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On October 6, 2000, the 2000 Western Tottori Earthquake (Mjma 7.3) occurred in the western Tottori prefecture
area, southwestern Japan. It initiated at a depth of 12 km at the bottom of the seismogenic zone, which was derived
from aftershock distribution. The aftershocks extend over a 35 km length in a north-northwest direction. Spatial
and temporal distribution of the aftershocks exhibits local characteristics in the fault region. The northern part
consists of earthquake clusters while the southern part consists of a rather simple lineament of aftershocks, and
the spreading and decaying rate of the aftershocks is slower in the northern part. This contrast is possibly due
to the heterogeneity of the fault system and probably affected the rupture process of the mainshock. Two swarm
sequences occurred in the surrounding region after the mainshock. One initiated 48 hours after the mainshock
25 km southwest of the main aftershock distribution. The other started 20 hours after the mainshock northeast of
the mainshock on the southeast flank of Daisen volcano. These activities are probably induced seismicity due to
stress changes in the focal region. Pre-seismic swarm activities occurred in the focal region from 1989 and deep
low-frequency earthquakes were observed since 1999. It is important to understand the relationship between these

possible precursory phenomena and the occurrence of the mainshock.

1. Introduction

On October 6, 2000, an Mj 7.3 earthquake shook west-
ern Tottori prefecture, Chugoku district, southwestern Japan.
It was named the 2000 Western Tottori Earthquake by the
Japan Meteorological Agency (JMA). Figure 1 shows a map
of the Tottori prefecture and surrounding region and Fig. 2
is a map of seismicity in this area. Earthquakes from the
catalogue of the Disaster Prevention Research Institute, Ky-
oto University (DPRI) from 1976 until the end of September
2000 are plotted in Fig. 2. In the Tottori area, a lineament of
seismicity nearly parallel to the coast line is prominent in the
central to eastern area and swarm activities are observed in
the western area. The 2000 Western Tottori Earthquake is lo-
cated in the western Tottori prefecture region where swarm
activity had been observed. Figure 1 also shows the loca-
tion and focal mechanism of the mainshock determined us-
ing seismic data of the regional seismic network for monitor-
ing microearthquake activity. The mainshock initiated about
3 km north-northwest (NNW) of the Kamakura-Yama Nanpo
fault at a depth of 12 km. This is an active fault with a des-
ignated activity level 3 by the Active Fault Research Group
(1991). In this paper, we will describe the seismic activity
and related phenomena of the 2000 Western Tottori Earth-
quake derived from the analyses of the seismic data from the
regional seismic networks.
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2. Relocation of Hypocenters

In the Chugoku district, southwestern Japan, a seismic
network for monitoring microearthquakes has been operated
by DPRI since the mid-1970’s (e.g. Kishimoto et al., 1978;
Ohmi et al., 1999). In the late-1990’s particularly after the
1995 Southern Hyogo Earthquake (Kobe Earthquake), IMA
and the National Research Institute for Earth Science and
Disaster Prevention (NIED) established new high sensitivity
seismic networks nationwide (e.g. Hi-net).

Seismograms recorded by these systems are read by seis-
mic analysts at the Tottori Observatory of DPRI (Tottori
Obs.) and JMA, so high quality hypocenter locations are ex-
pected when merging arrival time data from the two systems.
Thus Ohmi (2002) conducted a hypocenter relocation using
arrival time data from the two systems. Figure 3 shows seis-
mic stations used for hypocenter relocation in Ohmi (2002).
They consist of eight DPRI stations, five JMA stations and
15 Hi-net stations. Two stations out of eight DPRI stations
are temporarily installed ones after the mainshock for moni-
toring aftershock activity.

In Ohmi (2002), they applied a method HYPOHO, which
was developed by Hurukawa and Ohmi (1993). This is a sim-
ple method to determine hypocenters taking into account the
lateral heterogeneity of the earth. In the HYPOHO method,
we calculate hypocenters using station corrections as a func-
tion of hypocenter coordinates (x, y, z). The lateral hetero-
geneity is corrected by these station corrections. We as-
sumed the station correction 7; at the j-th station is repre-
sented as follows:
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Fig. 1. Index map of Tottori prefecture and surrounding region. Dotted lines show the prefecture borders and thick lines represent the active faults. Daisen
volcano, which is a Quaternary volcano, is denoted by a solid triangle. Epicenter of the 2000 Western Tottori Earthquake is shown by a star. Focal
mechanism of the mainshock obtained from first motion of P-waves is also shown. Polarities of first motion are denoted by solid (up) and open (down)

circles.
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Fig. 2. Seismicity in the Tottori and surrounding region. Earthquakes from 1976 until the end of September 2000 from the catalogue of DPRI are plotted.

