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Source Process of the Long-period Seismic Pulses Associated with the 2000 Eruption
of Miyake-jima Volcano, and its Implications

Masayuki KIKUCHI P | Yoshiko YAMANAKAT® and Kazuki KOKETSUU

Abstract

OO A sudden collapse of the summit of Miyake-jima occurred on July 8, 2000, together with
intermittent eruptions. This collapse generated long-period seismic waves with a dominant period of
about 10s. Following this event, very long-period seismic pulses] VLP pulses(] with a duration of
about 50s were observed a few times a day until they ceased at the largest summit eruption on
August 18, We analyzed these seismic pulses using waveform data recorded at several domestic
stations for broadband seismographs and strong motion seismometers on Miyake-jima. The July 8
event is well characterized by a single-force directed initially upward and later downward during 12
sec. The single-force is interpreted as an abrupt collapse of massive rock. The total mass is
estimated to be about 5 10" kg with fall of about 300im. On the other hand, VLP pulses are
modeled by moment-tensors with an isotropic component. They are located about 1[Km southwest
from the summit and 2 to 3km deep. All three principal values are positive. The largest one is
horizontal and the smallest one is near vertical. The total volume change due to 39 VLP pulses is 2.6
x [10*®, amounting to nearly one half of the total volume of the summit collapse. Based on the
results, we propose a buried geyser model. A large reservoir of hot water was formed just after the
summit collapse on July 8. The ground water poured into the reservoir, being rapidly heated by hot
rock underneath, and evaporated to form a highly pressurized steam, which pushed a lower conduit
piston into the magma reservoir to generate VLP pulses. Non-isotropic expansion of the VLP pulses
may be ascribed to the shape of the magma reservoir.
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Fig.[10 Long-period seismic waves observed at J-array
on July 8, 2000.
The epicentral distance is calculated for a
possible source location at Miyake-jima.
Predominant period of about 10s is observed at
nearby stations. The amplitude of each trace is
normalized. TSKM Tsukuba, YONAL
Yonaguni-jimall
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Fig.[20 Monitor record] vertical componentOby a broadband seismographl STS-1[at Tsukuba station
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00 O O A very long-period seismic pulse with a duration of several tens sec can be seen around 02110,
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Fig. 30 Temporal seismic observation stations at
Miyake-jima, and their records.

000 0Oa0 Location of broadband seismograph
stationsd black circles[] and strong-motion
seismograph stations] gray circlesdJO b
Examples of the observed seismic records
on July 8, July 14, and August 18, 2000,
converted to ground velocity.
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Fig.C40 A model of applied force due to a sudden
collapse of rock mass.
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Fig.[60 Derived source process of the July 8 event.
0 al Time history of the applied force,dJ b0 Comparison between observed and synthetic waveforms.
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Fig.060 Particle motion at three observation sites for the July 14 event.
0O 0O O Ot reveals a radial expansion from the center( denoted by a closed
star( located about 1km southwest to the summit of the volcano.
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Fig.[70 Source process of the July 14 event.
O a0 Source time function. The pulse widthO process time[ is 50 sec.
0 b0 Comparison between observed and synthetic waveforms.Ol c
Geometry of the pressure source vessel induced from the
anisotropic moment-tensor solution.
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Fig.[80 VLP pulses analyzed in the present paper.
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off. Pulse shape is nearly the same regardless of the amplitude.
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Figr100 Analysis of short-period motion appeared at the
end of VLP pulse on July 14.
0 al Inferred time history of applied force.
0 bO Waveform comparison.
O cO Interpretation of the shallow single-force.
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Fig.[11 O A buried geyser model.

Step 100The ground water is poured into the reservoir,
heated by hot rocks underneath, and evaporated to
form high pressure steam. Micro-earthquakes are
triggered at this stage.

Step 2[00 The pressure exceeds a certain threshold to
expand the surrounding material and generate VLP
pulses.

Step 30 The expanded steam is gradually cooled,
condensing to form water, and Mt. Oyama contracts.
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