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I. Project Overview 

A. Abstract 
In the box below, describe the project objectives, methodology, and results obtained and their signifi-
cance. If this work is a continuation of a multi-year SCEC-funded project, please include major research 
findings for all previous years in the abstract. (Maximum 250 words.) 
 
P wave velocity models, and constraints on faults, obtained from the Salton Seismic Imaging Project, 
need to be integrated into the SCEC Community Velocity Models and Community Fault Model (CFM). 
Graduate students Yiran Ma of Caltech completed a 3-D velocity model for the Brawley Seismic Zone in 
Imperial Valley, and a 2-D model for Line 2 of the Salton seismic Imaging project (from Otay Mountain in 
San Diego County to the Colorado River at the Arizona-California border).  Graduate student Liang Han 
of Virginia Tech completed on a velocity model for all of Line 1 of the Salton Seismic Imaging Project, 
along the axis of the Coachella Valley, Salton Sea, and Imperial Valley. These students defended their 
theses but have not yet been able to submit their results for publication.  Thus, our project has been 
delayed. Because of the delay, we did not spend all of the funds we had been allocated, and we have 
asked for an extension on the project so that we can accomplish the project this year with the remaining 
funds. 
In the meantime, researcher Patricia Persaud is working on a 3-D model for the Coachella Valley includ-
ing lines 4, 5, and 6 of the Salton Seismic Imaging project.  We plan to work with the CVM-H/CFM or-
ganizers to provide data in the format needed, and to work with them on validation of aspects of the 
resulting hybrid models to better locate earthquakes, depict faults, and calibrate phase arrivals from 
seismicity in southern California.   

B. SCEC Annual Science Highlights 
Each year, the Science Planning Committee reviews and summarizes SCEC research accomplishments, 
and presents the results to the SCEC community and funding agencies. Rank (in order of preference) the 
sections in which you would like your project results to appear. Choose up to 3 working groups from be-
low and re-order them according to your preference ranking. 
 

Seismology 
Unified Structural Representation (USR) 

C. Exemplary Figure 
Select one figure from your project report that best exemplifies the significance of the results. The figure 
may be used in the SCEC Annual Science Highlights and chosen for the cover of the Annual Meeting 
Proceedings Volume. In the box below, enter the figure number from the project report, figure caption and 
figure credits. 
 
Figure 1 (note: not final results, so probably not suitable for highlights or meeting cover) 
Caption: Example of some results to be included in the CVM.  The P wave velocities at 1000, 3000, 5000 
and 7000 km depths, sliced from the velocity model (1 km grid) in the Imperial Valley. The cells with no 
ray penetration are shown in grey. The receivers are shown in small black circles. The sea level is denot-
ed with green line. Pink lines are faults from the California State Fault Map, 2010. These results will be 
included in the Community Velocity Model during the extension requested for the project.  
Credit: Figure by Yiran Ma. 
 

D. SCEC Science Priorities 
In the box below, please list (in rank order) the SCEC priorities this project has achieved. See 
https://www.scec.org/research/priorities for list of SCEC research priorities. For example: 6a, 6b, 6c 
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6a, but work is still in progress 

 

E. Intellectual Merit 
How does the project contribute to the overall intellectual merit of SCEC? For example: How does the 
research contribute to advancing knowledge and understanding in the field and, more specifically, SCEC 
research objectives? To what extent has the activity developed creative and original concepts?  
 

This project will provide additional detailed constraints on the Community Fault Model and the Community Veloc-
ity Model once it has been completed.  Currently the work is still under way. 

F. Broader Impacts 
How does the project contribute to the broader impacts of SCEC as a whole? For example: How well has 
the activity promoted or supported teaching, training, and learning at your institution or across SCEC? If 
your project included a SCEC intern, what was his/her contribution? How has your project broadened the 
participation of underrepresented groups? To what extent has the project enhanced the infrastructure for 
research and education (e.g., facilities, instrumentation, networks, and partnerships)? What are some 
possible benefits of the activity to society? 
 

 The project involved a female graduate student (Yiran Ma).  One of the no-cost collaborators, Dr Patricia Persaud, 
is a minority female research scientist.  We have requested an extension on the timeline for this project and Dr. 
Patricia Persaud will continue to be involved in preparing the data sets for inclusion in the CVM and CFM. 

