 

(mix) 

Spring deposits, Quaternary lacustrine 

sediments. Depositional environment. 

–36 to –73, no flow 

estimated 

Lake Callabonna Springs form a long chain of springs 

approximately 40 km north-east of the North Flinders 

Ranges and the crystalline basement outcrop therein. 

Quaternary lacustrine sediments dominate surficial 

materials. The depth to the J-K aquifer is 

approximately 570 mbgs, and the depth to the 

interpreted Coorikiana Sandstone (?) aquifer is 

approximately 255 mbgs. 

The springs are some distance from the margins of 

either the Great Artesian Basin or the Cooper Basin, 

and in an area of considerable confining layer 

thickness. This suggests that the primary cause of 

spring formation at this location is faulting. However, 

there is currently little evidence for faulting, although 

this may be due to a lack of appropriate data. 

Regional groundwater flow and hydrochemistry 

suggest a source from the Cenozoic, the Coorikiana 

Sandstone (?) and possibly the J-K aquifer. Major ion 

hydrochemistry suggests that a mix of these 

groundwaters may be supplying springs. Faulting is 

tentatively interpreted to account for groundwater 

migration from depth. 

Spring ecology 

Springs in this complex are mainly Sand Mounds, 

Travertine Mounds, Mud Mounds and Flat Depression 

types. Their cultural significance is not known. 

 

Figure 6–6: Lake Callabonna Springs Group summary  
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7 Conclusions and recommendations 

The specific objectives of this study were to provide an initial description of the geological structural setting and primary 

controls on spring formation using previously published basin architecture interpretations, an interpretation of near-surface 

conditions using acquired geophysical data, and a description of the primary groundwater source based on hydrochemistry 

data. These descriptions provide input towards the compilation of a conceptual model for a number of spring groups that 

would also include ecological, geomorphological and risk profile considerations. With these objectives in mind, the following 

conclusions were drawn. 

7.1  Structural setting and primary controls on spring formation 

A number of conceptual structural models were developed, describing the regional architecture primarily responsible for spring 

formation within the investigation area. The models are: 

 1c – Mid-basin, Structure (fault zone) 

 2 – Basin margin, sediment thinning 

 3 – Basin margin, structure/sediment thinning combination. 

Springs that are classified as having any variation within primary structural models of 1c and 3 are at higher risk of impacts 

associated with potential coal seam gas (CSG) or coalmining activities within the Cooper Basin than springs classified as 

model 2. This is related to the potential for groundwater connectivity between aquifers within the Great Artesian Basin (GAB) 

and those of the underlying Cooper Basin, afforded by regional deformation structures, such as fracture and fault zones. In 

contrast, springs classified using conceptual model 2 may have at least shallow, localised structures, but the distance between 

these spring environments at the margin of the GAB and the Cooper Basin, as well as the lack of evidence for deeper structures 

linking such spring environments with the Cooper Basin, diminishes the risk of development impacting deep aquifers within the 

Cooper Basin and adversely affecting these springs. 

7.2  Hydrochemistry 

Hydrochemistry-based methods proved useful to distinguish groundwater from different aquifers within the investigation area, 

and also to determine the source of groundwater to the spring groups. Five hydrochemical classifications for groundwater 

were developed that are related to the aquifer from which groundwater is sourced: 

 1 – crystalline basement (fractured rock) aquifer 

 2 – Patchawarra Formation aquifer 

 3 – J-K aquifer 

 4 – Shallow GAB aquifer (Coorikiana Sandstone) 

 5 – Cenozoic aquifer. 

With respect to spring water supply, Table 7–1 summarises the most likely source of groundwater for each spring complex 

within the investigation area. 
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Table 7–1: Summary of possible sources of spring water based on hydrochemistry 

Spring complex Possible supplying aquifer Distance from margin of Cooper Basin (km) 

Lake Blanche Coorikiana Sandstone/Cenozoic 4 

Reedy J-K aquifer and Cenozoic 13 

Petermorra J-K aquifer and crystalline basement 37 

Twelve J-K aquifer 48 

Lake Callabonna 

(Mulligan Group) 
Cenozoic, Coorikiana Sandstone and J-K aquifer (?) (mix) 

55 

Lake Callabonna 

(Callabonna Group) 
Cenozoic, Coorikiana Sandstone and J-K aquifer (?) (mix) 

62 

 

It is significant that no spring system could be definitively linked to the Patchawarra Formation aquifers using hydrochemistry, 

although the hydrochemical differences between the J-K aquifer and the Patchawarra Formation aquifer are small. Youngs 

(1971), and Altmann and Gordon (2004) noted that groundwater from these two aquifers can intermix if confining layers 

between the two aquifers have been removed via erosion before the deposition of GAB sedimentary sequences. Future analysis 

of groundwater may include statistical methods such as principal component analysis or hierarchical cluster analysis to 

determine if there is a need to consider mixing or multiple source conceptual models for groundwater. With respect to the 

source of spring water, the distances between most spring complexes and the southern margin of the Cooper Basin could 

mitigate impacts to these spring systems associated with CSG resource development. 

