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A New Seismic Observation System at the Kusatsu-Shirane Volcano

Takehiko MORI�, Jun’ichi HIRABAYASHI��, Kenji NOGAMI��and Shin’ya ONIZAWA��,���

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 ,**+. The seismic signals are digitized with a ,* or ,, bit A/D resolution

and a sampling time of *.*+ s, 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 +**
occurrences per month�/ to +* 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 0*, earthquake hypocenters were determined between November ,**+ and March ,**-.
The regions of Yugama and north Motoshirane are seismogenic regions in the vicinity of the Kusatsu-Shirane

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

Yugama.
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Fig. +. Location of the stations around Kusatsu-Shirane Volcano. Solid circles (�) are new stations installed by
Volcanic Fluid Research Center, Tokyo Institute of Technology (VFRC). 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 (�) are seismic stations of
Earthquake Research Institute, University of Tokyo (ERI). Data from ERI stations are transmitted through

satellite communications. A solid triangle (�) 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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Fig. ,. Schematic illustration of the new observation system. A/D conversion of the data is carried out with a ,*
or ,, bit resolution and a sampling time of *.*+ s. The digitized data are transmitted from the data relay

stations to Kusatsu-Shirane Volcanological Observatory (KSVO) by optical communication. ERI’s obser-

vation data are acquired by satellite communication. All the data are integrated at KSVO.

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

stitute of Technology (VFRC).
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Fig. -. Top : The daily earthquake frequency ob-

served by VFRC. Bottom: The monthly earth-

quake frequency observed by VFRC and JMA.

Fig. .. Seismic velocity structure used for the hy-

pocenter determination.
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Fig. /. The hypocenter distribution around Kusatsu-Shirane volcano from November, ,**+ to March, ,**-.
Solid and open circles are stations of VFRC and ERI, respectively, which are used in the hypocenter deter-

mination. The hypocenters of 0*, earthquakes are determined during this period. Circles numbered + and ,
represent Yugama and north Motoshirane regions, respectively.

����@�n¶�kfv./01RBSE"»¼ 45



VFRC����������	 ���
����
VFRC ERI����� P� S�	
������
������������� ��������
VFRC�� !�"���#$%�&���	 '#�
(�����&)��KSW�&�������(*�
���� ��������&����+�,-����
�	 ��.��/�0��12�3�456��
0���
���7#���	 ��08�3�9��
�1 (F-Ptime)0��:��;3<���=>?�
@-�A�� 9@	  �B!�	 C" * kmDE���F
��G#���#��HI���B!�	C" * km

D$�%J��	 C" +./ km� ,.* km�s9�&K#L
M3� P� ��@� Vp�Vs'� +.1-�@ (Fig.

.)� Fig. /#�()�;3� *+�NOPQ��,
��(*#��HI@����	 VFRC ERI���
�#RISI,T����� ,**+- ++UVH ,**-- -

U9�#���
�����0,�WI@�� 0*,

X�	 '?��.F� �/Y��	 �0�
�12
Z�[345\	 � ,]#�6WI�� 7^�8/_9?
`0A�a�bc�FOP:d_9�F	 &e����
;7f�ghij�@WI�0�
��<E���
���WI?Vk@� 9@	 l=>m��n��	
,**,- .U +.?VH +/?#V%�o�;#���@
��A�� DE#/Y��0�
�12� ,.F#
$%��n��@p�RISIqr��
������
/Y��.F����
���n��0&)Js	
tAuB (+323)�)CvWI������.F�A
�� w1+#���
�DF���WI@�� 1xm
s0j�.F�������� j�.F� VFRC��
E�F2#?y	 z���VHm�jVH{GHI0
Js	 M-,.*DE�|J}��9��,�3�j
0~H�A�� ��3���456� P� S�)K

L?B!M���	 ���KSW� S-P�10 *.-N
Oe?�� w1+#j�.F����@&���
,**-- +U 2?#���@M *./�A�� 9@	 ,**,-
� 2U ,2?VH -*?�o��n�)j�.F���
����� j�h�n��&��� 2U -*?�M-

*.2�	 -?1� ,2+����������� j�.F
��()�PQ;?j�	 ��D���0/Y5
ROPSY��W /** mVH , km#V%������
�j�A��
��	
�� ������ ��
0�
�12�	 tAuB (+323)���#���

`����0�HI?�.F�A�0	 0�����
��{GHI��$#�k�	 n���JW0KHV#
?k@� j�.F���3���	 0�
��4T .

km#��3� ERI� ISH ZU�\ ����)��0K
L�Ay	 �,�#��HI���� /Y��.F
�?�n��PQ�	 �0�]),�WI?�V�?
�w Z,**,- .U�0U\ 0A�j	 ���W0
+,*** m�y��j� ,��A�� w1+�&���
� ,**,- ,U ,+?#���@M *.1�	 ���
�
����@&):���h?��)A�� Fig. .#$
��	 ������/Y��.F'�3�	 0�

�12.F��0M?���#�HI�� �V�	
0�
�12.F�{GHI�/Y��.F�y)W�
j�'�3�h#��X���?H?�� Y>�	
Table ,#;3��#	M�-+.,�������'�3
�����#�h?�0?�j0�V�� j�j
�	 0�
�12.F��n��0/Y��.F#Z
[����j�;�3�� ���0�
������
\?]Sn���HI?�0	 ��#�0�
����
�7f0�^WI���� VFRC���E��20��
.F�A�@-	 �y@p?�����_��e��
� ¡0`a?�0	 0�
����'@�n��
F�A�/Y�1#���.F0������j
�	 ���
�Db����)�s�]S�¢£���
���¤3�$�	 ¥c��¦d�A��

.� � � �
5§¨©�ªf�eb ¡«¬4��	 ,**+-#��
�
�#� !�".��u®(� ,¯°���
@� R��	 ���HI��$�,��f��$
±�@-	 5§�ª� ¡°0²³�������

���F#$%����´�4�gµ¶h�·-
@� j��������#��{GHI��$#�k
�	 ^di0(����@U6���� ZT ,*X\ �T
+*j�� ZT ,**X\ 0�k;#��WI�¸%�?

Table ,. Magnitude-frequency relations of the

earthquake that occurred in Yugama and

north Motoshirane.
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