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DISCLAIMER
Base map data, such as place names and political
boundaries, are the best available but may not be 
current or may contain inaccuracies and therefore
should not be regarded as having official significance.
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Yellowstone Lake Earthquake Swarm of December 2008-January 2009
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DATA SOURCES
EARTHQUAKES AND SEISMIC HAZARD
  Univ Utah Seismograph Stations (1984-2009)
  USGS, National Earthquake Information Center
  IASPEI, Centennial Catalog (1900-1999) and
      extensions (Engdahl and Villaseñor, 2002)
  Global Seismic Hazard Assessment Program
  Seismicity of the United States, 1568-1989 
      (Stover and Coffmann, 1993) 
FAULT DATA
  Quaternary Faults and Folds Database (2006)
  
BASE MAP
  NIMA and ESRI, Digital Chart of the World
  USGS, EROS Data Center
  NOAA GEBCO and GLOBE Elevation Models
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Volcano-Tectonic Summary

Yellowstone National Park is located a top a
Quaternary silicic volcanic system that vented
in three giant caldera-forming eruptions
between 0.64 and 2.1 million years ago. The
three major eruptions resulted in the 60 km by
40 km Yellowstone caldera at the center of the
park. Subsequently, more than 30 smaller
rhyolite flows, as young as 70,000 years old,
were deposited and locally cover the
Yellowstone Plateau. The modern volcanic
landscape is superimposed on pre-existing
topography of north-south trending mountain
ranges and intervening valleys formed as the
result of large magnitude earthquakes on normal
faults; some of the most notable being the Teton
fault, Hebgen fault (the source of the deadly
1959 M7.5 earthquake), and Madison faults. No
doubt large mountain blocks bounded by faults
existed prior to the volcanic activity but they
have been modified extensively by the more
recent volcanic activity. Nonetheless the pre-
existing faults, confirmed by the alignment of
contemporary seismicity, produced zones of
crustal weakness that also function as conduits
for post-caldera magmatic flows.
Seismic tomographic imaging using local
earthquakes as sources has revealed a low
seismic velocity body identified as an the
Yellowstone’s ìmagma chamberî that extends
beneath the Yellowstone caldera at depths of 8

to 16 km with 8-15% partial magma melt. This
body is responsible for Yellowstone’s youthful
volcanic history and its expanse of 10,000
geysers, hot springs, and fumaroles. Modeling of
globally produced earthquake waves passing
beneath Yellowstone revealed an upper-mantle P-
wave low-velocity body of partial magma melt
extending from 80 to 250 km directly beneath
Yellowstone, but tilting 60° west up to 660 km
deep, at the bottom of the mantle transition zone
and 150 west of Yellowstone – this body is
known as the Yellowstone plume.
Contemporary deformation of Yellowstone is
dominated by southwest-directed horizontal
crustal extension across the Yellowstone Plateau
of up to 3 mm/yr, which is about one third of the
total regional rate of extension. However, much
higher rates of uplift and subsidence due to
volcanic processes occur at decadal scales
averaging about 2 cm/yr. Unprecedented
accelerated uplift (up to 7 cm/yr) has occurred
since 2004, which was modeled as magmatic
recharge of the Yellowstone magma chamber at
depths of 7-10 km.
Tectonic stretching of the crust along with
volcanically related stresses are responsible for
Yellowstone’s earthquakes that represent one of
the highest rates of seismicity in the Western
United States; recorded seismicity averages
1,000 to 3,000 shallow earthquakes per year of
magnitude 6 or less. There have been more than

32,000 well-recorded earthquakes in
Yellowstone from 1973 to 2009. Earthquakes
that are closely spaced in time and area are
termed swarms and are the common mode of
seismic energy release in the Yellowstone
caldera.  From 1984 to 2006 there were more
than 69 swarms recorded in Yellowstone. The
largest swarm was in late 1985 and occurred on
the northwest side of the caldera with
accompanying earthquakes as large as M4.  This
swarm revealed a 15-km northwestward
migration of seismicity over three months,
which was modeled as lateral migration of
hydrothermal fluids out of the caldera. The 1985
swarm also signaled the cessation of caldera
uplift and subsequent reversal to caldera
subsidence. The 2008-2009 Yellowstone Lake
swarm described here, is the largest in the last
decade. Yellowstone is a seismically active area
with earthquakes associated with the
Yellowstone hotspot and migration of magma as
well as earthquakes along major normal faults
with evidence supporting a history of recurrent
large-magnitude earthquakes.

see the following websites for more information
http://volcanoes.usgs.gov/yvo/
http://www.seis.utah.edu/
http://earthquake.usgs.gov/regional/qfaultsIn the United States, seismic hazard is expressed

as peak ground acceleration (PGA) on firm
rock, in %g, expected to be exceeded in a 50-yr
period with a probability of 2 percent. Data from
the National Seismic Hazard Map, 2008.
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Yellowstone Lake Swarm
 
December 2008 --
January 2009
 
44.55° N., 110.3° W.
Depth 0-10 km
M 0 --3.9 (UUSS)
Over 1000 earthquakes have been located as part 
of this earthquake swarm. Eighteen events have been 
recorded in the range M3-4. Visitors and employees 
at the Yellowstone National Park reported feeling 
these earthquakes.
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Plot of depth versus location of the Yellowstone Lake swarm from south to north
(south on left, north on right). Earthquakes are shown from Dec. 27, 2008 to Jan.
8, 2009. The M3.0 and greater earthquakes are shown as stars, the smaller
earthquakes are shown as circles. From University of Utah Yellowstone Research
Group.

Figure from University of Utah Yellowstone Research Group
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Mechanism for M3.9 event
on 28 December 2008

Yellowstone in winter, David Carver, USGS


