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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.) 
 
We systematically measure shear wave splitting (SWS) parameters near the San Jacinto Fault Zone in 
southern California [Li et al., 2015]. The analyzed data consist of 86 permanent and temporary stations 
during 2012-2014, including five linear dense arrays crossing the SJFZ at different locations, and 
other autonomous stations within 15 km from the main fault trace. Shear phase arrivals and SWS pa-
rameters (fast directions and delay times) are obtained with automated methods. Multiple criteria are 
then applied to rule out low-quality measurements, resulting in 23,000 high quality ones. We observe 
that the stations on the SW side have fast directions consistent overall with the maximum horizontal 
compression direction, while stations on the NE side show mixed patterns likely reflecting lithologi-
cal/topographic variations combined with fault zone damage. There are no significant temporal changes 
of the fast direction and delay times within the study period. To extend this analysis to wider spatial and 
temporal span, i.e., the entire southern California from 1995 to 2014, we are making efforts to construct 
a platform for complete automated SWS analysis from fetching seismic data online to reporting the SWS 
measurements. 

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 
Stress and Deformation Through Time (SDOT) 
Fault and Rupture Mechanics (FARM) 

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 3 Summary of the dominant fast directions and average delay times observed at all stations along 
the San Jacinto Fault Zone. The gray lines mark the active faults. Black bars are oriented along the 
dominant fast directions and scaled by the average delay times. Blue bars denote the orientations of 
maximum horizontal compressive directions from the stress model of Yang and Hauksson [2013]. The 
five boxes show the zoom-in plots for the five arrays. Gray bars show fast directions with resultant length 
less than 0.2, indicating poor concentration of fast directions. After Li et al. [2015]. 
 

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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1a, 2d, 4a, 4b 

 

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 contributes to a better understanding of spatio-temporal evolutions of fault zone structures, as well as 
varying stress fields in southern California. 
 

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? 
 

This project provided partial support to graduate student Zefeng Li’s development of automatic shear wave split-
ting measurement (Li et al., JGR, 2015), as well as P and S wave phase picker (Li et al., SRL, submitted). These 
techniques will be shared freely to other researchers to perform similar research. In addition, we plan to share the 
final shear wave splitting measurements for entire southern California data set once they are done. 

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 Pubi-
cations 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 
The technical report should describe the project objectives, methodology, and results obtained and their 
significance. If this work is a continuation of a multi-year SCEC-funded project, please include major re-
search findings for all previous years in the report. (Maximum 5 pages, 1-3 figures with captions, refer-
ences and publications do not count against limit.) 

A. Summary 
 We systematically measure shear wave splitting (SWS) parameters near the San Jacinto 
Fault Zone in southern California [Li et al., 2015]. The analyzed data consist of 86 permanent 
and temporary stations during 2012-2014, including five linear dense arrays crossing the 
SJFZ at different locations, and other autonomous stations within 15 km from the main fault 
trace. Shear phase arrivals and SWS parameters (fast directions and delay times) are obtained 
with automated methods. Multiple criteria are then applied to rule out low-quality measurements, 
resulting in 23,000 high quality ones. We observe that the stations on the SW side have fast di-
rections consistent overall with the maximum horizontal compression direction, while stations on 
the NE side show mixed patterns likely reflecting lithological/topographic variations combined 
with fault zone damage. There are no significant temporal changes of the fast direction and de-
lay times within the study period. To extend this analysis to wider spatial and temporal span, 
i.e., the entire southern California from 1995 to 2014, we are making efforts to construct a plat-
form for complete automated SWS analysis from fetching seismic data online to reporting the 
SWS measurements. 

B. Description 

1. Automated S phase picking and SWS measurement  
Since the data size to be used is so large that cannot be manually analyzed, automated al-

gorithms are important components of this study. Two major steps of SWS measurement are S 
phase picking and SWS measurement. For the later, Savage et al. [2010] has developed a 
package named MFAST that well serves the purpose. For the phase picking step, we developed 
a method whose process can be briefed as “Predict, Search and Invert”, which is specially de-
signed for the case where event location is known [Li and Peng, submitted]. It first predicts 
phase arrivals using an initial velocity model, and then applies a detector function to search 
genuine phase arrivals around the initial predictions. Using the newest searched phase arrivals 
(picks), the velocity model is updated accordingly and then used to predict more accurate arrival 
times. Such a procedure can be iterated multiple times, during which both phase picking and 
velocity model inversion will be improved. 

The MFAST package developed by Savage et al. [2010] determines the splitting parameters 
using the covariance matrix method of Silver and Chan [1991]. It performs grid-search over the 
fast direction-delay time (Φ-δt) space to minimize the energy on the component perpendicular to 
the initial polarization of shear waves. This process is applied over multiple measurement win-
dows. The minimum and maximum window lengths are set using the dominant period of each 
waveform. Cluster analysis is then performed to determine the best solution among all the win-
dows [Teanby et al., 2004]. The code also uses an automatic algorithm to determine the best 
band-pass filter for single measurement in terms of the tradeoff between frequency bandwidth 
and SNR. Figure 1 illustrates the analysis procedure with data of one example event. 
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2. Results near the San Jacinto Fault Zone 

We analyze 86 stations during 2012-2014 near the 
San Jacinto Fault Zone (SJFZ), including five linear 
dense arrays crossing the SJFZ at different locations (Figure 2). The recording stations sam-
ple properties of fault zone damage and the opposite sides of the fault at various sections of the 
SJFZ. Figure 3 provides a summary map of the mean fast directions scaled by the mean delay 
times. The preferential fast directions are plotted with SHmax derived from the focal mechanism 
inversions of Yang and Hauksson [2013]. The results are generally compatible with those from 
previous studies [e.g., Aster and Shearer, 1992; Yang et al., 2011], but we also find significant 
variations of shear-wave anisotropy in both along-strike and across-fault directions in the SJFZ. 

