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The main goals of our 2000 SCEC research were 1) to develop models of geodetically
observed interseismic and postseismic velocities that are consistent with both geological
observations and continuum mechanics, 2) to use improved estimates of postseismic
deformation following the 1992 Landers earthquake to dynamically model postseismic
deformation, to understand its causes, and to investigate more realistic estimates of
Coulomb stress changes from Landers at the Hector Mine hypocenter, as well as model
postseismic deformation at Hector.  We have made significant progress on both.

1)  Block model
Graduate student Brendan Meade has continued the development of this block model

to include the capability for joint inversions of both geodetic data and geologic estimates
of fault slip rates.  He has inverted the newly available GPS velocities in the
ECSZ/southern Walker Lane to determine the motions of the crustal blocks to the east of
the San Andreas (Figure 1, after McClusky et al, to be submitted).  The velocity of the
Sierra Nevada block with respect to Nevada is 11 ± 1 mm/yr, with slip distributed across
the Death Valley,  (3.7 ± 0.7 mm/yr), Panamint Valley (2.4 ± 1.3 mm/yr), and Airport
Lake/Owens Valley (5.7 ± 1.1 mm/yr) faults.  The western Mojave block rotates
2.3°/Myr clockwise, with 4 ± 2 mm/yr of left lateral motion across the western Garlock
Fault.  We infer 1 ± 2 mm/yr of left lateral motion across the Garlock fault east of the
southeast terminus of the Sierra Nevada block, much less than the geologic estimate,
consistent with viscoelastic relaxation of a low viscosity lower crust.  These results will
soon be submitted to GRL.  The model has been used to estimate the pre-Landers secular
velocities for stations installed after the earthquake.

We have also used the block model to investigate the seismic hazard in the Marmara
region in Turkey.  The geodetic velocities are fit if the locking depth of the North
Anatolian fault in this region is ~5 km, suggesting that the moment release by future
earthquakes in this region should be a factor of 3 less than previously predicted based on
the assumption of a 15 km locking depth.  The Imperial Valley region of CA may be
analogous.  This work was submitted to the Izmit earthquake special issue of BSSA.

2) Landers and Hector Mine earthquake finite element models
Data.  We have processed all of the post-Landers GPS data collected in southern

California between 1992 and 1999.  We fit the data to summed exponential and linear
functions so that we could interpolate displacements for days when GPS position
measurements were not collected. (This is required by our code that inverts postseismic
data for parameters such as lower crustal viscosity and fault friction parameters.)  The
actual time behavior of postseismic deformation is more complicated, but summed linear
and exponential functions fit the data reasonably well within (large) tolerances.
Exponential decay times of 40 to120 days work about equally well; linear trends were
corrected for secular velocities provided by our ECSZ block model.  We have also
processed the first few months of post Hector Mine data, and are currently bringing this
processing up to date.

Modeling.  We have attempted to model the post-Landers displacement history using
both afterslip and viscoelastic relaxation models, but have had problems reproducing the
displacement azimuths, particularly west of the rupture, where we overestimate westward
motions.  Other viscoelastic models of Landers postseismic deformation (Freed and Lin,



2001; Pollitz et al., 2000) do the same thing, and fail to reproduce decaying postseismic
velocities as well.  Other features of the Landers postseismic data that we would like to
reproduce (but cannot yet) are 1) the rotation of virtually all displacement azimuths south
of the earthquake toward the east, starting about 6 months after the earthquake, 2)
slowing or cessation of postseismic deformation north and northeast of the fault, 3)
inSAR range change patterns, which represent a combination of horizontal and vertical
displacements (Price, 1999; Peltzer et al., 1998), and possibly 4) strain reversal at PFO
about 6 months after the earthquake (Wyatt et al., 1994).

Given the inadequacy of simple postseismic models in explaining this data, we
decided that more insight on spatial and temporal patterns of three-dimensional
deformation resulting from different types of afterslip and viscoelastic relaxation was
needed.  We did a parameter study using a simple strike-slip earthquake model and are
planning to bring knowledge gained from this study (see below) and a new slip inversion
using a 3D elastic model, to bear on the Landers problem this year (see proposed work).

Simple earthquake model.  We have developed a model of a M 7.4 strike-slip
earthquake with uniform slip on a straight fault to characterize differences in
displacement fields produced by models incorporating afterslip, viscoelastic relaxation,
or both processes.  This project serves two purposes: it illustrates what kinds of models
are most likely to reproduce important features of postseismic deformation associated
with real (i.e. more complicated) earthquakes, and it shows how to optimally design a
GPS monitoring program to distinguish between competing earthquake cycle models.

Using data from the 1992 Landers earthquake, we created a synthetic, time-dependent
displacement history for a hypothetical GPS station 15 km from the modeled rupture, and
reproduced this displacement history with several afterslip and viscoelastic relaxation
models.  We then evaluated the differences in velocity fields produced elsewhere (within
1.5 fault lengths) to see whether they differed enough to be distinguished with GPS.

We find that if displacements are known to within 1-3 mm at all time epochs during
the first year after an earthquake (reasonable for continuous GPS), and observations are
available in key locations (Figure 2), we can distinguish among three sets of admissible
processes: viscoelastic relaxation of the lower crust, viscoelastic relaxation of the upper
mantle, and afterslip.  Although we have demonstrated that viscous creep and velocity-
strengthening afterslip may be distinguished using data from a real earthquake (Hearn et
al., 2000), this is only true if parts of the rupture are coseismically loaded and frictional
creep is allowed on these patches.  For the simple model, this is not so; all afterslip was
below the coseismic rupture and we could not tell the afterslip models apart.

We find that a laterally continuous viscoelastic layer or horizontal shear zone in the
mid-crust (i.e. at the base of the coseismic rupture) is inconsistent with postseismic
deformation typical of M7.4-7.5 strike-slip earthquakes.  Also, if nonlinear upper mantle
relaxation is invoked to explain early postseismic deformation, the pre-earthquake
differential stress in the mantle must be less than 0.1 bar.  To adequately model long-term
postseismic relaxation (i.e. that occurring years to decades after an earthquake) we must
add a second, slower deformation process: we could not reproduce Landers-like
postseismic deformation with just one mechanism.

Assuming the wrong postseismic deformation process results in errors to Coulomb
stress change estimates in the surrounding region, even if the surface displacements are
fit reasonably well (i.e., to within 3-5 mm per dof during all epochs at stations within one
rupture length, typical errors for campaign mode GPS).  Afterslip increases Coulomb
stresses significantly (>0.1 bar) on features parallel to the fault over a much smaller
region than viscoelastic relaxation of the lower crust.  However, afterslip is much more
efficient overall at postseismically loading the lower crust in the near field.  Thus, if we
model early postseismic deformation as afterslip and assume that later postseismic
deformation results from viscoelastic relaxation of the lower crust, the estimate of lower



crustal viscosity is five times the estimate obtained when the early deformation is
modeled as upper mantle relaxation.  This illustrates that characterizing the process
responsible for early postseismic deformation is important to understanding the slower
deformation process that dominates throughout the earthquake cycle.
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The faults (OV1, OV2, AL) bounding the Sierra 
�

Nevada block to the east carry more right-lateral 
slip, ~5.5 mm/yr, than others at the same latitude.

The Western Mojave block rotates at ~2.3 degrees 
�

per million years.

Left-lateral slip rates on the Garlock are slightly 
�

lower than paleoseismological estimates.

Figure 1.
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