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:

(Ma- ) about cal ka. Approximately . cal ka, climactic caldera-forming activity began with a phreatomagmatic

Education at Asahikawa. Hokumon-cho , Asahikawa

The eruptive history of Mashu volcano, located at the southeastern rim of Kutcharo caldera in eastern

Hokkaido, Japan, has been divided into three stages : stratovolcano building, caldera-forming and central cone

building. Tephrostratigraphy and eruption styles of the latter two stages were reinvestigated in conjunction with

petrological analysis. We found new evidence of several eruptions from the volcano. These data, combined with

recent C ages and the presence of wide-spread tephras, allow us to evaluate the temporal evolution of eruptive

activity and styles of Mashu volcano during the last , years.

After the formation of the stratovolcano, activity of the caldera forming stage started with plinian eruption

eruption (Ma-j) followed by plinian falls (Ma-i g), and a catastrophic pyroclastic flow (Ma-f) occurred resulting

to the formation of the summit caldera, . . km in diameter. Total volume of the climactic eruption deposit

is estimated to be . km . Temporal variation of pumice/lithic fragment and white (silicic)/gray (mafic)

pumice ratio with eruption sequence suggest withdrawal of a zoned magma chamber with more silicic magma

overlying more mafic one through the newly opened and enlarging vent. In the central cone building stage, at

least eight eruptions (Ma-e, Ma-e , Ma-d, Ma-c -c and Ma-b, in ascending order) have occurred repeatedly

during the last , years. The latest eruption (Ma-b : ca. . cal ka) was the largest one in this stage.

Although most of the tephra layers in this stage are composed of pyroclastic fall deposits, thin pyroclastic flow

deposits can also be recognized from the two eruptions (Ma-e and -d).

Juvenile materials in the Mashu tephras are commonly pyroxene dacite (SiO - wt. , K O . . wt.

in whole-rock compositions). The pumice of the caldera-forming stage are nearly aphyric ( wt. ),

whereas those of the central cone building stage are more porphyritic ( wt ). They can be also

distinguished in SiO -oxides diagrams.

Most of Mashu tephras consist of gray fine ash layers including blocky lithic/pumice fragments and

accretionary lapilli, indicative of magma-water interactions. In the case of large eruptions, such as the climactic

caldera-forming eruption (Ma-j f) and Ma-b, eruptive styles changed from the wet to dry due to increase of the

magma/water ratio. The long-term magma discharge rate was . and . km DRE/ky during the last ,

and , years, respectively. Mashu volcano can be interpreted as one of the most productive and active

volcanoes in Japan during Holocene.

: Mashu volcano, tephrostratigraphy, zoned magma chamber, magma water interaction, active volcano
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Fig. . Index map of the studied area. Points and numbers indicate the localities of columnar sections and

samples. Lakes are shown by shaded pattern. Double circles indicate towns. Solid triangles show

summits of volcanoes. Contour interval is m (dashed line indicates m contour above sea level).

Longitude and latitude (WGS) of type localities are as follows ; Loc. : N, W; Loc. :

N, W; Loc. : N, W; Loc. : N, W.
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Fig. . Correlation diagrams between loss on ignition vs representative oxides (Al O and K O). Regression

lines are also shown with each unit. Coe cient of determination : (Al O ) Ma- : . , Ma-i : . , Ma-h :

. , Ma-g : . , Ma-d : . ; (K O) Ma- : . , Ma-i : . , Ma-h : . , Ma-g : . , Ma-d : . . The

errors ( ) are in the range of all plots.
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Table . Summary of eruptive units. Facies ; Pfa : pumice fall deposit, Afa : Ash fall deposit, Pfl :

pumice flow deposit, Afl : ash flow deposit. Types of lithic fragments ; Gd : gray-colored dacite, Ba :

blackish andesite, Al : altered rock, Ob : obsidian. Types of pumice ; Wp: white pumice, Bp : banded

pumice, Gp : gray pumice. Mineral assemblages of isolated crystals are shown in parentheses .

Grain-size divisions are those of Wentworth ( ) ; m. s. : medium sand, c. s. : coarse sand.
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Fig. . Selected columnar sections in the studied area. Locality of each section is shown in Fig. . Ma-b

Ma- are abbreviated as “b ”. Ap-pfl : Atosanupuri pyroclastic flow deposit (Katsui ), Rs-pfl :

Rishiri pyroclastic flow deposit (Ui , ).
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during the caldera-forming stage. The horizontal
Ma-fextents of beds are proportional to grain size.
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Fig. . Isopach maps of pyroclastic fall deposits during the caldera-forming stage. Thickness is centimeters.
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Fig. . Stratigraphic variations of rock-type proportions (left), and whole-rock SiO contents for juvenile

materials (right) during the caldera-forming stage. The geological column is that of Fig. .
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Fig. . Isopach maps of pyroclastic fall deposits of the central cone building stage. Thickness is centimeters.
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Fig. . Field occurrences of eruptive units of the central cone building stage. Ma-e e and overlying

Ma-e , separated by thin humic soil at Loc. (a). Ma-d consists of alternate of pyroclastic fall and flow

deposits, at Loc. (b). Ma-c c , in descending order, each separated by paleosols at Loc. (c).