 
G. Project Publications 
All publications and presentations of the work funded must be entered in the SCEC Publications data-
base. Log in at http://www.scec.org/user/login and select the Publications button to enter the SCEC Pub-
lications System. Please either (a) update a publication record you previously submitted or (b) add new 
publication record(s) as needed. If you have any problems, please email web@scec.org for assistance. 
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II. Technical Report 

A. Background 

The Salton Seismic Imaging Project (SSIP) was a collaboration between Virginia Tech, Caltech, the US 
Geological Survey, and CICESE and UABC-Mexicali in Baja California, Mexico.  The major goals were to 
derive seismic velocity models for southeastern California (Southern San Andreas Fault, Coachella and 
Imperial Valleys, Peninsular Ranges) using the results of an active-source seismic experiment.  This then 
improves our understanding of how the new crust in this region is forming, by constraining the fault ge-
ometries, the basin geometry, and locations of geothermal or magma volumes at depth. During the field 
work for this project, we set out IRIS-PASSCAL (Texan) seismometers and some 3-component seismo-
meters at 4000 locations in southeastern California and recorded  seismic waves that traveled from 126 
shallow underground explosions and 2300 airgun bursts to the seismometers (Rose et al., 2012; Murphy 
et al., 2010). Seismometers were also set out in Mexico to record the seismic waves from the explosions 
to the Mexicali Valley and adjacent regions (Ramirez-Ramos et al., 2014). UNR and UCSD/SIO deployed 
OBS and collected MCS data from airgun shots in the Salton Sea to complement the onland portion of 
the project and enhance continuity of the velocity models beneath the water. 

Ph.D. students Liang Han of Virginia Tech and Yiran Ma of Caltech have analyzed different components 
of the data set and have written draft manuscripts. Han’s major effort has been a full lithosphere tomog-
raphy model on the axial line from Arizona, through Mexico, and back into the U.S. from the Mexican 
border to Palm Springs, CA; Ma has been working on a perpendicular line extending from San Diego, CA, 
to a point south of Blythe, CA, and on an array in the Imperial Valley designed to image shallow, high-
resolution, 3D velocity structure (see Figure 1). The USGS has worked on Lines 4-7 in the northern Sal-
ton Sea and Coachella Valley.  Researcher Patricia Persaud of Caltech has worked on an array in the 
Coachella Valley designed to image shallow, high-resolution 3D velocity structure.  P-wave velocity mod-
els derived using the tomographic methods of Hole (1992) and Zelt et al. (1996) have been obtained for 
all profiles.  Future results will eventually integrate the onland work with the OBS and airgun/streamer 
data from the UNR/Scripps component of the overall project, to produce a full tomographic inversion of 
the entire region. 

The current CVM has several components: a sediment velocity model, regional travel-time tomographic 
models, a sediment-basement boundary (Fuis et al., 1984; Kohler and Fuis, 1986), and fault discontinui-
ties from the SCEC Community Fault Model (CFM). The SSIP results will improve the definition of the 
basement surface and the sediment velocity models for the Coachella Valley and Imperial Valley basins.  
Several noteworthy examples of the results are briefly mentioned here. The 3-D velocity model for the 
Imperial Valley (between the Salton Sea and the Mexican border) shows lateral velocity gradients at the 
edges of geothermal source regions, as well as along some faults.  Some faults that look like secondary 
features at the surface appear to represent major seismic discontinuities at depth.  (Example: the NE-
striking Yuha Wells fault).  Other major gradients in the seismic velocities, away from the known Quater-
nary faults, are interpreted as buried faults with no currently mapped surface expression.  On line 7 (Salt 
Creek line) and other lines to the north across the San Andreas Fault system, we resolve the dip of the 
San Andreas Fault and its flower-like structure in the upper 5-8 km.   Thus our results will contribute both 
to the Community Velocity Model and the Community Fault Model. 
 

B. Additional Data Sets to be Integrated 
 
Our work in 2015, independent of this project, aimed at resolving the fault structure in the Coachella Val-
ley using tomography as well as high angle reflections that were imaged in the SSIP data (e.g., Bauer et 
al, 2015; Hernandez et al., 2015). Other faults have been identified beneath the Salton Sea using the 
active source seismic reflection data acquired by Kell et al. (2015).  We hope to be able to integrate these 
faults into the SCEC Community Fault Model. 
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C. Current status of work 

Because the SCEC CVM and CFM are the best venue for integration of the SSIP results with other exist-
ing models, in a format usable to the community, we requested SCEC support to work with John Shaw, 
Andreas Plesch, and others in the USR group to integrate these results.  Our project has been delayed so 
we did not spend the funds, nor did we request a continuation of this SCEC project; rather, we have re-
quested that the existing project funds be extended so that we can complete the work in 2016.  However, 
as of the date of this report (March 15) we have not received a decision on this request. 
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Figure 1. Example of some results to be included in the CVM.  The P wave velocities at 1000, 3000, 
5000 and 7000 km depths, sliced from the velocity model (1 km grid) in the Imperial Valley. The cells with 
no ray penetration are shown in grey. The receivers are shown in small black circles. The sea level is 
denoted with green line. Pink lines are faults from the California State Fault Map, 2010. These results will 
be included in the Community Velocity Model during the extension requested for the project. Figure by 
Yiran Ma. 
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