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Summary 

We investigate the spatial extent of rupture and stress drop for the 2013 Mw 4.7 Anza 
earthquake using a finite-source rupture inversion with an empirical Green’s function 
approach. We find a strong directivity of rupture propagation in the northwest direction. 
Our sensitivity analyses suggest that the rupture velocity is near the shear wave velocity 
and the rise time is short (~0.03 sec). The slip distribution from the finite-source 
inversion shows a very high peak and average slips, in exceedance of 50 cm and 10 cm 
respectively. The resultant peak and average stress drops are about 70 MPa and 20 MP.  

Rupture Process of the 11 March 2013 Mw 4.7 Anza Earthquake 

Data 

Station selection focused on using the high quality Plate Boundary Observatory Borehole 
Seismic Network (PB). The PB network stations used in this study are 3-component 
borehole velocity sensors with a sampling rate of 100 Hz. The PB stations are located 
mainly to the northwest of the 2013 Anza event (Figure 1). In an attempt to improve the 
azimuthal coverage, we systematically analyzed Relative Moment Rate Functions 
(RMRFs) computed for each available station within ~35 km of the target event, and we 
included two 3-component broadband STS2 stations (BOR and LVA2) each sampled at 
100 Hz.  BOR is part of the CalTech Regional Network (CI), and LVA2 is part of the 
ANZA Regional Network (AZ).  

Moment Rate Function 

Each of the selected stations recorded the M4.7 Anza target event and three empirical 
Green’s Function (eGF) events (Table 1).  Selection of the eGFs focused on 1) similarity 
of the velocity waveforms between target and eGF event, 2) high signal to noise ratio in 
the frequency domain deconvolution pulses, and 3) similar event location between target 
and eGF event. Following the approach of Dreger et al. (2007), stacked RMRFs are 
obtained at each station for each of the three eGF - Target event pairs using a spectral 
domain deconvolution approach (Figure 2).  In general, good agreement is obtained 
between each of the eGF - Target event RMRFs, with the greatest differences occurring 
in the backward directivity direction (i.e BOR).	  Deconvolution pulses for eGF8 were 
plotted as a function of the directivity parameter (Ruff, 1984) to show strong directivity 
in the northwest direction for this event (Figure 3).  

Sensitivity Analysis 

The preferred slip model for eGF8 and synthetic fits to the Moment Rate Functions 
(MRFs) are shown in Figure 4.  Final mode parameters were selected based on sensitivity 
analyses on model smoothing parameter, rupture velocity, and rise time (Table 2). The 
weight of the smoothing factor was selected by finding the smallest value that produces a 
smoothed model with close to the maximum fit to the data as measured by the variance 
reduction (Figure 5). Sensitivities were run on rise time and rupture velocity to determine 
the combination of parameters leading to the highest variance reduction (Figure 6).  
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Based on VR alone, the preferred combination of rise time (Tr) and rupture velocity (Vr) 
is 0.05 sec and 0.95*Vs respectively (white diamond).  However, we choose to restrict 
our rupture velocity to 0.9*Vs since this value is more consistent with the literature and 
this method does not provide tight constraint on the rupture velocity parameter.  The 
selected rise time and rupture velocity parameters are 0.03 sec and 0.9*Vs respectively 
(white square). Variance reduction at each of the stations ranges from 83.8 to 97.9, 
leading to an overall variance reduction of 93.2 for our preferred model.	  	  

Slip is plotted against rupture velocity and compared with slip model solutions to 
demonstrate variability in the resulting slip model (Figure 7).  Slip is plotted in three 
ways. The blue line represents the peak slip that tends to be the most sensitive to rupture 
velocity.  Average slip is less sensitive to rupture velocity.  Here, average slip is 
represented in two ways:  1) slip is averaged over the raw slip model output (yellow) and 
2) slip is averaged over the area where slip is greater than 10% of the peak slip value 
(red). 

The raw slip model solutions show consistency in the shape of the solution (2 slip 
patches) and the total area of slip.  The solution at Vr = 0.6*Vs produces higher peak slip 
(~70 cm) than the other solutions which produce about 55 to 60 cm of peak slip. A 
bootstrap analysis was conducted on the number of stations included in the inversion, and 
slip models were computed using every possible combination of 5+ stations.  The results 
of this analysis show that BOR is a key station controlling both the shape of the slip 
solution (one slip pulse vs. two) and the amplitude.  The slip model excluding BOR 
(Figure 8) has a peak slip of 44.7 cm and an average slip of 9.9 cm (Figure 8). 

