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Aso Volcano Museum, Akamizu, Aso, Kuma-

moto , Japan.

The latest eruptive activity of Nakadake, Aso Volcano, occurred in the period . We observed the

surface activity and the ash-fall deposits to determine the sequence and style of eruption during this period. The

Nakadake activity is divided into four stages : the early stage, the climactic stage, the post-climactic

stage, and the final stage. The final stage means afterheat activity. In the early stage (March -October

), the crater bottom, which had been occupied by water, gradually dried up. Thereafter, it emitted black ash

from dried-up vents. The glass included in the ash fall deposits was composed mainly of blocky particles. In the

climactic stage (October-November ), the activity alternated between strombolian and phreatomagmatic

eruptions. During this stage, there was a rapid increase of brown and clear scoria glasses in the deposits, together

with increased activity of isolated volcanic tremors. From the post-climactic stage (December -February

) to the final stage (March -October ), surface unrest at the crater continued due to a remarkable

change in water level of the crater lake. Ash, strombolian and phreatomagmatic eruptions were observed. In

the post-climactic stage, opaque blocky grains were predominant in the ash fall deposits. The largest explo-

sive eruption of the activity occurred at the crater lake on April , generating scoria deposits.

Distinct fractures were identified on the surface of ash particles in the April deposit, which strongly

suggests that the ash grains were chilled rapidly by magma-water interaction (phreatomagmatic eruption). In the

final stage, most of the blocky glass particles were surrounded by a brown skin, possibly a hydration skin. Thus,

the surface activity and characteristics of the ash fall deposits probably varied between stages during the activity

of . We believe that the presence of a large amount of water in and around the crater played an

important role on the eruptive activity at the Nakadake crater. For hazard mitigation purposes, it is important

to remember that phreatomagmatic eruptions can suddenly occur, not only in the climactic stage, but also in the

post-climactic and final stages of an eruption.

: activity, phreatomagmatic explosion, ash grain morphology, Nakadake, Aso Volcano

Kyushu Research Center, Forestry and Forest Prod-

ucts Research Institute, Kurokami , Kuma-

moto , Japan.

Faculty of Education, Kumamoto University, Kuro- Corresponding author : Shinichiro Ikebe

kami , Kumamoto , Japan. e-mail : ikebe-shinichiro@asomuse.jp

Shin-ichiro I , Kazunori W and Yasuo M

The Sequence and Style of the Eruptions of

Nakadake Aso Volcano, Kyushu, Japan

Key words

/- ,**2
+ +/ --

+3-* +
203 ,,-,

,**1 1 +1 ,**1 +, +2

+322 +33/

+322 +33/
+322

+323

+323

+323
+33+ +33+ +33/

+322 +33/ ,* +33*
,* +33*

+322 +33/

+322 +33/

+ +322 +33/ +322 +33/ +

+322 +33/

+323 +33+

203 ,,-, +3-* + 20* *20, . ++ +0

. ++ +0
20* 2/// , .* + 20* *20,

, .* + 20* 2///

+322 +33/

+322 +33/

+



� �

� � �
� � � � �� �
� � 	

� � � � 
�	
�� � � 
� 	 


� � �
� � � � �� �
� � �

� �
� �

� � � �
� �

� � �
� �

� �� �
� � � �

� � � � � � �
� � �

� �
� �

� � � � �
�

� � � �
� �

� �
�

�
� 	 
� 	 �


� 	 
 � � �
� �
� � � �
� � �

� � � � � �
� � �

� � �
� � � � �

� � �
� �

� � � � �
� � � �

� � � � � �� �
� � 	 �

 � �

� 	 
 �
� 	 
 � 	

� � � �� �


� � ���

��������� �� ��� !"#$ %& ' (� ) )� *+,"-
./.0�123��0 45 6 78 9�0 :;<=> ?@/ ��ABCD
E 6 'B *+,���%FG H" �8I� %�J 'K. L � *+,-
M�, %& 'N �%FGOP�Q� �� ! R%FGS.BTUVWO X/ H�0Y

