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Abstract
The December 14, 2012 Mw6.3 earthquake that occurred about 275 km west of Ensenada,
Baja California, Mexico is evidence for continued tectonism in the eastern oceanic part of the
Pacific plate. The preferred mainshock centroid depth of 20 km was located close to the
bottom of the seismogenic thickness of the young oceanic lithosphere. The focal mechanism,
derived from both teleseismic P-wave inversion and W-phase analysis of the mainshock
waveforms, and the 12 aftershocks of M~3-4 are consistent with normal faulting on northeast
striking nodal planes, which align with surface mapped extensional tectonic trends such as
volcanic features in the region. The mainshock caused weak to moderate ground shaking in
the coastal zones of southern California, USA and Baja California, Mexico but the tsunami
was negligible.
In our stress drop study, we first remove the most obvious outliers in the dataset provided by
Shearer et al. (2006), and correct for increasing rupture velocity with depth. Second we
regress the median values of the stress drop against moment magnitude focal depth, crustal
thickness, crustal density, heat flow, strain rate, and stress regime as projected onto each
epicenter. We search for robust trends that may explain the contribution of these parameters to
the changes in the median stress drops. We also identify spatial variations to facilitate the
interpretation of the changes in median stress drops.
Technical Report
Seismicity in the oceanic lithosphere offshore Baja California, Mexico
Pacific Ocean crust west of southwest North America was formed by Cenozoic seafloor
spreading between the large Pacific plate and smaller microplates. The eastern limit of this
seafloor, the continent-ocean boundary, is the fossil trench along which the microplates
subducted and were mostly destroyed in Miocene time. The Pacific-North America plate
boundary motion today is concentrated on continental fault systems well to the east, and this
region of oceanic crust is generally thought to be within the rigid Pacific plate. Yet, the
December 14, 2012 Mw6.3 earthquake that occurred about 275 km west of Ensenada, Baja
California, Mexico is evidence for continued tectonism in this oceanic part of the Pacific plate
(Figure 1). The preferred mainshock centroid depth of 20 km was located close to the bottom
of the seismogenic thickness of the young oceanic lithosphere. The focal mechanism, derived
from both teleseismic P-wave inversion and W-phase analysis of the mainshock waveforms,
and the 12 aftershocks of M~3-4 are consistent with normal faulting on northeast striking
nodal planes, which align with surface mapped extensional tectonic trends such as volcanic
features in the region. Previous Global Positioning System (GPS) measurements on offshore
islands in the California Continental Borderland had detected some distributed Pacific and
North America relative plate motion strain that could extend into the epicentral region. The
release of this lithospheric strain along existing zones of weakness is a more likely cause of
this seismicity than current thermal contraction of the oceanic lithosphere or volcanism. The
mainshock caused weak to moderate ground shaking in the coastal zones of southern
California, USA and Baja California, Mexico but the tsunami was negligible.
The Mw6.3 earthquake of 14 December 2012 may be the largest earthquake recorded since
1900 in the eastern Pacific oceanic lithosphere, to the west of the continental shelf of the
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Figure 1. (Top) Map showing the bathymetry and topography from NGDC and GeoMapApp, SCSN
M≥3.0 earthquake locations (1930 to 2013), (Hutton et al., 2010); and the 2012 W-phase moment
tensor and relocated mainshock (red star) and aftershocks (red circles). Area of Figure 7 is indicated
by dashed lines. LA – Los Angeles; SBI – Santa Barbara Island; SD – San Diego. (Bottom) magnitude
versus date for the seismicity plotted on the map with M≥5 events shown as stars.

southwestern US and Baja California, Mexico. This area was previously considered to be
aseismic, and having no significant shear strain rate. The normal faulting along a NE-striking
fault plane is consistent with north-northwest stretching of the Pacific plate relative to a
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borderland or Baja California microplate in the Pacific-North America plate boundary zone.
The occurrence of the 2012 seismicity suggests that the Pacific- North America plate boundary
possibly extends 400-500 km to the west of the San Andreas fault system, including plate
boundary deformation across the entire Continental Borderland and into the eastern edge of the
oceanic Pacific plate. Similarly distributed plate boundary deformation is also observed in
northern California, with the Sierran microplate extending the deformation 400-500 km away
from the San Andreas fault into Nevada. (For more details see: Hauksson et al. 2014).
Analyzing Median Stress Drops

