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INTRODUCTION

A petrophysical and geochemical study of deep-seated sediments requires either shaft excavation for in situ
investigations or core drilling and storage for laboratory measurements and observations. In both cases,
measured and observed data should be as representative as possible of the intrinsic characteristics of the
rocks before human interference, which is especially critical for potential host-rocks of deep nuclear-waste
storage. Almost instantaneous alteration processes were described due to interactions with the atmosphere
by supply of O2, CO2, and water in some cases (e.g., Descostes et al., 2002). Chemical exchanges and
reactions were reported in conditioned and stored samples, despite all the care taken for treatment, (De
Craen et al., 2004). The imprint of such processes remains to be very limited and therefore difficult to
identify, especially by routine analyses.

To provide further information about these limited modifications and to discuss the evolution of the
geochemical records in deep clayed rocks when exposed to atmosphere, a coupled mineralogical and
geochemical study was performed on two argillaceous rocks: the Opalinus Clays collected in the Mont-
Terri URL (Switzerland) and the Callovo-Oxfordian Clays sampled in the Bure URL (France).

SAMPLING AND ANALYTICAL METHODS

A ~8-m long core was drilled perpendicular to an experimental niche or gallery in each underground
laboratory. Several core sections were selected as a function of distance to the wall of the niche/gallery
and were analyzed repetitively relative to storage time. The samples were stored in Al-bags under vacuum,
or not, and at ambient temperature or subjected to temperatures of 95°C and 150°C over varied periods of
time, in order to enhance the reactions. The objective was the evaluation of the storage effect on the
chemical and Sr isotopic compositions by leaching the rock powders with dilute acetic acid and analyzing
the leachates for elemental and 87Sr/86Sr compositions. The study was complemented by scanning electron
microscope observations to identify the related mineral alterations.

RESULTS AND DISCUSSION

Significant changes were observed in the mineral compositions of the whole rocks and in the chemical and
Sr-isotopic composition of the leachates when the storage duration in ambient temperature or during
heating increased. The main variations were:

(1) a significant decrease of the element contents in the leachates, meaning in turn the decrease of the
released elements from minerals constitutive of the rocks when duration increased. This decrease was rapid
in the COX argillite, after storage at ambient temperature and exposition at 95°C, and was followed by a
progressive trend to a new stable state. In the Opalinus Clays, the decrease was progressive and
accompanied by a decrease of the 87Sr/86Sr ratio of the leachates, but no trend towards a new stable state
could be observed;
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(2) an alteration of pyrite followed by a
precipitation of Ca-sulfate, which appeared
to start in the core of the crystals towards
the rims; it also lead to the replacement of
Fe-sulfides by Fe-oxydes (Figure 1);

(3) a probable precipitation of new mineral
phases in the rocks, such as Fe-oxy-
hydroxides and/or jarosite that could not
be visualized by electron microscopic
observation because of their very limited
amount and very small grain size.

All the modifications call for an oxidation
of pyrite probably combined with
dehydration of the rock, inducing changes
in the pH conditions of interstitial fluids.
They probably also induced an oxidation
of the organic matter, which was enhanced
by temperature increase (Techer et al.,
2009).

SOME CONCLUSIVE REMARKS

The study allowed identification of the
changes occurring in the rocks exposed to
atmosphere that are recorded in the
mineralogical feature and in the chemical
and Sr isotopic composition of their
soluble mineral phases. Leaching appears
to be an appropriate procedure for
identifying and quantifying such reactions that are explained by oxidation and dehydration processes of the
mineral and organic components, as a second-order alteration process of the organic matter is also
suspected. The results not only confirm that argillite-type rocks like those examined here are sensitive to
changing oxidation/reduction conditions, but also point to a sealing after a short yearly period of time that
may be maintained as long as the environmental conditions remain fairly constant.
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Figure 1: Altered pyrite crystals of the Callovo-Oxfordian
argillite after storage at 95°C during (a,b) 24 days, (c) 76
days and (d) 147 days (ESEM images), and in the Opalinus
Clays after (e) 4 and (f) 25 months of storage at ambient
temperature under vacuum.


