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H I G H L I G H T S

• The groundwater flow and evolution
were studied.

• Hydrogeological and hydrochemical
methods were integrated successfully
to improve and understand the
hydrogeologic setting.

• The results confirmed recharge by rain-
fall infiltration as the main source of
water.

• The conceptual model for recharge and
flow is developed.

G R A P H I C A L A B S T R A C T

Fig. 1 Conceptual diagram of groundwater flow and evolution in the Oratunga Area

a b s t r a c ta r t i c l e i n f o

Article history:
Received 18 April 2016
Received in revised form 15 July 2016
Accepted 17 July 2016
Available online xxxx

Editor: Jay J. Gan

The chemical characteristics of water in the Oratunga Area, Central Flinders Ranges, South Australia have been
used to evaluate and determine the processes controlling water chemistry in addition to the sources of ions.
The isotopic analysis results show that the groundwater is mainly meteoric. Based on the rock and water chem-
istry, ionic ratios, hydrochemical facies and saturation indices, the chemical evolution has been studied. The
chemistry of groundwater revealed two types of water. Thus, in high topographic areas, low TDS, bicarbonate
and mixed water types are dominated and support a rapid and direct recharge. While in the low topographic
areas, high TDS and chloride compositions are the most common attributed to the accumulation of ions and
groundwater evolution. Analysis of the ion concentration, head data and saturation indices shows a composition-
al trend that can be studied as an evolutionary system. The ionic ratios and hydrogeochemical modelling using
NETPATH was used to quantify and verify the different hydrochemical processes. The resulting data shows that
calcite dissolution/precipitation and cation exchange reactions are the major processes affecting groundwater
chemical evolution of the groundwater in the basin. This study has provided a basis for a better understanding
of the hydrogeologic setting in areas of a little data.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

In arid and semi-arid areas, the scarcity and uncertainty of surface
water supply makes groundwater an important part of the total water
resource, and plays a useful role as water supply for drinking and
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irrigation (Tsujimura et al., 2007; Keesari et al., 2014). In recent few
years, use of groundwater resources has increased remarkably due to
drought, the rapid growing of the worldwide economy, and an in-
crease in the worldwide population (Llamas and Martínez-Santos,
2005). The over-use of groundwater has caused many severe prob-
lems such as salinization of groundwater, desertification, land salini-
zation, and degeneration of vegetation (Ahmed et al., 2013;
Lapworth et al., 2013). Therefore, the sustainable management of
water and other environmental resources become an urgent issue
worldwide.

Understanding the dynamics of the hydrogeological systems and
identifying the hydrogeochemical evolution processes is required for
the success of sustainable management experiences (Sophocleous,
2010; Eissa et al., 2014; Brkić et al., 2016). Along the flow-paths
within the groundwater systems, the hydrochemical processes af-
fecting the groundwater composition are different; dissolution dom-
inates in the recharge area, ion exchange during the flow, while
evaporation, precipitation and ion exchange dominate the discharge
area in controlling groundwater chemistry (Tóth, 1999; Adams et al.,
2001).

For arid regions, where evaporation dominates precipitation, the
hydrogeochemical indicators have been effectively used for tracing
the recharge sources and for quantifying the relative evaporation
(Gárfias et al., 2010; Herczeg and Leaney, 2011; He et al., 2015;
Wang et al., 2015). It has often been used to study the interactions
of waters with rocks or sediments and to provide insights into aqui-
fer heterogeneity and connectivity as well as the physical and chem-
ical processes controlling water chemistry (Cartwright and Weaver,
2005; Wells and Price, 2015). In addition, it has been successfully
used with isotopes as effective and economic tools in understanding
the recharge and discharge of aquifer systems (Cartwright et al.,
2006; Dogramaci et al., 2012). Geochemical modelling is used to
quantify the geochemical reactions within groundwater systems
(Hidalgo and Cruz-Sanjulián, 2001; Londoño et al., 2008; Eissa et
al., 2013). The quantitative assessment of reactions in groundwater
can be approached using the standard geochemical code,
NETPATH-WIN (El-Kadi et al., 2011). Most of these studies focused

on areas of a large amount of data however, it remains unclear that
whether it is feasible to use the available data to develop a reason-
able model on which a sustainability plan for groundwater manage-
ment can be developed.

In the Oratunga Area (Fig. 1), groundwater is the primary source
for fresh water and plays a significant role in occupation and settle-
ment. The region is dependent groundwater stored in fractured
rock aquifers (Clark and Brake, 2009). Although the geology and
stratigraphy of the bedrock have been studied in some detail
(Preiss, 2000; Giddings et al., 2009; Backé et al., 2010; Fromhold
and Wallace, 2012), little or nothing is known about the characteris-
tics of groundwater. Therefore, the main objective of this research is
to evaluate the dynamics of the groundwater in a limited data area in
the Central Flinders Ranges, South Australia; the other aim is to in-
vestigate the presence of geochemical processes which would sup-
port the existence of different hydrodynamic conditions within the
study area. All together directly affect the sustainable management
of the water resources for this area.

2. Study area

The Oratunga Area is located in the Central Flinders Ranges, South
Australia (Fig. 1). It is situated about 79 km. Southwest of Leigh Creek
and 210 km north-east of Port Augusta. It is considered the topo-
graphically semi-closed basin. The study area includes about
341 km2 in Central Flinders Ranges (Fig. 1). The central part has a rel-
atively flat while the marginal areas are hilly and/or mountainous
terrains.

The climate of the Flinders Ranges is described by
(Schwerdtfeger and Curran, 1996) as arid to semi-arid. The winter
rains are prolonged and gentle under low clouds from westerly air
masses, while summer rains are brief, and intensely affected by
northerly air masses (Schwerdtfeger and Curran, 1996). The aver-
age annual rainfall is 300 mm/year, and the mean monthly temper-
ature varies from 16 °C (July) to 35 °C (January). In general, the slow
and prolonged rainfall, cool to cold temperature and low

Fig. 1. Location map of the Oratunga Area in the Central Flinders Ranges.
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