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Characterisation of geogenic controls on
groundwater quality in a volcano-sedimentary
aquifer in Kenya using graphical and statistical

methods
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Geogenic controls on groundwater quality are often dominant but remain inadequately characterized formany
aquifer systems. The volcano-sedimentary aquifer of Kisumu (Kenya) is used widely to provide safe water to
the informal settlements and acts as a strategic, supplementary supply to the city during interruptions in ser-
vice from the main piped water supply network drawing from Lake Victoria. Little is known, however, of the
geogenic controls on groundwater quality in the Kisumu aquifer. We characterize the origin and composition
of solutes in groundwaters sampled from the Kisumu aquifer using a range of techniques. Classical graphical
methods (i.e. Durov, Piper, Schoeller, Stiff and Ternary plots) were used as interpretative tools of the main
hydrogeochemical processes whereas principal component analysis (PCA) and hierarchical cluster analysis
(HCA) methods were used to assess hydrochemical variations and water types. An agglomeration schedule
with five cluster solutions and between-groups linkage method of clustering using the squared Euclidian dis-
tance was employed. Variables were standardized to z-scores so that each variable contributed equally to
the clusters. The study identifies three main groundwater geochemical signatures in the Kisumu study area:
cation exchange (Ca-Na, Ca-Mg) between aqueous and solid phases, the chemistry of recharge water, and
groundwater mixing. The concentration of major ions in groundwater varies with geology and also season-
ally. The dominant water facies is Na-Ca-HCO3 type; other hydrochemical facies include Ca-Mg-HCO3 and
Na-HCO3. Hydrochemical plots suggest that dissolution of carbonates and halite are the other major chemi-
cal processes, in addition to cation exchange, that control the groundwater chemistry in the Kisumu aquifer.
Hierarchical cluster analysis of the main cations and anions discriminated satisfactorily the various water
types in the study area.
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