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Introduction 

This SCEC funded research involves continued analysis of earthquakes recorded by the Southern 
California Seismic Network (SCSN).  In particular, we have used recent dramatic improvements 
in earthquake locations, focal mechanisms and stress drop estimates to address a variety of issues: 

• Are there aspects of the space/time clustering of seismicity that cannot be explained with ETAS-
like triggering models?  Can earthquake clustering caused by triggering be distinguished from 
clustering that may reflect underlying physical processes?  Are swarms simply the most 
obvious examples of more general seismicity rate changes caused by fluid migration or slow 
slip? 

• Are the dynamic triggering results of Felzer and Brodsky (2006) robust with respect to 
parameter choices in event selection and assumptions about precursory seismicity rates?  Can 
the approach be adjusted to account for the recent criticisms of Richards-Dinger et al. (2010).  
Are results consistent with synthetic catalogs generated with reasonable values of triggering 
parameters? 

•  Are aftershock sequences self-similar?  For example, on average, do M 5 mainshocks generate 
the same number of M > 3 aftershocks as M 4 mainshocks generate M > 2 aftershocks? 

•  What are the space-time details of small earthquake stress drops?  What controls large-scale 
variations in stress drop across southern California?  Do swarms and foreshock sequences have 
stress drops systematically different from other earthquakes?  What is the nature of the 
extremely low stress drop earthquakes observed in the Salton Trough?  Are there any regions 
where time dependence in stress drops can be observed?   

Anticipated results of this work include a more detailed understanding of earthquake source 
properties and seismicity patterns.  This knowledge will contribute to quantitative assessments of 
earthquake potential and seismic hazard in southern California. 

Seismicity patterns 

Earthquakes cluster strongly in time and space, but it is not yet clear how much of this clustering 
can be explained as triggering from previous events (such as occurs for aftershock sequences 
following large earthquakes) and how much the clustering may reflect underlying physical 
processes (such as apparently drive many earthquake swarms; e.g., Hainzl, 2004; Vidale and 
Shearer, 2006).  Earthquake triggering models, such as ETAS, have been an object of 
considerable recent study.  In these models, the occurrence of an earthquake increases the 
probability of a subsequent nearby event, and models have been derived with a single unified 
triggering law, which can explain the general properties of earthquake catalogs, including 
foreshock and aftershock sequences (e.g., Ogata, 1999; Helmstetter and Sornette, 2002).  
However, there are aspects of real earthquake catalogs that are not well explained by standard 



triggering models.  One example is the Mogi-donut like behavior exhibited by foreshocks prior to 
small earthquakes in southern California (Shearer and Lin, 2009).  However, swarms are perhaps 
the most obvious example of non-ETAS-like behavior.  Unlike mainshock-aftershock sequences, 
their largest event typically does not occur near the beginning of the activity period and they often 
exhibit spatial migration of seismicity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Major earthquake swarms in the 
Salton Trough since 1981.  Examples of 
estimated seismicity migration vectors are 
plotted in red.  These generally trend SW–
NE at velocities of 0.1 to 0.5 km/hr.   
 
 

The Brawley Seismic Zone (BSZ) in the Salton Trough is especially prone to energetic swarm 
sequences, which have been a target for our analyses.  Major swarms since 1981 are plotted in 
Figure 1.  The swarms typically last 1 to 20 days.  The most recent of these swarms, the 2009 
Bombay Beach swarm, is near the southernmost tip of the San Andreas Fault.  Although these 
swarms occur in a region of generally low stress drops, it does not appear that the swarm events 
themselves have anomalously low stress drops compared to other earthquakes in the BSZ.  
However, an interesting aspect of the swarms is that their seismicity often migrates with time.  
We have been developing tools to quantify this spatial migration, specifically:  (1) to test whether 
any apparent spatial migration is statistically significant or if it could represent random 
fluctuations in a spatially uniform distribution of events, and (2) to develop automatic fitting 
methods to estimate average migration direction and velocity.  Our results, plotted in Figure 1, 
indicate resolvable migration rates of 0.1 to 0.5 km/hour, comparable to the rupture velocity of 
creep events on the San Andreas Fault. 

We have now begun to apply our method to other swarms in southern California with the goal of 
identifying characteristic swarm migration rates and to distinguish between slow slip and fluid 
diffusion as triggering mechanisms.  Eventually we hope to apply these methods more generally 
to identify more distributed clusters of seismicity that do not obey standard triggering 
relationships, i.e., involve real event rate changes or spatial migration behavior.  This should help 
to resolve the underlying driving mechanisms for seismicity in southern California. 



 
Earthquake stress drops 

Our previous stress drop study (Shearer et al., 2006) identified seismicity in the Salton Trough as 
having lower than average stress drops.  This is a region of extensional as well as strike-slip 
faulting and has relatively high heat flow and attenuation (e.g., Hauksson and Shearer, 2006).  It 
often has swarms of small earthquakes, some of which have been associated with slow-slip events 
(Lohman and McGuire, 2007).  The southernmost section of the San Andreas Fault, thought to be 
overdue for a large earthquake, terminates in the Salton Trough, making the area of special 
concern to seismologists.  Graduate student Xiaowei Chen has been examining stress drops in this 
region, using an expanded data set of events between 1981 and 2009.  Her results confirm that the 
average stress drop of the Salton Sea events is about 0.5 MPa, substantially below the southern 
California average of 1.8 MPa.  Some individual events have estimated stress drops as low as 
0.01 MPa.  Higher than average stress drops are observed near the geothermal fields at the 
southern end of the Salton Sea, whereas higher than average stress drops are observed close the 
San Andreas Fault and Imperial Fault.  A bi-product of the spectral analysis used to estimate 
earthquake stress drops is an attenuation term.  The best-fitting P-wave Q for the Salton Trough 
region is 340, substantially lower than the value of 560 found for all of southern California by 
Shearer et al. (2006), but consistent with the high attenuation observed in the Salton Trough by 
Schlotterbeck and Abers (2001) and Hauksson and Shearer (2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Map of stress drop 
estimates in the Salton Trough 
obtained for 3332 earthquakes from 
1981 to 2009.  Colors show stress 
drop in MPa.  

 

We plan to continue this work to see if spatial and/or temporal variations in stress drop can be 
observed.  In particular we will examine the relationship, if any, between our observed Brune-
type stress drops and swarm activity and slow slip events.  In addition, we will build on our recent 
results suggesting that anomalously low Vp/Vs ratios characterize the source regions of similar 



event clusters in southern California (Lin and Shearer, 2009) to see if there is any relationship 
between earthquake stress drops and in situ Vp/Vs.  Our results are likely to provide further 
insight into the physical driving mechanisms for earthquake activity in this region.  
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