The spring complex closest to the Cooper Basin (Lake Blanche) is most likely to be supplied with spring water from shallow 

aquifer systems, with the Coorikiana Sandstone and Cenozoic aquifers interpreted as the primary potential sources under 

current hydrogeological conditions. In contrast, the Reedy Springs complex, 13 km south of the southern margin of the Cooper 

Basin, potentially has a slightly higher risk profile given the relatively short distance to the margin of the Cooper Basin, the 

source of groundwater identified as predominantly from the J-K aquifer, and a structural model related to a large regional fault 

structure that is mapped to extend towards the southern margin of the Cooper Basin. However, the distance of 13 km between 

this spring complex and the southern margin of the Cooper Basin could mitigate impacts of groundwater-affecting activity 

associated with CSG developments in the Weena Trough. 

However, as mentioned in Section 5, it is currently unknown how CSG development may change the hydrogeological 

conditions in the larger groundwater environment of the Lake Blanche and Reedy Springs complexes, and whether this may 

alter the current hydrogeological conditions as observed. Examining such scenarios will require further study, and such 

modelling could be considered for CSG proponents to include in any future environmental impact statements. 

Although groundwater hydrochemistry can be successfully used to discriminate groundwater of different hydrostratigraphic 

origin, some data (especially from springs located in the Mulligan/Lake Callabonna Spring complex) suggest that a mix of 

groundwater from a number of different aquifers may be possible. To determine the likelihood of such a scenario, 

hydrochemical modelling is recommended as a first step. In this case, a mixing model between groundwater from different 

aquifers is recommended to determine the likely contribution to springs of groundwater from each aquifer.  
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Appendix B Major ions, trace elements and water quality 

Sample name Unit no. 
Field 

alk 
pH Field EC Temp F– Cl– Br– NO3

– SO4
2– Ca K Mg Na Si Sr 

  mg/L  S/cm °C mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Happy 

Thoughts 
673800024 530 7.19 10086 21.5 0.7 2426 3.2 0.7 1941.1 399.0 3.0 201.0 1820 32.8 9.4 

BHPB C4 673800189 726 7.12 2393 42.5 2.1 109 0.2 0.2 0.4 11.5 14.1 1.1 386 13.1 0.5 

Meteor Bore 673900006 808 7.56 2745 40.5 1.6 183 0.3 0.2 3.2 11.8 5.0 1.8 470 17.8 0.3 

BHPB C2 673900016 711 7.04 2188 40.8 2.4 99 0.2 0.1 0.1 10.5 15.6 1.2 358 16.2 0.4 

New 

Toonketchen 
673900034 616 7.47 2588 54 2.0 112 0.2 0.1 0.2 10.4 11.9 0.8 353 12.5 0.3 

Dean's 

Lookout 
683800003 436 7.54 4666 46.1 1.0 741 0.6 0.1 0.2 22.1 8.6 3.3 621 11.2 0.8 

Lake Crossing 

No.4 
683800006 88 7.3 23300 44.1 0.2 5432 3.7 2.4 1253.8 304.0 17.1 36.1 3380 10.8 8.5 

New Lignum 

Bore 
683800013 184 6.74 7381 25.1 0.5 2049 1.4 0.2 864.3 198.0 7.0 133.0 1260 7.8 4.0 

Woolatchi 683800029 538 7.47 4721 61.6 9.0 460 0.6 <0.05 0.7 8.4 8.5 0.8 562 16.1 0.5 

Mt Fitton OS 

Bore 
683800037? 419 6.91 4548 25.5 0.6 891 2.3 0.1 719.0 100.0 7.6 133.0 666 13.4 1.8 

Bellinger Bore 683800046 628 7.5 2437 35 10.3 280 0.4 <0.05 <0.05 11.4 5.1 1.6 448 10.0 0.5 

Mosquito Well 

2 
683800048 206 7.03 5753 24.5 0.5 1452 0.9 40.1 405.2 202.0 6.0 44.7 911 39.1 2.6 

Twelve Spr. 

OTS032 
683800705 618 7.53 1872 21.5 8.8 249 0.4 0.1 <0.05 11.7 5.9 2.0 473 9.2 0.4 

Montecollina 683900003 157 7.48 17145 46.6 0.2 3616 4.7 0.3 89.8 125.0 14.1 20.2 2230 13.2 3.6 

Klebb-1  1137 6.23 5257 32.3 0.3 764 2.0 0.7 10.1 40.5 71.8 6.6 1070 53.4 0.2 

Bob's Bore 693900015 97 6.47 16065 24.6 0.3 4323 6.0 0.8 1886.4 259.0 20.1 118.0 3100 7.5 4.4 

LeChiffre-1  920 6.34 6002 22.4 0.3 1475 4.7 0.5 6.4 71.4 71.6 7.7 1390 37.8 1.9 

Fortville 3 703900005 851 7.02 6093 72.5 1.4 300 1.0 1.2 0.3 11.4 22.0 2.0 620 21.3 0.3 
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Sample name Unit no. 
Field 

alk 
pH Field EC Temp F– Cl– Br– NO3

– SO4
2– Ca K Mg Na Si Sr 

  mg/L  S/cm °C mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

Mulligan Mid 

Spr. 1 
683800810 312 7.07 3773 19.8 1.4 1089 0.7 0.1 225.0 60.5 13.7 29.5 783 9.7 1.2 

Mulligan Mid 

Spr. 2 
683800016 291 7 4223 21.1 1.5 1288 0.9 0.2 242.1 67.0 14.4 33.3 865 7.6 1.3 

