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[1] In late August 2005, a swarm of more than a thousand earthquakes between
magnitudes 1 and 5.1 occurred at the Obsidian Buttes, near the southern San Andreas
Fault. This swarm provides the best opportunity to date to assess the mechanisms driving
seismic swarms along transform plate boundaries. The recorded seismicity can only
explain 20% of the geodetically observed deformation, implying that shallow, aseismic
fault slip was the primary process driving the Obsidian Buttes swarm. Models of
earthquake triggering by aseismic creep can explain both the time history of seismic
activity associated with the 2005 swarm and the �1 km/h migration velocity exhibited by
this and several other Salton Trough earthquake swarms. A combination of earthquake
triggering models and denser geodetic data should enable significant improvements
in time-dependent forecasts of seismic hazard in the key days to hours before significant
earthquakes in the Salton Trough.
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1. Introduction

[2] Attempts to understand the physical mechanisms
controlling the timing of earthquake occurrence often focus
on linking observations of changes in earthquake produc-
tivity to events that alter the stress state within the crust
[Dieterich, 1994]. Common examples include the after-
shock sequences triggered by large crustal earthquakes
[e.g., Freed and Lin, 2001; Helmstetter et al., 2006],
seismic swarms [e.g., Dieterich, 1992; Vidale and Shearer,
2006; Vidale et al., 2006], and long-term seismic cycles on
major plate boundaries [e.g., Dieterich, 1994; Lapusta et
al., 2000]. The stressing rate changes associated with
seismic swarms are often explained as a response to fault
creep, fluid or magmatic events [e.g., Hill et al., 1975;
Smith et al., 2004; Hainzl and Ogata, 2005; McGuire et al.,
2005; Vidale and Shearer, 2006; Vidale et al., 2006], and
have been exploited for evaluating earthquake triggering
models in magmatically dominated environments [e.g.,
Dieterich et al., 2000; Toda et al., 2002]. Davis et al.
[2001, 2004] use borehole pressure transients to infer that
aseismic spreading processes trigger earthquake swarms
along the Juan de Fuca ridge, but no geodetic observations
exist to verify this hypothesis. A recent survey of high-
precision earthquake locations demonstrated that earth-
quake clusters are common occurrences in southern
California. Vidale and Shearer [2006] identified a relation-

ship between the spatial dimensions and seismic moment of
swarms suggesting that aseismic driving processes are a
general feature of swarms, but no complementary informa-
tion about ground deformation was available to constrain
this process.
[3] In the Imperial Valley/Salton Trough region, the

North America-Pacific plate boundary transitions between
the predominantly strike-slip San Andreas system to the
north and the divergent boundary in the Gulf of California
(Figure 1). Shortly after the installation of seismic networks,
it was recognized that this region had a higher level of
seismic swarm activity than the rest of California [e.g.,
Richter, 1958; Brune and Allen, 1967; Hill et al., 1975;
Johnson and Hadley, 1976; Reichle and Reid, 1977],
possibly driven by magmatic intrusions within the Salton
Trough’s divergent tectonic setting [Hill, 1977]. The consid-
erable evidence of aseismic deformation along faults in this
region [e.g., Allen et al., 1972; Hudnut and Sieh, 1989;
Hudnut et al., 1989; Lyons and Sandwell, 2003], suggests
that the effect of high geothermal gradients on fault dynamics
[Ben-Zion and Lyakhovsky, 2006] may also contribute to
swarm initiation.
[4] During the 2-week period beginning on 29 August

2005, the Southern California Seismic Network (SCSN)
recorded a seismicity rate increase approaching 3 orders of
magnitude in the region south of the Obsidian Buttes, within
the Brawley Seismic Zone near the southern termination
of the San Andreas Fault (Figure 1). Surface breaks
were observed in the field in the days following the swarm
(K. Hudnut, personal communication, 2005). We examine
the available seismic and geodetic data associated with the
Obsidian Buttes seismic swarm and determine that shallow
aseismic slip is required during the swarm. Our results
suggest that shallow aseismic fault slip was the primary
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