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INTRODUCTION

Recent earthquakes have established the damaging effects of strong shaking in Valley
environments as well as the complexity of the rupture process. Since one of the main objectives
of the Center’s efforts is to develop a capability for predicting ground motions from future
earthquakes, we need to understand both processes. In this brief report, we will review our
efforts in addressing source characteristics of the Hector Mine Earthquake.

An interesting feature of this event is the complexity of surface breakage where the fault
apparently jumps a few kms laterally as it propagates similar to the features produced by the
Landers Earthquake (Fig. 1). The apparent offset in fault breakage relative to aftershocks further
illustrates the complexity of faulting when the stress-field and existing faults lack alignment.
This starting-stopping-jumping physics appears approachable with modern data and inversion
techniques as we address next.

a) Finite-fault Modeling

Although conventional finite-fault inverse procedures work exclusively in either the time
domain or the frequency domain, the spatial distribution and character of slip heterogeneity on
the fault plane influences not only the frequency content of the outgoing seismic wave, but also
when such effects appear on seismograms. In order to extract more information about slip
heterogeneity, it is best to simultaneously consider both the time and frequency characteristics of
the waveforms. To this end, we introduce a wavelet transform approach for studying the spatial
and temporal slip history of significant earthquakes. Extensive testing against synthetic data
demonstrates its advantages, Ji et al. (2000a), and moreover, it yields results similar to other
techniques when fixing compatible fault properties, i.e., rupture velocity. Following this
approach, we developed a new method for the determination of rupture complexity from a joint
inversion of static and seismic data. Our fault parameterization involves multiple fault segments,
variable local slip, rake angle, rise time and rupture velocity. Both data and synthetic
seismograms are transformed into wavelets, which are then separated into several groups based
on their frequency content. For each group, we use error functions to compare the wavelet
amplitude variation with time between data and synthetic seismograms. The function can be
L1+L2 norm or correlative function based on the amplitude and scale of wavelet functions. The
objective function is defined as the weighted sum of these functions. Subsequently, we
developed a finite-fault inversion routine in the wavelet domain. A simulated annealing
algorithm is used to determine the finite-fault model which minimizes the objective function
described in terms of wavelet coefficients. With this approach, we can simultaneously invert for
the slip amplitude, slip direction, rise time and rupture velocity efficiently.

b) Application to the Hector Mine Event

An interesting feature of this event is the surface breakage and aftershock seismicity
which appear to be misaligned, see Fig. 1. The overall length of surface faulting is approximately
41 km, but most of the surface slip occurred around the middle of Lavic Lake fault, where the
surface break changes direction. The strike is about 322 degrees in the north and 346 degrees in
the south. The maximum amplitude of surface slip (5.2 m) was measured near the intersection of



the two surface break (Scientists, 2000). Surface slip along the Bullion fault (Southern branch) is
complex and smaller than in the mid and north.

It is noteworthy that the surface slip in the north portions shows two branches, besides the
aforementioned larger surface break in the west, there is a small piece of surface rupture along the
northward extension of the middle portion positioned directly above the hypocenter (Fig. 1). It
implies that the Lavic Lake fault does not simply change direction; instead, it bifurcates into two
faults. This observation is supported by aftershock pattern, which shows two planes in the
northern part of the Lavic Lake fault (Hauksson, 2000). One plane follows the 322-degree trace
and has a dip angle of 75 degree. Another is along a strike of 346 degrees and is slightly steeper
(we choose it as 85° to the east). While the former plane corresponds to the larger surface break,
the hypocenter determined by local short-period data is on the later fault plane. The two-fault
system can also explain the large variations in point source solutions obtained by several groups.
Our results from the static inversion are displayed in Fig. 1. Note that the GPS measurements are
quite compatible with the ground breakage, except along the northern portion of fault 1.
However, the GPS modeling is quite strongly affected by the local crustal model, Ji et al.
(2000b), which needs to be considered in the interpretation. The inversion results after including
all the seismic data is displayed in Fig. 2. The total moment is 6.28 x 10*° dyne-cm. The peak
amplitudes are 7 m. Most of slips happen in the two big asperities in the two branches of Lavic
Lake fault, only about 20% of total seismic moment is released by fault 3. Note that by including
the local strong motion data, we do not seriously change the distribution of slip produced from
inverting the static data. As discussed in Ji et al. (2000b), the timing issues involved in fitting
seismograms can still be achieved by adjustments in rise-time and rupture velocity variation.

The overall excellent fits to these observations produced by this study is a product of
using a good crustal model obtained from a detailed study of aftershock waveforms (Jones and
Helmberger, 1998) and allowing the variations in rupture velocity and rise-time. The complexity
of this fault pattern appears to be compatible with the InSAR data as displayed in Fig. 3. InSAR
data measures the surface motion in the direction of the radar line of sight (Rosen et al., 2000),
and can be predicted with static displacements on the surface. In this case, the satellite moves
194 degrees to the north; the look angle is 17-23 degrees to the west. Because we are just
emphasizing the suitability of our fault model, we approximate the look angle at 20 degrees. In
general, the predicted and observed displacement fields are quite similar.
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