Epicenter of the 2000 Western Tottori Earthquake is shown by a star.
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where Cy;(k = 0, 9) are constant for the j-th station. Us-
ing initial hypocenter locations in the target region, we can

evaluate the station correction coefficients C; for each sta-
tion using a least squares scheme. Using station correction
coefficients Cy;, we again relocate the hypocenter of each
earthquake with a set of station corrections calculated using
Cy; and the initial hypocenter coordinate of the earthquake.

Figure 4 shows the travel time residuals of the preliminary
hypocenters by the Tottori Obs. and the relocated hypocen-
ters by Ohmi (2002). It is recognized that relocated hypocen-
ters have less travel time residuals. In this report, we use
these relocated hypocenters.
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Fig. 3. 28 seismic stations used for locating hypocenters. Eight DPRI sta-
tions (squares), five JMA stations (triangles) and 15 Hi-net stations (cir-
cles). Gray squares are temporarily installed stations by DPRI. Epicenter
of the mainshock is shown by a star.
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Fig. 4. Histograms of travel time residuals. The horizontal axis is in
seconds and the vertical axis represents the number of arrival time data.
The averages and the standard deviations of the travel time residuals are
also shown. On the left are the residuals for earthquakes located in the
routinely operation in Tottori Obs. On the right are the results for the
relocated earthquakes.

3. Mainshock and Aftershock Activity
3.1 Mainshock

Hypocenter of the 2000 Western Tottori Earthquake relo-
cated is as follows: origin time = 13:30:18.1 JST on October
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6, 2000; latitude = 35.270°N; longitude = 133.352°E; focal
depth = 12.2 km. Hypocenter and focal mechanism solution
are shown in Fig. 1. In this analysis, we used arrival time
data from stations within 130 km for the hypocenter deter-
mination, and polarity data of the initial P-wave onset from
stations within 300 km from the epicenter. Strike, dip, and
rake angles of two nodal planes are (132°, 90°, 0°) and (222°,
90°, —180°), respectively. From the trend of the aftershocks,
the plane with strike of 132° is probably the fault plane.

When comparing the focal mechanism solution from first
motion analysis (Fig. 1) with the precise determined after-
shock distribution (Fig. 6(b)), it is recognized that the trend
of aftershocks does not coincide with the nodal plane of
N132°E (N48°W). Aftershock distribution of only about
3 km long to the south and 4 km long to the north of the
epicenter of the mainshock are aligned in the trend of the
nodal plane. Source process analysis of the mainshock (e.g.
Sekiguchi et al., 2001; Iwata and Sekiguchi, 2002) indicates
the existence of large slip (>2 m) at 7 km long to the south
of the epicenter. Focal mechanism solution obtained from
the first motion analysis is affected by the geometry of the
ruptured area at the mainshock. We suppose that the nodal
plane of N132°E obtained is constrained by the large slip
area of the mainshock around the epicenter, whose direction
is shown by the alignment of aftershock distribution near the
epicenter.

3.2 Aftershocks immediately after the mainshock

Figure 5 shows snapshots of the epicenter distributions
immediate after the mainshock. These are epicenter distri-
butions for an hour after the mainshock, and the succeed-
ing 2 hours, 4 hours, 8 hours, 16 hours and 32 hours. Dur-
ing the several hours after the mainshock, the NNW part of
the hypocenter of the mainshock (roughly northern part of
the Kamakura-Yama Nanpo fault) is more active than the
south-southeast (SSE) part. Aftershock activity in the SSE
part quickly spread throughout the whole area within several
hours, while in the NNW area it took about one day to spread
out.

3.3 Aftershock activity

Figures 6 and 7 show the relocated aftershock distribu-
tions and space-time plots during the period between Octo-
ber 2000 and March 2001. Figure 8 shows the change in
number of aftershocks with time.

