Y H
631-\’

Isotopes of sulphur, oxygen, strontium and carbon in groundwater
as tracers of mixing and geochemical processes, Murray Basin,
Australia

Submittéd by
Shawan Shwket Dogramaci (MSc.)
as requirement in full for the degree of
Doctor of Philosophy
in the
Department of Geology & Geophysics
The University of Adelaide

January 1998



Table of Contents

Table of Contents ii
List of Tables vii
List of Figures X
Abstract xviii
Declaration of originality XX
Publications Associated with this Thesis xxi
Acknowledgments xxiii
CHAPTER 1 1
Introduction 1
1.1 Background and scope of the problem 1
1.2 Isotopes in hydrological studies 4
1.3 Aims of the thesis 9
1.4 Previous investigations in the study area 11
1.5 Site description and physiography 13
1.7 Geological setting 14
1.7 Hydrogeology 19
1.7.1 Murray Group Aquifer 19
1.7.2 Renmark Group Aquifer 21
1.8 Groundwater recharge rates 22
CHAPTER 2 26
Sampling and analytical methods 26
2.1 Groundwater sampling 26
2.2 Analytical Methods 30
2.2.1 Major ions 30
2.2.2 5°H and & "0 of water molecules 32

2.2.3 5*5 of dissolved SO/

34



iil

2.2.4 6 "0 of dissolved SO/

2.2.5%sr/A7Sr ratio

2.2.6 Radiocarbon.and & 3C

2.3 Mineralogy and chemical composition of rocks

CHAPTER 3

Hydrochemistry and stable isotopes

3.1 Introduction

3.2 Results

3.2.1 Aquifer mineralogy and mineral chemistry

3.2.2 Major ion.concentrations of groundwater

3.2.3 8 °H and & "0 composition.of groundwater in.the Murray and Renmark
Group aquifers

3.3 Discussion

3.3.1 Dominance of chloride and sodium ions in groundwater

3.3.1.1 Remnant Sea.water dilution.

3.3.1.2 Dissolution of Halite

3.3.1.3 Evaporation.of water dominated by CI and Na® ions prior to recharge

3.3.1.4 Evapotranspiration of soil water prior to recharge

3.3.2 Variation of CI' concentration in.the Murray Group Aquifer

3.3.3 Sulphate distribution.in.the Murray and Renmark Group aquifers
3.3.4 Potassium distribution.in.the Murray and Renmark Group aquifers
3.3.5 Ca**-Mg**-HCO3 relationship in.the Murray Group Aquifer

3.3.6 Incongruent dissolution.of Mg-calcite

3.3.7 Silicate weathering

3.3.8 Development of a reaction model to explain.Ca** Na* and HCO3
distribution.

3.3.9 Variation of TDS in.the Renmark Group Aquifer (Zone 4)

35
36
37
39

41
41
41
47
47
49

63
66
66
66
69

69

71
71
73
74
76
81
83

84
87

3.3.10 The effect of evapotranspiration.on chemical composition of groundwater in.the

Renmark Group Aquifer

90

3.3.11 Mass balance model to explain.the major ion distribution in the Renmark Group

Agquifer in Zone A

95



v

3.3.12 Chloride concentration.of groundwater in.the Murray and Renmark Group

aquifers in.Zone B 99
3.4 Stable isotopes of water molecules in the Murray and Renmark Group aquifers100
3.5 Conclusions 105
CHAPTER 4 108
Isotopic behaviour of sulphur and oxygen of dissolved SO,” in the groundwater
of the Murray Basin 108
4.1 Introduction 108
4.2 Background 111
4.2.1 Sulphur isotope variation of different sulphur forms 111
4.2.2 Oxygen isotope variation of dissolved sﬁlphate 113
4.2.3 Sulphur isotope variation of sulphate in rainfall 115
4.2.4 Oxygen isotope variation of sulphate in rainfall 118
4.3 Results 120
4.4 Discussion 128
4.4.1 SO¥/CY ratio and 8% profiles below the water table from the Murray Group
Aquifer. 128
4.4.2 Spatial distribution of 5**S in the Murray Group Aquifer 132
4.4.2.1 8**S of the Murray Group Aquifer in Zone A 132
4.4.2.2 8>S of the Murray Group Aquifer in Zone B 137
4.4.3 3*'S in the Renmark Group Aquifer 143
4.4.4 5'*080,% in the Murray Group Aquifer, 149
4.4.5 5'*0SO,” in the Renmark Group Aquifer, 152
4.5 Summary and Conclusions . 155
CHAPTER 5 160
*'Sr/**Sr ratio as an indicator of carbonate mineral dissolution and

inter-aquifer mixing 160
5.1 Introduction 160
5.2 Background 162

5.3 Previous Studies 169




5.4 Results

5.4.1 Geochemical and *’Sr/%Sr ratio of rock samples

5.4.2 Results of the ¥Sr/*Sr ratio of groundwater

5.5 Discussion

5.5.1 875r/86S5r of groundwater of the Murray Group Aquifer (Zone A)

