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Background
SCEC funding was used to support a graduate Student Brendan Crowell to organize

and lead the GPS surveys described below.  The survey teams consisted of students and
faculty from two classes GPS and radar interferometry of the Imperial Fault (SIO 239)
and Introduction to GIS (SIO 110).  The participating faculty included Yehuda Bock,
Yuri Fialko, David Sandwell, and Duncan Agnew.  Each winter our students and faculty
perform campaign GPS surveys of the southernmost San Andreas fault system.  Much of
this field work is sponsored by SCEC.  Brendan Crowell has done most of the analysis
for the 2008-2009 surveys and wrote most of the following report.

Progress Report
As of March 2009, three rapid static GPS surveys have been performed from the US-

Mexico border to the northern extent of the Salton Sea encompassing the Imperial,
Superstition Hills, Brawley, San Jacinto and San Andreas fault zones.  The first survey
was performed in February, 2008, and included 16 scientists and graduate students from
Scripps, SDSU and Cornell.  The survey consisted of 56 densely spaced monuments
(Figure 1, blue dots), of which, 14 were installed by the National Geodetic Survey
(NGS) and 42 were installed by Imperial College, London, in the 1970s and previously
surveyed in 1993, 1999 and 2000 [Genrich et al., 1997; Lyons et al., 2002].  In addition
to surveying these 56 monuments, 10 monuments were installed and surveyed along the
irrigation culverts, creating a dense transect across the Imperial Fault in 2 locations.

The second survey was performed in late October, 2008, and aimed to cover a much
greater area to encompass more of the Brawley seismic zone up to the southern extent of
the Salton Sea.  This survey was performed by 6 scientists and graduate students from
Scripps and included 54 NGS and California Department of Transportation
(CALTRANS) geodetic monuments (Figure 1, orange dots).  Of the 54 monuments, 20
of them were installed by CALTRANS in 2004, and have only been surveyed once.  The
results of the first two surveys can be seen in Figure 2.

The third survey was performed in February, 2009 by 10 Scripps scientists, graduate
and undergraduate students.  There were three undergraduate students from Yehuda
Bock’s Intro to GIS class, and they used data from the survey on their final class projects.
This survey was aimed at encompassing as much of the strain transfer zone between the
San Andreas, San Jacinto, Superstition Hills and Imperial Faults, and included 37
geodetic monuments along both sides of the Salton Sea into the Coachella Valley (Figure
1, purple dots).  Also surveyed were the 10 monuments installed in February, 2008
during the first survey.  During the survey of the dense transects across the Imperial
Fault, several large cracks in the road bed across the fault were observed, which were not
there in February 2008.  The cracks range in size from 1 mm up to ~10 mm in width
(Figure 3).  We propose that a creep event took place at some point in 2008 to early
2009, which we plan to investigate further when all of the GPS data is fully processed.

A unique aspect of these surveys was near real-time processing of results while the
GPS antenna was collecting.  We did this by first streaming data from receivers over
Bluetooth to Verizon XV6700 smartphones equipped with Geodetics, Inc. RTD Rover



software, which utilizes the Real Time Kinematic (RTK) technique.  An Ethernet
connection is acquired between the smartphone and SOPAC servers to download detailed
ephemeris and tropospheric information for use in processing.  Positions are computed
every second relative to the three closest base-stations in the California Real Time
Network (CRTN), and the statistics of the previous position estimates are used to
improve the accuracy of the measurements.  The final solutions are stored in log files on
the smartphone and the SOPAC servers, as are the raw receiver files [Crowell et al.,
2008].  The real-time positions obtained in the field were shown to be within 2 mm of the
positions obtained during postprocessing in both east and north [Crowell and Bock,
2008].  All of the metadata and associated files are archived on a project page using the
Pocket GPS Manager (PGM) developed by the California Spatial Reference Center
(CSRC), in cooperation with the NGS, (http://sopac.ucsd.edu/projects/impvall2008.html;
http://sopac.ucsd.edu/projects/caltrans_iv2008.html;
http://sopac.ucsd.edu/projects/impvall2009.html ) which is then used for further analysis.
One of the practical benefits of real-time, mm-accuracy positions was to locate a number
of buried monuments in cases where the nearby cultural location markers have been
removed since the 1993, 1999, or 2000 occupations.

The final step will be to model the strain distribution throughout the Imperial Valley
to properly determine the extent of the Brawley fault zone and see how strain is
transferred between all of the faults.  We have started investigating the use of commercial
nonlinear finite element codes (e.g. Patran, Nastran, Abaqus) to properly model strain.
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Figure 1: Overview of the 3 GPS surveys performed.  The blue circles represent the
February, 2008 survey, the orange circles are the October, 2008 survey, and the purple
circles are the February, 2009 survey.



Figure 2: Computed crustal motion vectors from the February, 2008 and October, 2008
GPS surveys with 95% confidence intervals plotted.  The nearby CGPS stations are also
included.



Figure 3: Six new GPS monuments were installed across the Imperial Fault (McCabe
Rd.) in 2008 and resurveyed in 2009 after an aseismic creep event.  Creep is as evident
by fresh cracks in the asphalt along the fault trace.  Note the USDS fault trace (red) is
mis-located with respect to the cracks and offset in the culvert.
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