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Abstract

An experimental study of the healing of fault gouge under hydrothermal
conditions was conducted. Two new healing mechanism were discovered. One
mechanism, in which the gouge was a mixtue of quartz and feldspar involved
the sealing and cementation of the gouge with authigenic clay minerals derived
from the reaction of the water with the feldspar. The second mechanism, found
in experiments with pure quartz gouge, was healing due to solution transfer
creep, probably pressure solution. The properties of these mechanisms differ
significantly from the well know healing mechanism that is observed at room
temperature.

Non-technical summary.

In order for earthquakes to be repeatedly generated on a fault, there must
be a mechanism for the fault to regain its strength after an earthquake.
Laboratory experiments on friction of rock have shown that such a mechanism
occurs for most rocks. However, these experiments have mainly been conducted
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at room temperature, whereas large earthquakes occur at depths at temperatures
of 150-250° C, and in the presence of water, which reacts with rock at those
temperatures. Here we conducted friction healing experiments on rock under
those hydrostatic conditions and discovered two new healing mechanisms that
operate only under those conditions.

Investigations Pursued

This project was an experimental study of the frictional properties of fault gouge
under hydrothermal conditions. Two new mechanisms of fault healing were
discovered during this project. The first such mechanism, described by Olson
and Scholz (1998) involved the sealing and cementation of a quartzo-feldspathic
gouge by the deposition of authogenic minerals produced by the reaction of the
gouge with hydrothermal fluids. This mechanism produced not only fault
healing (strengthening) but also permeability reduction within the gouge, thus
providing a fault sealing mechanism.

The second mechanism, reported in Nakatani and Scholz (2004a,b) was found
for pure quartz gouge, in which the above mechanism could not operate. This
pronounced healing mechanism occurs only at elevated temperatures in the
presence of liquid water, which distinguishes it from the healing mechanism
observed at room temperature and which can occur in the presense of either the
liquid or vapor phase of water. Its properties show it to be due to a solution
transfer mechanism such as pressure solution.

One or both of these mechanism are likely to be dominate under the
hydrothermal conditions at seismogenic depth and hence are likely to be
important in the earthquake instability process.
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