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ABSTRACT 
The occurrence of freshwater lenses in saline aquifers adjacent to the River Murray, 
Australia, defies hydrogeological intuition. The aquifers are more saline than the river, and 
the river may be gaining saltwater, and therefore, both the density force and the advective 
force (i.e. the regional hydraulic gradient) act towards the river. Notwithstanding transient 
effects, the occurrence of freshwater lenses under these gaining river conditions seems 
unlikely. Nonetheless, freshwater lenses have been observed, ranging from 10s to 100s of 
metres in width, albeit from Airborne Electromagnetic surveys, which offer only a coarse 
resolution of subsurface salinity. The lenses are valued features of these otherwise saline and 
semi-arid landscapes. 
 
The mystery of the freshwater lenses is explored by inverting the conceptual model adopted 
by Strack (1976) and others (e.g. Werner et al., 2012) to study saltwater intrusion in coastal 
aquifers. The Strack (1976) method adopts the classical Ghyben-Herzberg assumptions of a 
static and immobile saltwater wedge with seaward-moving freshwater maintaining the more 
dense saltwater in position. The situation of River Murray freshwater lenses is reversed, with 
saltwater moving towards the river and freshwater appearing as stable water bodies, floating 
on top. Nevertheless, the theory of Strack (1976) can be applied to obtain the steady-state 
position of a sharp-interface between the freshwater and saltwater. This approach has been 
undertaken to provide estimates of freshwater lens extent, which defy both the hydraulic and 
density gradients that intuition would suggest should exclude any freshwater lens emanating 
from the river. 
 
The new analytical solution developed in this study allows the primary controlling factors of 
river freshwater lenses to be characterized, at least for the idealized setting that the solution 
requires. Remarkably, despite that the idealized lens has a horizontal watertable (reflecting 
its stagnant condition), saltwater travels beneath it towards the river. Lenses are larger for 
situations involving lower hydraulic conductivities and smaller rates of saltwater discharge 
to the river. Additionally, deeper aquifers, more transmissive riverbeds, and larger 
freshwater-saltwater density differences produce more extensive lenses. Given sufficient 
hydraulic gradient towards the river, freshwater lenses are precluded, and the analytical 
solution provides the parameter combinations under which no freshwater lens is possible. A 
brief comparison with field settings finds more-or-less agreement with the occurrence or not 
of freshwater lenses adjacent to the River Murray. 
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