We first remove the most obvious outliers in the dataset provided by Shearer et al. (2006), and
correct for increasing rupture velocity with depth. Second we regress the median values of the
stress drop against moment magnitude focal depth, crustal thickness, crustal density, heat flow,
strain rate, and stress regime as projected onto each epicenter. We search for robust trends that
may explain the contribution of these parameters to the changes in the median stress drops.
We also identify spatial variations to facilitate the interpretation of the changes in median
stress drops (Figure 2). The median stress drop values are well constrained, because there are
hundreds to thousands of stress drops in each median calculation, but the observed stress drops
have a wide scatter about that median. The corresponding standard errors are small because
they are equal to the standard deviation divided by the square root of the number of data.
The stress drops in the filtered dataset are log-normally distributed (Figure 2). We interpolate
the logarithm of stress drops on a rectangular grid of 0.1° latitude by 0.1° longitude. We
calculate the median stress drop at each grid point using generic mapping tool (GMT) routines
(Wessel and Smith, 1998). The median is calculated if there are more than three data points in
the vicinity of a grid node but most grid nodes have 100s of data points contributing to the
median value.
The geographical distribution of the median stress drops shows low stress drops extending
from the Salton Trough, to the north along the western edge of the southern California shear
zone (SCSZ) (Figure 2). This zone of low stress drops coincides with a rotation in the regional
stress field, from a northerly direction to a north-northeast direction as identified by Yang and
Hauksson (2013).
Another region of low stress drops is located to the west of the San Andreas fault, which
extends across the edges of the Los Angeles and Ventura basins. This region of low stress
drops also coincides with a rotation in the regional stress field from north to north-northeast,
with increasing distance to the west away from the San Andreas fault (Yang and Hauksson,
2013). In addition, beneath the high southern Sierra Nevada, a region of crustal extension,
there is a scatter of low stress drops.
The medium to high stress drops occur along the major late Quaternary faults, like the San
Andreas, San Jacinto, and Elsinore faults, distributed from the Peninsular Ranges in the south
to the San Bernardino Mountains in the north. Some of these high stress drop regions coincide
with geometrical complexities in the major late Quaternary faults or are located along minor
fault structures that have no significant cumulative slip. Goebel et al. (2014) identified a
similar region of high stress drops in San Gorgonio Pass along the San Andreas fault. The
largest concentration of high stress drops occurs in the Indian Wells Valley region and the
Ridgecrest area. This is a region of trans-tensional extension dominated by northeast or
northwest striking conjugate faults. For more details see: Hauksson (2014).
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Figure 2. Map of the gridded median stress drops that were corrected for VS(z). The color and size of the
symbols are proportional to the size of the logarithm of median stress drops. The (lower left) histogram shows the
distribution of the logarithm of the median stress drops plotted on the map. CB – Continental Borderland; ECSZ
– Easter California Shear Zone; EF – Elsinore fault; IWV – Indian Wells Valley; LA – Los Angeles; PR –
Peninsular Ranges; SAF – San Andreas fault; SBM – San Bernardino Mountains; SJF – San Jacinto fault; TRTransverse Ranges. Color scale bar similar to the one used by Shearer et al. (2006) where the color red
corresponds to low stress drop events with less high frequency energy.

Intellectual Merit and Broader Impacts
This project relates to many key SCEC objectives and will improve our understanding of
earthquake activity across southern California. In particular, our high-resolution studies of
seismicity provide better delineation of fault structures and make possible more advanced
seismicity studies by us and other SCEC researchers. Our analyses provide fundamental
insights into micro-earthquake activity, the crustal strain field, major faults, and crustal
geophysics.
The outreach activities consisted of publishing the results of the research in peer-reviewed
journals. Also, the focal mechanism catalog is being distributed to researchers via the Southern
California Earthquake Data Center (SCEDC). We have also presented results at SCEC
workshops and E. Hauksson gave an oral presentation at a Northridge media event at Caltech,
inJanuary 2014, and at the Northridge Symposium, UCLA, in January 2014.
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Exemplary Figure:

Figure 3:
The map shows 80 years of seismicity (1932 to 2013) recorded by the Caltech/USGS Southern
California Seismic Network; map courtesy of Dr. E. Hauksson, Caltech. Earthquakes in the magnitude
range from 3.25 to 5.95 are shown as black circles, and of magnitude larger 5.95 are shown as red stars.
The San Andreas fault is highlighted as a thick red line. The large seismicity clusters next to red stars
are aftershocks.
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