TECHNICAL REPORT

High-resolution cross- and sub-fault comparisons of CFM, seismicity, and structural
fabric imaged with receiver functions

Principal Investigators: Deborah Kilb (UCSD - Scripps Institution of Oceanography) and Vera
Schulte-Pelkum (University of Colorado Boulder)

Here, we report results for fault-crossing arrays in three locations: The San Andreas Fault near
Parkfield; the San Jacinto Fault zone in the vicinity of the trifurcation; the Mojave crossing the
Ludlow fault and two other minor faults.

Data This work relies on three primary data sets. (1) 3-D CFM 5.3 fault geometry (Hearn et al.,
2020; Hughes et al., 2020). (2) 3-D tectonic grain as imaged by receiver functions (RF)
(Schulte-Pelkum et al., 2020); and (3) 3-D Seismicity: 1981-2017 SCSN catalog (Hauksson et
al., 2012), including locations from the GrowClust algorithm (Trugman and Shearer, 2017),
supplemented by a denser 10-year template catalog (Ross et al., 2019).

Method We compare seismicity, anisotropy contrasts imaged with receiver functions
(Schulte-Pelkum and Mahan, 2014; Schulte-Pelkum et al., 2020), and CFM fault traces.

San Andreas fault near Parkfield

In our proposal, we showed preliminary results obtained from a subset of stations of the PASO
deployment (Thurber et al., 2003, 2004). In this funding cycle, we added data from the PASO
reoccupation deployment as well as Plate Boundary Observatory stations (PB), which densified
our results significantly (Fig. 1). We make the following observations: 1) Receiver
function-imaged strikes (Fig. 1, red bars) align fairly closely to the strike of the San Andreas
fault (black lines). 2) Depths of receiver function-imaged fabric contrasts are similar to
seismicity depth near the surface fault trace, while deeper contrasts are observed away from the
surface fault trace on both sides of the fault. 3) Interestingly, the dip inferred from the phase of
the receiver function Al arrivals (shown as a black tickmark at each station) is asymmetric
across the fault and points to the northeast on both sides of the fault with only a few exceptions.
4) Al conversion amplitudes are larger on the northeast side of the fault. Larger A1 amplitudes
may imply a larger fabric contrast, an intermediate to steep foliation dip (rather than a shallow or
near vertical foliation dip; Brownlee et al., 2017), or both.

In cross-section (Fig. 2), seismicity outlines a near vertical present-day fault while the larger Al
arrivals trace a structure deepening to the northeast on the northeastern side of the fault, and the
fabric is weaker but still dips to the northeast on the southwestern side of the fault. This



relationship allows for an interpretation where strike-slip motion on a nascent San Andreas fault
was initially accommodated on northeast-dipping fabric inherited from Farallon subduction (as
represented by the smaller amplitude conversions on the southwestern side of the fault) and
progressively steepened over time to reach its present vertical geometry, as proposed for other
strike-slip faults that initially reactivated preexisting dipping structures (e.g. Mason et al., 2017,
Dorsey et al., 2012).
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Fig. 1: Seismicity and receiver function results across the San Andreas Fault near Parkfield. Background
shows topographic shading. Small dots without an outline are seismicity from the GrowClust double
difference catalog, colored by depth. Black lines are surface fault traces from the USGS fault database
(the current CFM ends in the center of the map region). Circles are receiver function results displayed at
the location of each station. The circle size shows the amplitude of the largest degree-1 (360° periodicity;
A1) azimuthal harmonic arrival at each station, colored by the depth of the contrast in anisotropy on the
same color scale as seismicity. Red bars show the foliation strike of the stronger anisotropic fabric across
the contrast. Black tickmarks show the phase of the Al arrival; they point downdip if assuming the
foliation is stronger below the contrast that generates the conversion.