+� 6 '1 � "Z, ! �X/[E L � *+,- ! '\0+A
6]^+A' *+, �_N %& �� �!`O  !�X  !��a� !+AO 

H �>�b"c��� �� �� d!�X/230����0
( 6eP f %&� %& '7./ +� ghi X/.0  !� �
[E �>"c��08I'�@/.0 X�X�" Y!Oc0� 6j+Akl��m A *
���+A���n o 'B k�m " ./. +,"- 9�/.�" ��( pX/ "_
0 N 6' R%FGlTUVWO H
��8I�mqA f� h� !'7r0 % 6 ^eP B 3/[E *+,"- 9�
s� pO tX/7u��B �� � v�� 'BwJ � x H "y��� �
z�y��{g(� � | }��z'1~ �'�1�@/%F 1 _X� =>
AZ0 ?@/ 6�Y!" h� ��

 !'B ��+A� f'7r0 !A B j� � '80
%�J 3� �9�/.0 1��23��0���� �� �Y!O�z/
p'�3  � s" J ' +�0Xu pX� h� !B �23��0
Y!" �X� ����B� %F ��%&�� ��8I����� gh� !��+,B
�78E� � �b'8@/� 'D 9�� AZ0�X�

AB  !'7r0 s� � '��� � '�./B .
p� H '�./D�X ��8I� p� �'� {�1 R%FGlTUVWO X/ H�08I�
./2��0 �3/ f'7r0 % s� p� mq'B\@/7�{ ��([EL X� *+,�
|C���'�./1���0 m " ./.0����1 ���B�Y � A

Z, ��� !' @/.0�B23/.�.
9�' A .0 �'B � %F' �1�
1Z0�z e�'��.u��'�./ O�3/

� %F f� '7./  �J  7u
!  d! �b� �B a�8I�23'o$ *+, f %& " xA 9� ��(
./� �0  � k!'� �b"�+@/H �%&� �
f� B  " p�0�' . *+, ��� '8@/ � (�7 �m ��@

�� "C�X ���z'� " 3/ "_N /.0 �1��9�0 ��X/B %F �=
�0 �X/ ����%F�T H �' @/ "��,� O z/.0 �.I
x H"c��08I'�, ��(%& B� � 231Z0 +� !'7./1 ��b'8@/
0 %& �� ��. = AB �>1y�� � x"%&' X ¡ ' *+,"- 9
l"/%  w%& O¢&X/%FG H G % �0��1Z0
'£¤X ����1'%¥�>"y��0��1Z x H %& ' *+,"Z0m A %F�T
0  " ¦p�0� T§¨©ªVs %l«¬« � H' @/ *+,�7 ��1'%& � xO
�= O X ��(­ '® '¯�I �� ' °C±0�> �7 �#AB��Y!'²
8I� pB f� �X/8uc��0 p 'G %"�+@/.0�.I231Z0 3� �
3� ³�� 6j+A� p AZ0� � AB c�rCB
��� '1���8I' f'7./B  � x HAZ0" H "%&�´+A �08I�
J "Z0��µ�/.0 J � °�1�A ' �01�' X/
f� k!B � "kl�A¶ · � J � x H �¸¹��'�0 =>
h BN�u +�%F �º 1w9. B�X. %�D o» Oa�8I'¼X� %
:;<=> ½ Y' 'B �J '�./B J �1���wJ �1�+A

