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ABSTRACT

Multivariate statistical and geochemical modeling techniques were used to determine the
main factors and mechanisms controlling the chemistry of groundwaters in the El Eulma
area. Three major water groups resulted from the Q-mode cluster analysis. The samples from
the area were classified as low salinity (Group 1), moderate salinity (Group 2), and high
salinity waters (Group 3). Inverse geochemical models of the statistical groups were devel-
oped using PHREEQC to elucidate the chemical reactions controlling water chemistry. In a
broad sense, the reactions responsible for the hydrochemical evolution in the area fall into
three categories: (1) dissolution of evaporite minerals; (2) precipitation of carbonate minerals,
quartz, kaolinite, and Ca-smectite; and (3) ion exchange.
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1. Introduction

Groundwater is one of the most important
resources for human life. The water quality depends
upon the geological environment, natural movement,
recovery, and utilization. The chemical quality of the
groundwater percolating through the soil zones of
anthropogenically polluted layers are significantly
reduced. Hence, understanding the groundwater qual-
ity changes, solute transport, and identifying recharge
areas in the groundwater zone have become important
in protecting human health. This is because ground-
water contains a wide variety of dissolved inorganic
species in various concentrations, as a result of chemi-
cal and biochemical interactions between groundwater

and geological materials through which it flows; and
to a lesser extent because of contributions from the
atmosphere, surface water bodies, and anthropogenic
activities.

Multivariate techniques have been used to resolve
hydrological factors such as aquifer boundaries,
groundwater flow paths, and hydrochemical parame-
ters (e.g. [1–7]), to identify geochemical controls on
the composition [8,9] and to separate anomalies such
as anthropogenic impacts from background [10–13].
Hierarchical cluster analysis as a multivariate statisti-
cal tool has also been widely used to formulate geo-
chemical models on the basis of available data.

Inverse geochemical modeling in PHREEQC [14] is
based on a geochemical mole-balance model, which
calculates the phase mole transfers (the moles of
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