
Mapped and unknown faults in the northern Baja California region have
generated earthquakes of high magnitudes. For this study, we build a new
seismic catalog, from 2012 to 2020 to improve the characterization of small
earthquakes based upon the data recorded by the seismic networks that work
in the California-Baja California, Mexico, border region using deep learning
techniques (PhaseLink) for the eventual 3-D fault geometry characterization.
We used the waveforms from the broadband seismic stations deployed
permanently in the region. The nine-year database started in 2012, the
approximate year when the instruments were upgraded and RESNOM
coverage improved (after the 4 April 2010 El Mayor-Cucapah earthquake).
Hypocenters were obtained with Non-Linear Locations. Completion of the
catalog for the California-northern Baja California border region with small
earthquakes and precise hypocentral locations will help constrain the active-
faults geometry, including areas with no surface faults or ruptures that have
been reported.

For the analysis we extract all available continuous waveform data, from
January 2012 to December 2020, from: all the broadband RESNOM seismic
stations, broadband SCSN stations near the US-Mexico Border, and selected
SSN broadband stations.

Abstract Data and Methodology

Applying machine learning techniques to the available continuous seismic data
in nBC allowed us to detect, associate and locate up to 4.7 time more events,
per year analyzed, than the catalog from the local seismic network.
The final step is to relocate the PhaseLink catalog with the Source-Specific
Station Term technique (Richards-Dinger and Shearer, 2000) combined with the
waveform cross correlation to constrain (Lin et al., 2007) the events into fault
planes that can be used in the next version of the CFM.

Conclusion/Future work

Associations of picks made with the PhaseLink system we account for from 2 up
to 4.7 times more events than the RESNOM catalog, for a yearly-based
analysis.

Results

The Laguna Salada, Cucapah and Indiviso fault systems, as well as the Cerro 
Prieto spreading center, generate ~50% of the recorded seismicity in nBC 
(Ramirez et al., 2021).

Seismotectonics of the California-Baja California region.
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Figure 2: Data availability from broad band seismic stations:
RESNOM, black lines; SCSN, red lines; SSN, blue lines).

Figure 3: a) Number of picks, per day, of the RESNOM catalog. b)
Number of picks, per day, of the PhaseLink catalog after the event
association: minimum number of pick for an event > 6.

Figure 4: Locations (blue dots) done with NonLinLoc based on the
picks and associations resulted from the PhaseLink analysis. Red
lines are trace faults (Seiler et al., 2010).
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Figure 1: Seismicity reported by RESNOM from 2010 to 2020 (green dots).
Red lines are the traces of the Community Fault Model v 5.3 (SCEC). Color
triangles indicate stations used in the study: red, SCSN stations (CI network);
black, RESNOM (BC network); blue, SSN (GI network). Yellow star indicate the
epicenter of the El Mayor Cucapah earthquake 4 April 2010.

Introduction/Background
In addition to the faults in northern BC (Fig. 1), Mexico, two different geological
domains are present; these are the granitic Peninsular Ranges of Baja
California (PRBC) and the sedimentary environment of the Mexicali Valley (MV)
region (Lomnitz et al., 1970). The PRBC are characterized by a crustal
thickness of 45 to ~35 km, with 17 to 20 km thickness under the MV (Ramirez et
al., 2021). This abrupt change makes it difficult when locating events in nBC.

Seismicity in northern Baja California (nBC) has been recorded by many
networks (Fig.1): Northwest Mexico Seismic Network (RESNOM), Southern
California Seismic Network (SCSN), the National Seismic Service of Mexico
(SSN).

Locations were done with NonLinLoc (Lomax et al., 2000) using the results from
the PhaseLink association analysis (Ross et al., 2019). Velocity base model for
the travel-time tables was the PRBC regional model (Nava and Brune, 1982).

The waveforms were analyzed using PhaseLink system (Ross et al., 2019) to
identify P and S arrivals and associate them as events.
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