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CHANGE IN 5-VALUES DURING MOVEMENT ON CUT SURFACES IN
GRANITE

By J. WEEKS, D. LOCKNER, AND J. BYERLEE

ABSTRACT

A large granite sample containing a saw cut, modeling a natural fault, was
triaxially loaded at confining pressures up to 1000 bars. Fourteen violent slip
events accompanied by foreshock and aftershock sequences occurred under
constant strain rate loading. From digitally recorded acoustic emission, locations
and amplitudes were determined for nearly 8,000 microseismic events.

Plots of log amplitude versus log frequency of microseismic events were
drawn for three periods between each slip event, termed foreshock, aftershock,
and background. These plots indicate that the b-value is lower during foreshocks
than for periods between events, implying increased average amplitude of
microseismic activity just before slip. These experimental results suggest that it
may be possible to devise an earthquake warning system based on changes in
b-values in active tectonic regions. It has been suggested that according to the
dilatancy-diffusion model, b-value would decrease prior to earthquakes. In our
experiment, however, the rock was dry.

INTRODUCTION

Changes in such geophysical parameters as seismic velocity, seismicity, and b-
value have been proposed as possible earthquake precursors. However, the difficulty
of measuring these parameters in the field has often yielded ambiguous results. An
example of this ambiguity is found in changes in the V,/V; ratio. Several authors
have reported changes in this ratio before earthquakes (Aggarwal et al., 1973;
Semenov, 1969; Whitcomb, 1973; others), but for a number of earthquakes the
search for such changes has been unsuccessful or ambiguous (Allen and Helmberger,
1973; Boore et al., 1975; Lockner et al., 1977). In the case of b-values, it is necessary
to include a large number of earthquakes in the calculation in order to obtain
meaningful results. A years’ time may be required to collect a sufficient sampling
of events (Wyss and Lee, 1973).

To eliminate some of the ambiguities of field measurements, we have performed
an experiment under controlled laboratory conditions similar to those existing in
the Earth. A natural fault was modeled by a saw-cut in a large sample of dry
granite. Under constant strain-rate loading, 14 stick-slip events occurred, and we
recorded arrival times and amplitudes of nearly 8,000 microseismic events that
took place during all phases of stick-slip. With this large data-base, using methods
similar to those used by seismologists, we calculated locations of events, average
frequency of events, and b-values for all parts of the stick-slip stress cycle.

EXPERIMENTAL METHOD

A cylindrical sample of Westerly Granite 19.5 cm long and 7.62 cm in diameter
was prepared with a saw-cut inclined at 30° to the axis of the cylinder. The saw-cut
surfaces were carefully ground to ensure flatness. The two halves of the sample were
assembled and a copper sleeve 0.13 mm thick was pressed on to keep them together
during handling. The sample was then placed in a polyurethane sleeve to isolate it
from the confining fluid. Six piezoelectric transducers with resonant frequency of
600 kHz were cemented to the sample with epoxy to monitor acoustic emission from

the rock.
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F1c. 1. A schematic diagram of the sample set-up showing the positions of two of the six transducers.
The other four transducers are located near the ends of the sample. The position of the saw-cut,
oriented at 30° to the axis of the sample, is also shown.
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