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[1] We have applied a waveform cross correlation technique to study the similarity
and the repeatability of more than 21,000 microearthquakes (0 <M < 4.5) in the aftershock
zone of the 1984 western Nagano earthquake in central Japan. We find that the seismicity
in this particular intraplate fault essentially consists of no repeating earthquakes that
occurred on the same patch of the fault in a quasiperiodic manner in the study period
between 1995 and 2001. On the other hand, we identify a total of 278 doublets and
62 multiplets (807 events) that occurred consecutively within seconds to days. On the
basis of the relative arrival times of the P and S waves, we have obtained precise relative
locations of these consecutive events with an error between several meters to a few tens
of meters. There is a clear lower bound on the distances measured between these
consecutive events and the lower bound appears to be proportional to the size of the
first events. This feature is consistent with what Rubin and Gillard [2000] have observed
near the San Juan Bautista section of the San Andreas Fault. Shear stress increases at
the edge of an earthquake rupture, and the rupture edge becomes the most likely place
where the second events are initiated. The observed minimum distance thus reflects the
rupture size of the first events. The minimum distance corresponds to the rupture size
calculated from a circular fault model with a stress drop of 10 MPa. We found that
using different time windows results in a slight difference in the delay time estimates
and the subsequent projection locations, which may reflect the finite size nature of
earthquake ruptures.
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1. Introduction

[2] Repeating earthquakes are a series of earthquakes
regularly occurring on a patch of a fault plane. These
earthquakes usually have approximately the same magni-
tude with roughly the same repeating interval. They are
commonly interpreted as repeated ruptures of a single
asperity surrounded by a stably sliding area [e.g., Nadeau
et al., 1995]. Repeating earthquakes have been found in
several sections of the San Andreas Fault [Ellsworth, 1994;
Nadeau et al., 1995] and in subduction zones, such as in
northeast Japan [Igarashi et al., 2003]. These regions are
characterized by either a large surface creep rate or a low
seismic coupling coefficient. Also, for the sections where

repeating earthquake sequences are found in the San
Andreas Fault, fault zone trapped wave studies [Li et al.,
1998, 2003] indicate the presence of a well-developed
low-velocity zone along the fault.
[3] Because of the close location and similar source

mechanism, repeating earthquakes usually produce nearly
identical seismograms when recorded at the same station.
Besides the repeating events, some adjacent immediate
aftershocks are also observed to have very similar wave-
forms [Rubin and Gillard, 2000]. Here we discriminate the
two types of similar events in terms of their spatial distri-
bution. We define repeating events as earthquakes with
approximately the same magnitude and their relative cent-
roids distance being much smaller than the rupture radii,
whereas the centroids of adjacent immediate aftershocks
(following Rubin and Gillard [2000], hereafter referred as to
consecutive events) are located outside of their rupture
areas. Because of the high waveform similarity between
repeating and consecutive earthquakes, they have been
widely used to study rupture size and interaction of imme-
diate adjacent aftershocks [Rubin and Gillard, 2000], as
well as to detect temporal variations in seismic velocity near
fault zones, either coseismic or aseismic [Dodge and
Beroza, 1997; Schaff and Beroza, 2004; Niu et al., 2003].

JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 112, B04306, doi:10.1029/2006JB004416, 2007
Click
Here

for

Full
Article

1Department of Earth Science, Rice University, Houston, Texas, USA.
2Department of Terrestrial Magnetism, Carnegie Institution of

Washington, Washington, D. C., USA.
3National Research Institute for Earth Science and Disaster Prevention,

Tsukuba, Japan.
4Disaster Prevention Research Institute, Kyoto University, Kyoto,

Japan.
5Geological Survey of Japan, Tsukuba, Japan.

Copyright 2007 by the American Geophysical Union.
0148-0227/07/2006JB004416$09.00

B04306 1 of 13


























