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We describe reactivation processes of the Showa volcanic vent at Sakura jima volcano, Kagoshima, Japan.

The Showa volcanic vent is located on the east side hill of Minami-dake summit vent at Sakura jima volcano.

While Minami-dake summit vent has been active intermittently for the past five decades, the Showa volcanic vent

was dormant for an interval of about years until June . Ash samples analyzed were obtained from

volcanic explosions of both Showa and Minamidake summit vents from to . The analyses and

observations on the volcanic ash samples include ( ) amount of water soluble chlorine and sulfur adsorbed on

volcanic ash particles, ( ) mineral identification using X-ray di raction patterns, ( ) color measurement, ( )

simplified particle size analysis of volcanic ash, ( ) micrographic observations of ash particles using an optical

binocular microscope and a SEM, and ( ) chemical analysis of minerals and glasses in ash particles with an

EPMA. ( ) and ( ) suggested that the proportion altered/non-altered blocky particles in volcanic ash from the

Showa volcanic vent was decreased from to . ( ), ( ), and ( ) indicated a gradual increase in

temperature of the vent with time. We regard ( )-( ) features as results of a gradual reactivation process of the

Showa volcanic vent since June by May .

: Sakura jima, Volcanic ash, Backscattered Electron Images, XRD, Volcanic gas
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Fig. . Temporal change in eruptive materials from Sakura jima volcano ( to ).
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Table . Amount of water soluble F, Cl, S.

Fig. . Water soluble chemical components of volcanic

sulphate ion (mg/kg). (b) Ratios of chlorine and

sulphate ion (mol). All the plotted data are from

ash samples from Showa volcanic vent, except for a

sample (ID Sakura ) which is a mixture

of those ash from Showa vent and Summit vent.

(Altered part)

(Fig. a, Table

)

Cl

F Cl SO

(Fig. b)

Cl SO F SO
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minutes and recovered by overnight heating at . Condition of X-ray di raction analysis

27

Fig. . Collection of X-ray di raction patterns (cps over ). (a) X-ray di raction patterns of

Hydrophobic very fine particles which was floated on water surface during ultrasonic

cleaning of ash samples. (b) X-ray di raction patterns of fine particles suspended in water

for longer than minute after the end of ultrasonic cleaning of ash samples for about

is described in the text.
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and green ( a*), and yellow ( b*) and blue ( b*)
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( )

X (Fig. b)

( ) (CaSO H O)

( ) (CaSO . H O) (CaSO )

X

Fig.

(CaSO . H O)

(Table )

a* b*

Fig. . Color of volcanic ash plotted on a*-b* system of

CIE L*-a*-b* color space. The CIE L*-a*-b* color

space was described in the second Commission Inter-

nationale d’Eclariage (CIE) , and the values of

a* and b* correspond to the intensities of red ( a*)

color, respectively. (a) Color of bulk dry volcanic

ash. Open circles represents ash samples from

to , all of which were derived from the Summit

vent of Sakura jima volcano. Solid circles are

samples of the beginning of activities from

February to April, and solid triangles are those

from the succedent activities after April. A

straight arrow indicates a possible color change trend

of a mixture of color less powder and native sulfur.

A curved arrow shows an observed change in color

of heated volcanic ash in air (Miyagi and Tomiya,

). (b) Comparison of the color of dry bulk

volcanic ash (dots) with those of dry fine particles

(solid circles for samples from May to

March , open circles for those from to

dake Summit vent from to ) recovered

from murky water after ultrasonic cleaning of bulk

ash samples for about minutes.
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Table . Average value of Color measurements.
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.

Fig. a,

a* b*

b*

a*

(Fig. a)

Fig. . Particle size distribution curves of volcanic ash.
(Fig. Horizontal axes represents diameter of ash particles

in scale ( - , mm), and vertical axes showsb) b*

cumulative weight of particles ( ). Particle sizea*
distribution was analyzed according to weight of

b* a*
particles on sieves and weight di erence of ash

before and after the ultrasonic cleaning with water.

dake Summit vent from to . Thin lines(Fig. b)

represent for those erupted from February to

May . Thick lines are those from May to

July . Dashed thick lines are those erupted
(Fig. b)

after Jan .

; Fig. a

(Fig. , )

; Fig. ( )

b Blocky particle

Altered particle

(Fig. a, Table )

. .

(Fig. , ) . .

(Fig. a) . .

. .

(Fig. )

( )

Blocky particle Glassy particle

(Fig. b,

Table )

. . .

.

.

, 1

.

,**,

,**2 ,

,**2 ,

.

2*

.

/
.

,0

,

3 .
#

,**0 0 ,**2 /

+32. +33,.
- 2,**2 /

,**2 +/
+32. +33+

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

,**2

,**2 , - * -3

+* +2 / ,**2 *,*- . 2

/ ,**2 *.*.

, - +/ /. ,**3

/ ,**2 *,*- / 1

,

+33, 0 . ,**2 . -

,**3 . + 2 * 2 /

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

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

,**2 ,2 + + * 3

,**2 ,**3 , .

+32+ +33,

/

,**3

,**2 +32* 3*

0

. +32*

* *- * */ +323 2 * /0

,**2 , * 2

* 3 1 ,2

- .

- /

f f

f



�
�
�

�
�

�
� � �

� �
�

�
� � � ��

�
�

�

� �
�

�
� �

� �
� �

�
�
�

�
� �

� �
� � � �

�
� �

�
�

� �� �
�

� �� �

� � �
�

� � �

�	
�� ����� ��������

�	 ���� �	 �� ���� !