Mulligan 

North Spr. 
683800833 – 7.12 6148 20.7 2.1 2234 1.5 0.5 465.9 116.0 37.8 55.6 1460 6.2 2.3 

L. Callabonna 

S. Spr. 
693800072 392 7.49 6258 16.3 0.6 2206 2.0 0.2 329.3 48.1 17.8 26.2 1590 6.5 1.1 

L. Callabonna 

M. Spr. 
693800117 430 7.29 5692 15.6 0.9 1924 1.4 0.2 357.2 74.4 23.6 46.1 1380 6.3 1.7 

L. Callabonna 

E. Spr. 
693800081 118 7.18 15553 19.3 0.6 6584 6.1 0.4 1967.5 231.0 23.7 130.0 4170 6.6 4.2 

QLB001 683900049 207 6.88 12949 19.3 0.4 4264 7.0 0.3 1176.2 165.0 20.0 88.8 2890 5.8 3.1 

ORE012 673801051 1120 7.49 2093 19.7 3.6 251 0.4 0.3 201.3 11.9 8.0 6.6 781 11.7 0.7 

ORE019 673800758 714 7.3 1929 36.1 1.6 145 0.2 0.5 3.2 16.6 14.5 4.3 402 41.1 0.5 

QSU004 673900031 256 6.77 9322 21.4 0.3 4535 7.5 0.5 1218.6 179.0 26.6 95.5 3030 7.0 3.3 

OPC000B 683800435 699 7.81 2089 23.1 15.2 245 0.3 0.1 65.7 11.9 6.6 2.4 497 12.0 0.4 

OPC104 683800001 730 7.6 1909 22.2 6.7 199 0.3 0.2 5.5 15.1 7.5 2.7 442 11.6 0.4 

– = no measurement possible 
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Appendix C Stable isotope and 87Sr/86Sr results 

Unit no. Spring ID Name Aquifer 18O ‰ 

 

2H‰ 

 

87Sr:86Sr 2se 

673800024  Happy Thoughts Cenozoic –5.34 –37.1 0.71197954 0.000003 

673800189  BHPB C4 J-K –7.33 –47.5 0.71444982 0.000004 

673900006  Meteor Bore J-K –7.22 –47.2 0.70643565 0.000003 

673900016  BHPB C2 J-K –7.39 –48.1 0.71939384 0.000004 

673900034  New Toonketchen J-K –7.31 –47.6 0.71126888 0.000003 

683800003  Dean's Lookout J-K –7.17 –46.2 0.70909665 0.000003 

683800006  Lake Crossing No.4 Kmc –6.27 –42.08 0.70574066 0.000003 

683800013  New Lignum Bore Cenozoic –5.55 –40.4 0.71202804 0.000003 

683800029  Woolatchi J-K –7.41 –47.2 0.71219994 0.000003 

683800037?  Mt Fitton OS Bore N –7.24 –46.5 0.71942160 0.000003 

683800046  Bellinger Bore J-K –5.56 –38.4 0.70991779 0.000003 

683800048  Mosquito Well 2 Cenozoic –7.26 –46.8 0.71370602 0.000003 

683800705 OTS032 Twelve Spr. OTS032  –6.66 –43.1 0.71001391 0.000003 

683900003  Montecollina J-K/Kmc –8.03 –48.8 0.70588773 0.000003 

  Klebb-1 Pgp –4.24 –34.4 0.71673837 0.000006 

693900015  Bob's Bore Cenozoic –8.48 –52.3 0.70790656 0.000003 

  LeChiffre-1 Pgp –7.58 –48.4 0.71806382 0.000003 

703900005  Fortville 3 J-K –7.06 –47.0 0.71201216 0.000003 

683800810 OMM001 Mulligan Mid Spr. 1  –6.81 –45.9 0.71910540 0.000003 

683800016 OMM002 Mulligan Mid Spr. 2  –6.96 –45.6 0.71975430 0.000003 

683800833 OMN001 Mulligan North Spr.  –6.47 –43.2 0.72195187 0.000003 

693800072 ZCA001 L. Callabonna S. Spr.  –6.81 –44.0 0.71174507 0.000003 

693800117 ZCM036 L. Callabonna M. Spr.  –6.86 –44.1 0.71291711 0.000003 

693800081 ZCE001 L. Callabonna E. Spr.  –3.29 –32.1 0.70864585 0.000003 

683900049 QLB001 Lake Blanche Spring 1  –3.96 –32.7 0.70694515 0.000003 

673801051 ORE012 Reedy Spring 12  –6.71 –44.7 0.70755946 0.000003 

673800758 ORE019 Reedy Spring 19  –7.16 –47.3 0.71182757 0.000003 

673900031 QSU004 Sunday Springs 4  –3.81 –32.8 0.70703463 0.000003 
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Unit no. Spring ID Name Aquifer 18O ‰ 

 

2H‰ 

 

87Sr:86Sr 2se 

683800435 OPC000B 
Public House Springs 

OPC000B 
 –7.26 –47.8 0.73612925 0.000003 

683800001 OPC104 
Public House Springs 

OPC104 
 –6.86 –45.7 0.72031497 0.000003 

Kmc = Coorikiana Sandstone; N = Neoproterozoic; Pgp = Patchawarra Formation 
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Appendix D Radiocarbon results 

