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:

Remarkable changes were observed by tiltmeters installed in the Hakone caldera during the intense

swarm activity. Using the records of the tiltmeters as well as the GPS data acquired by the Geographical Survey

Institute (GSI), we investigate the pressure source which produced the crustal deformation. We divide the period

from May to September into five stages based on the changes in the direction and the rate of tilt at

Komagatake Station. The overall model during the whole period is composed of a Mogi-source at a depth of

km (volumetric expansion : . m ) and two shallow open cracks (depth range . km; volumetric expan-

sion . . m ). The tilt changes in each stage, including that in the first stage at the time when the

swarm activity had not yet commenced, is well explained by the expansion of the same cracks, which is considered

to show the validity of our pressure models. The strike of the crack in owakidani and that near Komagatake are

WNW-ESE and NW-SE, respectively. The S-wave splitting analysis (Honda and Tanada, ) indicates

existence of cracks in those directions around the source region, and many fissures in the NW-SE direction are

observed on the surface of the field (Kobayashi ). However, local earthquakes are not distributed

along the direction, but the epicentral area extends from south to north as a whole. This feature di ers from that

of the swarm activity occurring in the region east-o Izu Peninsula, in which extension of hypocentral distribution

is estimated to correspond to the zone of dike intrusion. We consider that up-rising steam or volcanic gases

compelled to open the pre-existing cracks to produce the crustal deformation in the Hakone swarm activity.

It is plausible that the two-crack pressure source of our model represents a set of many small cracks or the largest

one in the source region.

: Hakone volcano, earthquake swarm, crustal deformation, temporal change, tiltmeter

; ;

( )

( )

Tateyama Caldera Sabo Museum, bunasaka, asi-

Hot Springs Research Institute of Kanagawa Pre- kuraji, tateyama, toyama, , Japan.

fecture, Iriuda, Odawara, Kanagawa, ,

Japan. Corresponding author : Yasushi Daita

e-mail : daita@onken.odawara.kanagawa.jp

Yasushi D , Toshikazu T , Toshiya T , Hiroshi I ,

Masatake H and Kazutaka M

Temporal Change of the Pressure Source Estimated by Tilt Records

During the Hakone Swarm Activity

et al.,

Key words

0 -

0 -

/. ,**3
/ ,,- ,-.

+3+1 +3,* +3-/ +3.-

,**+

3-* +.*/

,**3 - +, ,**3 3 ,2

,**+

,- 3
1

1 + +* * * ,
* +/ * /+ +*

,**0

,**0
#

#

,**+

+30*

+321 +333

+321 +120 +-* ,**- ,**+ .

+3/, +3/3 +321

,/* **-+ /20
02

3-* +.*/
/20 ,/* **-+

02

,**+

,**+

+



� � � � �

� � �
� � � �

� � � � � � �
� ��
� � �

� � � � � � ��
�

� � � � �� �
� � �

� � � � �� �
� �
� �

� �
� �

� � � � � �
� � �� � �

� �

� � � � ��
� � � �� �

�
� � �� � �

� � �
� �

�
� � �

� � 	
� � ������ � �

� �� �� � ������ �����

� � ! " # $%

&' ( � )�*���+� ,-�.� �� ���/0��� 12  3 4
5 67) 12�89 : ; <
= � >?�� @ABC � D < E
F6 G0
� H� 
IJ �K�L�� /�MN& O � PAQ� R����
S�T�U�+�( &V � �� � W�8 =KJ���+� L� X � 1 ���
9 ,- � � �� 
� Y=Z�[ � �\1]� 
�^ @H�F
_&�+�*�*`J� a,D� 
�� b c�d )�e��fg �� Dh�i ���^
0jk=lmnopqr ,-��^ X �* 
� s ��� � b
� ��+� � = F0tSu k�d )�v w�x �� ^6 ��0�
F� � = F� � a �� y*�� /N
�/0�� z{�
� 	
 0c�( ��+� Z= |� ' ( =AQ( �( g� N*���+�0
V 
 �� �|�+� c&�}|6~ �R���

� �-��� �D�����= �< �� ' ( = �� �� �
�� �H�� 
� 	
 >��� F� ����q�g�� O � *� �����
=��
� � W�89 	
� .��J ��&Z ��R O

� 12 � �= � = � ����*>T� � � g7 � ���
� @ABC� �9� ������q���}

� �� � ��� 
����  ��� ��=' ( � N & O 6 R�/0
���q���   � ��¡���¢N = �£¤
� : ;� �
{,D�+�0¥ ����� �M+�* P¦��§� @ABC
¨x ��� � Y� �©Uª* �+� 6=�«¬  P 0 ®¯ °���� T

/N
�/0= Z� c� ±� � �²³ .
� P� �= � ´
�+�/06~µ
���
z{�( � = Y� �+�/0��R �q�0� �}��q�6¶+� :

� : ;� � �12 � ; � � ��� �D�L�� O
� .
�� ��· �M+�* P¦ 6 )�¸ Z¹��6 º
��� .�¹��=

��§6 G0
�Q � ´�M³ 6~) O »� �¼V¸ Z ½0D �»�� �

� � � �

�� � � 	


� � � � �� � � � � ��

� �� � �� � 	 �� �� �
� ���   
� � � !" #$%  & �� & ' &
( � � )� * � +� , -

� . / 0� # 1 �2 #$%
� 	 3� 4 5 61 75 &

8 9 :0 ; <
# = & #$% �"

� � #$%( 9 >� ? �@ A �
( � #$%( � B 75 &
� � � C!D �� � � � E
2 FG C" !" H

� D � �� � � � � 	
! � � � #$%( I � +� 	 J

� 0� � � FG � +�
& ' � �K L � 	 ; M + N O P

� Q9
#$% Q R 	 	 ; S �� � E TU � +� -
; � V � 
� & ��� 	

4 � & I , �
� ? L � W )  X' , Y Z [ 	\
� & ) ] H * , 	\ * ^

� P_ � ) � �
��� 	I � V �� � � +�

`a � b	cI , dT e f
� V ^ gh � + e i B

M .

224

Fig. . (a) Location of tiltmeters, and (b) epicenters and cross sections of earthquakes during

the period from June through October , . KOM, KZR, KZY, TNM and SSN

represent Komagatake, Koziri, Kozukayama, Tonomine and Susono, respectively.
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Table . Tilt change and change rate at each observation point over the stage of I to V.
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Fig. .
Fig. . A source model for the crustal deformation in at GPS stations of GSI with those calculated by the

months from June to September , (Basic basic model.
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Table . Parameters of each of the source models.

Fig. . A source model for the period from May Fig. . A source model for the period from May

to May , , before the swarm activity started to June , (Stages II and III). Gray dots

(Stage I).
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Fig. . A source model for the period from June Fig. . A source model for the period from July to

to July , (Stage IV). Gray dots indicate September , (Stage V). Gray dots indicate

epicenters and cross sections of earthquakes. epicenters and cross sections of earthquakes.
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