A general observation is that stations on the SW side of the fault show fast directions 
largely consistent with the SHmax direction. In contrast, the fast directions on the NE side of the 
fault show mixed patterns. Some fast directions are sub-parallel to fault strike (e.g., IWR, PRAN, 
B086A and TRO), while others are parallel or subparallel to the SHmax direction (e.g., GVAR1, 
BALD) and a few are neither parallel to the fault nor the SHmax direction (e.g., PSPR and 
FOST). Stations that are close to the SJFZ (including the across-fault arrays) also indicate mix-
ing patterns. Around the Anza seismic gap (approximately from the RA to SGB array), the fast 
directions agree well with the SHmax direction at stations TMSP, HSSP, WMC, DNR, and 
SETM. In comparison, outside the Anza gap, e.g., at the SGB and BB arrays, the fast directions 
are rather scattered. Such significant variations of fast directions on several across-fault arrays, 
with station spacing on the orders of a few tens of meters, suggest that shallow fault structures 
and near-surface layers play an important role in controlling the SWS parameters. 

Figure 1: An example of automatic 
SWS analysis on an M 1.13 event 
(event ID 15235601) recorded at station 
KNW. (a) 1-15 Hz filtered waveform. 
Red line marks the S pick. The vertical 
dashed lines and the gray shading mark 
the time window used in the SWS anal-
ysis. (b) The top two components that 
are rotated to incoming polarization 
parallel (p) and perpendicular (q) direc-
tion. The bottom two are components 
corrected with the determined delay 
time and fast direction. Dash lines mark 
the possible range for the starting (1, 2) 
and ending (3, 4) of the window. (c) 
The fast directions and delay times that 
are determined from 80 different time 
windows. (d) The distributions of fast 
directions and delay times determined 
from different time windows. The blue 
X marks the best cluster based on the 
criteria outlined in Teanby et al. [2004]. 
(e) Waveforms (top) and particle mo-
tions (bottom) for the original (left) and 
SWS corrected (right) waveforms. (f) 
Contours of the second eigenvalue of 
the covariance matrix for difference fast 
directions and delay times. The blue 
cross corresponds to the best-fitting pa-
rameters (delay time δt = 0.15 s, fast di-
rection Φ = -45o). 
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3. Construction of a platform for automated SWS analysis for 1995-2014 
Hauksson et al. [2012] relocated the catalog events from 1981 to 2011 in southern California 

(now update to 2014, http://www.data.scec.org/research-tools/alt-2011-dd-hauksson-yang-
shearer.html). Originally we were planning to measure all the listed events in this catalog, but 
then we are aware that in the 1980s and mid 1990s the SCSN had very few horizontal compo-
nents, which makes systematic measurement at that period less feasible. Therefore we revise 
the study period starting from 1995 and ending in 2014, which is two decades in total. 

 Based on the above work in the SJFZ, we are constructing a platform for fully automated 
measurement of SWS parameters. The key steps of the implementation are summarized below: 

Figure 3 Summary of the dominant fast directions and average delay times observed at all stations 
along the San Jacinto Fault Zone. The gray lines mark the active faults. Black bars are oriented along 
the dominant fast directions and scaled by the average delay times. Blue bars denote the orientations 
of maximum horizontal compressive directions from the stress model of Yang and Hauksson [2013]. 
The five boxes show the zoom-in plots for the five arrays. Gray bars show fast directions with result-
ant length less than 0.2, indicating poor concentration of fast directions. 
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To speed up the computation, the data will be organized yearly-based, i.e. the events in the 
same year are pooled together and processed once. Although in theory the algorithm is simple, 
special care needs to be taken for some practical issues, such as broken data and piping out-
puts among different programs. We are in the process of weeding out these problems, and ex-
pect to establish the system shortly. Systematic analysis of spatiotemporal variations of SWS 
will follow afterwards. A complete catalog of SWS measurements will be provided as a data 
product for the community. 

4. Student Support and Involvement 
The project provided partial support for Georgia Tech graduate student Zefeng Li, who is 

expected to graduate in 2017. The results in the SJFZ have been published in JGR. The auto-
mated phase picking algorithm has been submitted to SRL and the package will be open to the 
public. This work will become an important component of Zefeng’s Ph.D. thesis. 
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For each event in Yang and Hauksson’s catalog: 
1) Fetch waveform data from SCECD via STP 
2) Automated S phase picking using PSI method 
3) Automated SWS measuring using MFAST 
4) Save measurement results into output file 
5) Clean waveform data from storage 


