Use of natural tracers in the study and characterization of flow in karst systems
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Karst systems are highly heterogeneous, and respond rapidly to rainfall events. To
understand flow behaviour as a function of the surface hydrology in these systems, the use of
geological, hydrodynamic and hydrochemical tools is required. Parameters such as
conductivity, temperature, and ph, and inorganic natural tracers and environmental isotopes
are often used in order to define groundwater flow conditions (Leaney and Herczeg, 1995;
Martin and Dean, 1999, Ladouche ef al., 2000). Combining this approach with a
hydrodynamic one highlights the hydrogeological behaviour of the aquifer being investigated
(Katz et al., 1998; Nativ et al., 1999; Burk et al., 2004). The geochemical characteristics of
karst groundwater are highly variable in time and space. Because some tracers may originate
either at the surface or inside the aquifer, or may be changed by human activity, other natural
tracers should be looked for. Recent research on the experimental karst system of Vaucluse
(southeastern France) highlighted that total organic carbon (TOC) was a sensitive tracer of
rapid infiltration in karst systems (Emblanch ez al., 1998; Batiot et al., 2001a, 2003). In
conjunction, the nature of TOC in soil waters (input signal) and spring waters (output signal)
was studying by spectrofluorometry (Batiot ef al., 2001b). This approach may give new
information about karst functioning and its self-purification capacity. The characterization of
the different water types that are involved karstic flow (fast infiltration, unsaturated zone, and
saturated zone) is made possible by combining this approach with the study of other natural
tracers,

These new tools require some refinement, and we will therefore apply them to a
typical Mediterranean hydrosystem composed of a karst aquifer and an intermittent stream,
which acts as a contaminant source to groundwater. This work, whose goal is to understand
the interactions between the two parts of the hydrosystem, is just beginning. The “Causse
d’Aumelas” karst aquifer is located 20 km west of Montpellier. The aquifer catchment area is
about 200 km?, and the aquifer is composed of about a 2000 m thickness of Jurassic carbonate
deposits. During low flow, a 9-km stretch of the Coulazou, a 29-km long river, becomes a
sink when it crosses the karst terrane of the Causse. About fifty karst features, which can
function alternatively as sink holes or springs, have been located in the Aumelas-Coulazou
hydrosystem. In order to understand the interactions between surface water and groundwater,
hydrodynamic and hydrochemical monitoring has been carried out on springs, boreholes,
swallow holes, and the Coulazou surface waters, with the first monitoring station located
upstream of the karst terrane, and the other downstream. Discharge rates at the springs and at
the Coulazou monitoring stations are measured. Electrical conductivity, temperature, and pH
also are measured at each point and the water is sampled twice a month to study
hydrochemical tracers (major and trace elements, TOC, 13C).

This “multiparameter” approach underlines the behaviour of the hydrosystem and the
phenomena of flow inversions. The understanding of these specific links between surface and
subterranean waters is fundamental to characterize the vulnerability of the aquifer and to
protect water resources.
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