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Figure 1. (a) Static Coulomb stress changes in southern 

California following the 2010 Mw7.2 El 

Mayor-Cucapah earthquake. (b) The seismicity rate 

changes in the SSGF showing a short-time increase and 

long-term decrease following the main shock. The 

vertical bars denote the daily number of detected events 

versus times around the main shock. The blue line 

denotes the cumulative number of detected events. The 

red dashed line denotes the average pre-shock rate. The 
green shadow areas denote the data gaps. (c) and (d) The 

seismicity rate changes in Segment b and c in the SJFZ 

showing both short-term and long-term increase 

following the main shock.  
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Summary 
We continued the effort of a systematic detection of missing earthquakes in Southern California following the El 
Mayor-Cucapah mainshock [Meng et al., 2012, 2013b, 2013c; Meng and Peng, 2014]. By performing the detection on 
a supercomputing GPU cluster ‘Keeneland’, we obtained a near-complete earthquake catalog in the San Jacinto Fault 
Zone (SJFZ) and the Salton Sea Geothermal Field (SSGF) [Meng and Peng, 2014]. We also applied the same 
technique to investigate seismicity rate changes following the mainshock in whole southern California region. Both 
studies show that there was a clear seismicity rate increase immediately following the mainshock, while the 
longer-term seismicity rate changes pattern were consistent with the static Coulomb Failure Stress (sCFS) changes 
pattern. The observations suggest that dynamic and static triggering may be dominant in short- and longer-term time 
period, respectively. 
 
1. Seismicity rate changes in the SJFZ and the SSGF 

Whether static or dynamic stress changes is the dominant mechanism for triggering earthquakes in the near field 
is currently under heated debate [e.g. Felzer and Brodsky, 2006; Richards-Dinger et al., 2010]. Earthquake triggering 
usually depend on seismicity rate changes from earthquake catalogs. However, such catalogs are often incomplete 
immediately after the mainshock, which may cause apparent seismicity rate changes unrelated to stress changes [e.g., 
Peng et al., 2007]. The 2010 Mw7.2 El Mayor-Cucapah earthquake caused significant stress perturbations and 
seismicity rate changes in southern California (Figure 1a), which is an ideal target to study earthquake triggering. 

Through last two years’ effort, we obtained a much more complete earthquake catalog in the SJFZ and the SSGF. 
Based on our detection catalog, the seismicity rate in both regions experienced significant increase immediately 
following the mainshock. However, the seismicity rate near the SSGF, where sCFS decreased, dropped below the 
pre-mainshock level after ~50 days (Figure 1b). On the other hand, the seismicity rate near the SJFZ, where sCFS 
increased, remained high till the end of our detecting time window (Figure 1c,1d). We also examined the seismicity 
rate change patterns using different detection thresholds, magnitude of completeness and declustered catalog, and the 
results remained the same. Such pattern is consistent with dynamic stress changes being dominant in the short period, 
while sCFS changes may be more important in the longer 
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term. Our observation, together with other recent studies [e.g., Meng et al., 2013a], suggests that both static and 
dynamic stress changes are important in triggering near-field earthquakes, but their affected regions and time scales 
are different. 

 
2. Seismicity rate changes in southern California 

 Inspired by the success in the SJFZ and the SSGF, we expanded the study region to the whole southern California 
and the study period to a longer time period. We used ~40,000 earthquakes listed in relocated catalog [Hauksson et al., 
2012] from 1990 to 2010 as templates and all available stations from AZ, CI, EN and PB networks. We computed the 
β-value map from the newly detected events in both short-term (3 days after the mainshock) and longer-term (120 
days after the mainshock) time window (Figure 2). The results are generally the same with aforementioned pattern: in 
the short-term β-value map, there was evident seismicity rate increase in most southern California; in contrast, the 
longer-term β-value map correlates well to the ΔCFS changes. These observations again are qualitatively consistent 
with a short-term dynamic stress changes, and long-term static stress changes. We are in the final stage of preparing a 
manuscript on describing our system search for missing earthquakes in central and southern California. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Seismicity rate changes around the 2013 Mw4.7 San Jacinto Fault earthquake 
 We will originally planning to work on the 2012 Brawley swarm, but was informed that scientists at Caltech will 
be working on that sequence. Hence, we focus instead on detecting seismicity rate changes following an Mw 4.7 
earthquake struck near the Anza section of the SJFZ On March 11 2013. The SJFZ is a region of high seismicity in 
southern California and a major component of the San Andreas fault (SAF) system. It experiences numerous low 
magnitude earthquakes (M<1) that go undetected every day. The Mw4.7 main shock was followed by an energetic 
aftershock sequence, with ~1200 aftershocks listed in the Southern California Seismic Network (SCSN) catalog in 10 
days following the main shock. Furthermore, strain meters near the Anza section showed a clear change in the local 
strain field in the next a few weeks after the main shock. This event provides a unique opportunity to test whether the 
deep creeping drives seismicity on the San Jacinto fault, which is suggested by Wdowinski [2009]. However, many 
small magnitude aftershocks may be missing from the SCSN catalog due to the extreme high seismicity rate. 
Therefore, we utilize a waveform-based matched filter technique to systematically detect missing earthquakes 5 days 
before to 10 days after the main shock. The 15-day continuous data are recorded at 48 stations from the AZ, PB and 
YN networks. A total of 2050 earthquakes in the immediate vicinity of the main shock listed in the SCSN catalog 
from November 2011 to May 2013 are used as templates. In total, we detect 7466 earthquakes, which is approximately 
6 times more than the SCSN catalog in the time period (Figure 3). The enhanced catalog has a typical aftershock 
decay pattern as predicted by the Omori’s law. In addition, the mainshock was preceeded by a foreshock sequence that 
started about 30 minutes before (Figure 4). The detected events also show that the aftershock sequence may migrate 
both along the fault strike and away from the fault. We plan to relocate all detected events and examine the 

Figure 2. (Left) The β−value map obtained from detected events 120 days before and 3 days after the mainshock. (Right) 

The β−value map obtained from detected events 120 days before and 120 days after the mainshock. 
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mechanisms driving the foreshock/aftershock sequence. By systematic analysis of this sequence, we hope to better 
understand the mechanics of this complex fault and its effect on seismicity patterns. 

 
 
 
 
 

 

 
4. Student Support and Involvement  

This project provided a partial support for the GT graduate student Xiaofeng Meng, who is expected to finish his 
Ph.D. in May 2015. Xiaofeng has become an expert in this topic, as evident by several manuscripts published over the 
last a few years. The results from this project will become a major component of his Ph.D. thesis. This project also 
provided a partial support for a summer intern Gavin Rinaldo (GT undergrad student in summer 2013). Gavin worked 
together with Xiaofeng on detecting missing events during the 2013 Mw4.7 Anza earthquake sequence [Rinaldo et al., 
2013]. We plan to work with Professor Jean-Paul Ampuero’s group at Caltech to relocate the detected events in 
southern California and study the transient aseismic slip on major strike-slip faults in southern California. 
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Figure 3. Frequency-size relationship for the SCSN 
catalog (solid) and detected events (open squares) 

around the 2013 Mw4.7 SJFZ mainshock. The 

magnitude of completeness is marked by the red 

triangle for the detected events and by the blue 
triangle for the template events. 
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Figure 4. The temporal-spatial evolution of the aftershocks. Upper panel shows the along-strike distance versus days since the 

main shock. The green star marks the main shock. Middle panel shows the zoom-in plot of the upper panel. Lower panel shows 
the distance to the fault versus hours since the main shock. 
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