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I reconstructed the eruptive sequence of the An-ei eruption ( ) of Sakurajima volcano based on

documentary records. The important results are as follows ; first, submarine eruption started earlier than the

entrance of terrestrial lava flow into the sea ; second, a larger volume of magma intruded into the sediments at the

bottom of the sea, and generated a large submarine cryptodome. When magma was ejected, floated islets

consisting of giant pumice were formed for a while, which were subsequently followed by violent phreatomagmatic

eruptions, and finally massive lava appeared on the sea. However, when the sandy islets were uplifted, they were

not accompanied by any eruptions. All the islets were formed nearly within a year, then followed by submarine

explosions that generated tsunami. The explosions were produced by the interaction between seawater and the

intruded magma of the An-ei cryptodome. Some tsunamis might be triggered by landslides on the slope of the

submarine cryptodome. I found similar explosion vent structure at Yuwandake, an early Pleistocene intrusive

body into wet sediments, to the northwest of the Aira caldera. Funnel-shaped vent breccia penetrated the central

part of the jointed Yuwandake lava, suggesting that the submarine explosion occurred at the final stage of the

consolidation of magma. Similar vent structures may exist in the An-ei submarine cryptodome.

:

Omori ( ) a, b :

Omori ( )

( a, b)

( a, p. )

( ) Koto ( )

( ) ( ) ( )

, Korimoto, Kagoshima , Japan

Corresponding author : Tetsuo Kobayashi

ulty of Science, Kagoshima University e-mail : koba@sci.kagoshima-u.ac.jp

Tetsuo K

Origin of New Islets (An-ei islets) Formed During the An-ei Eruption ( )

of Sakurajima Volcano, Southern Kyushu, Japan

Key words

/. ,**3
+ + +-

,**1 / +. ,**2 +, 3

+113 +32,

,

+113 ++

1

+

+3+0 +3+2

+3+0 . /

+

+3+2

+3+2 +3, +30

+3+/ +3+0

-

+3-/ +32, +33,

23* **0/ + ,+ -/ + ,+ -/ 23* **0/

+113 +12,

+113 +12,

+



�� �����	
 �� 
 �

� 
 ���� ����� � ���� �
����� � ��� ��� �
�� ��!�"# � � $�	� � �

%& '�	�� ��()* +,� �- ���. � - �	/ * 0 *
& �	 ��+ �12 �345� 6 * 7 * 8 * 39 �* +
,:;<� ��=> ?#@AB� + 
��+C �

:D �

�
�

E � F �
� � * * �

� � *
* � *

* � *
� � *

* *
� * *

* * G �
� � * G * G

� * � * G
* � *

� �
� * *

� * �
� * � �

H

&�IJ �KL: M�@AB �?���
. �NO: P &Q �	R� ST UVIW
WXYZ4 R� [ � \ �8 � ���. +,� 
��]B ��. �^

$&_<B`a� IJ ��bcd +,� �ef�+ ghgd@AB �?�
	ij:�@AB k	H [ ���. � ��. � ,�l m&noCgo efgpq
NO> IJ ��rigbcd@AB �� s4tuvo>wA >hx y�H g 2�@
. � $�z{�|#& ( ��}�i � �� AB - '� 
�~ �cx p�� g���
��� : B(L� �&� c���]B �� 	v(c 
�cd@AB 	�L� 0 �|�

�� �:>�& �� ��z{�i &�o ��- �	�ko��>& �	� :�N�@
x�� �?��c`a!}� C ��]o + �o C ��� � 0 �� ���&�ef
��� � $\ :� �	g |#���� R ����A�g�2�@AB k	 0 �
� [ ��H [ �ij: � � %&� %&�kog $<Bv(cl
�c� : d@AcA |#¡L ��. 
N�z m� 
g�2<B ¢��&> -eg
{&_<B P c� � �cf#@AcA�A( �� 
g�2<B k	l � &� �=:£
�g�m�]B ¤f¥B¦
�§ gAxy>�2<B

��k¨��. � 
 ©:ª«� ¬A� 0 ��­- �@�o I �® �&¯¨?&
��°± m²:³� � ´+ � $:µ �g �<B�¶�]B �= � 6 ��·
¸	��. � �NO&yA@K¹<B � & º»© �?¼cB�\½�@AB R�

� ��� � ��

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

� �� � �
�

�  !

