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In saline groundwater discharge areas, bodies of fresh surface water may be subject to
salinisation by mixing with discharging groundwater or just by direct evaporation
from the lake surface. Investigations combining chloride signatures and the stable
isotopes of water allow us to identify the processes that lead to the variations of
salinity in the system. Under similar processes, the signature of each tracer evolves in
a specific way: chloride is sensitive to evaporation by evaporative concentration while
the isotopes are affected by evaporation through isotopic fractionation.

The site to be investigated is an artificial wetland formed of three shallow lakes
collecting stormwater and situated in an area of saline groundwater discharge in the
Adelaide Plain, South Australia. The lakes have been constructed with different
depths compared to the water table with the intention that the first one would remain
fresh, the second one would be brackish and the third one saline. In the first year,
however, salinity problems developed in the "fresh water lake" preventing the normal
growth of the riparian vegetation and the entire ecosystem. It is therefore important to
identify the dominant processes that influence water quality in the wetland.

Samples were collected from the surface water of the saline and fresh lakes and from
groundwater at different depths and distances from the lake shore. After a dry period
of two and a half months during summer, the isotope signatures of the groundwater
fall on an evaporative line with a slope of =4 suggesting that the pore water itself is
affected by local evaporation [1]. Surface waters fall on a line with a slope of 5.3 to 6
suggesting either evaporation from the lake surface directly [2] or mixing with
evaporated groundwater which could constitute the evaporated end member. The plot
of the deuterium against chloride signature (Fig. 1) helps identify the processes.
Initially, during the dry period, most of the surface water samples show an enrichment
in deuterium with little change in chloride suggesting straight evaporation from the
lake surface with little influence of groundwater. The saline lake waters, however, are
shifted towards the groundwater end member, showing the net influence of mixing
with the saline water. In addition some of the groundwater samples showed clear lake
signatures, suggesting a gradual influence of fresh surface water recharge to the local
groundwater.
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Figure 1: Deuterium versus chloride content of surface water and groundwater in the
wetland/groundwater system.

A combined approach using both isotopes and chloride tracers is a suitable method for
distinguishing evaporation processes from mixing processes. This allowed for the
identification of the different processes that impact on wetland water quality:
evaporative concentration of groundwater water in the mound surrounding the lakes,
freshening of the groundwater at some location on the lake shore and below the lake
as well as groundwater discharge to the lakes themselves.
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