" # ��$% &' (	) * +,� �-�

./0 ' 1 -� 2'345��
)��5�

267�	8 9 : 2;<* =

�	 ����� �	 ���� !
�	 ����� �	 ���� 

267 >./0&?@A� 1

BCDCE�F��
267�GH)�./0IJ K L ML &?
@A�� NO P OQ��R
ST�� (	)S�U 9 VWV
XY&?@A� FZ[ \Z]�^� P O
_� P O`aS� b c BCDC
E�F��267./0&?@A'��5� ��
b c 'd� \Z]^� P X
Y&?@A &efg h��] \Z]�
_� P g i�	� 	��j)���
k� l >m`n�8o� 

&?@A� \Z]�_� P g ih��
� N Opq)�Lr./0O s./0 
&?@A ��t �d5

�: 2;�	 Pu) 267 vwx

%QOy���� zzO� 2;{ `|Au)
 } ~ ��t �����O�o	)�
�� : 2; P �A > ��$% &
'�] � �h����+ 2* ` Pu)
 267�� }Y ' 1 - �GH)�' 2
'345��
) }Y ���5� z�� %
QOO��2 �� } ~ ��'��� zO
t� 5� H 267 i�����Z)� �
}� S�J L� �� � � �
	 ���������� � [��%Q
OO����� ���� z)	���   �*
t<¡� : 2; ¢2 � �F�� 26.
0 �Z� � }£ ¡¤O¥¦ FZ§ �
}J tG¨ Y' 2��a}Y O�� Pu

� �H` ¢� !  �©� )�zO`ª u) zOt �5�Opq)� ��
�./0}Y �«��� �  2* �F� ��2 � ¬ 'h5�zO�Z] � }J
� 1 ®�%Q0¯C° ` &' (	) � |A ' ¢� ���)S� SF ±²`³
�h����+ 2* ` Pu) 267�� u) O ´  #A '�S�

� [)µ)%,�  2�,� Pu)
o� ! �	 ����z¶� �  267t·¸�  (¹Opq)�' ´ � º`
�	 �^»��� � ! ¼½`RS�

� �

� � �

� � � 	 
 �

�  � �

� � � 
 �

� �
� �

� �  �

� �
� �� �

	 �
� � �

� � �
�

� � � �
� � �

� � � �
� � ��

� � � �
�� � ���
�

� �  !

�
� � "� �

� � � � � �
� � 
  
� �  � � �
� ��

# � � "
$ %

� & � �' ! �
�

(

 � ) # *
�+ % � , %

� � - � �  
. � /0 1 �
�� 2 � 
 # * 3 % � �

 � 4 � 	 � 5 . 6
� 
  7 � � 8 � ��

9: 2 �  
; � � �  8 <

/0

�

����

� �
	
������������������

�

�

�

fracture surfaces), Glassy (moderately blight to slightly

(Fig.

)

. .

change of Glassy/Blocky particle count. A superim-
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. .

. .

Ti, Al, Ca, Mg, Mn, Fe, K, Na

(Fig. a h)

Ti

( )

(Fig.

a) (Altered part)

Table

Fig. . Temporal change of ash constituent. Ash parti-

cles, sieved, mounted, polished and photographed

(Miyagi and JMA, ) are classified into four

categories according to their brightness and micro-

textures in backscattered electron images ; Altered

(dark particles), Blocky (moderately bright particles

with numerous groundmass minerals and enclosed by

dark glassy particles with bubbles), Etc (crystal
X

fragments and the rest of particles). (a) Temporal

change of Altered/Blocky particle count. Arrows

represent the sequence of eruptions. (b) Temporal

posed figure shows the long-term data including

Minami-dake summit vent.

. .

. . (Fig. b)
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Table . Result of particle counting.

Zimanowski

a* b* (Fig. a)

.

(Fig. )

(Fig. a) X

Fig. a
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Fig. . Chemical composition of ash particles including fragment of phenocrysts, matrix glass, and glass inclusions in

phenocrysts. Open circles represent ash samples erupted from Minami-dake Summit vent from to .

Gray transparent circles are those erupted from February to July . Analytical figures are normalized to be

dry and bases. Horizontal axes represent SiO wt. . Vertical axis of plot “a” is TiO wt. . Two filled

regions in plot “a” represents whole rock chemical composition data from Uto ( ) for those samples

younger or older than years (noted as “ yrs” or “ yrs”, respectively). Vertical axis of plot b,

c, d, e, f, g, h are Al O , CaO, MgO, MnO, FeO, K O, Na O, respectively.

et al.,
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Table . Examples of EPMA results for matrix glass and melt inclusions.

Table . Schematic classification of the e ect of t, T,

and fo on color of valcanic ash.f
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Table ( ) (Fig. b)

( ) ( ) ( ) ( )

( ) . mm

( / ) .

(cm /sec) (Clark, ) . .

( )

. a* b*

(Fig. b)

( )

Barron and Torrent,

; Kubelka and Munk, )

Table ( ) (Yamanoi )

Table ( ) ( )

( )

(Fig.

b)

(Fig. b)
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)
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Fig. a ;

(Fig.

c)

(Fig. d)

Fig. . Schematic illustration of the re-activation

processes of Showa volcanic vent at Sakura jima

volcano.
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