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A New Seismic Observation System at the Kusatsu-Shirane Volcano
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Takehiko Morr*, Jun’ichi HiIraBAyAsHT™, Kenji Nocamr** and Shin’ya ON1zawa

Flow properties of volcanic fluids beneath the Kusatsu-Shirane volcano have been studied at the Volcano
Fluid Research Center, Tokyo Institute of Technology, by using geochemical methods. A novel seismic
observation system, in which seismic signals from two borehole stations newly constructed at the summit are
continuously acquired with the data from our previous observation system, started to monitor the activity of the
Kusatsu-Shirane volcano in November 2001. The seismic signals are digitized with a 20 or 22 bit A/D resolution
and a sampling time of 0.01s, and are integrated with the seismic data from the Earthquake Research Institute,
University of Tokyo. As a result, the detection capability of earthquakes and the accuracy of hypocenter
determination are significantly improved especially in the Yugama region. Volcanic earthquakes in excess of 100
occurrences per month —5 to 10 times the number of earthquakes observed by the Japan Meteorological Agency
— were observed by the new system. The observed volcanic earthquakes are tectonic type, with distinct P- and
S-waves. A total of 602 earthquake hypocenters were determined between November 2001 and March 2003.
The regions of Yugama and north Motoshirane are seismogenic regions in the vicinity of the Kusatsu-Shirane

volcano.
Yugama.

Seismic activity in north Motoshirane, which was unknown in the past, is equivalent to the activity in
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Fig. 1.

Location of the stations around Kusatsu-Shirane Volcano.
Volcanic Fluid Research Center, Tokyo Institute of Technology (VFRC).

139 0 40
Longitude km

Solid circles (@) are new stations installed by
Borehole-type seismometers and

tiltmeters are installed in KSW, KSE and KSS, and seismometers buried near the ground are featured at KSJ
and KSVO. Solid squares () are data relay stations of VFRC. Open circles (O) are seismic stations of

Earthquake Research Institute, University of Tokyo (ERI).

satellite communications.

Data from ERI stations are transmitted through

A solid triangle (A) is seismic station of Japan Meteorological Agency (JMA).

Solid lines in the upper and lower figures are contour lines of topography and prefectural boundaries, respec-

tively.
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Specification of observation stations of Volcanic Fluid Research Center, Tokyo In-

Station

Seismometer

Data Sampling

Name Depth Seismometer Type A/D Converter Resolution Frequency
KSS 110m  JTS-33 (Akashi) 3 Components  LT-8500 (Hakusan) 22 bit 100 Hz
KSE 50 m JTS-33 (Akashi) 3 Components LS-7000 (Hakusan) 20 bit 100 Hz
KSR 220m  JTS-33 (Akashi) 3 Components LS-7000 (Hakusan) 20 bit 100 Hz
KSJ Surface L-4C (Mark) Vertical LS-7000 (Hakusan) 20 bit 100 Hz
KSVO  Surface L-4C (Mark) Vertical LT-8500 (Hakusan) 22 bit 100 Hz
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Fig. 2. Schematic illustration of the new observation system. A/D conversion of the data is carried out with a 20

or 22bit resolution and a sampling time of 0.01s.

stations to Kusatsu-Shirane Volcanological Observatory (KSVO) by optical communication.
All the data are integrated at KSVO.

vation data are acquired by satellite communication.

The digitized data are transmitted from the data relay

ERI’s obser-
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Fig. 3. Top: The daily earthquake frequency ob-

served by VFRC. Bottom: The monthly earth-
quake frequency observed by VFRC and JMA.

e O IR & 2 XBId % 720, BRI ICH
5 ERIBIAIS O 7 — 5 bEET — ¥ 2ZE VY AT & %7F
HLTHBL TV 3, i VFRC OHIFE « {ER1E]
Wy 25 ok, BEEARDLT 108005, FEdET 16
B O MR 7 — & Ut s h TV 3.

VFRC (T & 2 BEE R OHIE « BRI > 2 7 &
D7 — & L E KSVO TfThhTWwb, KSVO ik WL
TKRILIEE 2 EE € =4 -9 270, WIN v 2574 (k
e M, 1992; &R, 1994) & W /- HEEFVE KL O
EIFALEZOREE, V) TV A L ORI R E
I V=V T AR POVEREE R RGBS B o
RMS RIS EORIEE A2 FR4 2 EEAHE L,
CRT € =% — E~NEEBFRRL TV 5, HEIEFEIE R
OERAAEBELEREETIE, WIN Y27 412X 2 0L
HAIT->THBO, BEho0MERELIN GREETI
2km) ICEESRES NS &, BiFICEET 2 EH A B
FNemail THEIEELTVWE. &51T, BERELOE
HIAIT B2 b ) A= 1B b 7o © ORLE R
EHFETIR20[0]) ZHEA K, TEEIEE O e-mail 23%E
Eanb. VT4 Lok REEL, KAT
2 I DFEE S MBS OIENFRRTE 5. 2L
T, FAMEE S N RFENCHTH O 24 Kl O R EE A
HEHC 7Y v s h kb i cvs. 5 v =
VI ARy NIVEREEE L, HIEIEE O R by — R
LTh»zLH1T, BAT6HENDZ XY b IVIED
ZAtA EEEA T CRT LIt RTXAHEEAGE LTV
3. 2y NVEEHO DD F — v R BRI (3,

Altitude (km)

P-Wave Velocity
(km/sec)

Fig. 4. Seismic velocity structure used for the hy-
pocenter determination.
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Fig. 5. The hypocenter distribution around Kusatsu-Shirane volcano from November, 2001 to March, 2003.

Solid and open circles are stations of VFRC and ERI, respectively, which are used in the hypocenter deter-

mination.

The hypocenters of 602 earthquakes are determined during this period. Circles numbered 1 and 2

represent Yugama and north Motoshirane regions, respectively.
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Table 2. Magnitude-frequency relations of the
earthquake that occurred in Yugama and
north Motoshirane.

. Yugama Motoshirane
Magunitude Area Area
~-2.0 28 2
-2.0~-1.6 150 10
-l.6~-1.2 191 23
-1.2~-0.8 76 51
-0.8~-0.4 13 29
-04~0.0 3 9
0.0~04 4 4
04~038 1 1
Total 466 129
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