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A method to obtain information about fluid flow and solute transport in porous media with low hydraulic
conductivity and low water content is based on the study of the natural tracer distribution in porewater.
This approach was previously applied to the Callovo-Oxfordian argillites, studied by Andra at the Bure
URL (East of France), using several natural tracer profiles (4He, 2H, 18O, Cl-, 37Cl). These profiles were
interpreted as the result of a diffusive exchange between porewater in the aquitard and groundwater in the
surrounding aquifers (Andra, 2005; Mazurek et al., 2008). However, at the Bure URL, and in contrast to
other investigated argillaceous formations, the concentrations of tracers in lower aquifer groundwater may
be higher than those in argillite porewater and increase with depth. The continuity of the profiles and the
origin of porewater salinity remained questionable. This study aims at presenting and interpreting chloride
and stable isotope profiles in porewater through more than 800 m of sediments, from the lower Oxfordian
to the lower Hettangian.

Drillcore samples were collected from the 2000m-deep borehole (EST 433) drilled by Andra in the so-
called “Transposition Zone”, located north to the Bure URL. In the framework of the TAPPS 2000
programme, twenty-five core samples were collected from the Oxfordian to the lower Hettangian during
the drilling campaign, and in-situ conditioned. The chloride concentrations in porewater were firstly
estimated by aqueous leaching, using a geochemical porosity two times smaller than the porosity measured
by heating at 150°C. After this estimation of porewater salinities, the radial diffusion (Savoye et al., 2006)
and vapour exchange (Rübel et al., 2002; Altinier et al., 2007; Savoye et al., 2008) methods were applied
to determine the stable isotope and anion concentrations in porewater.

The deuterium contents of porewater derived from the vapour exchange experiments describe a classical
bell-shape profile in the Callovo-Oxfordian argillites with an apex close to the centre (-42‰ V-SMOW).
The porewater δ2H values in the Oxfordian and Dogger limestones are consistent with the values directly
measured in groundwater from these aquifers (Figure 1). Under the Dogger limestones, the deuterium
contents regularly increase up to values of -20‰ in the lower Hettangian. A similar trend is observed for
the δ18O profile. In a δ2H vs δ18O diagram, the calculated water stable isotope values plot close to the
Global Meteoric Water Line, between a heavy-isotope depleted end-member representing Oxfordian
porewater and an enriched end-member characteristic of the Triassic aquifer.

The chloride concentrations in porewater range from about 700 to 23,000 mg.L-1. They show a similar trend
as the water isotope contents, except in the Liassic formations where the chloride concentrations seem more
constant.

The different tracers confirm a possible diffusive exchange between the Callovo-Oxfordian argillites and
the surrounding aquifers. They also suggest an upward transport from the chloride-rich Triassic
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groundwater. This assumption would imply a lateral advective transport affecting the upper part of the
Dogger and a pre-existing source of salt in the Callovo-Oxfordian, which could be either of marine origin
(connate seawater) or resulting from the Triassic diffusive transport (or both). The analyses of halides (Br-

and Cl-) from radial diffusion experiments, which are in progress, should help for discriminating between
those hypotheses.
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