�� � �� � �

� 	 
 � � 
 � � �
� � � �

� � � � � �� �� � �
�� � � � �� �

� �  ! 	 �� � �
 � � � " # 	 	 	
$ %& � 	

� ' 
 () * + � 	 �
%& � , �

�� - , � � . ��
� � �  

' � 	 � � ' 	 / � �
! 0 1 	 2 � 3 4 � 	

	56 7 8 9 �:	 ; <=
� � 	

� 	 ' � > � � 	 ?&
�� @ �� � 0 � �

	 ! A � B 0 	 �
C D EF 	
G 6 H I �

�+ � 	 	! 0 � J � 	
� F 0 9 � �� �

' � ! 0 � �
7 , � � 	

	 K
�+ L L D MN

OH
D ' 	 	 �� 	
	 L � ' 
 � 4 PQ
L 	 - R S G

' 	 	 . T � & U � � ,
V .� ; �� R 9 �R

G � �; T #W X YZ �
4 � " [ 	 Y

" V � %& Y� 4 \K ]� � �
� �

4 � " � ,
	 � � � T � � " 4

R ^. _. ` ��� �
0 ' 	 0 @ � @
� � 0 � �� � �+
J ' 	 4 � � F a

�� 3 Y b.� .c 8
' - G 	 d :	 . Y 3 4 � <
c e ���:	 f � I �
� � g  hi� 3 Y 3 3

� �
�
����	
��
���������� �

� ��������

16

;

( )

;

,**1 + 0*

,**- 1 +* ,**,

,**. + +.

,**/ ,**/ . +.

3 +

,**1

,**1 3 + +322 +33/

+32. +*

+32/ / 0

1

+320 +321

,**/ +32/ / 0

+322 +33/ +320 +321 +32/

+323

+32. +321

+322

+322 +33/ ,**- ,**/

+

0*

,**-

+32. +32/ 1 ,**/ ,**-

,**/

,**, ,**1

,



�

� � �
�

�� � � �
� � � � � �

� �
� � � �

� � �
� �

� � � �
� �

� � � �
� � �

� �
� � �

� 	 �
� �

� �
� � � 	� �

� � � � �
� � � �

� � �
� � �

� � �
� � �

� � �
� � � �
� �

� � �
� � � � � �
� � � �

� � �
� �

� �
� 	 �
� �
� �

� � �
� � �

� � �
�

� � �
� � � �

� 
 �
� � � �

� � �
� � � �

� �
 � � ����� � �� �

���� �� � � �� !"#$ % � "&'� (�)� $*+� �"
, -. � /0 12�0 �3"&4 0 5�
6� �789:;<=� �0>? "
1� @A�BC& � ����� D �$ E
F G D � � H$ � 3"&4 IA� J KLK�B� � � M

@3�G� MN �$�
6GO��P $ IAE
�QRS �T� �
6332� �1��
U8 ��? V � $W "E��XYE (�) �
� Y�B5�XY�RS0I1 (�Z[\]^� P �_ 2`�CEEa� bc?�� IAE "
de$f�C&'G'� %S � 
 g��$@ �" `�$KLK ��'$(� �JC&�?
�B5GRS0 �QRS 3hi�'�Ea � (A� ` �jk0 Y KLK % 7F �
�'&2@� l0 'E mG D �� "E D �$ M@

RS %T� �1�n_��
U8� ( oc� m (�)� $W "E
�p �q 0 1�Ea� #XY�RS0'5 G�@�8rst$ u4�3�?�P � bc?
�P � bc?�� IA&'� � �P � �� IAE@37 MN�$V v w
%T�X A�@32�� � x �yz" MN� *+ { %S

"E@3� "E EG� ��$
G'�3�X 2�m� "�"G� | $@�

�� � �$ MN� � �} EG ~ � �$�3iOG'3�Y&�?
bc?�yz��cCE M�89 )� cE� $ � �p
:;<=� �� 1�� �0�Y (�) �G �� �% ��� c����$
� 0 � �& M���W "E � �� � ��� 3�Y&'
@�V �� ���@CE � �P� RS� � @�B5G@3� @���0 J KLK�B
�'& �c3aE � � � 3"&�CE

� �$ ��1B5� �P
� � ����m ��8rst 1Gf� �
�� � � � � y � �B+J KLK�
B� � �� m#� 1�@3��m� �`� @Ac��� �$ � �� ��'& ��
(A�A�8rst��'&- 04�1� � �� �1�@3$zG�CE �
60
� �� MN M$�aNc � �1�GO � � "E� 0 ������

� @���$ � �� �� �"&#�8rst � "�" (�G��2 � ��$77
� bc? �yz" �P �� "E n_� � G��� �"E 3#� M �B
%T�$ RS�X A�332� � � "& + M N�$ @� � M� � �P�
�
60 �1�GO � 3"&$ ��B#X A �� � ��P"E � �O� �T
�B5GF ��� C& ¡"E����� � � �E¢�P � 
 g�
� � � M$�aN� M £¤ � ��
60 �"&'EG��
N� ¥M} KLK¦§¨��2 �©�'&' �m��
6�ª«G �3 � ¬30>? "E
���3'Y� @����$89:;<=� �0 'CEi ��­c? (�)ª«G ��X A�3
�"E� ��CE� �P�® �¡ 7¯ K m�$ �
60°± ²� C& %� ' '
LK % 0 1�GO � � c³�"# ²0c�Y �� �Q0 'B# m�1@32
�"E ��� �� �� � �� � � �CE
"E $@Ac��3iO  A&'G'
� y � M MNc� `
� �KLK´µ �yz1�Ea� �$ F M� � � � ����� �
G� ¶3GCE3 IA �T� ·3� G � ���'&$ �¸ "&'�
�� 30>? "E y �3$¹'G� 2 cE $ M �º � 389
� ~ � �2X AE 3#� M :;<=� ��»¼� �E@30�½&'�
�$ � ��5�� � �KLK @����� �� �0 ��"E M

� � � � � � �

� 	 � 
 �� 
� � �� �� � � �
� � � � � � � � �

� �� � �
� � � � 
 � � � �� � � �

 !" # $% &
� ' ( � )

* + , - .
/ � 0 1 23 �

24 1 � 5 �� �� �
6 6 � � � �� � � �

7� � � 8 � )
9 � � 7 + -
+ - . &' : � . � ( ; <�

�� = � >
/? @; A �

B C
� � � � �A 2 	 �
- D � 2 � 9

� E� F G 1 0H �
� I8" 8 � ) � � �J" �
K � � L  ! �

�� �
� �

 ! � �
� � F � M �
�� � � N � � O�"

P � � � K8"
� � � � Q " H � 8

� � � �
- R + S � T H � � U
7� Q " H U U � � L
� � � � V �
WX Y � Z[ � � 0 \]

� F � � K8" � =N
^ 1 � � _ �

� � � �
` � a � � � � �� b c �
�� �� E� � [ � d e �
� � F � � Ef �

g h
� M � � 1

R  !" T � � F ��
W �& Y0 i � � j9 k9 l
� � � M I mn U ��" �
8" 2 	 � � � �
U � � � � �� �

� �

� �
� �

� �

���	
��
�����
��

���	
�������
���	 ��� !"#
$%&'()

��*+	 ��� �,-./01(!�2
3245678
9:;<

�

�

17

m

( ) Tanaka ( )

Table

Table

m

; Fig.

( )

( )

Table

+322 +33/

+** -**

+33+ - +33/

+*

+33/ +*

+33+ -

+33, .

,**/

+322 +33/ +322 -

+323 +* ++ ,**+ +33-

+33+ +33.

+33/ +* +323 +33*

+

+

+322 +33/ +

.

+322 - +323 +*

+322 +33/

+323 1 +3

3 0 1 0 +

+/ 23+ +323

+ +

+323 +* +323 ++

,

+323 +, +33+ ,

+323 +* ++

+33*

,**. ++ +1

+33* . ,*

+322 +33/ , +*

- +322 +33/

. +322 +33/

. +

. ,



� �

� � �� ���	
��
����� ����� ����� ��
��� �� � !"#$%&'� � ()*)+ ,-./0�

12345 6247 89:;18

Table . Summary of activities from to at the Nakadake crater. C.L. : Crater Lake, M.

E. : Mud Eruption, Inc. : Incandescence, A.E. : Ash Eruption, Str. : Strombolian Eruption, Phr. :

Phreatic Explosion or Phreatomagmatic Explosion.

