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. We analyze seismic waveform data from three artificial chemical explosions conducted before and
after the 1998 northern Iwate Prefecture earthquake (M 6.1), on September 3, 1998. These explosions
were carried out at the same location; about one month before, two months after, and two years after
the earthquake. The waveforms of the three explosions are quite similar at three stations deployed on
and arcund the hypocentral area of the M 6.1 earthquake, In order to detect small differences of travel
time and waveform of coda, we calculate their coherence and phases by using the cross-spectral
analysis. The result of phase spectral analysis shows that the seismic-wave velocity decreased 0.1—
0.9% during the period including the earthquake occurrence. On the other hand, seismic velocity
change is not found between the waveform data for the two explosions conducted after the earth-
quake. This observation strongly suggests that the velocity change took place associated with the
occurrence of the M 6.1 earthquake. '

Key words: Seismic velocity change, Cross-spectral analysis, Controlled source experiment, The
1998 northern Iwate Prefecture earthquake, Iwate Volcano.
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Fig. 1. Locations of seismic stations (crosses), shot points (diamond), the epicenter of the northern

Iwate Prefecture earthquake [M 6.1, September 3, 1998] (star). Horizontal projection of fault plane
of the northern Iwate Prefecture earthquake estimated from aftershock distribution [Umino ef al.
(1998)] is denoted by the dotted rectangular. Seismic stations used by Nakamura et al. (2002) are

also shown by solid circles.

Table 1. List of the three explosions. S1 and S2 were carried out by
the Research Group for Explosion Seismology and the Research
Group for Intra-Plate Earthquakes. S3 was carried out by the
Research Group for Seismic Exploration at Iwate Volcano.

Shot Date Time Latitude Longitude Elevation* Depth** Charge
(JST (JST) N) B (m) {m) (kg
S1 1998/08/10 00:52:08.034 39.74541  140.88219 660 30 100
52 1998/11/02 00:02:08.342 39.74567  140.88228 660 30 100
53 2000/10/19 01:22'00.609 39.74569  140.88224 660 50 200

* Height of explosion siie above sea level.
** Tlstance from the ground surface to the bottom of the borehole,
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Fig. 1.

Locations of seismic stations (crosses), shot points (diamond), the epicenter of the northern

Iwate Prefecture earthquake [M 6.1, September 3, 1998] (star). Horizontal projection of fault plane
of the northern Iwate Prefecture earthquake estimated from aftershock distribution [Umino et al.
(1998)] is denoted by the dotted rectangular. Seismic stations used by Nakamura et al. (2002) are

also shown by solid circles.

Table 1.

List of the three explosions. S1 and S2 were carried out by

the Research Group for Explosion Seismology and the Research

Group for Intra-Plate Earthquakes.

53 was carried out by the

Research Group for Seismic Exploration at Iwate Volcano.

Shot Date Time Latitude Longitude Elevation® Depth** Charge
(IS (JST) (°N) (°E) (m} (m) (kg)
S1  1998/08/10 00:52:08.034  39.74541  140.88219 660 30 100
52 1998/11/02 00:02:02.342  39.74567  140.88228 860 30 100
53 2000/10/19 01:22:00.602 39.74559  140.88224 660 50 200

* Height of explosion site above sea level.
** Tistance from the ground surface to the bottom of the borehole.
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Fig. 2. Vertical-component velocity seismo-

grams from three artificial explosio

ns.

Upper, middle and lower traces at each
station are band-pass filtered traces (1-10
Hz) for 81, 82 and S8, respectively. Lapse

time is measured from the shot time.
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Fig. 3. Spectral amplitude of the vertical-com-
ponent seismograms of S1, where the win-
dow length is 10s from the onset time.

‘Table 2. Epicentral distances and P-wave travel
times at stations of MTI and GNB for the
three explosions.

Epicehtral Travel
Station Shot Distance Time

(km) ()

MTI 81 10.10 2.50
52 10.07 2.51

53 10.08 2.52

GNB-8 §1 8.74 2,43
g2 871 2.43

S3 8.72 2.45
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(a) Vertical-component seismograms of two shots recorded at MTIL

(a) S1 (solid line) and 82

{broken line).

{b} 82 (solid line) and $3 (broken hne)

Enlarged seismograms are shown below for

the window labelled A-E on the upper traces.
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Fig. 5. Coherence of two vertical seismograms for frequency band centered at 6.2 Hz (4.7-7.8 Hz).
Upper, middle and lower traces for each station are the coherence for SI-52, $2-53, and S$1-53,
respectively. Arrival times of P and S-waves are denoted by symbols P and S, respectively. Open
circles in the-traces of MTI indicate the coherence for the windows A-E in Fig. 4{a) (51-52) and
Fig. 4{b) {§2-838). ‘
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Fig. 6. Phase difference of two vertical-component seismograms for frequency band centered at 6.2 Hz
(4.7-7.8 Hz). Upper, middle and lower traces for each station are the phase difference for $1-82,
$2-88, and S1-83, respectively. Positive phase difference corresponds to the advance of the second
explosion data to the first one. Shaded area represents the data having coherence less than 0.75.
Gray dashed lines are the best fitted lines (see text}. Open circles in the traces of MTI indicate the
phase differences for the windows A-E in Fig. 4 (a) (51-52) and Fig. 4(b) (82-83).
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Table 3. Velocity changes for each station's
component estimated from the phase
spectral analysis.

Station & Velocity Change(%}
Component S1-82 §2:83 S1-93
MTI UD -—0.62 0.02 —0.51
EW —039 —014 —-065
NS —0.68 005 —0.67
GNB-S UD -0.75 0.20 —0.46
EW —0.20 —004 —043
NS -—0.88 0.02 —0.863
ANS-S UD —0.30 —0.04 —0.33
EW -—0.16 —048 —0.58
NS —-0.19 —0.09 -—0.03
GNB-B UD 0.47 —0.03 —041
EW —0.44 0.05 —0.56
NS —048 -—0.27 -0.59
ANS-B UD —041 0.14 —0.34
Ew —017 —-0.03 —0.19
NS —0.08 —0.23 -—0.26
Average =0.35 —0.06 —0.44
+8D. 011 +0.03 +0.03
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Fig. 7. Map showing the area in which P wave
velocity might have decreased during the
period between S1 and 82 (the region
enclosed by three ellipses). Each ellipse
represents the horizontal crosssection of
scattering shell at a depth of 10 km that
are calculated from a single scattering
process of P-waves {V,=4 km/s).
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