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ARTICLE INFO ABSTRACT

Samples of Toarcian argillite were collected both next to and far from a CEM Il cement paste and a CEM 11
concrete, within the specific context of a 15-a old borehole located in the Tournemire Experimental Plat-
form (Aveyron, France). The objectives were evaluation of the mineralogical and geochemical changes of
the claystone at the contact with the cementitious materials and determination of the spatial extent of
the interactions. The approach includes the examination of the mineralogical (XRD, SEM, TEM), chemical
(major, trace, rare earth elements) and isotopic (5r, C, O) compositions of argillite whole-rocks and of var-
ious soluble phases, at two scales: in the rock matrix (P1 scale) and along micro-cracks (P2 scale). The two
study scales outline nearly similar mineralogical modifications, shown by the presence of Ca silicate
hydrates (C-S-H) and newly-formed CaCOs within 10-15 mm of the cement paste and concrete. Chem-
ical data from whole-rock argillites indicate few changes in a slightly thicker zone (18-20 mm), mainly
consisting of an increase in the CaO wt.%, and a decrease in Sr contents. The other elementary contents
remained quite constant except for MgO, which suggests redistribution with precipitation of a Mg-rich
mineral phase at 20 mm from cement paste/concrete interface. Acetic acid leachates had more pro-
nounced variations, including a decrease of the total elementary content in the same ‘geochemical dis-
turbed zone' (GDZ), together with a significant increase of the Sr isotopic ratios. A combination of Sr
and C/O isotopic patterns was used to distinguish the behavior of secondary cementitious phases in
the clay-rich rock: (i) calcite dissolution and re-precipitation is supported by CfO isotopic data and (ii)
C-S-H neoformation is evidenced by the #7Sr/*®Sr ratios; this tool also contributes to determine the origin
of the fluids. The proportion of newly-formed C-S-H in the matrix and in the micro-cracks of the argillite
is modeled.

1. Introduction

Deep geological disposal of high-activity and long-period radio-
active wastes in France is designed with a confinement system
based on the multiplication of argillaceous and cement-bearing
barriers called ‘engineered barriers’. The role of these barriers is
to avoid the release of radio-elements into the biosphere, as well
as to prevent the potential addition of external fluids to the waste
materials. In a deep clay-rich medium, cementitious materials are
expected to account for most of the building structures, the pack-
ages containing waste, as well as the cell grouts or plugs. These
cementitious materials will be emplaced at the immediate contact
with the natural argillaceous formation and/or the bentonite plugs.

* Corresponding author, Tel: +33 (0)4 66 70 99 73; fax: +33 (0)4 66 70 99 89.
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Hydrolysis of cementitious phases is known to produce hyper-alka-
line pore fluids with pHs ranging from 10 to 13.5 (Atkinson et al.,
1985; Berner, 1992; Hewlett, 1998), whereas natural argillaceous
settings are characterized by a nearly neutral pH. Numerous studies
have been performed in the last decades to assess interactions in
such a chemical disequilibrium context, with the specific aim of
identifying their effect on the confinement material properties.
These studies have been based mainly on evaluation of mineralog-
ical and petrophysical changes during propagation of high-pH flu-
ids in claystones, either by laboratory experiments (Ramirez et al.,
2002, 2005; Fernandez et al., 2009b; Dauzéres et al., 2009,
2010a), computer modeling (Savage et al., 2002; De Windt et al.,
2004; Gaucher and Blanc, 2006; Fernandez et al., 2009a), or charac-
terization of natural and engineered analogues (Khoury et al., 1985;
Linklater et al.,, 1996; Milodowski et al., 2001; Techer et al., 2006;
Tinseau et al., 2006; Fourcade et al., 2007; Elie et al., 2007). They
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have allowed identifying the mineral transformations that have oc-
curred in claystones and the cementitious materials during interac-
tion with alkaline fluids over various time sequences.

In order to better constrain the reaction processes induced by
alkaline fluids/argillite interaction and to specify the geometry of
the system, this study will focus on a combined acquisition of min-
eralogical and geochemical data from contact zones located be-
tween a cement paste or a concrete and a natural argillite after a
15-a interaction. This approach is based on the characterization
of an engineered analogue that was described preliminarily by
Tinseau et al. (2006) and modeled by De Windt et al. (2008). This
engineered analogue, called the DM borehole, is located in the
Tournemire Experimental Platform (Aveyron, France) and is to a
15-a old borehole crosscutting the Toarcian argillite formation
and sealed with concrete. The over-coring of the borehole exhibits
the natural claystone in contact with a CEM Il hardened cement
paste or with a CEM Il concrete. A mineralogical and geochemical
characterization of samples collected either next to or away from
the cement-bearing materials, at various depths in the borehole
is presented. In combination with SEM and TEM investigations,
Sr, O and C isotope systems are used to constrain the propagation
of alkaline fluids generated by the cement into the clay medium:
limited alkaline fluid/rock interactions that cannot be identified

by mineralogical observations due to the relative high detection
limit will be discussed on the basis of isotope modeling based on
distinguishable C and Sr isotope compositions in the clays and in
the cement paste and concrete (Techer et al., 2006; Fourcade
et al., 2007).

2. Description of the sampling site and samples

The study area is located in the Tournemire Experimental Plat-
form of the French Institute for Radioprotection and Nuclear Safety
(IRSN) located in Aveyron (SE France). The platform is devoted to
multi-disciplinary research on the feasibility of deep geological
disposal of radioactive wastes. The site was initially constructed
between 1882 and 1888 as a train tunnel of several hundred me-
ters beneath the ‘Plateau des Causses’. Secondary galleries were
then excavated horizontally from the tunnel between 1996 and
2008. The underground structures crosscut a 200-m thick argillite
Toarcian formation from South to North which is composed mainly
of phyllosilicates (40-50 wt.% of illite, chlorite, kaolinite and illite/
smectite mixed-layers), calcite, dolomite, K and Na-Ca feldspars,
pyrite and quartz (Boisson et al., 2001; Tinseau et al., 2006). In
1990, exploration boreholes were drilled from the tunnel for
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Fig. 1. Scheme of the DM borehole in the Tournemire Experimental Platform. Location of the studied layers along the borehole: DM155, DM180, DM240 and DM300 and
representation of the cementitious materials (CEM Il concrete or cement paste) in contact with the argillite. The images are from DM155 and DM180 sections.






















































