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The potential use of clay stones as host rock for radioactive waste disposal is currently investigated. For
this application, hydraulic conductivity, swelling properties, water uptake, rheological and mechanical
properties are of great importance. The Opalinus Clay (Mont-Terri, Switzerland) and the Callovo-
Oxfordian clay stone (France) are the most frequently studied clay stones. One goal is to develop a
numerical model being able to predict the mechanical behaviour of clay stones under repository-like
conditions.

Experimental investigations reveal that Opalinus Clay and Callovo-Oxfordian clay stone behave different
with respect to the dependence of mechanical strength on the carbonate content. The failure strength of
Opalinus Clay decreases with increasing carbonate content, whereas it increases with increasing carbonate
content when Callovo-Oxfordian clay stone is considered (Klinkenberg et al., 2009).

To supply proper data and enable reliable model assumptions, the use of suitable experimental techniques
for the description of the microstructure is indispensable. After mechanical testing, samples were taken
perpendicular to the bedding and polished sections were prepared. The microfabrics were investigated
using scanning electron microscopy (SEM) and image analysis. Backscattered electron (BSE) images were

Figure 1: Distribution of carbonates in a & b) Callovo-Oxfordian clay stone and c) Opalinus Clay: cracks
at grain boundaries of coarse carbonates are marked.
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used for the image analysis because carbonates can be extracted by grey level analysis. The image analysis
of the extracted particles provides the following parameters: area, longest and shortest axis of an ellipse
(surrounding the particle), perimeter, the angle to horizontal (longest axis), and the aspect ratio (longest
axis/shortest axis).

Callovo-Oxfordian clay stone shows a homogenous distribution of fine-grained carbonates (Figure 1a) and
dovetail connection of calcium carbonate with the clayey matrix (Figure 1b). In contrast Opalinus Clay
shows large elongated carbonate grains (high aspect ratios) of shell fragments (Figure 1c). Cracks are
mostly related to these coarser grained shell fragments and if they are close to each other the cracks can
be interconnected. Carbonates are oriented sub-parallel to the bedding as determined by image analysis.
The carbonate grain size distribution of Opalinus Clay indicates that the content of the carbonate fraction
> 63 µm is particularly important with respect to the mechanical behaviour of the rock.

The most important result of this study is that not only the carbonate content, but also the microstructure
(grain size distribution, shape, spatial distribution, and intergrowth of carbonates) affects the mechanical
behaviour of the claystones. The microscopy and image analysis techniques proved to be an excellent tool,
which can be employed in model development.
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