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Overview

We process raw waveform data using automated procedures to derive an independent earthquake catalog and high-resolution models of seismic velocity structure (vP , vS, and vP/vS) in the region surrounding the
2019 Mw7.1 Ridgecrest, CA earthquake using recordings of the aftershock sequence from a rapid-response dense deployment of geophones.

1. Data

Figure 1: Map of 152 seismic sensors used in this study: (a) 78 dense-deployment
geophones from the 3J network (blue triangles); (b) 55 permanent broadband stations
from the CI, NN, and SN networks (orange triangles); and (c) 15 temporary broadband
seismometeres from the GS and ZY networks (green triangles). The black dashed
rectangle outlines the focus region of this study.

2. Methods

Figure 2: Synthetic wavefronts emanating from a point source (white star) at half-second
intervals (black dashed curves) and raypaths (solid black curves) through heterogeneous
velocity structure. We use PyKonal (White et al., 2020) to solve the forward problem
when inverting for earthquake locations and velocity structure.

3. Results

Figure 3: Event maps for four different catalogs. The green filled areas in the vertical
bars to the right of each map indicate temporal coverage of the corresponding catalog;
letters represent the beginning of successive months (June, July, August, September,
and October). The number of events, N , is indicated at the bottom right of each map.

3.1 P-wave velocity structure

Figure 4: P-wave velocity structure at 2 km (top row) and 8 km (bottom row) below sea level as modeled by SCEC CVM-H15.1 (left column), CVM-S4.16 (middle column), and this
study (right column). Solid gray and black lines show surface traces of Quarternary faults and faults activated during the 2019 Ridgecrest earthquake sequence, respectively. White
dots indicate earthquake epicenters.

3.2 S-wave velocity structure

Figure 5: S-wave velocity structure as in Figure 4.

Main conclusions

1 We process raw waveform data using automated procedures to derive a catalog of over 95 000
earthquakes that is independent of any a priori observations.

2 We obtain fully 3D event locations using the Differential Evolution algorithm (Storn & Price, 1997)
and robust PyKonal raytracer (White et al., 2020).

3 We invert our catalog for vP , vS, and vP/vS structure using a traveltime tomography method based
on Poisson-Voronoi projections (Fang et al., 2020).

4 We observe (a) strong correlations between surface geology and shallow velocity structure; (b) low
vP at the base of the seismogenic zone; and (c) low vS beneath the Coso volcanic field.

3.3 Surface geology

Figure 6: Surface geology (left panel) and P-wave velocity structure at sea level (850 m
below average station elevation). Solid gray and black lines indicate fault traces as in
Figure 4.

3.4 Vertical transects

Figure 7: Map indicating surface traces (solid black lines) of vertical transects A− A′

and B−B′ (left panel). vP (top right panel), vS (middle right panel), and vP/vS (bottom
right panel) structure along vertical transect B − B′. Black and white dots represent
earthquakes within ±10 km of the B−B′ plane projected onto the plane. White stars
indicate the projected hypocenters of the Mw7.1 (larger shallower star) and Mw6.4
earthquakes.

Figure 8: Velocity structure along transect A− A′ as in the right column of Figure 7.
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