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Earthquake Source Studies Using ANZA and PBO Borehole Data

Frank Vernon » University of California, San Diego

Earthquake Cycle-Behavior of Active Faults

Th e ANZA Seismic Network (http://eqinfo.University Of California, San 

Diego.edu) utilizes broadband and strong motion sensors with 24-bit datalog-

gers combined with real-time telemetry to monitor local and regional seismic-

ity in southernmost California (Figure 1). Th e goal of this project is to provide 

on-scale digital recording of high-resolution three-component seismic data for 

earthquakes occurring in southern California, to provide real-time data to the 

California Integrated Seismic Network, other regional networks, and the Ad-

vanced National Seismic System, as well as to provide near real-time informa-

tion and monitoring to the greater San Diego community.

As part of the NSF EarthScope Plate Boundary Observatory (PBO), about 

100 PBO strainmeters will be installed in regions of scientifi c interest; in par-

ticular seven stations have been installed in the region of the Anza seismic gap 

along the San Jacinto Fault.

We have studied the physics of the earthquake source using the data available 

from the Anza Network. Given the presence of large number of stations close 

to the very active San Jacinto Fault region we have been able to extract infor-

mation about the earthquake source. Using the Empirical Green Functions 

(EGF) method and spectral stacking (Prieto et al., 2004; Shearer et al., 2006) 

we have analyzed hundreds of spectra from the Anza network and thousands 

of spectra from Southern California (including the Anza network stations). 

From this analysis we have concluded that at least for the smaller earthquakes 

there is a large variability of estimated stress drops (0.2 to 30 MPa) with no 

clear dependence with earthquake magnitude. Th e new PBO borehole stations 

will allow us to extent this analysis to both smaller and larger earthquakes.

We have also analyzed the problem of uncertainties of the earthquake source 

spectrum using EGFs (Prieto et al., 2007). To remove the eff ects of the 

propagation of the seismic waves through the earth, it is necessary to use a 

small earthquake as an approximate Green function, and deconvolve it from 

the earthquake that we are interested in characterizing. However, using this 

method can introduce uncertainties and the deconvolved spectrum has larger 

variability. Using data from the aftershock sequence of the M5.1 2001 Anza 

Earthquake, the errors associated with EGF methods introduce a way to es-

timate confi dence intervals of some source parameters and reduce the uncer-

tainties (Figure 2). Th e new PBO borehole stations will allow us to extend this 

analysis to a wider range of earthquakes.

Figure 1. Distribution of four Plate Boundary 

Observatory (PBO) borehole sites and co-lo-

cated ANZA/PBO sites. Th e area of interest is 

concentrated on the San Jacinto Fault Zone. PBO 

stations (large white circles and italicized station 

codes); TF - Trip Flats, PF - Path Finder, SO- Sky 

Oaks, SR - Santa Rosa. ANZA broadband stations 

are represented by yellow triangles. Co-located 

ANZA/PBO sites are represented by large yellow 

circles (behind the yellow triangle ANZA station 

symbol) with italicized station codes. Seismicity 

from October 1, 2000 to September 30, 2005 is 

represented by orange dots.
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Figure 2. Example of earthquake source physics 

studies to which the PBO borehole seismic sta-

tions will contribute. Th is example taken from 

Prieto, et al. (2007) using ANZA network data 

shows the mean source spectrum over eight sta-

tions with 95% confi dence intervals (gray area) 

for the M5.1 target earthquake. Th e uncertainties 

have been decreased due to averaging over diff er-

ent stations and by the combined EGF, especially 

at high frequencies where many small aftershocks 

can be used to perform spectral division.


