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s u m m a r y

Thermal waters are certainly a substantial asset of the Galicia region of Spain. They can be regarded as

worth developing because of their human health implications and, if thermal tourism is promoted, their

importance to the local economy. In this paper the chemistry of major and trace inorganic elements in

about 45 thermal springs and wells discharging in the same hydrographical system are presented and

discussed. For handling the results of all measurements, graphical representations of B/Li vs. SO2ÿ
4 /Clÿ

ratios, Hill–Piper diagram, discriminant analysis (DA) and principal component analysis (PCA) were

employed. All this with the intention to classify, based on their inorganic pattern, both thermal springs

and wells waters, but also waters circulating through adamellite and granodiorite rocks. The results of

the hydrogeochemistry analysis showed three main water families: sulphated, chlorinated and bicarbon-

ated waters. The results show also the presence of saline materials with chloride influence in the deeper

aquifer, allowing its classification in deeper and younger/shallow waters.

Ó 2009 Elsevier B.V. All rights reserved.

Introduction

In Galicia, the numerous sources of thermal waters are spread
all over the region. They have been well-known and used for ther-
apeutic purposes since ancient times (Roman thermal baths). But
only since 1979 there has been investigation and evaluation of
underground geothermal resources. Galicia, a region located in
the North-West part of Spain, has vast mineral–medicinal re-
sources in its subsoil, as there are more than three hundred sources
registered, of which 20 are used by spas (Dirección Xeral de Indu-
stria, Enerxía e Minas, 2003). These are mainly found inland, where
they have been used to support an important work in stimulating
the economy of the region. Recently, Ourense was designated by
the Galician Regional Parliament as the Thermal Capital of Galicia
due to their therapeutic hot springs, representing the second high-
est power of thermal water of the Iberian Peninsula.

The chemistry of thermal waters has attracted the attention of
numerous studies to understand the processes that have influence

on the recharge of underground water from its origin to estimate
its resource importance and potential exploitation. Previously, we
have studied the soluble organic compounds in thermal waters
of the area (González-Barreiro et al., 2009) to evaluate whether
they are related with their biological activity. Now, we are inter-
ested in their classification, based on their inorganic pattern, of
both thermal springs and well waters, but also those waters circu-
lating through adamellite and granodiorite rocks. Major, minor and
trace inorganic components are the usual chemical measurements
evaluated basically to investigate the water circulation, to study
the water–rock interaction mechanisms, to discriminate among
hydrochemical facies, and to identify the major geochemical pro-
cesses that affect water composition (Levet et al., 2002; Nathenson
et al., 2003; Gemici and Tarcan, 2004; Kralj, 2004a, b; Ramírez-
Guzmán et al., 2004; Lambrakis and Kallergis, 2005; Virgilio-Cruz
and França, 2006; Marques et al., 2006; Yalcin, 2007; Lambrakis
and Stamatis, 2008; Olivier et al., 2008).

Chemometric methods based on pattern recognition have been
used for the classification and comparison of different samples
(Jolliffe, 1986; Massart et al., 1997). They have been used to typify
rainwater compositional data (Zhang et al., 1992), for the analysis
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