High-resolution seismic imaging of the very shallow crust
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Summary

We performed detailed imaging of seismic velocities, attenuation and anisotropy in
the shallow crust within and around the San Jacinto Fault Zone (SJFZ) using data re-
corded by dense linear and rectangular fault zone arrays. The studies are associated with
a newly developed technique using focal spots of surface waves associated with the zero
lag amplitudes of noise cross-correlations computed between different stations. The re-
sults reveal very low seismic velocities and attenuation coefficients in the top few hun-
dred m of the crust, along with clear variations of properties across the fault and a shal-
low trapping structure adjacent to a mapped surface trace of the Clark fault in the trifur-
cation area. Figure 1 provide example imaging results based on the rectangular fault zone
array. In addition, we analyzed random errors in cross-correlations of ambient seismic
noise in the frequency domain and estimate confidence interval of stacked cross-spectrum
of finite amount of data at different frequencies The technique is applied to constrain val-
ues and uncertainties of amplitude and phase velocity of stacked noise cross-spectrum at
different frequencies, using data from southern California at both regional scale and
dense linear array across the SJIFZ. Finally, we developed and implemented a new tech-
nique for estimating deviations from a fully diffuse random noise field by analyzing
cross-frequency correlations in stations of the regional southern California network.

Intellectual Merit

The obtained very low values of seismic velocities and attenuation coefficients in the
top few hundred m of the crust can affect significantly seismic ground motion. The
asymmetry of seismic properties across the fault suggests preferred propagation direction
of earthquake ruptures in the area to the NW. These results may be used for improved
understanding of earthquake physics and seismic shaking hazard. The project led to the
development of a new technique for high resolution imaging of seismic properties based
on dense array data, an improved method for estimating errors in noise cross correlation
imaging, and a new method for estimating deviations from fully diffuse noise field. The
techniques allow better characterization of the ambient noise field, and may be used to
derive high resolution results in other locations.

Broader impact

The project supported directly one PhD student and contributed to the education of
one postdoctoral fellow and one young researcher. The techniques developed in the pro-
ject may be used to derive high resolution imaging of seismic properties in other loca-
tions.
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Figure 1. Imaging results on seismic velocities (left column), effective attenuation (second col-
umn) and anisotropy (third and right columns) based on focal spot imaging using ambient noise
data recorded by a dense seismic array on the San Jacinto fault zone south of Anza. From Hillers et
al. (2016).