Coseismic Slip Model 

Our preferred solution for the M4.7 Anza event is a two patch slip model (Figure 4). We 
interpret the slip patches to represent two distinct asperities.  For eGF8, the total slip area 
is 3.2 km2 and the area of slip greater than 10% of the peak slip is 1.6 km2.  Peak slip is 
62.1 cm and the average of slips greater than 10% of the peak slip is 19.5 cm. Slip 
solutions are computed for all three target - eGF pairs using the preferred combination of 
parameters (Table 2). The slip models are similar in terms of the shape (2 slip patches) 
and area of the solution.  The areas of slip greater than 10% of the peak slip are 1.6 km2 
(eGF8), 1.1 km2 (eGF2), and 1.3 km2 (eGF3) (Figure 9). Given that BOR controls the 
amount of slip partitioned into slip patch #1, amplitude differences between the BOR 
MRFs for the different target - eGF pairs (Figure 2) likely explains the peak amplitude 
differences in these slip models.  Peak slip amplitudes for the three solutions are: 62.1 cm 
(eGF8), 80.7 cm (eGF2), and 85.2 cm (eGF3).  The averages of slips greater than 10% 
peak slip are:  19.5 cm (eGF8), 33.0 cm (eGF2), and 27.6 cm (eGF3).	  	  Stress change is 
computed with the preferred solution following the method of Ripperger and Mai (2004). 
Though peak stress is high (~70 MPa), the stress averaged over the areas of positive 
stress change is 20.4 MPa (Figure 10).   
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Student Involvement 

This SCEC grant provides an opportunity for Katie Wooddell to model the coseismic slip 
for the M 4.7 Anza earthquake. The result from this project is part of her Ph.D. 
dissertation research.  

References 

Dreger, D, R. Nadeau, and A. Chung (2007), Repeating earthquake finite source models:  
Strong asperities revealed on the San Andreas fault, Geophysical Research Letters, 
vol. 32, L23302.  

Ripperger, J. and P. Mai (2004), Fast computation of static stress changes on 2D faults 
from final slip distributions.  Geophysical Research Letters, vol. 31, L18610.  

Ruff, L.J., 1984. Tomographic imaging of the earthquake rupture process. Geophys. Res. 
Lett. 11, 629–632.  

Taira, T. (2013), Variability of Fault Slip Behaviors along the San Jacinto Fault, Inferred 
from Characteristically Repeating Earthquake Activity, SCEC 2013 Annual 
Meeting. 

 

 

  



	   5	  

 

 

 

 

 

 

 

 

  



	   6	  

 

Figure 1: Map showing the location of the stations relative to the M4.7 Anza target and 
potential eGF events.  
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Figure 2: Comparison of RMRFs for each of the target – eGF pairs at selected stations.   
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Figure 3: Deconvolution pulses arranged by directivity parameter G=cos(f-fr) /c, where f 
is the azimuth of the station from the epicenter, fr is the rupture direction and c is the 
phase velocity. 
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Figure 4: Preferred slip model and MRF comparisons with synthetic solutions for eGF8 
using the parameters listed in Table 2.  The hypocenter is shown with a white square. 
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Figure 5:  Results for sensitivity to model smoothing parameter 
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Figure 6: Results for sensitivity to rise time and rupture velocity. The white diamond is 
positioned at the maximum VR and the white square shows the combination of rise time 
and rupture velocity selected for this analysis. 
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Figure 7:  Finite fault solutions compared against slip as a function of rupture velocity.  

 

  



	   13	  

 

Figure 8: Finite fault solution excluding station BOR.  Preferred model parameters (Table 
2) are used.  The white square shows the location of the hypocenter.  
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Figure 9:  Comparison of the raw finite fault slip inversions for the various target - eGF 
pairs.  All solutions use the preferred model parameters (Table 2).  Hypocenter location is 
indicated by the white square. 
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Figure 10: Along strike component of stress change following Ripperger and Mai (2004).  

 

 

 