"
� # $ % � �
& ' � � � � (
)� * + �

, � � �
 �
�� � -

� * . � / 0 � 1 2
� 3 4 5 6 � � � 7

8 � / � 9:
7 � �� 7 � 0 � �

;< � = & � � �
, >? ��� � @

A � � � B
# $ A C � � D0

�
#% � � � � � � E E

A ;< �F� � G � �
� HI �

� ������	
��

eruption. : submerged first-islet, : Inokojima, :
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Fig. . Index map of Sakurajima volcano (solid tri-

angle) and distribution of lava flows and tu ring

in historical time. An-ei eruption in occur- Fig. . Newly-formed topography of the north-eastern

red from fissure vents that opened on the NE and sector of Sakurajima volcano during the An-ei

S sectors of the volcano. NE area enclosed by

broken lines in the sea denotes the lava flow Nakanoshima, : Iojima, : Shinjima, : Doro-

plunging into the sea and submarine cryptodome. jima (now submerged). Submarine craters are re-

presented by hachures. Bathymetric map is from.

Japan Coast Guard ( ).
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Fig. . North-south geologic cross section of Shinjima, the largest among the An-ei islets (Fig. in

Yamaguchi, ). Pumiceous deposits are overlain by a fossil layer.
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Fig. . Map drawn about years after the formation

of the An-ei islets (In ).
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( )

Fig. . Formation sequence of Showa-Iojima (Fig.

in Tanakadate, ). a) Dec. , ; b) early( )

January, . They were probably drawn from

the summit of Satsuma-Iodake.
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Fig. . Giant pumice erupted in the submarine erup-

tion of Showa-Iojima. a) drifted giant pumice as

large as m on the coast of Iojima (Fig. in
Fig. . Occurrence of giant pumice on the An-ei

Tanakadate, ) ; b) sunken giant pumice larger
islets. a) Nakanoshima, b) Shinjima.

than m on the submerged caldera floor near
. a)

Showa-Iojima (Photo in Nakamura , ).
b)

face of giant pumices.

. a)

m

b) m

( )

( )

(Clough , Wilson and Walker, ; Stewart

and McPhie, )
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Koto ( , p. )

( ) ( ) ( )

( )

Fig. . Sketch of intrusive rock ; Yuwandake (Figure

in Kobayashi , ). The central part of

the body is penetrated by funnel-shaped vent
( a, b)

breccia. Vertical scale is exaggerated twice the
( )

lateral scale.

.
( )

C (Okuno

)

m
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( b, p. )
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m

et al.

et al.,

+.

+3.0

+113 +12,

10.

+3+0 /,

+30- +303 +31*

+31*

+023

2
+32*

+311

+320

10. 2 +32*
+32,

,

+332 +333

10.

,

,0

+310

+3+2 12 2*

+3+2

,*** . /

+32*

2

+*

0 -

0 .



�

� ����� 	 
� �
��

�

�

� �
�

� �
�

� �
�

� �
� �

�
� � �

�

� ��� � �� 	 �� ��� �
���  �
��! ��"#�
� � �
�

� � �
� � �

� �� �
� � � �

� �
� � �
�
� �

� �
�

� � �
� � � �

� �
� �

� � �
�

� � �
� �

� � �
� �

� �
� � �

� �
�

�
� � �

$%&'(') * � +,-./�01,2

3�� 4-567 	898�:;<,2�

� <,2 	=>?;	 :;�

@

ABC<�8�
DE>?;	 �01#� F;G$H :

