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BURIAL HISTORY OF OPALINUS CLAY
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Opalinus Clay is a 100 m thick argillaceous formation occurring in northern Switzerland and
southern Germany, consisting of ca. 55% clay minerals, 20% quartz and 25% carbonates. In
the region of interest, its present depth is 600 m below surface. Stratigraphic evidence
suggests that it was subjected to two successive events of burial and uplift (one during the
Cretaceous, one in the Miocene), and it is currently overconsolidated (OCR = 23). The two
burials are separated by an uplift phase where ca. 600 m of the overlying sedimentary rocks
were eroded. A number of different techniques were applied to quantify the burial and
temperature history of the formation.

Organic matter (ca. I wt% TOC in Opalinus Clay) is of a mixed marine-terrestric origin. A
number of maturity parameters, including vitrinite reflectance (R = 04 - .5 %), carbon
preference index (CPI = 1. - .8) and others suggest that the organic matter is immature and
did not reach the oil generation window, and this is consistent with the absence of oil traces in
drillcores. Confined-system pyrolysis experiments were conducted, in order to quantify the
kinetic parameters of organic-matter reactivity. On this basis, time-temperature integrals
(TTI) were calculated for selected biornarkers. Resulting maximum temperatures of burial
were derived in the range 59 - 78 'C.

Apatite fission-track analysis provides information both on maximum temperature and its
evolution with time. The observed track-length distribution can only be reconciled with a two-
stage burial/uplift evolution, which is consistent with stratigraphic evidence. Maximum
temperatures of the first burial stage (8 - 93 'C) were slightly higher than those of the second
stage 70 - 88 'C). Inherited tracks (i.e. tracks older than the sedimentation of the fori-nation)
are recognised in some samples and increase the errors in the temperature estimation.

Additional methods that were applied to constrain burial and temperature history included
petrographic and isotopic studies of diagenetic cements, fluid inclusions in vein minerals,
porosity shale compaction and clay mineralogy. Using all available burial and temperature
indicators as input, one-dimensional basin modelling was performed. The objectives of the
calculations included a consistency check of the different methods characterising burial and
temperature history and the construction of a best-fit burial curve and temperature evolution
(Fig. 1). The results indicate that maximum temperature of ca. 85 'C was attained during the
first, very long burial stage in the Cretaceous, while the shorter Miocene event only reached
65 'C. In contrast, maximum burial and compaction are most likely due to the Miocene event,
thus the times at which maximum burial and maximum temperature occurred are different.
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Reconstruction of temperature and burial history
Figure I of the Opalinus Clav formation
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The Opalinus Clay is currently being studied for its suitability to host Swiss high-level
radioactive waste. Relevant conclusions with regard to this project include 
- the temperature of 85 'C reached by the formation during natural evolution is only ca.

10 'C lower than the maximum temperature expected at the bentonite/rock interface
around a spent fuel/high-level waste repository. Because the heat pulse from the heat-
generating waste will decay below 80 'C after ca. 1000 a, the effects on the rock
(e.g. llitisation, maturation of organic matter) are negligible,

- maximum burial occurred at ca. 10 Ma b.p., and since then the region has been uplifting
with a rate of 0. I mm/a. This long-term estimation is consistent with present-day uplift
rates based on geodetic data and with Quaternary landscape evolution,

- hydraulic overpressures observed in Opalinus Clay and some embedding argillaceous
units are most likely remnants from the maximum burial in the Miocene. The preservation
of hydraulic disequilibria over millions of years would mean that hydraulic conductivity
of Opalimis Clay is extremely small on a large scale in space and time.
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