Figure 6(a) shows the whole relocated aftershocks while
Fig. 6(b) shows the precisely relocated aftershocks until the
end of March 2001. On Fig. 6(b), relocated earthquakes with
following criteria are plotted; (1) Number of P-picks >20,
(2) Number of S-picks >20, (3) RMS of P travel time resid-
uals <0.1 s, and (4) RMS of S travel time residuals <0.3 s.
Figure 6(b) demonstrates that the hypocenter of the main-
shock is located at the lower boundary of the aftershock dis-
tribution, which indicates the rupture initiated at the bottom
of the seismogenic zone. This tendency was reported for
some other large crustal earthquakes. For example, the 1995
Southern Hyogo Earthquake (Mj 7.2) (e.g. Nakamura and
Ando, 1996) also initiated from the bottom of the seismo-
genic zone. Our observation is probably another example of
this trend.

It is also clear that aftershock activity exhibits different
features between the NNW and SSE parts of the aftershock
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Fig. 5. Snapshots of aftershocks immediately after the mainshock. They are epicenter distributions within an hour after the mainshock, and the succeeding

2 hours, 4 hours, 8 hours, 16 hours and 32 hours, respectively.
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Fig. 6(a). Relocated aftershock distribution in western Tottori prefecture
area from October 2000 to March 2001. More than 6500 earthquakes are
plotted. Mainshock is denoted by a star.

distribution. In the SSE part, aftershocks aligns in a thin,
nearly vertical plane with a thickness of 2-3 km, while in
the NNW part there are some clusters aligning in a north-
northwest direction (Fig. 6(b)). The area with less seismicity
in the SSE part seems to correspond to the area with large
slip during the mainshock (e.g. Sekiguchi et al., 2001; Iwata
and Sekiguchi, 2002).

The spreading rate of the aftershocks is faster in the SSE
part of the mainshock (Fig. 5). On the other hand, Fig. 7(a)
demonstrates the decay of aftershock activity is also faster
in the SSE part. In other words, in the NNW part of the
mainshock, aftershock activity slowly spread throughout the
area and attenuates slowly, and vise versa. The distribution
of aftershocks (Fig. 6(b)) indicate that the NNW part of the
fault system is more complex than the SSE part, and thus
the NNW part possibly took longer time to release the stress

with gradually breaking the NNW part of the fault system.
3.4 Aftershocks in the surrounding area

Enhancement of seismic activity was observed in the sur-
rounding area after the mainshock. Figure 6(a) shows two
other swarms other than main aftershock distribution.

On October 8, 2000 at 20:51 JST, the largest aftershock
(Mj 5.0) occurred in the northern part of the main aftershock
distribution (Event B on Fig. 9). Another large event (Mj 5.5)
took place on October 8, 2000 at 13:17 JST, which is 48
hours after the mainshock followed by aftershock activity
(Event C on Fig. 9). It is located about 25 km southwest of
the main aftershock distribution. The alignment of this distri-
bution is nearly parallel to that of the main aftershocks. An-
other swarm was observed on the southeast flank of Daisen
volcano starting 20 hours after the mainshock. Space-time
plot of these activities are shown in Fig. 7(b).

These surrounding swarms are not considered as after-
shocks in the strict sense since they are not on the fault plane
of the mainshock. However, they are probably examples of
off-fault aftershock activity due to the stress change in the re-
gion caused by the mainshock. Similar induced activity was
also observed after the 1995 Southern Hyogo Earthquake.
Soon after the mainshock, seismic activity in the Kinki area
increased (e.g. Katao, 1995).

4. Foreshock and Deep Low-Frequency Earth-
quakes

A foreshock of M = 1.7 was observed 12 hours prior to
the mainshock near the hypocenter of the mainshock. The
hypocenter located using a master event method (e.g. Ito and
Kuroiso, 1979) with mainshock is about 3 km apart from the
hypocenter of the mainshock. From the trend of the after-
shocks, this foreshock probably occurred on the fault plane
of the mainshock. Figure 10 shows the hypocenter location
of the foreshock together with that of the mainshock.

In the focal region of the 2000 Western Tottori Earthquake,
swarm activities were observed in 1989, 1990 and 1997 with
Mj = 5.1-5.4 earthquakes. These swarms are also recog-
nized as ‘long term foreshock activity’ (e.g. Umeda et al.,
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Fig. 6(b). Precisely relocated aftershocks from October 2000 to March 2001. About 1900 earthquakes are plotted. Mainshock is denoted by a star.

2001).

