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Insights from seismic tomography

Potential bimaterial interface along northern SJFZ?

Figure 3. Examples of head wave recordings at NCSN station BHR. (A) The locations of earthquakes that generated P waveforms with (red) and without
(green) clear first arriving head waves at BHR. Blue dots indicate the locations of other relocated background seismicity. The head waves arrive first only for
events with sufficient propagation distance along the fault. (B) Vertical component P waveforms for the events plotted with red in A. The seismograms have
been aligned on the first peak of the direct (D) arrival (dashed line). An opposite polarity, low amplitude head wave (HW) arrival is seen before the direct wave.
The moveout of the head waves is shown approximately by the solid line. Head wave first arrivals are seen at station BHR only for events in a relatively limited
portion of the fault owing to the large (5 km) distance of the station from the fault.
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with the tomography study of Thurber et al. (1997). Other nearby
NCSN stations, such as BEH and BSL, do not show clear first arriving headwaves. This indicates that the velocity contrast is strongest
along the paths to BHR and that stations closer than 5 km from the
fault are necessary to study the head waves in detail.
The wrinkle-like slip pulse hypothesis would be consistent with
a preference for rupture propagation to the SE in the Bear Valley
section of the SAF owing to the strong, ∼25–30 per cent, velocity
W
contrast across the fault. Given the existing
FZH structure and sense of
loading, the theory predicts (e.g. Weertman 1980; Ben-Zion 2001)
a dynamic weakening at a propagating rupture tip to the SE and
dynamic strengthening to the NW. Rubin (2002) and Rubin & Gillard
(2000) relocated earthquakes in the NCSN catalogue between 1984
and 1997 along this portion of the fault, and found that more than
twice as many immediate aftershocks occurred to the NW of the
mainshock as to the SE. They interpreted this asymmetry as being
consistent with the wrinkle-like slip pulse mechanism, because if
ruptures propagate primarily to the SE with dynamic weakening (as
predicted) then the barriers that stopped them are stronger in this
direction than those immediately NW of the rupture area. These
studies conclude that even very small ruptures (of events with magnitude 1–2) are sensitive to the velocity contrast across the fault,
implying that the damage zone is very thin at seismogenic depths.
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Figure 4. Head waveforms recorded
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(Fig. 2) was deployed
for 6 months
approximately 2 km from the SAF. The earthquakes were located to the NW
3. A 48-station
Emergent
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of SUM at various depths. Left: P-wave recordings aligned on the peak of
this region during 1994 and 1995 by Thurber et al. (1997). The
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swing of the direct arrival. The moveout of the head waves is shown
were a mix time
of standard
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marily Mark Products L22s, L4s and Teledyne S-13s, and covered

approximately by the solid line. Right: The same recordings and alignment
as in the left-hand panel, but the scale has been multiplied by ten. The head

Study region and data selected

7813 MW > 1.5 earthquakes (1981-2017)

44 regional network stations

FZHW detection and moveout
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FZHW differential times increase with distance (warmer colors=larger distance)

FZHW detection and moveout (cont.)
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Velocity contrast >7.5% estimated for deep bimaterial northern SJFZ

Earthquakes on a bimaterial fault
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Bimaterial ruptures
• Pulse-like
• Preferred propagation
direction (directivity)
• Typically propagates in
direction of “slow” medium
Hypothetical scenario (left)
1) Dextral east-west striking
fault
2) “Slow” block located north
3) Rupture propagates east

modified from Ben-Zion & Andrews (1998)

Consequences for SAF/SJFZ earthquakes

modified from Share & Ben-Zion (2016)

Conclusions
• Rupture on the Mojave SAF can easily trigger
continuing rupture on the SJFZ.
• NW rupture on the SJFZ and continuing rupture on
the SAF unlikely.
• SAF earthquakes tend to propagate to the NW and SE
from San Gorgonio Pass.

