Thermal and chemical characteristics of hot water springs
in the northern part of the Limpopo Province, South Africa
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Abstract
In many countries thermal springs are utilised for a variety of purposes, such as the generation of power, direct space
heating, industrial processes, aquaculture and many more. The optimal use of a thermal spring is largely dependent
upon its physical and chemical characteristics. This article focuses on the thermal and chemical features of 8 thermal
springs located in the northern part of the Limpopo Province, South Africa. Field data and water samples were collected
from Evangelina, Tshipise, Sagole, Môreson, Siloam, Mphephu, Minwamadi and Die Eiland for analysis of physical and
chemical parameters. The temperatures at source vary from 30°C to 67.5°C. The springs are associated with faults and
impermeable dykes and are assumed to be of meteoric origin. The mineral composition of the thermal waters reflects the
geological formations found at the depth of origin. None of the spring waters are fit for human consumption since they
contain unacceptably high levels of bromide ions. Six springs do not conform to domestic water quality guidelines with
respect to fluoride levels. Unacceptably high values of mercury were detected at Môreson and Die Eiland. Spring water at
Evangelina is contaminated with selenium and arsenic. It is important to keep such limitations in mind when determining the ultimate use of the thermal springs.
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Introduction
A spring is described as a concentrated discharge of groundwater that appears at the surface as a current of flowing water
(Todd, 1980). Springs that discharge water which has a temperature above that of the normal local groundwater are called
thermal springs (Todd, 1980). Thermal springs are natural geological phenomena that occur on all continents. Archaeological
evidence shows that thermal springs have been in use for
religious and/or medicinal purposes since before 2000 BC in
India and for hundreds of years in Crete, Egypt, China, Japan,
Turkey and many European and Middle-Eastern countries
(Encarta Encyclopaedia, 1997). Many thermal springs developed into flourishing centres of religion, culture and health,
such as those at Bath in England, Vichy in France and BadenBaden in Germany.
The socio-economic importance of thermal springs has
fluctuated over time (Booyens, 1981; Sanner, 2000; Atkinson
and Davidson, 2002; Edmunds, 2004), but over the past few
decades there has been an unprecedented resurgence of interest
in this resource, mainly due to a diversification in the application of the waters (Christopher and Armstead, 1978; Samsudin
et al., 1997). In addition to the increasing popularity of spas
and the growing importance attached to the ‘natural’ health
industry (Smith and Puczkò, 2009), thermal spring waters
are increasingly being used for power generation, industrial
processing, agriculture, aquaculture, bottled water and the
extraction of rare elements (Vimmerstedt, 1998; Lund, 2000;
Baradács et al., 2001; Lund and Freeston, 2001; Shevenell et al.,
2002; Bahati, 2003; Hellman and Ramsey, 2004; Petraccia et
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al., 2005). In 2005, 72 countries reported on the direct utilisation of geothermal energy (Lund et al., 2005). According to
Lund (2010), in 2009, global direct-use projects were estimated
to have had an installed thermal capacity of 50 583 MW, with a
thermal energy usage of 121 696 GWh per annum. A relatively
recent development is the identification and use of thermophilic
bacteria for possible industrial purposes (Zvauya and Zvidzai,
1995; Mawaza and Zvauyva, 1996; Mawadza et al., 2000;
Haring et al., 2005; Narayan et al., 2008).
In contrast to other countries, South African thermal springs
are some of the most under-researched and under-utilised of all
natural resources. However, the increasing recognition of the
value of geothermal resources suggests that there will be a rekindling of interest in South African thermal springs in the near
future. However, it is important that care should be exercised
in the type of development that occurs. For example, it cannot
be assumed that all spring water is pure, since many naturallyoccurring minerals are harmful or even dangerous to human and
animal health. A number of studies have found that geothermal
water may contain toxic elements such as arsenic and mercury
(Mandal and Suzuki, 2002; Romero et al., 2003; Churchhill and
Clinkenbeard, 2005), radio-active elements (Kempster et al.,
1996; Baradács et al., 2001) and pathogenic organisms such as
the meningitis-causing Naeglerias fowleri (Sugita et al., 1999;
Izumiyama et al., 2003; Craun et al., 2005) and Legionella pneumonia (Miyamoto et al., 1997).
To date over 90 thermal springs have been identified
in South Africa, of which the Limpopo Province has more
than any of the other provinces. A number of hot springs in
Limpopo have been developed for recreational and tourism
purposes, and at some water is bottled and sold for therapeutic
purposes. At places, the thermal spring is the sole source of
water for the entire resort. A few thermal springs remain in private hands for exclusive use by the land owner. There are a few
– predominantly those located in previous homelands – that
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