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Present Day Kinematics of the Eastern California Shear Zone
from a Geodetically Constrained Block Model
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Abstract. We use Global Positioning System (GPS) data
from 1993-2000 to determine horizontal velocities of 65
stations in eastern California and western Nevada between
35° and 37° N. We relate the geodetic velocities to fault slip
rates using a block model that enforces path integral
constraints over geologic and geodetic time scales and that

. includes the effects of elastic strain accumulation on faults

locked to a depth of 15 km. The velocity of the Sierra Nevada
block with respect to Nevada is 11.1 £+ 0.3 mm/yr, with slip
partitioned across the Death Valley, (2.8 £ 0.5 mm/yr),
Panamint Valley (2.5 £ 0.8 mm/yr), and Airport Lake/Owens
Valley (5.3 £ 0.7/4.6 £ 0.5 mm/yr) faults. The western
Mojave block rotates at 2.1 £ 0.8°/My clockwise, with 3.7 £
0.7 mm/yr of left lateral motion across the western Garlock
Fault. We infer 11 £ 2 mm/yr of right lateral motion across
the Mojave region of the Eastern California Shear Zone.

Introduction

About 25% of the relative motion between the Pacific and
North American plates occurs east of the San Andreas fault
zone (SAFZ) within a complex region characterized
geologically [Dokka and Travis, 1990] and geodetically
[Savage et al., 1990] as the Eastern California shear zZone
(ECSZ). South of the Garlock fault, shear within the eastern
Mojave Desert occurs on right lateral faults that are nearly
parallel to the direction of plate motion [Sauber et al., 1994,
Miller et al., 2001]. North of the Garlock fault, in the
southern Walker Lane belt, a series of faults accommodates
both right lateral and normal motion. We present surface
velocities estimated from GPS measurements of this region
and relate these geodetic velocities to geologic fault slip rates
using a block model.

GPS Measurements and Analysis

The principal data used for this study were acquired in 14
surveys conducted from 1993-2000 by the National Imaging
and Mapping Agency (NIMA) under the auspices of the Navy
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Geothermal Program Office (GPO) and focused on the Coso
region east of the Sierra Nevada Front. Each survey consisted
of three to twelve 6-hour occupations of 23-34 monuments.
Additional data come from annual surveys, 1993-1996
covering the broader Eastern California Shear Zone (ECSZ)
region over the same time interval by Central Washington
University (CWU) and the University of Miami (UM), [Miller
et al., 2001; Dixon et al., 2000]. We also incorporated data
from annual surveys, 1993-1996, in the Hunter Mountain,
Panamint Valley and Death Valley regions by the Nuclear

Regulatory Commission (NRC), California Institute of
Technology, and the Harvard-Smithsonian Center for Astro-
physics [Bennett et al., 1997] and along a transect measured
by the United States Geological Survey (USGS) [Gan et al.,
2000] in 1994, 1996, 1997, and 1999.

We analyze the data using the GAMIT/GLOBK software
[King and Bock, 1999, Herring, 1999] in a two-step approach
(e.g., Dong et al. [1998]). In the first step, we use GPS phase
observations from each day to estimate station coordinates,
the zenith delay of the atmosphere at each station, and orbital
and Earth orientation parameters (EOP). In the second. step.
we use the loosely constrained estimates of station
coordinates, orbits, and EOP and their covariances from each
day, aggregated by survey, as quasi-observations to estimate a
consistent set of coordinates and velocities. For the analysis
of all but the GPO data, we provide orbital control and tie the
regional measurements to an external reference frame by
including in the regional analysis data from 3—4 continuously
operating stations of the International GPS Service (IGS) and
by combining the regional quasi-observations with quasi-
observations from an analysis of phase data from over 100
IGS stations performed by the Scripps Orbital and Permanent
Array Center (SOPAC) at UC San Diego [Bock et al. 1997].
For the GPO surveys we do not mix the phase observations
from the regional and IGS stations in order to avoid errors due
to mismatched receivers and antennas. The most serious of
these errors i1s an unknown but apparently constant offset in
the sampling time of the codeless Ashtech LM-XII receivers
used prior to November, 1996. This offset leads to position
errors of 20-50 mm if the LM-XII data are differenced with
those from other receivers, but has no significant effect on our
estimates of relative positions within the GPO network. For
our daily analysis of the GPO surveys we use IGS orbits
constrained to one part in 10%. The GPO network is tied to an
external reference frame in the second step of our analysis
through 10 stations in common with the CWU/UM, NRC
and/or USGS networks.

Before estimating velocities in the second step of our
analysis, we examine the time series of position estimates to
determine the appropriate weights to be applied to each
group’s surveys. For the velocity solution, we reweight the
quasi-observations such that the normalized long-term scatter -
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