GEOPHYSICAL RESEARCH LETTERS, VOL. 33, L15313, doi:10.1029/2006GL026605, 2006

Click
Here
for
Full
Article

Long-range triggered earthquakes that continue after the wave train

passes
Emily E. Brodsky'

Received 17 April 2006; revised 5 June 2006; accepted 27 June 2006; published 10 August 2006.

[1] Large earthquakes can trigger distant earthquakes in
geothermal areas. Some triggered earthquakes happen while
the surface waves pass through a site, but others occur hours
or even days later. Does this prolonged seismicity require a
special mechanism to store the stress from the seismic
waves that differs from ordinary aftershock mechanisms?
These questions have driven studies of long-range
triggering since the phenomenon’s discovery. Here I
attempt to answer the questions by examining the
statistics of triggered sequences. Two separate
observations are consistent with the prolonged sequences
being simply local aftershocks of earthquakes triggered
early in the wave train. First, the sequences obey Omori’s
Law over both short (I hour) and longer (5 day) time
intervals. Secondly, the number of observed triggered
carthquakes in the first hour after the wave train can be
predicted from the number of earthquakes triggered during
the wave train. Even the very vigorous 10-day triggering at
Long Valley from the 1992 Landers M,, 7.3 earthquakes can
be interpreted as the aftershocks of either a local M ~ 4.1
earthquake or an equivalent combination of several smaller
mainshocks. Therefore, long-range triggering does not need
to include a mechanism to produce sustained stresses other
than the process that generates aftershocks of the
earthquakes that occur while the wave train is passing.
Citation: Brodsky, E. E. (2006), Long-range triggered
earthquakes that continue after the wave train passes, Geophys.
Res. Lett., 33, L15313, doi:10.1029/2006GL026605.

1. Introduction

[2] Seismic waves trigger earthquakes. For instance, as
surface waves passed through geothermal sites like Yellow-
stone and Long Valley after earthquakes like the 1992 M,,
7.3 Landers and 2002 M,, 7.9 Denali events, local earth-
quakes flared up [Hill et al., 1993; Stark and Davis, 1996;
Prejean et al., 2004]. However, the increased seismicity did
not end with the end of the surface waves. It continued for
an hour in some places and in other places for over a week.
How do the transient waves of the far-field earthquakes
make such a sustained response? This sustained response
has been taken as a key piece of evidence for or against
various triggering mechanisms [Gomberg, 2001; Brodsky et
al., 1998]. Others have suggested that a handful of earth-
quakes are triggered locally during the passage of the
seismic waves and all subsequent earthquakes are after-
shocks of these first, locally triggered events [Hough and
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Kanamori, 2002]. Figure 1 illustrates the problem. Are the
late triggered earthquakes aftershocks of the waveform
triggered ones?

[3] Here I show that in the best-documented cases, the
sustained seismicity from long-range triggering (>100 km
from the mainshock) in geothermal areas has the same
behavior as ordinary aftershock sequences. The data will
show that: (1) Long-range triggered sequences follow
Omori’s law and (2) The number of events triggered over
1 hour after the mainshock is consistent with number of
aftershocks expected from earthquakes triggered during the
passage of the seismic waves. Taken together, the data is
fully consistent with the sustained long-range triggering
occurring by the same process that sustains aftershock
sequences in general. No more complicated process is
required by this data set.

2. Omori’s Law

[4] Local earthquakes are poorly cataloged after a large
earthquake, so I use broadband waveforms from individual
stations to count the number of earthquakes near the station
immediately after a main shock (Figure 2).

[s] Figure 2 shows all documented long-range triggering
sequences with more than 35 local events recorded on a
broadband seismometers closer than 30 km away during the
first hour after the arrival of the surface waves. There are
only a handful of these cases. Two records come from a
recent deployment of two Guralp 6TD seismometers (30 s
corner frequency) in The Geysers geothermal field in
Northern California during the 6/25/2005 Mendocino
M,,7.2 earthquake and the third is from a permanent station.

[6] A straight line on Figure 2 indicates an Omori’s law
with p-value of 1; that is, the cumulative number of earth-
quakes is

Tk
N = 7dz:K’logTJrC (1)

Ty

where T is the time after the earthquake origin time 7, and
K, K and C are constants.

[7]1 Each individual sequence in Figure 2 follows an
Omori’s law decay of the form of equation (1). The fits
are quite good as demonstrated by the correlation coefficient
r which exceeds 97% for all cases. The fit reduces the sum
of the residuals by a factor of 2.4 for the Geysers relative to
a linear-time fit (constant seismicity rate) and a factor of 1.8
for Long Valley. Oddly, the fit is very good even during the
first ~400 s of the Denali-Long Valley sequence while the
seismic wave excitation is still continuing.

[8] Longer duration triggered sequences are in Figure 3.
The identification of these sequences as triggered earth-
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