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Ground Tilt Change Associated with the ,**. Eruption

at Asamayama Volcano, Japan

Masaaki CHUREI�and Hiroaki KATAYAMA��

The eruptive activity of Asamayama Volcano started at the summit crater on September +, ,**.. The first

eruption was explosive and accompanied with very strong air shock. Before the explosion, significant tilt change

was detected by a tiltmeter installed at the northeastern flank of the volcano by JMA. Tilting direction of the

signal was in the sense of ground-up toward the west side of the station. BH-type volcanic earthquakes drastically

increased at the same time as the start of the precursory tilt change. Including the first one, four remarkable

explosive eruptions occurred. In all the cases, significant tilt change and the BH-type volcanic earthquake swarms

were observed before the explosive eruptions. The starts of the precursory signals were about -./�,3 hours before
the explosions and the amounts of tilt change were *.*-�*.++ m radian. These features suggest that the prediction

of explosion may be possible at Asamayama volcano.

We estimated the crustal deformation source using the tilt data associated with the explosive eruption

occurred on November +.. The location of the estimated dike intrusion source was about + km below sea-level
at the summit area. The volume of dike was ..0�+*.m-.
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Fig. +. Location map of observation points at

Asamayama. Solid circles indicate tilt observation

stations. A and F are operated by JMA, AVO

by ERI and TUMH and MYTH by NIED. Plus,

solid sqare and solid triangle indicate the seismic

observation station B by JMA, Karuizawa

Weather Station (JMA) and the summit crater

of Asamayama, respectively.
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Table +. Specifications of Pinnacle Technologies Series //** Tiltmeter at Asamayama.

Fig. ,. (a) Tilt changes at F, barometric pressure at KWS and hourly number of BH-type earthquakes at B before
and after the eruption on September +, ,**.. (b) Example of the tilt changes at F and barometric pressure at
KWS caused by the typhoon No. 0. (c) and (d) The trajectories of typhoons No.0 and No. +0, respectively.
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the Strombolian type occurred from ++ h /-m
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Fig. 1. Comparison of the observation with the dyke model. Solid arrows show the vector diagrams of the

observed tilt change and gray arrows show the vector diagrams of the calculated tilt change using the dyke

model. Thick line, pluses (º) and open circles (») indicate the position of estimated dyke, hypocenters of

BH-type earthquake and explosion earthquakes from August + to December -+, ,**., respectively.
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Table ,. Optimum parameters for the model in Fig. 1.

Fig. 2. Solid arrow shows the vector diagram of the observed tilt change accompanied with

continuous Strombolian type eruption from +, h **m Sept. +- to ** h **m Sept. +2, ,**..

¹�º�4»'¼�98



��������	
��������������
��� ������� !���"#$�%&��'(
)*�&+ ����,-,�./01�2��'� GPS

345���67�89�������:���;�<
=��&+

.� � �
>?@�AB'C�3D�%&	@EF�G@*� @
H�GI8���J��G@K6L�MN%&���O
P:���& QRS#TU� +323 ; Shimozuru and Kagiyama,

+323 ; VW#X� +31/Y+ AB*'� �G�Z[��&6
7�8��&���\����&� Q	=]� ^
#R
S (+320)�_Y� `a>?@* .aMN��bc��d
M��G�e���f�gZ[��&67�839��
���'� >?@G@��G�\�h��i��jkK
3lm%&+

Table -�'� ,**.n 3o +C�� ,**/n ,op*
�?�>?@*MN��4��G������qr3p
�s��&+ dMMNt�9�:����uvwxgy
z{�l%+ F|*9�:�� .a�dM��G�Z}
�������~�:'� � *.*-�*.++ m radian,���
�t?'� -./t?Z�� ,3t?*� �f�g���
BH�6L��M3����&���qr�*�&+
AB�dM��G*'��G� +*���t?Z��@
H���6����#���� dM���&��t��
��@H���6��V�#���� ��������
Z[����Z������&���\����& Q^


#RS� +320Y+ Ishihara (+33*)���]� �����
GZ� inflation��G�� deflation',-,����
:� ¡%&¢£V ,�0 km*�¤�����&g�*
��� dM¥�����uvwx¦�@5��'GU¥
V�: /** m���§u���¨���©g�*�&+
>?@�ªy�g� dM�� -./�,3t?Z��G@
5��������� dM���&����t�uvw
x¦���������9�:��e�� p�uvwx
�������2��g� 	=] Fig. -� 3o ,-C�
dM���©�� �t?���C1«zf������
��¬V��������&ªyg�&+ ���©�
>?@�dM��GZ��e®&�����¯°'AB
�ªy��;J��&�<=��&+
������� >?@�ªy�'uvwx¦����
�'~�:g±�gp²p²*�� QTable -³´Y� 3

o +C� ,-C�dM¥����uvwx'G@5��
�3lm%&µ u�¬V��*� �����'dM�
Z[�����������¶*���+ ++o +.C�
dM¥����uvwx'� dM�Z[�������
������·:;� ����±'�¬V��*��
�+ ¸�� 3o ,3C�dMt�'� ��3lm%&�±
Q¬¹��Y ��¶�~�:���uvwx�9�:�
�+ AB�dM��©��uvwx'� ���'dM�
Z[���9�:�����������¸1«� ��
�±�'@HGU�±�V�&±�*��� @H¥V�
.=���º�¤�dM*M»:�����<=���
�& (Ishihara, +33*)+ >?@���uvwx��¼'�

Table -. Major eruptions and significant tilt change accompanied with each eruption.

