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Abstract
Factor analysis was applied to 56 groundwater samples collected from wells located in the Araripe Sedimentary Basin, in
the north-east of Brazil. The parameters are a set of 9 physicochemical, chemical, and isotope data, constituted by electrical
conductivity (EC), ionic concentrations of Ca2+, Mg2+, Na+, K+, Cl− , SO42− , alkalinity and δ18O0/00. In R-mode factor analysis,
the first 3 factors explain 62% of the variance, their loadings allowing the interpretation of hydrogeochemical processes that
take place in the area. Q-mode factor analysis on the 56 water samples decreases space dimensionality to 6, explaining 93%
of the total database information. With the aid of a scalar and angular measurement method, objects were clustered, resulting
in 11 groups classified according to their inherent characteristics, related to their hydrogeological origin.
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Introduction
The ever-increasing demand for potable water requires knowledge of the quality of stored waters, as well as of the natural and
anthropogenic processes that influence it. Waters stored in the
same aquifer system can differ in their chemical composition
due to internal and external processes, and suitable methodologies are needed for their identification.
A great manifold of parameters is used in water research
for assessing water quality, pollution, evaporation, flow dynamics and chemical evolution through the water cycle. Thus, great
amounts of data are generated. In order to gain insight into the
relationships between the parameters associated with a given
set of objects, multivariate techniques have been applied to
reveal hidden affinities present in the database, and undetectable by other means. Mathematically, these methods reduce
space dimensionality by a suitable choice of new dimensions
constructed as linear combinations of the original ones, simplifying the representation of the data set and facilitating its
interpretation.
Many multivariate analysis techniques have been applied
in hydrological studies: R-mode analysis in groundwater quality studies (Grande et al., 1996; Liu et al., 2003; Panagopoulos
et al., 2004; Garcia-Rodriguez et al., 2007); R-mode, Q-mode
and cluster analysis to assess surface/groundwater interaction
and groundwater mixing (Reghunath et al., 2002); R-mode and
cluster analysis to study groundwater quality in the Blue Nile
basin (Hussein 2004); principal component analysis (PCA),
cluster, and discriminant analysis to evaluate spatial and
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temporal variations in river waters (Wunderlin et al., 2001; Singh
et al., 2004); PCA and R-mode factor analysis to understand
origin and variation of each solute in natural waters (Anazawa
et al., 2005). Geochemical data were used to test the influence
of different factor-analysis techniques on the results extracted
(Reimann et al., 2002).

Material and methods
A set of 56 groundwater samples was analysed for 9 physical
and chemical parameters comprising major ion concentrations
(Ca2+, Mg2+, Na+, K+, Cl−, SO42−), alkalinity (alka), electrical conductivity (EC) and the isotope oxygen-18 (δ18O0/00). The samples
were taken from wells located in the Cariri valley, part of the
Araripe sedimentary basin, Brazil, embedded in Precambrian
basement rock. This basin is divided between the Federal States
of Ceará, Pernambuco (Pe) and Piauí (Pi). The greatest part is in
Ceará and comprises the Araripe plateau and the Cariri valley,
containing the most important groundwater storage of the State.
Figure 1 shows the region under study, enclosing the towns of
Crato, Juazeiro do Norte, and Barbalha and the areas of the
formations Exu, Arajara, Santana, and Rio da Batateira. Water
samples were collected from the Rio da Batateira aquifer, from
wells that provide water for industrial, rural and urban use.
Factor analysis
Factor analysis is a multivariate statistical method which,
through a linear dependence model constructed in an abstract
space called factor score space, searches for correlations among
measured variables that characterise a set of objects/samples.
Its main feature is to decrease space dimensionality through
the construction of a new dimensional base that preserves the
essential information contained in the original database. Linear
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