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ABSTRACT 
The literature on the characteristics of geothermal water sites in South Africa is limited. Addi-
tional information is required to identify potential sites for the utilisation of geothermal energy 
for power generation. Hence this study presents the findings of new  data collected from for-
ty-one sites in South Africa. ( Fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The location of the forty-one geothermal water sites sampled and associated  geological 
regions (adapted from Dhansay et al, 2017) . 

TAKE HOME MESSAGE: GEOTHERMAL ENERGY POTENTIAL 
IN SOUTH AFRICA 

By utilising geothermal  
gradient and the   
geothermometry, the depth of the  
geothermal waters are between  
1-3 km below surface (Fig. 2). 

Nineteen sites across the 
country exhibit low to medi-
um enthalpy 
 Ranges (Fig. 3). 
 

Future  
endeavours  
include  
feasibility 
studies. 
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HYDROCHEMISTRY  
Physical properties were measured with a multi-sensor probe for tem-
perature, pH and total electrical conductivity (EC). The geothermal wa-
ters were sampled as established by Weaver et al., (2007) (Fig. 4). The an-
alytical precision is estimated at 0.5‰ for δ18O and 1.5‰ δD, expressed 
relative to Local Meteoric Water Line (LMWL). 
Analyses were completed utilising various instruments such as induced 
coupled plasma-optical emission spectrometer, discrete analyzer, 
spectro-photometer and isotope ratio mass spectrometer. 

MATERIALS AND METHOD 
CIRCULATION DEPTH OF GEOTHERMAL WATERS 

Depths were calculated according to the equation  
 z=Tcalc-Tavg/ G 
 where z = the geothermal resource depth in meters, Tcalc = 
temperature (°C) calculated by a reliable geothermometer, T 
avg = yearly average air temperature (°C) of the sampling lo-
cality, G = mean geothermal gradient (Cave & Clark, 2003, 
Shestakova et al. 2018, Chimeddorj et al. 2021). 

RESULTS AND DISCUSSION 
 HYDROCHEMISTRY CLASSIFICATION 

Figure 2. Circulation depth (km), measured temperature of the 
geothermal waters at surface  (°C) and quartz geothermometry 
temperatures (°C) (adapted from Dhansay et al. 2017). 

 

Figure 3. Lindal diagram showing 
the  utilisation of geothermal resource at  
temperatures and enthalpy ranges.  

(adapted from Anderson and Lund, 1980; Gudmundsson et al., 1985; 
Nemzer et al., 2005; Rubio-Maya et al., 2015; Zheng et al., 2015; 
Sveinbjörnsson, 2016; Chiasson, 2016; Boden, 2017).  

 

Figure 4. Hydrochemistry sampling showing the compo-
sition analysed and the volume (mL) of geothermal wa-
ter collected  per site. 

Figure 5. Piper diagram showing the geothermal waters are 
classified into four types of water (Piper, 1944; Bethke et al. 
2022). 

Figure 7. A comparison of calculated geothermometry (°C) utilising 
quartz concentrations.  Figure 8. A comparison of calculated geothermometry (°C) utilising Na+, K+ and 

Mg2+ concentrations.  

Based on the Piper diagram most of the geo-
thermal waters sampled are classified as 
Na-Cl, some as Na-HCO3, Mg-HCO3 and 
mixed type (Fig. 5). Na-Cl signature could 
have originated from marine and deep an-
cient groundwater environments where 
central up-flowing zones of liquid-
dominated hydrothermal systems 
(Fournier,1982) are encountered. Na-HCO3 
type waters are typical of deep groundwa-
ters influenced by ion exchange contrib-
uting to an affinity to seawater. The mixed 
type represents a variety of environments 
such as deep ancient groundwaters, deeper 
groundwater influenced by ion exchange 
and/or shallow fresh groundwaters  
(Ármannsson, 2012; Stober and Bucher, 
2013). The Mg-HCO3 type signature is indic-
ative of geothermal waters that occur deep-
er underground (Mohamed et al, 2015).  

Fig. 6 isotopic data ranges from -13 ‰ 
to -39‰ δD and from −3.4 ‰ to -7.2 ‰ 
δ18O together with the Regional Mete-
oric Water Lines (MWL). Enriched val-
ues for δD have a closer affinity with 
sea waters. Furthermore, areas charac-
terized by faults, which acted as con-
duits, may have resulted in connate 
waters influencing the source of geo-
thermal waters. It is also possible that 
evaporation (Diamond and Harris, 
2000) influenced the isotopic composi-
tion of geothermal waters. The lighter 
isotope signatures of plot below the 
Local Meteoric Line for most regions in 
South Africa indicative of longer resi-
dence time for the fractionation of the 
stable isotopes, but may also indicate 
that geothermal waters originate from 
deeper within the crust (Diamond and 
Harris, 2000; Mazor, 2003)  

Fig. 7 represents the cal-
culated reservoir temper-
ature utilising quartz con-
centrations that range 
from -60 °C in BRICKS to 
239 °C in Môreson (MRS). 
The opal-CT (Beta-
Cristobalite), cristobalite 
and amorphous silica  
geothermometers 
are below 0°C . 

Fig. 8 represents the calculat-
ed reservoir temperature uti-
lising Na+, K+ and Mg2+ concen-
trations that range from -32°C 
at Polile Tshisa (PTS) to 511°C 
at Calitzdorp (CAZ).  

Figure 6. Isotopes compositions (δ18O versus δD) for the sampled geother-
mal waters together with Regional Meteoric Water Lines (MWL). 

Lighter 

Enriched 

The lighter isotope signatures could have the same source that may have 
been affected by temperature (Geyh, 2000). Lastly, it is also possible that 
rainwater circulation through the source areas may have resulted in deplet-
ed isotopic signatures (Murray et al. 2015).  
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