Unit no. Spring ID Name Aquifer pMC (%) 

 

pMC (%) 

error

13C 13C error 14C 14C error 

673800024  Happy Thoughts Cenozoic 10409  0.34  –12.6 0.2  53.7  3.4  

673800189  BHP C4 J-K 2.02  0.12  –3.9 0.2  –979.6 1.2  

673900006  Meteor Bore J-K 0.42  0.12  –5.7 0.2  –995.8 1.2  

673900016  BHP C2 J-K 0.55  0.12  –3.4 0.2  –994.4 1.2  

673900034  New Toonketchen J-K 0.68  0.12  –3.7 0.2  –993.1 1.2  

683800003  Dean's Lookout J-K 0.59  0.15  –6.4 0.2  –994.0 1.5  

683800006  Lake Crossing No. 4 Kmc 17.15  0.13  –9.8 0.2  –826.4 1.4  

683800013  New Lignum Bore Cenozoic 14.5 0.21 –10.7 0.2 –853.2 2.1 

683800029  Woolatchi J-K 0.34 0.22 –5.2 0.2 –996.6 2.3 

683800037?  Mt Fitton OS Bore N 29.94 0.21 –8.2 0.2 –696.9 2.1 

683800046  Bellinger Bore J-K 0.27 0.22 –5.8 0.2 –997.3 2.3 

683800048  Mosquito Well 2 Cenozoic 81.69 0.29 –8.6 0.2 –173.1 2.9 

683800705 OTS032 Twelve Spring 32  0.89 0.22 –6.5 0.2 –991 2.3 

683900003  Montecollina J-K/Kmc 1.63  0.12  –9.2 0.2  –983.5 1.2  

  Klebb-1 Pgp 0.77  0.12  –5.3 0.2  –992.2 1.2  

693900015  Bob's Bore Cenozoic 4.59  0.12  –8.4 0.2  –953.5 1.2  

  LeChiffre-1 Pgp 2.65  0.12  –10.2 0.2  –973.2 1.2  

703900005  Fortville3 J-K 0.65  0.12  –1.3 0.2  –993.5 1.2  

683800810 OMM001 Mulligan Mid Spr. 1  6.49 0.22 – – –934.3 2.2 

683800016 OMM002 Mulligan Mid Spr. 2  1.52 0.22 –9.8 0.2 –984.6 2.3 

683800833 OMN001 Mulligan North Spr.  30.92 0.21 –13 0.2 –687 2.1 

693800081 ZCE001 L. Callabonna E. Spr.  22.93 0.18 –12.3 0.2 –767.9 1.8 

693800117 ZCM036 L. Callabonna M. Spr.  25.97 0.18 –12.9 0.2 –737.1 1.8 

693800072 ZCA001 L. Callabonna S. Spr.  16.48 0.18 –11 0.2 –833.1 1.8 

683900049 QLB001 
Lake Blanche Spring 

1 
 3.47  0.12  –10.8 0.2  –964.9 1.2  

673801051 ORE012 Reedy Spring 12  38.88  0.17  –7.3 0.2  –606.4 1.8  

673800758 ORE019 Reedy Spring 19  2.15  0.12  –5.1 0.2  –978.3 1.2  

673900031 QSU004 Sunday Spring 4  30.01  0.16  –12.1 0.2  –696.2 1.6  
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Unit no. Spring ID Name Aquifer pMC (%) 

 

pMC (%) 

error

13C 13C error 14C 14C error 

683800435 OPC000B 
Public House Spring 

OPC000B 
 3.11  0.15  –7.4 0.2  –968.5 1.5  

683800001 OPC104 
Public House Spring 

OPC104 
 6.12  0.15  –6.6 0.2  –938.0 1.5  

– = no measurement possible; Kmc = Coorikiana Sandstone; N = Neoproterozoic; Pgp = Patchawarra Formation 
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Appendix E Chlorine-36 results 