C.L. : M.E. : Inc. :

A.E. : Str. : Phr. :
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Table . Continued
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Table . Strombolian and phreatomagmatic erup-

tions at Nakadake between October and No-

vember . St. : Strombolian eruption, Ph. :

Phreatomagmatic eruption.

St. :

Ph. :

Fig. . The bottom of the Nakadake first crater

during the climactic stage. Arrow indicates wet

part near active vents (the photograph was

taken on October ).
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Fig. . Illustrations and photographs showing the variation of the vent size and location within the Nakadake first

crater during the climactic stage. ( ) Vents and were combined almost in the same location (photo-

graph no. was taken a few days before the combination). ( ) Vent was enlarged after a phreatic ex-

plosion at the end of October (photograph no. was taken on October). ( ) A new vent opened at

the west of vent on November. ( ) Vent was buried by the deposits of the phreatic explosion

before dawn on November (photograph no. was taken in the morning on November). ( ) Vent

opened again due to the phreatic explosion in the morning of November (photograph no. was taken on

the same day). ( ) The north western part of the crater wall collapsed on February .
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( )

( ) ( )

: ( )
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Table . The sequence of the phreatomagmatic explosions on April ,

recorded by the AVM camera.

Fig.

Fig.

m

Fig.
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Fig. . Di erent types of eruptions during the eruption on April . (A) Black smoke with white steam

and a large amount of cinders in the phreatic explosion. (B) Dark brown and dry smoke in magmatic

eruption (the bright object in the left part of this picture is a heated scoria).

(A)

(B)

Fig. . Sequential photos of a large-scale mud eruption from the crater lake on November .
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( )

Fig. . Floating materials, possibly scoria, on the

crater lake on October .

Fig. . The activity in the crater lake on May . ( ) Before the rise of water in the crater lake (normal

status). ( ) Water level rose slowly by approximately m ( second before the beginning of the water level

fall). ( ) Water level fell down by about m ( seconds after the beginning of the water level fall). ( ) A

mud eruption occurred ( seconds after the beginning of the water level fall).
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Fig. . Brown and clear scoria glass grains in the November ash deposit (photos and ) and brown and

clear blocky glass grains in the May ash deposits (photos and ). Left photos : Photomicrographs

taken under crossed polars. Right photos : Scanning electron microscope (SEM) images. The particles in the

photographs are not identical.
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Fig.
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Table

A

E: B

C

D E

F

F:
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Fig. . The variation of ratio of each grain type in the ash. A: brown and clear scoria glass. B : brown and

clear blocky glass. C : opaque scoria grain. D: opaque blocky grain. E : crystals. F : rock fragments and

altered materials.
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Table . The component characteristics of ash-fall deposits during the to activity.

SEM

. mm (Fig. )

(Fig. )

( )

Ono ( )

(Fig. )

et al.
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Fig. . Brown and clear blocky glass particles in the April ash deposit with many rapid-cooling cracks

caused by magma-water interaction. (A) Photo taken under crossed polars. (B) Scanning electron micro-

scope (SEM) image. The particles in the photographs are not identical.

(A) (B)

Fig. . Photos of brown blocky glass grains in the February ash with a dark brown “skin” caused by

hydration. (A) Photo taken under crossed polars. (B) Scanning electron microscope (SEM) image. These

particles in the photographs are not identical.
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Fig. . Temporal change in size of the crater lake from until (observed by JMA).
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Fig. . Groundwater discharge from the crater wall.
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Fig. . (A) Temporal changes in the frequency of isolated volcanic tremors (observed by JMA) and (B)

Proportion of brown scoria glass and clear, brown blocky glass.
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Identifying magma-water interaction from the surface .

features of ash particles. , . Ono, K., Watanabe, K., Hoshizumi, H. and Ikebe, S.
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( ) Tanaka, Y. ( ) Eruption mechanism as inferred from

( ) geomagnetic changes with special attention to the

( ) activity of Aso Volcano.
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