The Salton Seismic Imaging Project (SSIP):
Rift Processes and Earthquake Hazards
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The San Andreas Fault ends in southern California, and strike-slip plate motion is
transferred to the Imperial Fault. This step-over is the northernmost element of the Gulf
of California extensional province and created the Salton Trough, a basin extending
from Palm Springs to the Gulf of California. Previous studies suggest that North
American lithosphere has rifted completely apart in the central Salton Trough. However,
instead of the onset of seafloor spreading as has occurred in the southern Gulf of
California, rifting has been strongly affected by rapid sedimentation from the Colorado
River. The 20-25 km thick crust in the central Salton Trough is composed entirely of
new crust added by magmatism from below and sedimentation from above. Between
the major transform faults, active rifting is manifested by faults observed in modern
sediment, abundant seismicity, minor volcanism, very high heat flow, and corresponding
geothermal energy production. The mechanisms of rifting here are insufficiently
understood.

Based on the paleoseismic record, the southern San Andreas Fault is considered
overdue for an earthquake of magnitude >7.5. Several other faults in the Salton Trough
have had historic earthquakes with magnitudes >7. Earthquake hazard models and
strong ground motion simulations require knowledge of the dip of the faults and the
geometry and wavespeed of the adjacent sedimentary basins, but these parameters are
currently poorly constrained.

To address these topics, the Salton Seismic Imaging Project (SSIP) acquired seismic
data along and across the Salton Trough in March 2011. The seismic datasets include
seven lines of onshore refraction and low-fold reflection data, airguns and OBS data in
the Salton Sea, onshore-offshore data, and a line of broadband stations.

The controlled-source data were acquired over three weeks. A total of 33,329 kg of
explosives was detonated in 126 explosive shots in plugged boreholes along 7 lines. In
addition, a 3.4-liter Gl airgun was fired 2330 times along a series of lines in the Salton
Sea. The surveys were coordinated so that seismographs recorded both sources.

Onshore, seismographs were obtained from both the EarthScope FlexArray and
PASSCAL instrument pools, with field support from PASSCAL personnel. 2595 “Texan”



seismographs with single-component 4.5-Hz geophones were used in 4739
deployments at 3958 unique sites. In addition, 186 RT-130 recorders were deployed at
277 sites with 3-component 4.5-Hz geophones. Land seismographs were deployed at
100-500 m spacing along several lines, and in grids in the valleys. In addition to
recording shots and airguns, these instruments were frequently in continuous-recording
mode to record natural sources and noise.

Offshore seismographs were obtained from the Ocean Bottom Seismograph Instrument
Pool (OBSIP). Forty-eight 3-component OBS’s were deployed at 78 sites in the Salton
Sea along two densely sampled lines and a grid in the southern sea.

About 120 people participated in the data acquisition, about half of whom were students
from 31 different colleges and universities. Since data acquisition was during the
academic year, many students rotated on 1-week shifts. Over three-quarters of the field
crew were volunteers, with travel expenses paid by the project. This crew was so
efficient that we returned one more instrument to PASSCAL than their inventory said
they sent us!

To complement the controlled-source studies and extend the imaging to greater depth,
broadband seismometers were deployed at 5-km spacing across the Salton Trough.
The instruments, obtained from PASSCAL, were installed in January 2011 for a planned
18-month deployment. The line is coincident with a crustal-scale refraction-reflection
line and recorded the controlled sources. Sixteen people from 5 universities participated
in the deployment.

SSIP will ultimately constrain the initiation and evolution of nearly complete continental
rifting, emplacement of magmatism, effects of sedimentation upon extension and
magmatism, and partitioning of strain during continental breakup. To improve
earthquake hazard models, SSIP will image the geometry of the San Andreas, Imperial
and other faults; structure of sedimentary basins in the Salton Trough; and three-
dimensional seismic wavespeed of the crust and uppermost mantle.

Funding for SSIP was from four programs at NSF (MARGINS, EarthScope, Marine
Geology and Geophysics, and Geophysics) and from the USGS.
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Note that this PASSCAL data report covers
only the Texan and RT130 deployments.

. Student volunteers Melissa Bernadino,
Gabrielle Zamora, and Erin Carrick backpack
seismographs across a Naval bombing
range. Each is carrying ~8 Texan
seismographs and deployment equipment.
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SSIP project map. Red lines are faults; symbols (see index) are seismic sources or
seismographs. Inset map shows simplified plate boundary faults.
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Shot gather. The 911 kg shot is at the Imperial Fault. The 1142 seismograms (from
Texans, plus vertical components from RT130’s) were recorded along Line 2 that
extends from the San Diego and Tijuana suburbs across the Peninsular Ranges, Salton
Trough and Chocolate Mountains, to the Colorado River.
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Student Kathy Davenport deploys a Texan seismograph on a wind farm near Palm
Springs.
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Rig and crew from Sam Crum Water Well Drilling Inc. drilling a seismic shot hole near
the Salton Sea.