Unit no. Spring ID Name Aquifer 36Cl/Cl (×10–15) Error 36Cl atoms/L 

×10–7

673800024  Happy Thoughts Cenozoic 91.1 3.9 374.78 

673800189  BHP C4 J-K 11.9 1.2 2.20 

673900006  Meteor Bore J-K 16.9 1.3 5.25 

673900016  BHP C2 J-K 13.2 1.6 2.22 

673900034  New Toonketchen J-K 7.6 0.9 1.44 

683800003  Dean's Lookout J-K 6.0 0.8 7.54 

683800006  Lake Crossing No. 4 Kmc 19.5 1.5 179.63 

683800013  New Lignum Bore Cenozoic 55.5 2.9 192.82 

683800029  Woolatchi J-K 14.5 1.1 11.32 

683800037?  Mt Fitton OS Bore N 86.6 4.0 130.77 

683800046  Bellinger Bore J-K 19.7 1.2 9.33 

683800048  Mosquito Well 2 Cenozoic 79.8 3.8 196.47 

683800705 OTS032 Twelve Spring 32  16.6 0.9 7.01 

683900003  Montecollina J-K/Kmc 5.9 0.7 36.18 

  Klebb-1 Pgp 12.6 1.1 16.33 

693900015  Bob's Bore Cenozoic 64.4 2.9 472.12 

  LeChiffre-1 Pgp 10.5 1.0 26.27 

703900005  Fortville3 J-K 8.4 0.9 4.28 

683800810 OMM001 Mulligan Mid Spr. 1  62.5 3.2 115.35 

683800016 OMM002 Mulligan Mid Spr. 2  51.7 2.7 112.95 

683800833 OMN001 Mulligan North Spr.  30.3 2.4 114.73 

693800081 ZCE001 L. Callabonna E. Spr.  51.2 2.9 571.38 

693800117 ZCM036 L. Callabonna M. Spr.  47.8 2.9 156.08 

693800072 ZCA001 L. Callabonna S. Spr.  32.1 1.7 119.90 

683900049 QLB001 Lake Blanche Spring 1  38.5 2.2 278.40 

673801051 ORE012 Reedy Spring 12  15.4 1.2 6.57 

673800758 ORE019 Reedy Spring 19  10.3 0.9 2.54 

673900031 QSU004 Sunday Spring 4  40.4 2.1 310.67 
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Unit no. Spring ID Name Aquifer 36Cl/Cl (×10–15) Error 36Cl atoms/L 

×10–7

683800435 OPC000B OPC000B  45.0 2.3 18.72 

683800001 OPC104 OPC104  49.5 2.5 16.67 

Kmc = Coorikiana Sandstone; N = Neoproterozoic; Pgp = Patchawarra Formation 
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Appendix F Evidence base table for springs (abridged) 

These tables represent an expansion to the evidence base tables presented in Gotch et al. (2016), based on new data and observations undertaken as part of the Lake Blanche expansion of the 

original Lake Eyre Basin Springs Assessment study area. A numbered reference list is presented after the tables. 

Generalised GAB spring model evidence base table: hydrology 

Values Ecosystem response to impacts 

 Reduced flow Reduced wetland area 
Reduced wetland 

connectivity 

Reduced groundwater 

temperature 

Contamination of 

groundwater 

Spring types      

Erosional Channel 

Springs 

 Wetland area reduced 

proportionally to flow reduction 

(3, 26) 

 Loss of open water habitat and 

vent pools (1) 

 Less resilience to disturbance 

(1) 

 Loss of habitat (1, 4) 

 Loss of habitat resilience to 

extreme climatic events (1) 

 Reduced habitat function (1, 4) 

 Restriction in intraspring 

colonisation and dispersal (6, 8, 

13, 18) 

 Potential for species loss (1, 6, 

8) 

 Not applicable 
 Unknown impact/knowledge 

gap (1) 

Salt Lake Brine Springs  Flow not related to pressure  

 Not likely to be impacted 

 Not applicable  Not applicable  Not applicable  Potential for groundwater 

contamination due to shallow 

water depths and proximity to 

developments  

Vegetation 

communities 

     

Utricularia fenshamii  Loss of habitat with wetland 

drying out (3) 

 Loss of habitat (1, 20) 

 Loss of resilience (1) 

 Decrease in habitat complexity 

(1) 

 Local extinctions (1, 20) 

 Reduction in propagule source 

(1) 

 Increased competition for space 

with Phragmites spp. (20) 

 Reduced habitat function (1) 

 Restriction to intraspring 

colonisation and dispersal (1) 

 Unknown impact/knowledge 

gap (1) 

 Unknown impact/knowledge 

gap (1) 

Wilsonia backhousei  Loss of condition (1, 20) 

 Loss of habitat area (3, 20, 26) 

 Loss of habitat (1, 20) 

 Loss of resilience (1) 

 Decrease in habitat complexity 

(1) 

 Local extinctions (1, 20) 

 Reduction in propagule source 

(1) 

 Reduced habitat function (1) 

 Restriction to intraspring 

colonisation and dispersal (1) 

 Unknown impact/knowledge 

gap (1) 

 Unknown impact/knowledge 

gap (1) 
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Values Ecosystem response to impacts 

 Reduced flow Reduced wetland area 
Reduced wetland 

connectivity 

Reduced groundwater 

temperature 

Contamination of 

groundwater 

Relict sedges (Juncus 

spp., Fimbristylis spp.) 

 Loss of condition (1, 20) 

 Loss of habitat area (3, 20, 26) 

 Loss of habitat (1, 20) 

 Loss of resilience (1) 

 Decrease in habitat complexity 

(1) 

 Local extinctions (1, 20) 

 Reduction in propagule source 

(1) 

 Species richness correlates with 

number of vents rather than 

total wetland area. As wetland 

area declines, so will the 

number of vents, resulting in 

species loss (20) 

 Reduced habitat function (1) 

 Restriction to intraspring 

colonisation and dispersal (1) 

 Unknown impact/knowledge 

gap (1) 

 Unknown impact/knowledge 

gap (1) 
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Generalised GAB spring model evidence base table: water chemistry and quality 

Values Ecosystem response to impacts 

 Decreasing pH Changing conductivity Change in dissolved oxygen Increased nutrients  Increased turbidity 

Spring types      

Erosional Channel 

Springs 

 Acidification of springs (2, 16) 

 Loss of biodiversity values (2, 

16) 

 Extinction of short-range 

endemics (1) 

 Impact on floristic diversity (1) 