5.5.1.1 The variation.of S**/Ca** and ¥ Sr/**Sr ratios with depth below the water

table

5.5.1.2 Sources of dissolved SP* in.groundwater

5.5.1.2.1 Addition of recharge water to groundwater

- 5.5.1.2.2 Addition.of recharge water to groundwater and equilibrium with
calcite

5.5.1.2.3 Incongruent dissolution of carbonate minerals

5.5.1.4 Constraints on.incongruent dissolution of carbonates imposed by 8 °C

5.5.2 ¥15r/SSr of groundwater from the Renmark Group Aquifer

3.5.3 875r/86Sr as a tracer for groundwater mixing

5.6 Conclusions

CHAPTER 6

Carbon-13 and Radiocarbon

6.1 Introduction

6.2 Background

6.3 Results

6.4 Discussion

6.4.1 Controls on.8 "*Cypyc of the Murray Group Aquifer (Zone A)

6.4.2 Adjustment of 14C data.of the Murray Group Aquifer (Zone A)

6.4.3 Estimation.of recharge rates from radiocarbon.data.for the Murray Group

Aquifer (Zone A)

6.4.4 Controls on 8 " Crpyc of the Murray Group Aquifer (Zone B)

6.4.5 Processes affecting 14C activity of the Murray Group Aquifer (Zone B)

6.5 Conclusions

170
170
173
178
178

178
181
184

189
192
196
200
202
206

208
208
208
210
216
219
219
222

225

231
232
234



Vi

CHAPTER 7 236

Concluding Remarks 236
7.1 Regional groundwater chemistry 236
7.2 'S and 5050/ 237
7.3 ¥Sr/Sr ratio 239
7.4 Carbonate-solution interaction 240
Appendix 1 Results of XRD analysis 242
Appendix 2 Pyrite oxidation model 264

Appendix 3 The model for the addition of soil water to the laterally flowing
groundwater followed by equilibrium with calcite 265

REFERENCES 267




XViil

Abstract

Salinisation of groundwater and surface water of the semi-arid Murray Basin is an
issue of vital importance to the viability of agriculture in south-east Australia.
Furthermore, the understanding of the transport and transfer of water and salts in large
sedimentary aquifers is necessary for better management of water resources in the

future.

The salinity of groundwater of the regional Murray Group Aquifer increases from 500
mg/] at the south-eastern basin margin, to ~ 23,000 mg/l about 300 km downgradient

near the discharge area (River Murray). Addition of saline local recharge and upward
leakage from the underlying saline Renmark Group Aquifer are thought to be the most

likely causes for the increase in salinity in the Murray Group Aquifer.

The chemical composition and §'*0 and 8°H of water molecules of the two regional
aquifers are not sufficiently different to be used as tracers to identify the locations and
extent of mixing. The main aim of this thesis is to assess the usefulness of 8*S and
8'*0s0,” of dissolved SO, and *’'Sr/*Sr ratios as tracers of inter-aquifer mixing and
rock-water interaction between and within the Murray and Renmark Group aquifers in

the south-west Murray Basin.

The 8°H and 8"*0 composition of groundwater from both aquifers is depleted in *H and
"0 relative to sea water, and indicates that groundwaters are derived from rain fall and
is not remnant sea water or connate seawater. Major ion distribution in both aquifers
indicates that the combination of evapotranspiration of rainfall prior to recharge,
carbonate dissolution and cation exchange on clays are major processes determining

the current chemical composition of groundwater.

The &S, §'*0s0,* and SO,”/CI ratios suggest that vertical input of sulphate into the

Murray Group Aquifer through local recharge is the dominant process relative to the
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sulphate derived from groundwater flowing laterally from the basin margin. Further
modification of the sulphate concentration in the discharge area near the River Murray
occurs due to upward leakage from the Renmark Group Aquifer that has enriched &S

and 8'®0s0,> values due to bacterial sulphate reduction.

The ¥’Sr/**Sr ratio of groundwater from the south and central part of the Murray Group
Aquifer is controlled by dissolution of carbonate as recharge water percolates through
the soil zone, and mixes with laterally flowing groundwater. Incongruent dissolution
of carbonate minerals in the aquifer is also shown to occur by a model of *’Sr/**Sr and
Sr**/Ca®" ratio variations. This conclusion is further supported by 8"°C data, which
shows that & °C becomes progressively more enriched as the ¥Sr/**Sr ratio evolves
towards that of the calcite ¥ Sr/**Sr ratio of the aquifer matrix. Sr** concentrations and
¥Sr/*Sr ratios of the groundwater in the northern part of the Murray Group Aquifer
suggest that the most likely processes influencing groundwater chemistry is mixing
with more radiogenic groundwater from the Renmark Group Aquifer through upward
leakage. The *’Sr/**Sr ratios also suggest that in addition to upward leakage,
significant amounts of water from the Murray Group Aquifer in the northern part of
the study area is derived from local recharge. This is supported by a measurable
amount of "*C content in groundwater throughout the study area. The measured "*C
content of groundwater in the south and central part of the Murray Group Aquifer was
adjusted for the effect of carbonate mineral dissolution and, the adjusted '*C data was

used to estimate recharge rates in different parts of the Murray Group Aquifer.