According to the JMA hypocenter catalogue, 4 deep
low-frequency earthquakes (DLF) were observed before the
mainshock (Ohmi and Obara, 2002). They are located about
8 km west of the mainshock at around 30 km depth. Three of
them occurred in June and July 1999 and one in June 2000.
DLF activity is also observed after the mainshock and during
the one year from October 2000 to September 2001, more
than 50 DLF events were observed. Figure 11(a) shows the
hypocenters of the DLF events based on the JMA hypocen-
ter catalogue while Fig. 11(b) is a space-time plot of DLF
events together with shallow seismic activity from January
1997 until December 2001. Ohmi and Obara (2002) exam-
ined the continuous record of station TRT (Fig. 11(a)) and
found another DLF event that took place on October 6, 2000
at 04:27 JST, about nine hours prior to the mainshock. The
hypocenter is located near the region where the four other
DLF events occurred.

Observed features in the waveform of these DLF events
described by Ohmi and Obara (2002) are as follows; (1)
Predominant frequency is 2 Hz—4 Hz (Fig. 12), however they
are not monochromatic events, (2) Both P- and S-waves are

observed however S-waves have larger amplitudes, and (3)
The onset of the P-wave has a high-frequency component.

Figure 12 shows the spectra of two DLF’s observed at sta-
tions TRT and some other stations near the epicenter. Fig-
ure 13 represents the spectral structure of ordinary earth-
quakes whose ray paths sample the source region of the DLF
events, which remain high-frequency components. There-
fore we conclude that the low-frequency nature of the DLF
is originated from the source.

The durations of these events are one minute or longer,
and in some cases they exhibit durations of several minutes.
A DLF event on June 2000 had a duration of more than
five minutes and continuous occurrence of DLF events were
observed in a tremor-like waveform. Figure 14 shows the
vertical components of 6 DLF events observed at station
TRT.

Figure 15 shows the magnitude-frequency diagram of or-
dinary earthquakes and DLF events. Magnitudes of these
DLF events ranges from 1.4 to 2.2, which indicates the dif-
ferences of source mechanisms between shallow earthquakes
and DLF events.

Ohmi and Obara (2002) analyzed the focal mechanism of
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Fig. 9. Location of three largest earthquakes in the focal region. Event A shows the mainshock and B and C denote the largest aftershocks on October 8,

2000. For other symbols, see Fig. 1.

the DLF event took place on October 6, 2000 using the am-
plitude ratio of the P-wave to the S-wave and the polarization
of the S-waves. They concluded that the single-force type
source model is more preferable than an ordinary double-
couple source model, which indicates the transport of fluid.
Ukawa and Ohtake (1987) proposed a model of DLF event,
that consists of two fluid reservoirs connected by a conduit.
It is outlined as follows; Usually the conduit is closed. When
the pressure difference between the two reservoirs exceeds
the threshold, the conduit is broken and high frequency seis-
mic wave is radiated at this stage. After opening the conduit,
fluid is transported in the conduit and low-frequency waves
are radiated. Observed DLF events have low-frequency wave
train with a high frequency component at the beginning, thus
this is one possible model that explains the nature of the ob-
served DLF events.

In previous studies, DLF events are mostly observed near
active volcanoes or the volcanic front and attributed to mag-
matic activity (e.g. Hasegawa and Yamamoto, 1994; Ukawa
and Obara, 1993). However there are no active volcanoes in
the western Tottori region. Recent studies (e.g. Hasegawa et
al., 2001) indicate the existence of fluid such as water be-
neath active faults that causes the decrease of shear strength
of the fault. DLF events observed in western Tottori region
are probably another piece of evidence that indicates the ex-
istence of fluids beneath an active fault zone. It is important
to understand the nature of DLF events as a sign of the behav-
ior of fluids in the focal region that might trigger the rupture
of the fault.

5. Discussion and Conclusion
In this paper we described the seismic activity and related
phenomena of the 2000 Western Tottori Earthquake that oc-
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Fig. 10. Foreshock that occurred 12 hours prior to the mainshock, which is
located by using the master event method with the mainshock. Large and
small circles denote the mainshock and the foreshock, respectively.

