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Abstract Results (cont.)

Background

Earthquake swarms are manifestations of aseismic
driving processes deep in the crust. We examine the
spatiotemporal distribution of aseismic processes in
Southern California using a 12-years catalog of swarms
derived with deep learning algorithms. In a core portion
of the plate boundary region, which is not associated
with elevated heat flow, we identify 92 long-duration
swarms ranging from 6 months to 7 years that
constitute 26.4% of the total seismicity. We find that
53% of the swarms exhibit ultra-slow diffusive patterns
with propagating backfronts, consistent with
expectations for natural fluid injection processes. The
chronology of the swarms indicates that the aseismic
driving processes were active at all times during 2008–
2020. The observations challenge common views about
the nature of swarms, which would characterize any
one of these sequences as anomalous. The regional
prevalence of these sequences suggests that transient
fluid injection processes play a key role in crustal fluid
transport.

We recently studied the 2016-2020 Cahuilla swarm in
Southern California (Ross et al. 2020, Science). The
spatio-temporal evolution of this swarm is incredibly
well resolved:

Conclusions

Results

We concluded from these results that the swarm was
driven by natural fluid injection into a fault zone from
below. The Cahuilla swarm seemed quite anomalous as
it was one of the longest swarms ever observed
globally. However, we decided to see if there might be
other swarms in California that had a similar signature
and were never identified. We applied deep learning
algorithms to build a 12 year seismicity catalog for a
large part of the Southern California Seismic Network.

After applying a density-based clustering algorithm
(DBSCAN), we discovered 91 other long-duration
swarms in the region lasting 0.5-6 years.

The swarms are highly episodic and within the clusters,
there tends to be virtually no seismicity before or
afterward. Some examples of them are:

The 92 swarms add up to nearly ¼ of all events
produced in the area. This is completely different
behavior from the regional aggregate seismicity rate,
which is quite steady with time:

About half of the swarms have ultra-slow diffusive
migration patterns, with back fronts in many cases. These
characteristics are expected for fluid injection sources.

We find that these 
swarms were active 
always somewhere 
during the 12 year
period.

• We use deep learning algorithms to identify nearly 100 
swarms in Southern California lasting 6 months to 7 years

• 53% of the swarms have ultra-slow diffusive patterns with 
propagating backfronts, suggesting they are fluid driven

• The chronology of the swarms shows that these aseismic 
driving processes were occurring at all times during 2008–
2020


