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Introduction 

 

In the field of geological disposal of radioactive waste in many countries argillaceous formations are 

considered as potential host rock. For the understanding of the long-term behaviour of clay host rock, 

it is important to understand the interaction between mechanical behaviour, microfabric, and mineral 

composition (Bock et al. (2010)). 

Previous publications (e.g. Klinkenberg et al. (2009)) showed that particularly the carbonate content 

and the arrangement of the carbonate grains (as cement in the matrix or as shells) determines the me-

chanical strength of Opalinus Clay and Callovo Oxfordian Clay specimens, respectively. Klinkenberg 

et al. (2009) studied the shaly facies of Opalinus Clay, however, the actual deposit is planned to be 

built in the sandy facies of Opalinus Clay. The aim of the present study is to investigate the relation 

between microfabric, mineral composition, and mechanical properties of different samples derived 

from the sandy facies (BLT-A2). 

 

Materials and Methods 

 

The investigated core samples of the sandy facies (Opalinus Clay) are derived from the Rock Labora-

tory Mont Terri (St. Ursanne, Switzerland). The samples of the sandy facies are more heterogeneous 

than those of the shaly facies. The homogeneous scale of the sandy facies is in the dm to m scale (Na-

gra (2002)). Test specimens were derived from 2 cm long drill core pieces. Specimens were sampled 

and analyzed using: 

 

- XRD (X-ray-diffraction), XRF (X-ray-fluorescence), and LECO (carbon, sulphur, oxygen, and nitro-

gen analysis) standard methodology of BGR (Hannover, Germany) for characterisation of mineralogi-

cal and chemical composition as well as organic carbon content.  

- the CEC (cation exchange capacity) method based on Cu-Triethylenetetramine (Meier & Kahr 

(1999)). 

- a core scanner (DMT CoreScan®) for the macroscopic image investigation. Here the unrolled core 

mantle has a resolution of 20-40 pixels per mm.  
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- a FEI Quanta 600 F operated in low-vacuum mode (0.6 mbar) for E-SEM (environmental scanning 

electron microscope) investigation. The microscope is equipped with the EDX-system Genesis 4000 

of EDAX. 

 

Results 

For the quantitative phase analysis the Rietveld methods was used (Ufer et al. (2008)). The data of the 

geochemical and mineralogical analysis were compared with each other resulting in a plausibility-

checked mineralogical composition (Table 1). 

 

Table 1. Semi-quantitative mineral content, CEC, Corg-, and carbonate content of the sandy-

facies. Ill= illite, Smt=smectite, Musc.=muscovite. 

 
 

Carbonates and quartz predominate in all samples. The samples from the drilling BLT-A2 show in-

creasing carbonate contents (22 to 42 wt.-%) with depth (cored section 02→05→07) while the quartz 

content decreases (44 to 31 wt.-%). The clay mineral content is slightly decreasing (23 to 18 wt.-%) 

with depth.  

For the image analysis multi scales were considered. On the macroscopic (mm-m) scale a core scanner 

was used to get unrolled core images (Figure 1).   
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Figure 1. Left side: picture of a core sample (BLT-A3) and on the right side: unrolled core sam-

ple (BLT-A3). 

 

The ESEM was used to get information in the mm to µm scale. Relevant microstructural components 

are clay minerals and carbonates, and their distribution in the sample.  

 

 
Figure 2: BSE images a) overview of the sandy facies, scale bar 300.0 µm b) clay mineral aggre-

gates in the inter-particle pore space, scale bar 10.0 µm (BLT-A2 03/02). 

 

E-SEM results prove that the carbonates (Figure 2, light grey particles) are mainly forming the matrix 

as cement, but were also observed as particles in the fine sand fraction (63-200 µm). Biogenic carbon-

ates may appear as a secondary component. Quartz (Figure 2, dark grey particles) is observable in the 

silt and fine sand fraction (20- 200 µm). Clay mineral aggregates fill the interparticle space between 

the carbonates and quartz (Figure 2b). 

 

Mechanical testing vs. carbonate content 

 

Mechanical testing on the sandy facies of the drilling BLT was carried out by BGR (Gräsle and Plis-

chke (2011)). In Figure 3 the results of the strength tests of the drilling BLT-A2 were compared with 

the carbonate content derived from the mineral phase analysis (Table 1). 
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Figure 3: Shear strength ((Gräsle and Plischke (2011)) vs. carbonate content of the drilling BLT-

A2 (maximum principle stress parallel to the bedding). 

 

The samples of the drilling BLT-A2 (sandy facies) show a clear tendency (Figure 3): the shear 

strength increases with increasing carbonate content.  

 

Summary and Conclusions 

 

Image analysis showed that the carbonates in the sandy facies mainly occur as 1) matrix which in turn 

acts as cement.  Carbonates also occur 2) in the fine sand fraction and 3) biogenic carbonates as traces. 

The carbonates of the sandy facies, therefore, appear to be similar to the carbonates of the Callovo 

Oxfordian Clay with respect to their possible influence on failure strength (Klinkenberg et al. (2009)). 

The mechanical testing showed that the shear strength increases with increasing carbonate content. 

This phenomenon was also observed for the samples of the Callovo Oxfordian Clay (Klinkenberg et 

al. (2009)), while the opposite relation was found for the shaly facies of the Opalinus Clay. Prelimi-

nary results presented here, indicate that the sandy facies (drilling BLT-A2) and Callovo Oxfordian 

Clay show similar mechanical properties – in detail: 1) Microfabric: carbonates predominate in the 

matrix, 2) Mineralogy: high carbonate content and 3) Mechanical testing: shear strength increases with 

increasing carbonate content, where the type of carbonates which controls the increase of strength has 

to be identified more extensively.  
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