,**.n>?@�GI8��©���8�2�� 99



�����������	�
�� ��������
���������������� F���� �!"
�#$!�%���������	
 ��& ,**.�
+*' ,-(���)�*+�,	
 -./01234
0.2 56��7��
��8 �9!:;<=>����
�?� �@��AB CD��#$���(��	

"56��7�!�%!E	)��F� ���	��
�����;<=>GH�I���
�J���E��
�#$�����K�L�;<=>���?(�
�

"M ���N�:�� ����#$�����K(
A
�" �K�!"O#���$$�PGQ%R�S
�TUF� inflation�EB ����L("TUF� de-

flationG���
�V&�)'(�E��������
�(	
W)�	X�)�Y*�(�
����Z�
��[��\+S��, (+31.)" ��!"���-]
#.F�	
�^��_` ab�	
�/0��1(
2�����(c�	
^� 	
�^���:Sd(
"��ef 	
W)�3g	)L!���I��	

^�E���Gh4� .5G1�6^�	
 L5G
176^�	
�8ij�
�� �#$�CD����
�K(9k�) BHl	
�^�" ���1�6^�
	
(:m��
���(��� ;����<n("
/0��1(2o����(c	�
�� �#$�<
n(" .D����
f�(A
�: BHl	
�/0
�2o"p���F	)� q=�r>stu�?@��
K$ �� -vw : K$W)tuxyz38 !" +32/

� 2'(���ab�$$�K(A{�)	��)GB
CS���GD�( �|E(Aj�FG�	X�)*
H �G}_�) -oI~J� +3208 �  �}_�
� �K� Bl	
�^��L(���)�"�� -6
��L81�6^�	
���	X�)�Y�(�

�"M��N@��
�
�
J�~6� (+323)" ��� Bl	
G +�- Hz�

OP-Q��R,S�	
 BLl� /�2 Hz�R,S�
	
 BHl(S:� 	
����	X�)UTUW)
��Y*�(�
�V�(tu��
�� W��tu(
��& ��!" BHl" $$X	��YIS�O#
!�K�TUW)G��������� BLl"$$
X	��YI�Z[E�
"��(\�S�O#!./
.��]G�
���^�S����E�� .5"��
K$�^XF�./.�KE(�_S�O#!��S�
	
 L5"K�`a�g!b��
�./.��c~
�]S�O#!��S�	
������
��
CD��#$�K$W)!" ,�-dU -�,d!e�
)��( 3' +.F� +2(Fj�K$f����
3gG�S���?�EB ��(�	�*H��h�

KW)���h�K(���ij@�� BLl�	
�
^�� g)K�`�"./.�k]�E	)� ��O
#" ���$$X�	����(\�� BLl�^�
S�O#(:m��ABlD(mS��
:���lD��A�)
��" ,**/� ,' ,,
F� ,-(Fj���#$�W)�O!E�� ��]
(" BHl	
�^�G�
���Nn�$fopG
��S����?� �@�)� �����KGI�
S������"����y4�q	) (Fig. 0 (b))�
����(" ���?�rs�����y4�q	)
]� -,, ,,]�,- *+]�8(A{��tu���
��]�E	)����������v!�w@��A
B -x� �L8 ��G�]S���!yX�Q%G�
z�):��i @��� ���" ��(Aj�$$
X	��P�(�	� BLl���S� S�¡¢��
��]�p���O#�:m��
��������
��(Aj�	
W)A�£	��)�i¤G��)
J�~6� (+323)� Fig. 3(��& 	
W)" BH

l	
�^�F� BLl	
� 	��)"YIF�\
��{|�#(�?��
����¡F�� BLl	

���"�KW)G�	�
��! ���<n:
CD��#$�W)�}~( BHl	
�^�G�	
�$$X	��YI���K(c	)������� �
����K(��F���:���]��TUF��K
(��F�¥
" K�`�X�%r�¦�U./.�
?r��§�¥
�9������¨©����

/� � � �
�#$�$�a�g!K$ª«G�]S�����K
(A
� �K(9k�)���?��`� �@�
)� �����?" K��P!¬�,(��G®�
¯°±��XS�o�²�:��ij@�)� g) �
����?" BHl	
�^�G�	����)���
'(�!E	)�
�#$���"�G�TS�³$ª§�K$!E�
� �K$�$$�K(A
� ´$$X�	�� BHl
	
