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Abstract 
The 1989 M 6.9 Loma Prieta earthquake is the first major event to occur along the San Andreas fault 
(SAF) zone in central California since the 1906 M 7.9 San Francisco earthquake. Given the complexity of 
this event, uncertainty has persisted as to whether this earthquake ruptured the SAF itself or a secondary 
fault. Recent work on the SAF in the Coachella Valley, in southern California, has revealed similar com-
plexity, arising from a non-planar, non-vertical fault geometry, and has led us to re-examine the Loma 
Prieta event. We have compiled data sets and data analyses in the vicinity of the Loma Prieta earthquake 
including  the 3-D seismic velocity model and aftershock relocations of Lin and Thurber (2012), poten-
tial-field data collected by the U.S. Geological Survey (USGS) following the earthquake, and seismic 
refraction and reflection data from the 1991 profile of Catchings et al. (2004).   The seismic-velocity model 
and aftershock relocations of Lin and Thurber (2012) reveal a geometry for the SAF that appears similar to 
that in the Coachella Valley (although rotated 180 degrees): at Loma Prieta the fault dips steeply near the 
surface and curves with depth to join the moderately southwest-dipping main rupture below 6-km depth, 
itself also non-planar. The SAF is a clear velocity boundary, with higher velocities on the northeast, attrib-
utable to Mesozoic accretionary and other rocks, and lower velocities on the southwest, attributable to 
Cenozoic sedimentary and volcanic rocks of the La Honda block. Rocks of the La Honda block have been 
offset right-laterally hundreds of kilometers from similar rocks in the southern San Joaquin Valley and 
vicinity, providing evidence that the curved northeast fault boundary of this block is the plate boundary. 
Thus, we interpret that the Loma Prieta earthquake occurred on the SAF and not on a secondary fault. 
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Seismic Data:
seismic-velocity model and aftershocks

Magnetic and Gravity Data

Interpretation based on
all data sets

Seismic Data:
reflections

Both to the left and below, we make use of the geological cross section 
for the shape of sedimentary layers in the La Honda block

Comparing the subsurface geometry of the San Andreas fault
in the Coachella Valley (southern CA) with Loma Prieta

processed seismograms

reflections picked
automatically using

method of 
Bauer et al. (2013)

note reflections A

main shock

main shock

Model of aeromagnetic and ground-based gravity 
data along the seismic profile along with seismicity 
(+) within 2 km of profile.  D, density (kg/m3); S, 
magnetic susceptibility (SI units).  Bodies are 
colored arbitrarily to distinguish ones with different 
density and susceptibility values. 

mafic and ultramafic rocks 
and serpentinite (magnetic)

ocean-floor mafic 
(basaltic) rocks at 
base of La Honda 
block (very mag-
netic)

Salinian 
granitic rocks 

sedimentary and
minor volcanic 
rocks of La 
Honda block

Purisima sandstone (weakly magnetic)

ocean-floor mafic 
(basaltic) rocks at 
base of La Honda 
block (very reflec-
tive)

ratios of P-wave velocity (Vp) 
   to S-wave velocity (Vs)

Low Vp/Vs (blue) indicates
quartz-rich rocks (sedimentary rocks), 
such as are known from the
La Honda basin/block

Seismic Data:

La Honda

block

Reflections are migrated 
from the time domain 
(above) to the depth 
domain (here) using the 
method of Bauer et al. 
(2013) 

Conclusion: layers must be
folded, as shown and as seen
in the geologic cross section
(see right).

Purple bodies are interpreted
magnetic bodies from the cross section.

Blue/violet bodies are modeled 
magnetic bodies from data (see left).

slip up to > 4 m*

slip up to > 2 m*

S=0.0044

* see slip summary in Beroza (1996)

Heavy white lines are faults interpreted from
magnetic contrasts and seismicity (black dots)..

Geologic contacts and faults
from cross section

Geologic contacts and faults
from cross section

purple bodies
(see cross section and magnetic modeling)

Note that magnetic bodies interpreted from
cross section and from magnetic modeling do not
agree in detail, but there are more magnetic bodies
                             interpreted from cross section 
                             at Loma Prieta peak, where we

                             model a high magnetic signal. 

From this comparison, we interpret that the SAF is non-vertical and also non-planar 
at both Loma Prieta and in the southern Coachella Valley

Loma Prieta

D=2870, S=0.02513

D=2580, S=0

D=2710, S=0.00251


