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[1] High-pass filtering (>20 Hz) of acceleration records
from the USGS Parkfield Dense Seismograph Array
(UPSAR) reveals a series of bursts that occur only during
strong shaking from the 2004 Mw6 Parkfield, California,
earthquake and its immediate aftershocks. Because there is
no correlation between these high frequency bursts
observed at closely spaced stations, we hypothesize that
they are associated with dynamically triggered events
occurring within 20 meters of the stations in the highly
fractured shallow crust. The triggering threshold was found
to be �0.02 MPa, consistent with a previous estimate based
on a similar analysis of high-frequency bursts observed in
strong motion data from the 1999 Chi-Chi earthquake in
Taiwan (Fischer et al. (2008). The consistent observation of
high-frequency bursts at both Parkfield and Taiwan suggest
that they may be a common phenomenon associated with
strong motion in the very shallow crust. Citation: Fischer,

A. D., Z. Peng, and C. G. Sammis (2008), Dynamic triggering of

high-frequency bursts by strong motions during the 2004

Parkfield earthquake sequence, Geophys. Res. Lett., 35, L12305,

doi:10.1029/2008GL033905.

1. Introduction

[2] The high-frequency content of seismic signals
recorded by surface seismometers can be attributed to a
number of processes. These include high-frequency radiation
from the source region [e.g., Peng et al., 2006], scattering
[e.g., Ebel, 1989; Wilson and Pavlis, 2000], reverberation
in near-surface layers [Blakeslee and Malin, 1991], and
dynamic triggering of local earthquakes and non-volcanic
tremor during the passage of regional and teleseismic
surface waves [e.g., Hill et al., 1993; Prejean et al., 2004;
Hill and Prejean, 2007; Gomberg et al., 2008; Miyazawa
and Brodsky, 2008].
[3] Many studies have shown that the top few hundred

meters of the crust can produce and attenuate high-
frequency waveforms [Hanks, 1982; Shearer and Orcutt,
1987; Cranswick, 1988; Ebel, 1989; Blakeslee and Malin,
1991; Vernon et al., 1991, 1998; Wilson and Pavlis, 2000].
This layer is extremely fractured and weathered, and is
characterized by low shear wave velocity (�200–400 m/s)
and a very high attenuation (Q �1–10) [e.g., Aster and
Shearer, 1991]. Other recent studies have found high-

frequency spikes (or cusped waveforms) in the latter por-
tions of the strong-motion seismograms from stations on
soft soils for several large earthquakes [e.g., Holzer et al.,
1989; Frankel et al., 2002; Bonilla et al., 2005]. Bonilla et
al. [2005] suggested that the high frequency spikes in these
acceleration records could be related to an increase of
effective stress and strain hardening due to an increase of
pore pressure in the granular material under large strains.
[4] Recently, band-pass filtered acceleration records of

strong motion P- and S-waves generated by the 1999
Mw7.6 Chi-Chi, Taiwan, earthquake were observed to
contain high-frequency (>20 Hz) bursts at distances up to
170 km from the epicenter [Fischer et al., 2008]. These
bursts differ from anything previously observed in that they
are small, discrete higher-frequency packets superimposed
on the much larger lower-frequency strong motion, and they
are only apparent through either extreme magnification and
detrending or high-pass filtering [Chen et al.. 2006; Fischer
et al., 2008]. Fischer et al. [2008] suggested that they are
local triggered events located in the highly damaged and
weathered top few hundred meters of the crust, a hypothesis
supported by their observation at large distances from the
fault plane and a lack of correlation at neighboring stations.
That work challenged the original interpretation by Chen et
al. [2006], who argued that the sources of the bursts were
located on the Chelungpu fault plane that ruptured during the
Chi-Chi earthquake. By comparing the seismic signals at
stations that recorded bursts with those that did not, Fischer et
al. [2008] found a threshold stress for dynamic triggering by
S-waves to range from 0.03 to 0.05 MPa, depending on the
signal-to-noise ratio (SNR) used to define the bursts.
[5] In this study we document similar high-frequency

bursts observed by the USGS Parkfield Dense Seismograph
Array (UPSAR) during the strong shaking from the 2004
Mw6 Parkfield earthquake (Figure 1) and its largest imme-
diate aftershocks. Our primary goals are to document high-
frequency bursts in a region other than Taiwan and to better
constrain their locations and sizes using the closer station
spacing at Parkfield.

2. Observation of Bursts on the UPSAR Records
During the 2004 Parkfield Earthquake

[6] The Parkfield mainshock occurred at 17:15:14 UTC
on 28 September 2004 with an epicenter 11 km southeast of
Parkfield, California [Langbein et al., 2005], and was
followed by numerous aftershocks. The UPSAR array is
located about 10 km SE of the Parkfield segment of the San
Andreas Fault (SAF), and consists of 14 stations within an
area of about 1 km2. Each station has a three-component
weak-motion velocity transducer and a strong-motion ac-
celerometer, which are recorded at 200 samples per second
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