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INVESTIGATIONS

This project consists of two tasks that address modeling of stress changes
associated with past earthquakes in southern California. The first task, is a
quantitative investigation of how well mainshock-induced static stress change
explains the triggering of aftershock sequences. The second task, addresses
stress evolution history and earthquake potential in southern California.

RESULTS

In 1997 we completed our investigations of how well mainshock-induced
static stress changes explain the triggering of the 1992 Landers and 1994 North-
ridge aftershock sequences. The results are published in JGR, [Hardebeck et
al., 1998].

In 1998 we began studying stress orientations in Southern California to com-
pile observational evidence pertaining to stress evolution and earthquake-stress
interactions. Our goal is to create a high spatial and temporal resolution model
of stress orientations, inferred primarily from earthquake focal mechanisms data,
covering 1981 to the present. We made significant progress towards our goal,
and made a surprising discovery about the stress field in the vicinity of the
San Andreas Fault and its implications for the origin of the fault’s low shear
strength.

We have compiled a data set of more than 50,000 earthquakes which have
been recorded by the Southern California Seismic Network since 1981. The
events were relocated, and first-motion focal mechanisms determined, using a
three-dimensional velocity model for all of Southern California.

We also performed extensive testing of Michael’s [1984, 1987] technique for
inverting focal mechanisms for stress orientation, and demonstrated that this
method produces accurate stress orientations with appropriate uncertainty es-
timates.

Using Michael’s [1984, 1987] method, we have inverted the focal mecha-
nism data set to produce maps of stress orientation in Southern California
(e.g. Fig. 1A). The events are binned in spatial boxes, with boxes of different di-
mension producing maps with different spatial resolution, from a low-resolution
map of the entire region to several-km- resolution maps of areas of high earth-
quake activity.



We also discovered that stress orientation observations are a useful tool in
answering an important open question: what causes the low shear strength of
the San Andreas fault?

Some major faults, such as the San Andreas, appear to be much weaker than
expected. Three classes of models have been proposed to explain the low shear
strength of these faults: high fluid pressure, the presence of inherently weak
materials, and dynamic weakening during earthquake rupture.

We introduced an observational method for discriminating between the pro-
posed weakening mechanisms, based on the recognition that each model contains
specific predictions about the orientation of the maximum principal stress axes,
ol. For a strong strike-slip fault, o1 is predicted to be horizontal and at ap-
proximately 30° to the fault. If the fault is dynamically weak, o1 is predicted
to be at high angle (>60°) to the fault.

A fault zone of weak materials, either inherently weak or weakened by high-
pressure fluids, is predicted to develop a stress state inside the fault zone distinct
from that outside [Rice, 1992]. This stress state is characterized by o1 that is
at low angles to the fault (<60°) inside of the fault zone, and at higher angles
(>60°) outside. The width of the zone of stress rotation should correspond to
the width of the zone of weakness. A stress rotation associated with inherently
weak materials should be narrow, at most the width of the gouge zone (on the
order of 100 m). A stress rotation due to high pressure fluids may be of any
width, possibly very broad (> 1 km) if high fluids pressures are present in the
relatively intact rock surrounding the fault.

We used stress orientations determined from the earthquake focal mechanism
data set to look for observational evidence of stress rotation across the San
Andreas fault system in southern California, and interpreted our observations
in terms of the models presented above.

Profiles of stress orientation versus distance from the fault were determined
for eight fault segments by binning the earthquakes along each profile in groups
of 100 based on perpendicular distance from the fault, and inverting each group
for principal stress directions. The observed profiles are most consistent with
weakening due to fluids at approximately lithostatic pressures, with o1 at high
angles to the fault (>60°) far from the fault zone, and at lower angles (<60°)
in a broad zone surrounding the fault trace (Figure 1B).

The zone of apparent high fluid pressure is surprisingly wide, at least 20 km
in some locations, implying that high fluid pressures can extend into relatively
intact rock. The width appears to scale with the width of interseismic strain
accumulation. Additionally, unusually low permeabilities have been observed
in core samples from the Cajon Pass drill hole, approximately 5 km from the
San Andreas [Morrow and Byerlee, 1992]. We interpret the above observations
in terms of a model in which repeated strain-related fracturing and crack seal-
ing has created low-permeability barriers which seal fluids into the network of
currently active fractures.

A paper presenting this work on the San Andreas is currently in review pro-
cess for Science.
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Figure 1: (A) Stress orientations in Southern California as determined from
earthquake focal mechanism data. The black lines indicate the orientations of
the maximum horizontal compressive stress, and the gray lines denote the 95
confidence range. The circles indicate the predominate faulting regime. The
earthquakes were divided into 50 km x 50 km boxes (centered on the circles),
each box containing 30 to 3000 events, and inverted for stress orientation. (B)
The orientation of the maximum horizontal stress along profiles across the San
Andreas fault system. The bar orientation indicates the maximum horizontal
stress direction and the shading denotes the angle the maximum horizontal stress
makes with the trend of the nearest nf]ajor fault segment. Along each profile,
the earthquakes were binned in groups of 100, based on their distance from
the fault, and inverted for stress orientation. For clarity, only representative
orientations are shown.



