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[1] We show clear evidence of non-volcanic tremor
triggered by 2002 Mw7.8 Denali Fault earthquake near
Parkfield. Triggered tremor is identified as bursts of high-
frequency (�2–8 Hz), non-impulsive seismic energy whose
envelope is coherent among many stations and has the same
periodicity as the passing surface waves. The tremor
originates from at least three hypocenters near the San
Andreas fault with differing frictional regimes, two in the
creeping section and the other where the San Andreas is
transitional between creeping and locked. All the sources
originate below the seismogenic zone, suggesting that
transitional frictional properties are necessary conditions for
tremor generation. Tremor is excited by the Love waves
when the San Andreas is sheared in a right-lateral sense,
encouraging slip, and is absent when the San Andreas is
sheared in a left-lateral sense, consistent with a simple
frictional response to the driving stress. Citation: Peng, Z.,

J. E. Vidale, K. C. Creager, J. L. Rubinstein, J. Gomberg, and

P. Bodin (2008), Strong tremor near Parkfield, CA, excited by the

2002 Denali Fault earthquake, Geophys. Res. Lett., 35, L23305,

doi:10.1029/2008GL036080.

1. Introduction

[2] Non-volcanic tremor (NVT) is a seismic signal
with long durations and no clear body wave arrivals, and
with spectra depleted in high-frequency energy compared
with regular earthquakes of similar amplitude. NVT was
originally identified in a subduction zone southwest of
Japan [Obara, 2002]. Subsequent studies have found
NVT in many circum-Pacific subduction zones [e.g., Rogers
and Dragert, 2003; Schwartz and Rokosky, 2007]. The
tremor is often found during episodic slow-slip events,
and together they are called as Episodic Tremor and Slip
(ETS) [Rogers and Dragert, 2003].
[3] In addition to occurring in protracted ETS event,

NVT can also be triggered by the surface waves of tele-
seismic events both in subduction and other tectonic envi-
ronments [Miyazawa and Mori, 2005, 2006; Miyazawa and
Brodsky, 2008; Rubinstein et al., 2007; Gomberg et al.,
2008; Peng and Chao, 2008]. However, the underlying

process for triggered tremor remains unclear. Some studies
propose that fluid flow due to changes in dilatational
stresses associated with the Rayleigh waves trigger NVT
[Miyazawa and Mori, 2005, 2006], while others suggest
that perturbation of Coulomb failure stresses on the fault
interface directly and instantaneously trigger NVT
[Rubinstein et al., 2007; Peng and Chao, 2008].
[4] In this study, we analyze the tremor triggered by the

11/03/2002 Mw7.8 Denali Fault earthquake [Gomberg et
al., 2008], and recorded by many stations near the Parkfield
section of the SAF (Figure 1). We focused around Parkfield
because it is one of the few places outside the subduction
zone environment where ambient tremor has been identified
[Nadeau and Dolenc, 2005], and there is an unprecedented
density of instrumentation there, which promise to reveal
details of tremor sources with unprecedented fidelity.

2. Observations of the Triggered Tremor

[5] We identify triggered NVT as bursts of �2–8 Hz,
non-impulsive seismic energy whose envelope is coherent
among many stations and has the same periodicity as the
passing surface waves. Figure 2 shows a comparison of the
broadband recordings of the Denali Fault earthquake and
the band-pass-filtered seismograms from station PKD. This
station contains a Streckeisen STS-2 Seismometer and is
part of the Berkeley Digital Seismic Network. The energy
associated with the teleseismic P waves of the Denali Fault
earthquake is visible up to 3 Hz. In addition, we find bursts
of higher-frequency energy during the large-amplitude
surface waves. No impulsive body wave arrivals can be
identified within most of the bursts. However, the high-
frequency bursts are coherent for stations across an aperture
of several tens of kilometers, and have hyperbola-type
moveout along the SAF fault strike (Figure 3). This pattern
indicates that they are not generated by instrumental noise
[Hellweg et al., 2008] or dynamic triggering in the near
surface [Fischer et al., 2008], nor are they waves generated
outside the network, but are produced by locally triggered
tremor [Gomberg et al., 2008]. The similarity in spectral
shapes between the ambient and triggered tremor supports
this conclusion (Figure S1).1 Both NVT types are deficient
in high frequencies relative to regular earthquakes. The
triggered tremor is larger in amplitude by a factor of ten
than typical ambient tremor, consistent with triggered
tremor on Vancouver Island [Rubinstein et al., 2007].
[6] We locate the triggered NVT with a grid search over

possible locations. This is the same method used by

1Auxiliary materials are available in the HTML. doi:10.1029/
2008GL036080.
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