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Earthquake swarms have been considered as a characteristic seismic phenomenon on the active transform plate boundary. Yet the detail source
processes of major events in the swarm have not been studied before due to the lack of station coverage and the medium size of earthquakes.
The two M>5 earthquakes in the recent 2012 Brawley swarm have been well recorded by the dense strong motion and GPS stations nearby.
Using these dataset, we derived slip model for the two events (Mw5.4 and Mw5.3) by joint inversion of strong motion and GPS data, both static
and high-rate components of the GPS data have been used. Different shallow 1D velocity models are applied for various strong motion stations.
These essential path calibrations are obtained by waveform modeling of a smaller event (Mw3.95) in the swarm and allow us to push the wave-
form inversion up to 2Hz. The results indicate that the Mwb5.4 event ruptured unilaterally towards south-east and has most of the slip distributed
about 3~6km in depth and about 6km along strike with maximum slip amplitude of about 40cm. Correspondingly, the earlier Mw5.3 event ruptured
slightly deeper depth and complementary to the slip distribution of the Mw5.4 event. The rise time for the Mw5.4 event favors larger values (~1s)
than that for the Mw5.3 event (~0.4s), we consider the Mw5.4 event generated stronger long period (>1s) energy but weaker higher frequency

energy, indicating higher stress drop for the deeper event.
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Figure 2. 1D velocity models from calibration event. (a) Schematic velocity profiles indicating how to obtain a calibrated velocity model. The depth of sediment base is fixed at 5.5km, the Vp_min
and D_vp4.0, which are Vp at the top of the model and the depth of Vp equals 4.0km/s, repectively, are the two parameters allowed to change during a grid search. For Vp<4.0km/s, an empirical re-
lation is used to link Vs with Vp. [ref] (b). The Vs and Vp depth profiles for the Path Calibration Model (PCM) and the two 1D models extracted from the CVM4.0 [ref] and CVM_HG6.0 [ref] 3D velocity
models at the location of epicenter of the Mwb.4 event. (c) Three component waveform comparison between the data (black) and the synthetics (red). Here the synthetics are computed using the
three velocity models shown in (b). Both data and synthetics are filtered to 0.02~3.0Hz. The peak amplitudes of data (front) and synthetic (back) are shown on the top of each waveform pair. More
waveform comparisons for other stations are shown in (d).
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Figure 3. Slip models of the two
M>5 events. (a) Upper: The wave-
form comparisons of the high-rate
GPS stations and strong motion
stations for the Mw5.4 event. Here
the synthetics (red) are generated
by the preferred slip model for the
MwbS.4 event. Both data and syn-
thetics are filtered to 0.1~2.0Hz
with GPS waveform displayed in
displacement and strong motion in
velocity. Lower: Strong motion
waveform fits for the M5.3 event.
(b) Kinematic slip model for the
Mwb5.3 earthquake, slip distribution
Is displayed in upper panel ,
smoothed rise time and rupture
time (contours) are shown in the
lower panel. The black triangle is
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Figure 4. GPS data fitting. (a) E-W component of 5Hz
GPS record at station P499 with the signal of Mw5.3 event
indicated as the arrow. 30s record for the Mwb.4 event is
enlarged and plotted with the synthetic generated from
the preferred model. (b) The horizontal static offsets
(black, USGS; gray, MIT) on nearby GPS stations are
plotted along with the synthetics (red) produced by the
total slip models of Mw5.3 and Mwb5.4 events. Note that
the data has been scale by a factor of 70% to account for
the moment difference. (c) Upper panel shows 48hr seis-
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micity, the E-W (red) and N-S (blue) components at sta-
tion P499 are plotted along with the cumulative moment
(heavy green).
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Figure 5. Checker-board test for the inversion set up as used
for inerting the real data. The left panel shows the input slip
model, and right panel shows the test result.

Conclusion
1, The slip distributions of the M5.4 and M5.3
event are complementary to each other.
2, The slip distribution depth for M5.3 event is
slighter deeper than the M5.4 event and rise
time is shorter (0.4s) than that of the M5.4 event
(0.8s), thus it has more high-frequency content
in its radiated seismic waves.
3, The earlier (1.5hrs) M5.3 event has likely trig-
gered the M5.4 event indicating some type of
rate-and-state friction process.




