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Self-sealing Faults in the Opalinus Clay – Evidence from Field
Observations, Hydraulic Testing and Porewater Chemistry
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1. INTRODUCTION

As part of the Swiss programme for high-level radioactive-waste, the National Cooperative
for the Disposal of Radioactive Waste (Nagra) is currently investigating the Jurassic (Aalenian)
Opalinus Clay as a potential host formation (Nagra 1988, 1994). The Opalinus Clay consists of
indurated dark grey micaceous claystones (shales) that are subdivided into several litho-stratigraphic
units. Some of them contain thin sandy lenses, limestone concretions or siderite nodules. The clay-
mineral content ranges from 40-80 weight per cent (9-29% illite, 3-10% chlorite, 6-20% kaolinite and
4-22% illite/smectite mixed layers in the ratio 70/30). Other minerals are quartz (15-30%), calcite
(6-40%), siderite (2-3%), ankerite (0-3%), feldspars (1-7%), pyrite (1-3%) and organic carbon (<1%).
The total water content ranges from 4-19% (Mazurek 1999, Nagra 2001). Faults are mainly
represented by fault gouge and fault breccias, partly associated with minor veins of calcite. A key
question in safety assessment is, whether these faults may represent preferential pathways for
radionuclide transport.

2. HYDROGEOLOGICAL PROPERTIES OF FAULTS

Investigations in near-surface Opalinus Clay demonstrate that advective fracture flow and
matrix diffusion are the dominant processes at shallow depths (Mazurek et al. 1996; Hekel 1994). The
extensive data available indicate that these fractures are permeable due to surface-related
decompression and weathering effects. On the other hand, the large number of faults and joints
penetrated by deep boreholes and intersected by 6 600 m of tunnels in the Swiss Folded Jura revealed
only five indications of minor seepage, all of which are associated with zones with an overburden of
less than 200 m. All these field observations lead to a conceptual flow model with a strong depth
dependence of the permeability of the Opalinus Clay, which is also represented by a marked
hydrochemical depth zonation (Gautschi 2001).

This means that at depth >200 m, advective transport through fractures (faults, joints) is not a
critical issue. Typically, faults have hydraulic properties similar to those of the undisturbed rock
matrix, but permeable faults with T <10-9 m2/s cannot be excluded, because the detection limit for a
visual identification of damp patches along faults in ventilated tunnels is at a transmissivity of roughly
10-9 m2/s (assessment by Eugster and Senger 1994). However, all hydraulic tests in deep boreholes and
in the Mont Terri underground research laboratory yielded hydraulic conductivities <10-12 m/s, even
though joints and faults were included in some of the test intervals.
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3. EVIDENCE FROM HYDROCHEMICAL INVESTIGATIONS

Faults that are acting or have acted as preferential pathways for fluids may be identified by
anomalies in the hydrochemical or isotopic signature of the formation. Current geochemical
investigations on the Opalinus Clay and adjacent aquifers at Mont Terri and Benken provide large-
scale profiles of various porewater components (chloride, •2H and •18O of water, 4He, and •37Cl)
across the formation. Strong evidence exists that diffusion is the major process governing solute
transport in the Opalinus Clay (Rübel 2000; Rübel and Sonntag 2000; Nagra 2001; written commun.
A. Bath 2000, Willoughby-on-the-Wolds, UK; written commun. M. Coleman 2001, University of
Reading, UK). Although some of the porewater samples in the studies referenced above derive from
faulted test intervals or from cores of faults or their neighbourhood, no hydrochemical or isotopic
anomalies have been identified in the Opalinus Clay. This means that there is no hydrochemical
evidence of a significant paleoflow along these faults.

4. MINERAL VEINS IN FAULTS

Faults that have acted as preferential pathways during past hydrothermal events or episodic
events related to earthquake induced fluid expulsion are often characterised by extensive mineral
veining with open channels, incremental mineral deposition or multiply recemented wallrock breccias
(e.g. Sibson 1981, 1994). In the Opalinus Clay, there are no indications of such mineral vein systems.
Minor calcite veinlets, with or without quartz, occasionally with celestite, with width in the mm range
(rarely > 1 cm), are partly present in fault zones (Waber and Schürch 1999, Mazurek 2001) (Figure 1).
Furthermore, no indications exist of narrow flow channels within veins, like those observed in
crystalline rocks of northern Switzerland (Thury et al. 1994, Mazurek 2000). These minor veins in
tight faults can be attributed to minor episodic (local?) fluid flow during fracture formation or to local
pressure dissolution/precipitation processes. No evidence of significant episodic paleoflow exists.

5. CONCLUSIONS

An extensive hydrogeological data base - part of which derives from strongly tectonized
geological environments - suggests that advective transport through faults in the Opalinus Clay at
depth > 200 m is insignificant. This conclusion is also supported by independent evidence from clay
porewater hydrochemical and isotopic data. The lack of hydrochemical anomalies and the lack of
extensive mineral veining suggest that there was also no significant paleoflow through such faults.
These observations can only be reconciled with a strong self-sealing capacity of the faults. Therefore it
is concluded, that reactivated existing faults or newly induced fractures will not act as pathways for
significant fluid flow at anytime due to self-healing processes. These conclusions are supported by
results from laboratory hydro-frac and flow-through tests, and from field-tests in the Mont Terri
underground research laboratory (Blümling and Hoteit, this volume), where short-term self-sealing
(hours to months) of artificially induced fractures has been identified.
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Figure 1. Fault zone in the Opalinus Clay, Schafisheim borehole, Northern Switzerland. The
calcite vein at 1056.7 m is the most significant vein observed so far in the Opalinus
Clay of northern Switzerland.
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