; :-I �01#�	;G$H 	 J
:;;G�
�KL ,-) '(') * � +,-	�


M39 	 HN:;< O$ M$P5�
<,2	 )� ,-Q�<R&3$� M

	 /<#�	)SKTUV7#A;G
WB ,U, 	I ;	 7 	
J	 � 1#�T��KAU8A	; >	X
./� J J 	 YJ<#
�	)Z[ ;�8AU<\T$�

DE > �I > �]#� 9	^ _	`
a U3 >bc d U3 <\T$�ef	g
�hA+, >	 i�jZ,- M	kl DEm
	 >� n<� 	I � 4-o$ >?;

� � � + ) 	 pO< q:r-C< s )+Z#���� :tu v
]#�<	w 	K< 
� �
��� ���� U38� ) 4 M	x I y;z,A {
� 	 � ,2A� >�
�� |'(' ) ,-C< '('	 �I
+ � DE 	 �} , I ~ s����� ,-C
<d K3$-) DE >;� �	 �<AB�[ < � )��+ 9,- xU3 � BI
KR ,2A� M	F��� DE >	 + � ) ,-C< � B � �

98� I �} ,-'('	 �8d y	 ~ s���n; ,-'(' {| ;
KV� ,A) u 8 >b)+Z,-C<��[; Gr-C< )�-� ,- DE >	X ./�
G� �A2� S.	I �Kr2� <g8#C<�

�,-
� � >)A�� ,-	U����	� � � ���� 	 �� .�� �
� ,A 	� 8 >	xK b >? �k	 �} ,-K	;G�) s 	 �
;	 � :; A- O3� ��2U3 ��> � s)GV �k)�� 	s � ;
K ) 
p� ,-) 	 >�Sx {| ) ,-C<�"�,2A� C	 	�
� M	x /� 	` �8A �I ~ s���	 �� < �,2
V

�DE >	SKz,A./� DEm 	I  � ~#�>? ;K 4¡B8
<, :;�DE >	X ./ > � ) ~#�K	< O$�

<g8,2A� �

`¢,2A�) X 8£ <,2� :; O DEm 	 ¤��A2� ¥@ ¦§¨�L ,2
A-QA- �� c c 	 ©ª«��

�G¬2A� ^ _	­®��A2¯ª«A-QA- :-° O$
DE >	X ./� ./�T-V )898 - U3�± 8²d�A-QA- `,2³´A
�:;< µ#�< :;	 /<R&¶� -,:#
�&8A ,U,Z~	¡B�· ¸¹) O$2A
$H 
M39 CW:;�� º�+#	�

» 0 �� ¼	>b£ 
< �	,9 DE > �[� Pn�
¡½ ><

� � � � ���	

�� 
 � 
 �
� ��

� � �

� ��

� ��

� � �

�� � �
��� �

�  � � �
� ! ��

"# �� ��

� $ �
� � %�� �

�� & � '
� � �

�

� ( )� * +
,- � � ./

� �
� � 0 1 ) � 2


 � � 3 �	�� % 4 5 � %
� � � � � 6� � 78 9

� �	�� �� 
 %� �� �� %:; )
� 3 %< += �>� ? )@ 5 A
� � B C � D $ � E# F
G � � 3 )�� �� E# F �� 9
H�* ) ? < � 8 @ 5 �� 9 ��
I % J K L= � '

)�� M
N

O� � P Q � RS: TU V � W X
I � Y � Z [�\� ? ] � :
�� � ' � ^ _ � ]� : 9

�� `� �� � � �� �� a]
� �� b c )d@ 5 � c e

� � ) f :; g
� � � ' ^ c f ��

h

'� � � � A i  
�% j+ : klm

� + n
� ' o �� h p�
� � �

q rs
� Pt

u v �U� � UwI � � %�

� � � � �

��	
�

� 


� � � �

�

�

after-eruptions

12

Fig. . Estimated elevation change at the rim of Aira

caldera through historical time (modified Fig. in

Kamo and Ishihara, ). H represents the

scale of elevation change at Kagoshima city.
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