�^�G�
���YI���L�K(c�µ �

�:m��K>¶x;�E��
���" ³$ª§K
$(Aj��K���J�����@���·��!"
CD���) .D��¸����
f�!:Z.(K$
 ���G�T�)� ��¹º(�	)�" ��W)
U	
W)�W�����H
�
��! BHl	

�^�G�
���$fopG��S����?�»�
@�)��(��� �� ,**/� ,' ,+�,-�<
n���( ����K(c	)<n�}~�!"O#
G)9	)�i @��:����KGI�@�
<n

���N~*$¼N100



���� ���������	
��
����	�

� �
�������	����� �	
�������
���������� �!"���#
$�
%�
&'(�)�*+�,�� �-	�
��.�/��
�������
��0�/� � %�&'(
�1�
2)345�678�)�*+�,�� 9:��;��
� �/� �<�=�2)35��>?@A�)�*
+�,�� ��	������
�B�C����%�
D@('
 !"#/� � $E�2)3%&�'F�
)�*+�,�� ��� G(H��	-)	�:I*#
/���+,
G(H��
-.�6J/���� ��
� 	+KL0MN�,�� O12
�C"3C"�C
"PQB45D@('���9:��;�
6R� �
�S
�!"
�CT7�PQU	8�� 9K
V��
)�*+�,�� WW�X,3:KYZ)�,�U�

� � � �

;!<[B��.�B="\> (,**.) ,**.?�!"�
C�@]U	
^A7� B�C"�_ ,**.?C`a
	_�Eb� ,*/.
��0�BcDdEB"�0FBe�fg (,**,)hG
�C"T7
HI��i�jJkK
lmno� ��
L5� 11� 01�1/.
M:pqB"�NOB�rstBu!PvBw:x]
(,**/)C"Q
^T7yRz{|}A~��
�H
(,)� ,**/?
�ST���U�_�V	_�Eb� V
*//-P*--.

Ishihara, K. (+33*) Pressure sources and induced ground

deformation associated with explosive eruptions at an

andesitic volcano : Sakurajima volcano, Japan.In Magma

Transport and Storage (Ryan M.P. ed.), --/�-/0. John
Willy & Sons, Chichester.

WrX�B:I*# (+323)C"Y
A�� Z[T7�
C"\
�H]
�� (+)�^=
�
�H�1�2

)3�� -	��?5� -,B-+� +�++.
�_�[BWrX� (+320)
^A7U`%��abM
N�"c�C
d��1� -	��?5� ,3B-+� +�
+,.

Kamo, K. and Ishihara, K. (+323) A preliminary experi-

ment on automated judgement of the stages of eruptive

activity using tiltmeter records at Sakurajima, Japan. In

Volcanic Hazards, Assessments and Monitoring (Latter, J.

H. ed.), /2/�/32. IAVCEI Proceedings in Volcanology

+, Springer-Verlag.
�e
�� (,**/)�!"CIf

�A�� C"�C
��Ug_5� 3*� -3�.,.
hi j (,**/) GPSU`%������U	�!C"

������� C"� /*� -.1�-0+.
hi jB=�kh>BlhmOB9� n (,**+) ,***
?o�"�C���������&��GPSU`%�
���U	
^A7&'(��	pq� �e
���
5� 3/� 33�+*/.
l   (+31.)¡���¢	^=
�
�H�rH�

��� s ++S�£��t�l@¤¥~¦§¨��
b� -./�-.0.

Okada, Y. (+33,) Internal deformation due to shear and

tensile faults in a half-space. Bull. Seism. Soc. Am., 2,,
+*+2�+*.*.
	!uqBhi jB��vwB©3ªK«�B¬x*
y (,**/)®¯z°±�{�I²'³' (SAR)%�
��	�!C" ,**.?�C�|�CIf

�A��
C"� /*� .*+�.+*.

Shimozuru, D. and Kagiyama, T. (+323) Some significant

features of pre-eruption volcanic earthquakes. In Volcan-

ic Hazards, Assessments and Monitoring (Latter, J.H.

ed.), /*.�/+,. IAVCEI Proceedings in Volcanology +,
Springer-Verlag.

´}	�Bf~"EB]�µOB="\>B¬¶ �B
���·B�� �B¸��· (+31/) +31-?
�!
"�CT7�2)3� ��L5� /*� ++/�+/+.

Tamura, Y., Sato, T., Ooe, M. and Ishiguro, M. (+33+) A

procedure for tidal analysis with a Bayesian information

criterion. Geophys. J. Int., +*., /*1�/+0.

¹�b��  !"#º

,**.?�!"�CT7�|�»¼A7�2)3 101