 Loss of biodiversity values (1)  Spring source water very low in 

dissolved oxygen DO then 

rapidly approaches saturation 

due to surface area and depth 

(1) 

 Increased growth of wetland 

veg, particularly Phragmites spp. 

resulting in increased 

transpiration and reduced 

wetland area and free water 

habitat (1) 

 Not likely to be a major issue 

due to water depth (1) 

Salt Lake Brine Springs  Unknown impact/knowledge 

gap (1) 

 Flora or fauna likely to be very 

dependent on consistent 

salinity range in the spring (1) 

 Spring source water very low in 

DO then rapidly approaches 

saturation due to surface area 

and depth (1) 

 Unknown impact / knowledge 

gap (1) 

 Unknown impact / knowledge 

gap (1) 

Vegetation 

communities 

     

Eriocaulon carsonii  Intolerant of low pH, resulting 

in species loss (1, 33) 

 Unknown/knowledge gap (1)  Not applicable  Eriocaulon spp. benefits from 

elevated nutrients (33). 

However, it competes poorly 

against aggressive species such 

as Phragmites, so will be 

reduced in area and/or pushed 

to spring margins when 

occurring with these species 

(20) 

 Not applicable 

Utricularia fenshamii  Found mainly in fen substrates 

(alkaline) so likely to be 

negatively affected by reducing 

pH (1) 

 Unknown; however, 

distributions of this species 

correlate with low-conductivity 

springs, so increase in 

conductivity likely to negatively 

impact on springs (1) 

 Not applicable  Adapted to low-nutrient 

environments, unlikely to be 

able to compete with nutrient-

limited plants such as 

Phragmites australis 

 Not applicable 

Relict sedges (Juncus 

spp., Fimbristylis spp.) 

 Intolerant of very low pH, 

resulting in species loss (1) 

 Unknown/knowledge gap (1)  Not applicable  Response to elevated nutrients 

unknown/knowledge gap (1) 

 Will be negatively impacted by 

increased Phragmites density (1) 

 Not applicable 

Wilsonia backhousei  Unknown impact/knowledge 

gap (1) 

 Tolerant of fluctuating 

conductivity but will be 

negatively impacted by long-

term changes to conductivity 

(41) 

 Not applicable  Unknown/knowledge gap (1)  Not applicable 
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Generalised GAB spring model evidence base table: impacts 

 Ecosystem response to impacts 

Spring types 

Grazing and pugging Invasive species 

Physical disturbance 

(excavation, exploration 

impacts, etc.) 

Fencing  Tourism 

Erosional Channel 

Springs 

 Loss of vegetation biomass and 

diversity (36, 37) 

 Erosion and breaking down of 

mound (1) 

 Increased nutrient loading into 

springs from faecal matter (1) 

 Change in habitat (36) 

 Loss of habitat quality (1, 36) 

 Change in vegetation 

community structure (36) 

 Dispersal of weeds (1) 

 Grazing pressure from 

introduced herbivores (1) 

 Predation by feral predators (1) 

 Reduction in resilience (1) 

 Reduced flows from 

transpiration by weeds (39) 

 Introduction of nutrients to the 

system (1) 

 Dispersal of weeds (1) 

 Erosion and breaking down of 

travertine (1) 

 Damage to spring habitats (1, 

36) 

 Changes to flow regime (1) 

 Loss of endemic species (1) 

 Loss/creation of vent pools (1) 

 Dispersal of weeds (1) 

 Loss of mounds from periodic 

flooding (1) 

Small-scale fencing: 

 Increased Phragmites growth (1) 

 Loss of habitat complexity (1) 

 Change in habitat structure (1) 

 Loss of species (1) 

 Protection of mounds (1) 

Larger scale fencing or fences with 

implemented management plans: 

 Initial increased Phragmites 

growth (1) 

 Protection of grazing-sensitive 

plants (1) 

 Improved habitat complexity 

and health (1) 

 Protection of mounds (1) 

 Erosion of soft mounds (1) 

 Compaction of spring 

vegetation (1) 

 Dispersal of weeds (1) 

Salt Lake Brine Springs  Limited grazing pressure due to 

unfavourable habitat (1) 

 Erosion around springs (1) 

 Increased nutrient loading into 

springs from faecal matter (1) 

 Change in habitat (36) 

 Loss of habitat quality (1, 36) 

 Change in vegetation 

community structure (36) 

 Dispersal of weeds (1) 

 Grazing pressure from 

introduced herbivores (1) 

 Predation by feral predators (1) 

 Reduction in resilience (1) 

 Reduced flows from 

transpiration by weeds (39) 

 Introduction of nutrients to the 

system (1) 

 Dispersal of weeds (1) 

 Damage to spring habitats (1, 

36) 

 Changes to flow regime (1) 

 Dispersal of weeds (1) 

Small-scale fencing: 

 Increased Phragmites growth (1) 

 Loss of habitat complexity (1) 

 Change in habitat structure (1) 

 Loss of species (1) 

 Protection of mounds (1) 

Larger scale fencing or fences with 

implemented management plans: 

 Initial increased Phragmites 

growth (1) 

 Protection of grazing-sensitive 

plants (1) 

 Improved habitat complexity 

and health (1) 

 Protection of mounds (1) 

 No public access 

Vegetation 

communities 
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 Ecosystem response to impacts 