curred at 13:30:18.2 JST on October 6, 2000. The mainshock
initiated at about 3 km north-northwest to the Kamakura-
Yama Nanpo fault at a depth of 12 km. The main after-
shock zone extends for 35 km in a north-northwest direction.
The precisely relocated aftershock distribution exhibits dif-
ferences in seismic activity between NNW and SSE parts of
the hypocenter of the mainshock; the NNW part consists of
some earthquake clusters while SSE part consists of rather
simple lineament of aftershocks. The patterns of spreading
and decaying of the aftershocks are also different between
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Fig. 11. Location of the deep low-frequency (DLF) earthquakes in the focal region of the 2000 Western Tottori Earthquake. They are located about 30
km depth and 8 km west of the hypocenter of the mainshock. Solid circles represent the hypocenters of the DLF earthquakes. Solid star denotes the
mainshock and gray circles shows the shallow activity from 1997 to 2001. DLF earthquakes are from the catalogue of JMA while shallow earthquakes
are from the catalogue of the Tottori Obs. (a) Distribution of hypocenters of DLF events. Solid square denotes the station TRT. (b) Space-time plot of

the DLF events from 1997 until the end of 2001.

the NNW and SSE part. Aftershocks spread slowly and grad-
ually decayed in the NNW part. They indicate the existence
of the heterogeneity of the fault system; complex fault sys-
tem is suggested in the NN'W part and it possibly affected the
rupture process of the fault during the mainshock.

Two swarm activities initiated in the surrounding region
after the mainshock. One occurred 48 hours after the main-
shock 25 km southwest of the main aftershock distribution.
The other occurred 20 hours after the mainshock about 25
km northeast of the mainshock on the southeast flank of the

Daisen volcano. These two activities are probably induced
seismicity due to stress changes in the focal region.

Precursory swarms occurred in the focal region starting
in 1989 and deep low-frequency earthquakes were observed
since 1999. A foreshock (M = 1.7) was observed 12 hours
prior to the mainshock, 3 km from the mainshock hypocen-
ter.

The 2000 Western Tottori Earthquake (WT eq) is a large
scale (M > 7.0) shallow inland earthquake in southwestern
Japan. There is another example of large inland earthquakes
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Fig. 12. Velocity spectra of DLF’s. Normalized velocity spectra of a DLF occurred on October 6, 2000 (a) and that occurred on February 11, 2001 (b) are

shown. High-pass filtered ( f. = 0.2 Hz) waveform of the vertical component observed at station TRT and some other nearby stations are used.
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region of the Western Tottori Earthquake (right).
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Fig. 16. Aftershock distribution of the 1995 Southern Hyogo Earthquake
from January 27 to February 28, 1995. Mainshock located by the JMA is
denoted by a star.

in southwestern Japan, which is the 1995 Southern Hyogo
Earthquake (Mj 7.2). Finally, we will compare the charac-
teristics of these two earthquakes from the observed seismic
activity. On January 17, 1995, the 1995 Southern Hyogo
Earthquake (SH eq) shooked the Kinki district, southwest-
ern Japan and caused serious damage (e.g. Irikura and Ando,
1996). Figure 16 shows the aftershock distribution of the SH
eq relocated by Ohmi (1995). The aftershock zone of the SH
eq strikes N51°E and is about 60 km wide and 15 km deep
(Nakamura and Ando, 1996). The mainshock initiated at the
middest of the fault at the depth of 17.9 km (JMA), which
is the base of the seismogenic zone. In the case of WT eq,
the size of the aftershock region is 35 km wide and 15 km
deep, and the rupture of the mainshock also started from the
bottom of the aftershock region.

In the case of the SH eq, there is a clear inactive area in
the aftershock zone near the hypocenter of the mainshock
(Hirata ef al., 1996). On the other hand, in the case of WT
eq, the area with less aftershock activity in the SSE part cor-
responds to the area with large slip during the mainshock. In
both cases, fault areas that released the stress at the main-
shock have less aftershock seismicity.

Heterogeneity of the fault system is also observed in both
cases. In the case of the SH eq, at least seven clusters of after-
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shocks are observed, some of which distribute perpendicular
to the mainshock fault strike (Hirata et al., 1996).

There were ‘long term foreshock activities’ with earth-
quakes of M > 5 in the focal region of the WT eq. (e.g.
Umeda et al., 2001). On the contrary, there are no precur-
sory seismic activity before the SH eq but four foreshocks
eleven hours prior to the mainshock (Katao and Iio, 1995).
In the focal region of the SH eq, seismic quiescence of 30
years was observed until 1995 (Mogi, 1995).

Although the size and characteristics of the two earth-
quakes are similar, appearance of the precursory phenomena
is much different. It is significant issue to clarify the rela-
tionship between these precursory phenomena and the oc-
currence of large-scale inland earthquakes.
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