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 9 

ABSTRACT 10 

 11 

The objective this study was to analyze the spatio-seasonal changes of hydrogeochemical parameters and 12 

processes of groundwater in semi-confined fractured, unconfined sandy and semi-confined karst aquifers in a 13 

highland tropical zone of northeastern Brazil (Lençóis, Chapada Diamantina). Water samples were collected 14 

during the dry and rainy seasons to survey electrical conductivity, pH, total hardness, HCO3
-, Cl-, NO3

-, SO4
2-, 15 

PO4
3-, Na+, K+, Mg2+, Ca2+, Ba2+ and Fe3+. A cluster analysis was used to identify patterns and similarities 16 

between groundwater wells monitored, while Piper diagrams were used to classify water. Statistically significant 17 

spatio-seasonal variations were identified using the Kruskal-Wallis test and a Principal Component Analysis. 18 

The factors that control water hydrogeochemistry were determined based on the Gibbs Diagram and 19 

geochemical modeling using the Phreeqc software. Results showed distinct hydrogeochemical zones, classified 20 

in 7 clusters, which revealed 5 representative types of water during the dry and rainy seasons. These waters 21 

were: acidic, soft and freshwater (quartz zone); and alkaline, hard and freshwater (karst zone), with very clear 22 

characteristics of meteoric waters. Two clusters presented evidence of anthropogenic interference, with higher 23 

levels of NO3
-. Climatic seasonality significantly influenced water hydrogeochemistry, indicating that the 24 

hydrological processes which control changes are mobilization and dilution.  During the recharge period of the 25 

aquifers (rainy season), a relatively significant amount of the sulfate anion was mobilized to the groundwater, 26 

thus changing the hydrogeochemistry composition. The origin of this sulfate may be linked to either the 27 

weathering of evaporitic rocks or biogeochemical processes. The probable prevailing hydrogeochemical 28 

processes in these waters are: hydrolysis for waters of the quartz zone, residing in fractured and sandy aquifers 29 

(rainfall dominance), and carbonation (dry season) and dissolution (rainy season) for waters resident in karst 30 

aquifers (rock dominance).  31 
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