Eriocaulon carsonii  Very sensitive to grazing and 

pugging (20) 

 Grazing impacts from feral 

herbivores (1) 

 Can be excluded by introduced 

plants such as Polypogon (1) 

 Loss of habitat area (1) 

 Changes to flow paths can 

result in loss of wetland habitat 

(1) 

 Overgrowth of Phragmites in 

response to fencing pushes 

Eriocaulon to the margins, 

resulting in more exposure to 

grazing (20) 

 Not applicable 

Utricularia fenshamii  Likely to be sensitive to grazing 

and pugging (1) 

 Grazing impacts from feral 

herbivores (1) 

 Can be excluded by introduced 

plants such as Polypogon (1) 

 Loss of habitat area (1) 

 Changes to flow paths can 

result in loss of wetland habitat 

(1) 

 Overgrowth of Phragmites in 

response to fencing pushes 

Utricularia to the margins, 

resulting in more exposure to 

grazing (20) 

 Not applicable 

Relict sedges (Juncus 

spp., Fimbristylis spp.) 

 Targeted species for grazers (1) 

 Loss of cover from overgrazing 

and pugging (1) 

 Grazing impacts from feral 

herbivores (1) 

 Can be excluded by introduced 

plants such as Polypogon (1) 

 Loss of habitat area (1) 

 Changes to flow paths can 

result in loss of wetland habitat 

(1) 

 Moderately positive effect from 

exclusion of grazers; this can be 

neutralised by aggressive 

growth of Phragmites or weeds 

(1) 

 Not applicable 

Wilsonia backhousei  Very sensitive to trampling and 

pugging (41) 

 Can be excluded by introduced 

plants such as Polypogon (1) 

 Loss of habitat area (1) 

 Changes to flow paths can 

result in loss of wetland habitat 

(1) 

 Positive effect from exclusion of 

grazers (41) 

 No public access 
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Evidence base tables reference list (complete list from Gotch et al. 2016) 

Reference 

no. 

Citation 

1 Gotch, T, Senior Water Scientist, SAAL NRM Region, DEWNR. Expert knowledge 

2 Shand, P, Love, AJ, Priestley, S, Raven, M & Gotch, T. (2013). Formation of acid sulphate soils. In 

Groundwater Discharge: Volume III Allocating Water and Maintaining Springs of the GAB. National Water 

Commission. Canberra, pp 60-63 

3 White, DC, Lewis, MM, Green, G & Gotch, TB (2015). A generalizable NDVI-based wetland delineation 

indicator for remote monitoring of groundwater flows in the Australian Great Artesian Basin. Ecological 

Indicators. Doi:10.1016/j.ecolind.2015.01.032 

4 Green, G, White, M, Gotch, T & Scholz, G (2013). Risk assessment process for evaluating water use 

impacts on GAB springs: Volume VI Allocating water and maintaining springs of the GAB. National 

Water Commission. Canberra 

5 Siegel, FR & Reams, MW (1966). Temperature effects on precipitation of calcium carbonate from calcium 

bicarbonate solutions and its application to cavern environments. Sedimentology. 7(3), pp241-248 

6 Tyre, A. J., H. P. Possingham, et al. (2001). “Detecting environmental impacts on metapopulations of 

mound spring invertebrates – Assessing an incidence function model.” Environment International 27(2-

3): 225-229. 

7 Worthington-Wilmer, J, Wilcox, C (Fine Scale patterns of migration and gene flow in the endangered 

mound spring snail, Fonscochlea accepta (Mollusca: Hydrobiidae) in Arid Australia. Conservation Genetics. 

8, pp 617-628 

8 Worthington Wilmer, J., C. Elkin, et al. (2008). “The influence of multiple dispersal mechanisms and 

landscape structure on population clustering and connectivity in fragmented artesian spring snail 

populations.” Molecular Ecology 17: 3733–3751. 

9 Robertson, H, & Murphy N.P. (2014) Persistence in the desert: ephemeral waterways and small-scale 

gene flow of the desert spring amphipod, Wangiannachiltonia guzikae. Freshwater Biology 59 653-665 

10 Murphy, N., Adams, M., Guzik, M. & Austin, A. (2013) Extraordinary micro-endemism in Australian desert 

spring amphipods. Molecular Phylogenetics and Evolution. 

11 Murphy, N.P., Breed, M.F., Guzik, M.T., Cooper, S.J.B. & Austin, A.D. (2012) Trapped in desert springs: 

phylogeography of Australian desert spring snails. Journal of Biogeography. 39, 1573-1582 

12 Guzik, M.T., Adams, M.A., Murphy, N.P., Cooper, S.J.B. & Austin, A.D. (2012) Desert Springs: Deep 

Phylogeographic Structure in an Ancient Endemic Crustacean (Phreatomerus latipes). PloS ONE, 7, 

e37642. 

13 Murphy, N.P., Guzik, M.T. & Wilmer, J.W. (2010) The influence of landscape on population structure of 

four invertebrates in groundwater springs. Freshwater Biology, 55, 2499-2509 

14 Murphy, N.P., Adams, M. & Austin, A.D. (2009) Independent colonization and extensive cryptic speciation 

of freshwater amphipods in the isolated groundwater springs of Australia’s Great Artesian Basin. 