Ma-b is composed of three pumice fall and intervening two ash fall layers at Loc. (d).
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Table .

area. * : Soya ( ) ; ** : Furukawa ( ) ; Ma-b b

and Arai ( ), Furukawa ( ).

Ma-b

Loc.

m cm

cm cm
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cm Ma-c Ma-b Loc. cm
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. km

Ma-b Loc. cm Ma-b
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cm Ma-c
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Loc. Loc.

cm Ma-c ( )

Loc. cm Loc. cm (Fig. ) Ko-c

Loc. Loc. Ma-b

. km B-Tm Loc.

Ma-b Ta-c Loc.

Ma-c

Table
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Ma-b b b Ma-b b

(Fig. -d) Ma-b b

(Katsui )
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(Fig. )

TiO Al O FeO* MgO CaO

Ma- Ma-i f . . wt.

Ma- Ma-j f Ma-b

Wohletz,
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Table . Phenocryst contents and modal compositions

(wt. ) of pumice in each eruption unit.

Fig. . Glass compositions (K O-TiO diagram) of

widespread tephra layers. Compositional ranges
SiO . . wt.presented by shaded pattern are from referenced

data ; Ko-c : Tokui ( ), B-Tm and Ta-c

Machida and Arai ( ), Ta-c : Analysis of SiO

proximal deposits of Ta-c at Tarumai volcano. wt.
All data is normalized to anhydrous.
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Fig. . SiO variation diagrams of major elements for Ma-b Ma-i (bulk samples). All data is normalized

to .

,+.
+**
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Fig. . SiO variation diagrams of major elements for matrix glass of Ma-b Ma- pumices. All data is

normalized to anhydrous.

(Morrissey )

l

et al.,

,

+ .
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+**

,***



�

�

������	
� � 
� � �� � 

��� ������� ����� ��

� � �

� �
� � �

� � �
� � �

 �
� � �
� �

� � �
�

� � �
�

! � � �
� �

� �
�

!� � � �
�

� � �
� � � �

� � � �
� � �

� � �
!� � � �

� �

� " ��# �$ �%&'� ()�*+,
-.- /�01234 ��

5 6 7 8 79: ;

<=� > ��?# @AB
(CD �	
� E2�FG��2 �H� I���J�?��
/��2K L@ � ���J�?�� M
N
 O PQRSTUV G L �H"# @

G # -.- �J�?��EW�@KXTY NB�0��Z[� \, ] 
^_`ab2
Z[0	cSdedfg� � \����h? @ Pi`j� 	
���?
 @"# kl����-
�m ��2N�n � g ` o�p��? �, .-
 � o, � 
� ,2qrstu @
2�
�J�?�� v# w �� g 
 �xy,2�J�?��
v�z{=�p� |" �}U`j���h? �
	~� �@K
�� � l
 @"
>�-.- /k
�V ���"1� Z[# � # �-.-(CD ������� "�

�� Z[ 
M�� ��� � ��� � �
��# �@K�(� & �"�

,2��`j�,�0� � "������ Z[
� � �(� & ()��
���� ��J

���"1� �?�� �?�QRSTUVBAB
 �� -
-.- @�(�� ,2<= -.- (
�=� .-(CD 
 �� �����h? M
'


� @"�� "�QRST�UV�� M�
��#QRST�"
 @� � ���
��2�

��?
 "# ( -.- � 1>��� ����
� # � ��� ����T`�V�� � 

h?#,�,�@/ � ���  ¡���Z[` ��"#PQRSTUV @� , ¢V
�£ ¤¥
 �¦ @K¤h?�� L �� �[§ St¨h? @ u
©x�-.-q


 )�ª`{�� ��?#V)«�0b�¬ ­®Y`J¯�� °£'±
 � PQRS

^_`ab2	~� `j��� 	
 TUV @# -.-(CD h?²³,2
���?# � �-.- �´�� (
� � yTµ¶� ����# ·RY � `¸�
1� � ¹ 
 � @"�
2�© "1� ,2��`j��� °2   ºH g� � ��
M,� � � � 
 h? ���@/ � »¼ �� �QRST � g�
 G� ½?����

� � � �� � � �
	
 � �


� �� � �
� �

�� �� � �� �

	 � �� � �
� �  ! " � � �

� �  ! # $ % �&
' # � �

( � � ) � *+ ) � � � �
,-. / � � .

0 12 3 4 5 6 �
	 � � 789 �� :;
< = > * � �� :; 3 ? @

A < =
>� � @ ? B C

� D � �� :; E
1 F�

� � 9 C
� * 1

� � G � � �
H > � � IJ �K*
L M N 9 � 


O P
% �& � ��

�9 K DK Q �R 9 �� S
1 � � � T � U V � ' 	

G � � � H � > 3 W � X Y

�������	
�	
�
���������

Wilson,

Heiken and Wohletz,

32

Table . Representative major element compositions of volcanic glass and whole-rock samples.
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Table . Summary of age, eruptive volume and styles for each eruptive unit from Mashu volcano during the

last , years. PDC: pyroclastic density current. * : Katsui ( ), ** : Itoh ( ). :

alternative between the two sides. Calibrated ages are calculated by the program of Stuiver ( ).

Fig. . Schematic illustrations showing eruptive sequence with magma systems during the main

caldera-forming eruption.

(Katsui )

Ma-i ( . km )
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( wt. )
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