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Seawater intrusion and deep injection of toxic wastes, among others, are typical 
processes where the flow pattern is controlled, at least to some extent, by variable density 
properties of the involved fluids. Similarly, in certain sedimentary basins, the regional 
groundwater flow pattern is not exclusively controlled by the geological settings and by the 
prevailing hydraulic gradients. In order to define a realistic conceptual flow model, a proper 
understanding of the role of density variations of the involved fluids is required. In many 
instances, the magnitude of recharge, discharge, the residence time of groundwater, or the 
dominant flow paths are not properly characterised if the density gradients are not adequately 
considered. 

 
One example of such a situation in a continental sedimentary basin is found in the 

endorheic basin of Fuente de Piedra, province of Malaga (Spain). The basin extends over a 
150 km2, which is only ~10 times the area occupied by the Fuente de Piedra lake (13,5 km2). 
Hydrochemical and isotope techniques are being applied to tackle the basic aspects related to 
groundwater dynamics and the interaction between fresh groundwater and the brine located 
below the Fuente de Piedra lake. The hydrogeological characterisation of the groundwater 
systems is rather complex. However, the study of the whole system is partially simplified by 
the relatively small area of the basin and the shallow character of the local aquifers and the 
brine. 

 
The properties of the aquifer systems located in this basin are closely related to the 

development of the salt lake that gives name to the basin. Fresh groundwater and surface 
runoff define a convergent flow net towards the lake. Groundwater becomes progressively 
saline along the main flow paths, although the present situation is disturbed by intense 
exploitation and irrigation return. Evaporation from the lake constitutes the main discharge of 
the system, contributing in the formation of the subsurface brine. The behaviour of the fresh 
groundwater/brine interface is being monitored by a number of piezometers drilled around the 
lakeshore. Deep underground flow through Triassic sediments discharging in a series of saline 
springs located outside the Fuente de Piedra basin probably constitutes a second mechanism 
of discharge.  

 
Dissolved salts are mainly supplied by Triassic sediments, which crop out in several 

zones of the basin. The Triassic sediments in the area contain gypsum and evaporite deposits, 
where karstic features become evident. The salinity of the Fuente de Piedra brine is close to 
saturation in halite (about 10-fold that of seawater). The salinity contrast between the brine 
and the groundwater plays a major role in the development and evolution of a complex flow 
pattern in the fresh-saline water interface. Intensive pumping in the vicinity of the lake has 
modified the natural flow regime, leading to changes in salinity in the extracted groundwater 
and displacing the location of the discharge points. Ongoing studies are providing additional 
information, which is being used to define a more realistic conceptual model on groundwater 
dynamics of this system. The final aim of the project is the development of a density-
dependent numerical model that will reproduce the interaction of the fresh and saline waters 
and particularly, the influence of density variations in the discharge to the lake.  


