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The Callovian-Oxfordian formation in the Eastern part of the Paris Basin (COx) is currently under study
for possible implantation of a deep underground nuclear waste repository. In this presentation, our purpose
is to present the geochemical past of the formation from deposition to late diagenesis, then to describe the
present equilibrium conditions and finally to give an overview of modeling for predicting effects of
disposal facility-induced chemical perturbations on clayrock characteristics.

Mineralogical and isotopic data are the fingerprints of the clayrock formation’s sedimentary history. In the
Jurassic sea, clay minerals (illite, illite/smectite, kaolinite, chlorite) sedimented to the sea floor along with
other detrital minerals (quartz, feldspars, micas, titanium oxides, ilmenite) generated by erosion of the
Hercynian massifs. Carbonates are represented by an important detrital bioclastic fraction originating from (i)
the fauna from the different benthos levels and (ii) from the dismantling of the surrounding carbonate
platforms. A petrological study provided evidence of the following diagenetic mineral sequence: 1) framboïdal
pyrite + micritic calcite replacing carbonate bioclasts and in bioturbations, 2) iron-rich euhedral carbonates
(ankerite, sideroplesite), glauconite, 3) sparitic dolomite, celestite in residual porosity, 4) chalcedony 5) quartz/
calcite. Pyrites in bioturbations exhibit a wide range of δ34S (– 38 to + 74‰), providing evidence of bacterial
sulphate reduction processes. The lowest negative values (– 38 to – 22‰) are representative of pyrite
precipitation in a marine environment with a permanent recharge in sulphate, whereas the higher pyrite δ34S
values (– 14 up to + 74‰) are indicative of pyrite precipitation in a closed system. The δ34S values of celestite
reflect the last evolution stage of the system at which time bacterial activity was finished. The 87Sr/86Sr ratio
of celestite (0.706872-0.707040) is consistent with deposition from Jurassic marine-derived waters. Carbon
and oxygen isotopic compositions of bulk calcite and dolomite are consistent with marine carbonates whereas
late diagenetic siderite is 13C-depleted. The 13C-depletion could be attributed to organic matter degradation.
The δ18O values of late diagenetic chalcedony range between + 27 and + 31‰, suggesting precipitation from
marine-derived porewaters at temperatures of maximum burial (~ 40-50°C). Late calcite in veinlet reworking
with chalcedony and celestite, and late euhedral quartz grains in a limestone from the top of the formation
have lower δ18O values (~ + 19‰), suggesting a precipitation process from meteoric fluids. The transition
from very active biotic diagenesis precipitates (pyrite) to abiotic diagenesis precipitates (siderite, celestite)
seems not to be due to a lack of organic carbon or sulphates but linked to the compaction of the clayey
formation, which prohibits the cellular movements by reduction of the porosity (Lerouge et al., Submitted).

The second part of this presentation is devoted to current water/rock/gas equilibria in the formation.
A geochemical model has been developed over the last 10 years based on evolving data regarding clayrock
mineralogy, its ion exchange properties (Tournassat et al., 2007, 2009), constraints on calco-carbonate
equilibrium by CO2 partial pressure measurements (Girard et al., 2005), leachable Cl and SO4
concentrations and analyzed exchangeable cations. The current version of this model (Gaucher et al., 2009)
has benefited greatly from information on in-situ porewater composition obtained by the PAC experiments
carried out in the Bure URL (Vinsot et al., 2008). New core sampling and analysis procedures were
developed in order to reduce or quantify unwanted experimental side reactions such as sample oxidation
(e.g. pyrite) and soluble mineral dissolution (celestite, SrSO4) that affect measured SO4 concentrations and
exchangeable cation distributions. The model considers phase equilibria only with minerals that are
observed in the formation including the principal clay phases. The model has been used to calculate the
composition of mobile porewater in the Callovo-Oxfordian clayrock and validated against measurements
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of water chemistry made in Bure underground research laboratory (Vinsot et al., 2008) (cf. Figure 1). The
model reproduces the measured in situ pore-water composition without any estimated parameters, all
required parameters being obtained from core sample analysis. The robustness of our model with respect
to uncertainties in the log K values of clay phases was also demonstrated. Large uncertainties in log K
values for clay minerals have relatively small effects on modeled pore-water compositions.

Finally, the understanding of the current geochemical conditions is a prerequisite for modeling the
chemical perturbations that will be induced by the disposal. Theses perturbations are linked to (i) the
ventilation of the tunnels and subsequent oxidation of the rock (mainly clays’ structural iron and pyrites)
that results e.g. to the precipitation of gypsum at the concrete/COx interfaces, (ii) production of alkaline
solutions by the massive presence of cement and concrete in the disposal (Marty et al., 2009), (iii) H2(g)
and iron(II) production and release due to the corrosion of the steel canisters, (iv) aqueous silica release
due to the dissolution of the nuclear glass, (v) NO3

– plume due to the alteration of the bituminous canisters,
and (vi) thermal perturbation. Some “good practice” rules govern the establishment of a careful and
meaningful numerical modeling, including an appropriate meshing, a coherent and complete
thermodynamic (and/or kinetic) database, an appropriate selection of minerals, a correct understanding of
the regulation of the partial pressure of CO2, etc. Various test cases have been studied in order to answer
some key questions relative to the extension of the perturbations and their consequences on the mineralogy
and physical properties of the clayey formation: e.g. clogging of the porosity, increase of the gas pressure
or increase of the mechanical stresses due to the precipitation of the minerals.
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Figure 1: Left: comparison of modeled concentrations and measured concentrations in the in situ
experiment (– 475 m, filled circles). Right: comparisons of pH, pe and PCO2.