Molecular Ecology, 18, 109-122 

15 Guzik, M & Murphy, N (2013) Fauna of the GAB Springs: comparative phylogeography of GAB spring 

invertebrates. In Gotch, T. (ed.) Volume V: Allocating Water and maintaining springs in the GAB: 

Groundwater Dependent Ecosystems. National Water Commission. Canberra, pp 26-41 

16 Shand, P., A. J. Love, Gotch, T., Raven, MD, Kirby, J & Scheiderich, K (2013). “Extreme Acidic Environments 

Associated with Carbonate Mound Springs in the Great Artesian Basin, South Australia.” Procedia Earth 

and Planetary Science 7(0): 794-797. 

17 Murphy N.P., King, R and Delean S. (in Press). Species, ESUs or populations? Delimiting and describing 

morphologically cryptic diversity in Australian desert spring amphipods. Invertebrate Systematics 

18 Murphy, N.P., Guzik, M.T., Cooper, S.J.B. & Austin, A.D. (in press). Desert spring refugia: Museums of 

diversity or evolutionary cradles. Zoologica Scripta 

19 Roberts, J (2013). Phragmites 112olonizat: knowledge to support its management on GAB springs. In 

Gotch, T.(ed) Volume V: Allocating Water and maintaining springs in the GAB: Groundwater Dependent 

Ecosystems. National Water Commission. Canberra, pp 70-107 

20 Fatchen, T. J. and D. H. Fatchen (1993). Dynamics of Vegetation on Mound Springs in the Hermit Hill 

Region, Northern South Australia. . Adelaide, Prepared for WMC (Olympic Dam Operations) Pty Ltd July 

1993. TJ Fatchen & Associates 
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Appendix G Construction and maintenance 

record of Montecollina Bore 

G.1 Construction summary 

Montecollina is open hole from 772.67 mbgs to 777.24 mbgs. The original casing construction consisted of surficial casing of 

203 mm from 0 to 172.5 m, intermediate casing of 165 mm from 0 to 569.06 m and production casing of 127 mm from 0 to 

772.67 m recorded. In all cases, casing was constructed from steel. Construction notes also state that the top 39.62 m of the 

bore was relined with intermediate casing of 152 mm in 1991 during rehabilitation works.  

G.2 Coorikiana Sandstone occurrence 

A ‘sand unit’ (Coorikiana Sandstone) was logged to occur between 507.5 mbgs and 531.9 mbgs at the time of drilling. In the 

original log, the following note concerning groundwater from this unit was made: ’Flow of 11,700 gallons per day (gpd) struck 

at 1665 feet, increased to 30,000 gpd at 1680 feet. Solids 1.5 ozs to gallon. Temperature 110 deg.’ 

G.3 Maintenance history 

At the same time that new intermediate casing was fitted in 1991, new head works were also fitted. A note in the rehabilitation 

report states: ‘The old casing strings in this well caused problems because as each plug was spotted, the water would bypass 

the plug up the outside of the old casing. Three attempts were made before flow killed.’ 

An inability to shut the bore in during monitoring rounds was noted in 1986 and 1996. The last recorded time that a shut-in 

pressure measurement was possible was in 1996. A 2004 monitoring report on file states that head works were already badly 

corroded. 

G.4 Salinity records 

Salinity records for Montecollina Bore document a notable increase in salinity between 1924 and 1940 to a range in keeping 

with groundwater from the upper sand unit (Coorikiana Sandstone) (Table F–1). A small decrease in salinity was reported after 

rehabilitation works in 1991; however, measurements since 2013 indicate salinity has risen to post-1940 levels again. 

Table F–1: Salinity records from monitoring of Montecollina Bore 

Date EC (mS/cm) TDS 

11/09/1920 7105 4004 

12/11/1922 6055 3398 

01/12/1924 5966 3346 

06/06/1940 10123 5768 

12/06/1975 11648 6687 

02/04/1978 11669 7159 

11/07/1980 12022 7056 

18/12/1986 12400 7010 

07/11/1990 12376 7119 

17/09/2004 9570 5446 

17/09/2004 9730 5540 

24/08/2013 11010 6309 

07/06/2015 17145 7885 
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Units  

Name of unit Symbol 

Definition in terms of  

other metric units Quantity 

day d 24 h time interval 

gigalitre GL 106 m3 volume 

gram g 10–3 kg mass 

hectare ha 104 m2 area 

hour h 60 min time interval 

kilogram kg base unit mass 

kilolitre kL 1 m3 volume 

kilometre km 103 m length 

litre L 10–3 m3 volume 

megalitre ML 103 m3 volume 

metre m base unit length 

microgram g 10–6 g mass 

microliter L 10–9 m3 volume 

milligram mg 10–3 g mass 

millilitre mL 10–6 m3 volume 

millimetre mm 10–3 m length 

minute min 60 s time interval 

second s base unit time interval 

tonne t 1000 kg mass 

year y 365 or 366 days time interval 
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Abbreviations and acronyms 

CSG  coal seam gas 

DEWNR  Department of Environment, Water and Natural Resources 

GAB  Great Artesian Basin 

LEB  Lake Eyre Basin 

LEBSA  Lake Eyre Basin Springs Assessment 

pMC  percent modern carbon 

SP  self-potential 
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