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[1] Seismicity of the Yellowstone volcanic field, northwest Wyoming, is characterized by
swarms of earthquakes (M < 3) within the 0.64-Myr-old, 70 km by 40 km Yellowstone
caldera and between the caldera and the eastern end of the 44-km-long rupture of the
Mg7.5 1959 Hebgen Lake, Montana, earthquake. Over 3000 earthquakes with M- < 5
were recorded during the largest historic swarm that spanned >3 months beginning in
October 1985. The swarm had unusual characteristics indicative of interaction between
seismicity and hydrothermal/magmatic activity: (1) the swarm followed the reversal of
caldera-wide uplift of up to 1 m from 1923 to 1984 to subsidence; (2) swarm hypocenters
occupied a nearly vertical northwest trending zone, and during the first month of activity,
the pattern of epicenters migrated laterally away from the caldera at an average rate of 150
m/d; (3) the dominant focal mechanisms of the swarm were oblique-normal to strike-slip
contrasting with the normal-faulting mechanisms typical of the region; and (4) the
maximum principal stress axis averaged for the swarm events was rotated 90° from that of
the normal background seismicity, from vertical to horizontal with a trend 30° from the
strike of the plane defined by the swarm. We examined analytic models that best fit the
focal mechanisms and the orientation of the plane defined by the swarm and found that the
temporal shift of earthquake activity could be explained by the migration of hydrothermal

fluids radially outward from the Yellowstone caldera following rupture of a sealed

hydrothermal system within the caldera.
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1. Introduction

[2] The Yellowstone volcanic field is one of the largest
and most active silicic volcanic systems in the world
[Christiansen, 2001]. Yellowstone's youthful volcanic his-
tory is marked by three cataclysmic caldera-forming erup-
tions in the past 2 Myr. The youngest of these, at 0.64
Myr old, is called the Yellowstone caldera. Following the
formation of the Yellowstone caldera, at least 30 rhyolite
flows as young as 70,000 years old covered the Yellow-
stone area. This widespread volcanism is the main source
of heat for the expansive hydrothermal system, which is
manifest on the surface by geysers, hot springs, and
fumaroles.

[3] The combined conductive and convective heat flux at
Yellowstone is estimated to be an extraordinarily high 1800
mW/m?, which is 30 times the continental average [Four-
nier et al., 1976]. The heat flow has been attributed in part
to heat loss from crystallizing basaltic magma that feeds the
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shallower rhyolitic magma systems and convection within
Yellowstone's hydrothermal system [Fournier and Pitt,
1985].

[4] Yellowstone has experienced episodes of caldera-
wide deformation including uplift of up to 1 m from 1923
to 1984 followed by a rapid change to subsidence that
exceeded 25 cm to 1995 [Pelton and Smith, 1982;
Holdahl and Dzurisin, 1991]. Following the deformation
reversal, GPS measurements and interferometric synthetic
aperture radar (InSAR) images revealed a partial return to
uplift that continued to at least 2000, the time of last GPS
observations [Wicks et al., 1998; Meertens et al., 2000].
Together, Yellowstone's widespread seismicity, high heat
flow, and rapid changes in crustal deformation are the
result of interaction between faults, hydrothermal and
magmatic processes, and seismicity, the topic of this
paper.

[s] The Yellowstone Plateau (Figure 1) is the most
seismically active area of the 1300-km-long Intermountain
Seismic Belt that extends from northern Montana to north-
ern Arizona [Smith and Arabasz, 1991]. Further, it has
experienced the largest historic earthquake in this region;
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