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Introduction 

Our SCEC funded research involved the cooperation between Caltech and UCSD in earthquake 
seismology research in southern California.  The ever-expanding waveform archive of over 
400,000 local earthquake records provides an invaluable resource for seismology research that 
has only begun to be exploited.  However, efficiently mining these data requires the development 
of new analysis methods, an effort that goes beyond the limited resources of individual scientists.  
We have coordinated our efforts and developed common tools and data products that can be used 
by us and other researchers to accomplish many SCEC goals. 

Our collaboration has focused on a project to compute waveform cross-correlation times for all 
1981–2005 events and to use these times to improve earthquake locations.  The similar event 
clusters identified in our relocation method provide a useful set of repeatable sources for use in 
evaluating the temporal stability of seismic velocities across southern California. We have also 
applied our tools to study the 2008 Mw5.4 Chino hills earthquake.  Our results are described in: 

Lin, G., P. Shearer, and E. Hauksson, A Search for Temporal Variations in Station Terms in 
Southern California from 1984 to 2002, Bull. Seismol. Soc. Am., 98, 2118-2132, 2008. 

Hauksson, E., K. Felzer, D. Given, M. Giveon, S. Hough, K. Hutton, H. Kanamori, V. Sevilgen, 
S. Wei, and A. Yong, Preliminary Report on the 29 July 2008 Mw5.4 Chino Hills, Eastern 
Los Angeles Basin, California, Earthquake Sequence, Seismol. Res. Lett., 79, 855-868, 2008. 

Our catalogs are available through the SCEC Data Center, and other SCEC researchers have 
begun to use our locations to study the fine-scale structure of seismicity in southern California. 
Our new SCEC activity is to test and compare existing methods for determining focal 
mechanisms.  In the first year, this has included comparing of first motion mechanisms and 
moment tensors.  Our results will be useful in further refining the Community Fault Model 
(CFM) and in resolving the stress state and tectonic complexities of the southern California crust.   

Improved Focal Mechanisms    

Earthquake focal mechanisms are a key constraint on fault orientations and the state of stress in 
the crust.  However, moment tensor solutions based on synthetic seismograms can be computed 
only for earthquakes of M ~ 3.5 or greater because of signal-to-noise limitations at long periods.  
Thus focal mechanisms for the vast majority of earthquakes recorded in southern California are 
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computed from high-frequency P phase data.  Traditional methods, such as the FPFIT program 
(Reasenberg and Oppenheimer, 1985), use P polarity information alone.   

Recent results of Jeanne Hardebeck (Hardebeck and Shearer, 2002, 2003) has shown that focal 
mechanisms computed from P polarities typically have large uncertainties because of gaps in the 
focal sphere coverage.  However, improved results are possible, even from small numbers of 
stations, when S/P amplitude information is also used.  Adding in S/P ratios needs to be done 
carefully because S/P amplitude ratios can vary significantly, both at local and regional distances 
(e.g. Kennett, 1993).  Julian and Fougler (1996) developed a method to use amplitude ratios as 
inequality constraints, thus making it possible to use ratios as additional polarity observations.  
We will investigate how this method performs as compared to the Hardebeck and Shearer (2003) 
method.  Using a different approach, work by Tan and Helmberger (2007) has also shown that 
short-period P amplitudes can be used to determine focal mechanisms, and are particularly 
effective when empirical amplitude correction terms are computed for individual stations.   
 
Preliminary Results of Comparing Methods 

We have done a preliminary comparison of three methods for determining focal mechanisms: 1) 
Tan and Helmberger (2007) using both first motion polarities and P-wave amplitudes (Ying Tan 
kindly provided their results); 2) Hardebeck and Shearer (2002) polarity only; and 3) Hardebeck 
and Shearer (2002) polarity and S/P amplitude ratios.  In Figure 1 we compare the three methods 
(which we term TH07, HS_pol, and HS_amp) for the 2003 Big Bear sequence.  Generally there is 
reasonable agreement among the methods.  The biggest discrepancies are TH07 events such as 
13936380, 13936812, and 13939520, which deviate from the prevailing strike-slip trend.   

 

 
 
Figure 1.  A comparison of focal mechanisms from Tan and Helmberger (2007) (left column) to Hardebeck 
and Shearer (2002) P polarity only (middle column) and P polarity and S/P amplitudes (right column).   
 
The plots in Figure 2 compare the mechanisms in more detail and also plot polarity and P 
amplitude information.  In these plots, the TH07 mechanism is the magenta line, HS_pol is 
dashed black, and HS_amp is solid black.  Only stations with operator picks are plotted; their 
positions on the focal sphere are with respect to the cluster centroid.  Blue is up polarity, red is 
down polarity, and black is no polarity.  P amplitudes are measured from the first swing in 
vertical-component records and are plotted with larger relative amplitudes as larger symbols.  
Amplitudes are processed using a scheme that iteratively solves for station and event terms.  This 
is intended to remove the effect of magnitude differences among events and amplification 
differences among stations, but will also have the effect of removing the average radiation pattern 
over all the events in the cluster. 
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Figure 2.  Nodal planes for focal mechanisms from Tan and Helmberger (2007) (magenta), Hardebeck and 
Shearer (2002) P polarity only (dashed) and P polarity plus S/P amplitudes (solid), compared to P 
polarities (blue=up, red=down) and P amplitudes (larger=bigger symbol). 
 
In some cases (e.g., 13936400) the amplitudes behave as one might expect, with lower relative 
amplitudes near the nodal lines, but in others they do not agree very well.  At least in this 
analysis, the small number of anomalous TH07 focal mechanisms do not appear to fit the P 
polarity and amplitude data as well as the HS solutions.  However, a more extensive analysis will 
be necessary to fully understand what is causing the P amplitude variations and how they can be 
used most effectively to constrain focal mechanisms. 
 
Comparison with SCSN Moment Tensors 

We have compared the moment tensors and first motion mechanisms for a selected set of M>3.6 
earthquakes (Figure 3).  The column A in Fig. 3 shows moment tensors from the SCSN.  In 
column B we show first motion mechanisms determined with the FPFIT algorithm by Reasenberg 
and Oppenheimer (1985).  In column C we show mechanisms from the 2004 Hardebeck first 
motion catalog.  In column C we show mechanisms determined from first motions using the 
HASH algorithm.   

In general the agreement between the mechanisms is very good.  However, there are some 
significant differences between the dip-slip mechanisms, which are not as consistent as expected.  
We continue to analyze these and other events to improve our understanding of the differences 
and how to determine a consistent focal mechanisms catalog from first motions.   
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Figure 3. Comparison of focal mechanisms determined with: (A) moment tensors; (B) FPFIT algorithm 
and first motions; (C) Hardebeck catalog; and (D) HASH algorithm and first motions.   
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