Comparison to Mojave, San Jacinto fault zone, and regional results



We analyzed data from a temporary deployment in the Mojave that crosses several minor
strike-slip faults to obtain a comparison to the more mature San Andreas fault. Results are shown
in Fig. 3. Strikes show more scatter than those in Parkfield, although some near-fault stations
show strikes parallel to the fault, and strikes are peaked near the regional fault trend around NW.
The Mojave observed Al amplitudes are much smaller than those at Parkfield.
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Fig. 2: San Andreas fault near Parkfield, California. (left) Seismicity as dots, colored by hypocenter
depth. Circles with bars represent the largest first azimuthal harmonic receiver function conversion at
each station, plotted at the station location; circles are scaled by conversion amplitude and colored by
depth. Black two-sided bars show the foliation strike. Grey short bars show downdip direction, assuming
anisotropy is stronger below the converting contrast; note consistent NE dip on both sides of the surface
fault trace. (right) Cross-sectional view of seismicity colored by along-fault distance; black dots are
receiver function anisotropic conversions, sizes scaled by amplitude.

In a regional comparison, the San Andreas and Mojave examples shown above fall on opposite
ends of the range of amplitudes seen in receiver function Al conversion amplitudes. Fig. 4
shows results from a fault-crossing network in the San Jacinto fault zone trifurcation area, with
fault-parallel features seen in A1 arrival strikes as well as seismicity. Results for all three areas in
context with the regional average for southern California (Schulte-Pelkum et al., 2020) are
shown in Fig. 5. The results support a trend of increasing A1 amplitudes with fault maturity,
with the San Andreas fault near Parkfield showing the strongest A1 conversions, followed by the
San Jacinto fault zone, then the regional average, and the smallest amplitudes seen from the
dense station line crossing minor strike-slip faults in the Mojave.
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Fig. 3: Receiver function results from a fault-crossing temporary dense line deployment in the Mojave.
Background shows topographic shading and major roads. Black lines are surface fault traces from the
USGS fault database. Blue line is CFM representation of the Ludlow fault (the only fault in this region
represented in the CFM), with dots on the fault surface colored by depth in km. Receiver function results
as in Fig. 1 (note the difference in amplitude scale).

SUMMARY AND CONCLUSIONS

This work used azimuthal harmonic arrivals to image the depth, amplitude, and strike of
conversions from contrasts in dipping foliation and dipping contrasts between isotropic bodies,
an approach particularly well suited to mapping shear zones, dipping faults, and tectonic
boundaries (Schulte-Pelkum et al., 2014a,b, 2020a,b). We compared these receiver function
strike orientations and depths with those from the SCEC CFMS5.3 and relocated seismicity
catalogs (QTM and GrowClust). We find general parallelism of receiver function-derived crustal
fabric strikes with strikes of nearby faults in the CFMS5.3 and planar features delineated in the
relocated seismicity. We find increased alignment of receiver function strikes with fault strikes as
well as increasing receiver function Al amplitudes with fault maturity. Additionally, we find
indications for interactions between inherited fabric and present-day faulting and deformation.
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©| Fig. 4: Results from a dense line of
broadband stations crossing the San
Jacinto fault zone in the trifurcation
area (Vernon, 2010; Qiu et al., 2017).
(a) Seismicity (dots) from the catalog
by Ross et al. (2019) and Al arrivals
(circles), both colored by depth.
Black bars are A1 phase, interpreted

as foliation strike. (b) Same
a seismicity (dots) and Al conversions
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Fig. 5: Histograms of the largest receiver
function A1 amplitude per station in different
subsets. (a) All data, including all stations
across southern California published in
Schulte-Pelkum et al. (2020). The vertical axis
shows the station count, and the horizontal axis
shows the amplitude of the largest Al arrival at
each station as a fraction of the horizontal to
vertical arrival amplitude. The red line shows
the median value. (b) As in a, but for Parkfield
stations shown in Fig. 1. (c) Results from a
dense fault-crossing station line in the San
Jacinto fault zone. (d) Mojave station subset
shown in Fig. 3.
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