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Holocene Pyroclastic Fall Deposits along the Pacific Coastal Region of Eastern Hokkaido

Ryuta FURUKAWA�, Futoshi NANAYAMA�

Volcanic eruptions and tsunami events in Hokkaido are mainly attributed by the subducting Pacific plate.

Marsh and lagoon deposits along the Pacific coast of eastern Hokkaido contain depositional records of the

Holocene large-scale tsunamis and explosive volcanic eruptions. Coring and sampling using the Geoslicer

technique at +2, sampling sites from +* areas revealed thickness of widespread pyroclastic fall deposits and extent

of the area covered by tsunami deposits. The pyroclastic fall deposits constitute mostly fine volcanic ash less than

- centimeter thick and are well-preserved indicating calm depositional environments. Source volcanoes and ages

of the pyroclastic fall deposits are identified by the phenocryst assemblage, shape and major element composition

of glass shards, and stratigraphy. The pyroclastic fall deposits of Tarumai-a (Ta-a), Tarumai-c (Ta-c) and

Hokkaido-Komagatake-c, (Ko-c,) from southwestern Hokkaido, and Baitoushan-Tomakomai (B-Tm) from

northern Korea/China are abundant throughout the study area. The Usu-b (Us-b) and Tarumai-b (Ta-b)

pyroclastic fall deposits from southwestern Hokkaido can only be found in the southern part of the study area.

Most of the pyroclastic fall deposits have more extensive distributions suggesting underestimated eruptive volumes

by previous researches.

Key words : pyroclastic fall deposit, Hokkaido, Holocene, Tarumai volcano, Hokkaido-Komagatake volcano
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Fig. +. Index map of eastern Hokkaido. Surveyed regions are shown as crosses. Inset map shows tectonic setting

and surrounding volcanoes dispersed pyroclastic fall deposits to eastern Hokkaido.

¤M�.L¼� .352



-� � � � �
������� +*�������� ��� �		� 

���
��
������������� (Fig.

+)� ����������� ���
������ ��
���� +333� ���� !�" +�, m���#���
��$% +00��� &'()*+, �� �!"� +331�
�-.�� - m�������� 3��� #�	�
�
��$%/,012��� +,���&' +- m����
���343(���)*5������6��789
:;��<=+,:->.�?@�A�����BC� .

��D%�E/
�������
F:���

.� � � � 	
������0��G12H0�3I45�

CJ

K�67
�� L8M9:9�NO��K0�;P��� Q<R=
�����S���� >?@�A���B�T>�CD
	E���;��� F����UG�� VWXYZ[
+/.HI�J
��\���]� ^�_K
��M`L
M>N�
F:��� G1a)(�OM>M`LM�P
bcQR$\d+�4'>?e XSCTU>>NVW
JXA-23**R�
F:��� )�� 3f: (Si, Ti, Al, Fe,

Mn, Mg, Ca, Na, K)���C��� NXYg +/ KeV, �
�Y +, nA�Z)���hf:�i,j%[\k� ,*

]� lmj2)n1o� +*]C�� Na�S���3
43 0]C -]C��� YES^_\�Na�>.��
<L`p�-���q�r� YES� +* mma*�bs
�c�"t�Z)��� YES�>.X�� 0** mm�]
��<� Z)d�ef� ZAF������ �g���
>Nu<h�� ij!vk>l�����w� TnG1
x �l �my� +310� �>N��� Furuta et al. (+320)

:;��<z�dCZ){nD%�|�R:�FC�}
o��� ~p�G1a)(���Z)��f:D��
H,O�C�M>f:� CD:�q:;����r� >N
d�$%R 3* wt.�D%C:<-����:�9C�
�� r�� +���S� +*�D%�G1x	E�Z)
�� R�� +**����M��C��s�dCtuvn
��w��� �������x>:��"�G1a)(
Ry!3�� >N�[R`:�-�R�<� 6�G12
H0����Kz[�W !� AMS���<{_
|}:~���r��

/� 
�����������
����C�� +*�� �� !�

:�

U
�

�
CJ

� �
��

�
��

�
�

� �
��

�
��

	
F

� #
�<

�
C�

	
F

� �
�

O
�

�
�<

�
�6

� Z�[��� �
C

�
 .

�
�C

� �
�J

�
;J

�
�6

�
�

�

�
 6

�
:�

� T
F

�
-�

�
�S

� �
�<��,:��0�P�� Fig.

,��u� h����������D��1�� (+333�

,***� ,**+a, ,**+b, ,**,� ,**-)�E/"3��<� P
�u<G12H0�P���������	��P
��E/��`,|z:;���� Table +�6Cr
��G12H0�E/��� Fisher (+30+)� �� (+313)�

��l �my (+33,)��J� E/��`,����
G1a)(��7�����0L $¡t�S���w
��� ¢C�;�G12H0��m�:£���G1
a)(�RO����� �7��l �my (+33,)

����q �l¤��e Y�� �D� ByC�Eu<�D
����� ¥�e(Y1&� (Ps)� ¥�e�¦� (Pf)�
§��2e¨©,j� (Cf)� . ��ª>��� �\
d�E/u<§�e¨©,j�a)(���3-¡�¢
��£����7���� �q�63���-���
<� ���0�����m��£��������C�
�� �«�«���C:���<-���r<� ���

s����¢���q���G1a)(R��¬�
bubble-wall texture (Fisher, +30-)R£¤u<� D�� �
��� +*���S��� � !¥G12H0���
�¦�<�
�
:�

�
�

�
CJ

(NB-GS+) : §¨©®�����s�����
�		
�������� +,���_K
������
�
F:�� ��1��� ,***�� NB-GS+��� !�
+ kmª «��������� '" ,.1 m�&'()*
+,����<� ����¬}��%5 ! +¯/

�G12H0R°¤u<�  +¯.��" . cm�!
���3->±���D	G1x�� O�G1a)(�
�O�C��� ���0���� hC-ªU��":
��²®�¯��� �#³���<� �R°±��
�� ©1´��($²:P���u-�R�<R� �U
���³��´µ���:��P�u< ��1���
,***��  +� Pse�G1a)(��O�C��

�� ��,� Cfe�`����  ,� Pfe
�� Ps

eG1a)(��O�Cu<�  +Cµ�� Pfe�
����FCC� Cfe��6:�FC�ª���<� 
-� Bye
�� PfeG1a)(��O�C��� Ps

e
�� Cfe����  .� +C¶´����
¯SR� `��¶´£·��������·:<�  /

�NB-GS+���� _K���� >±���£��
�(Y1&��¥�G1% !:�� &%U�D	Mu
<� � +/ cmD%�� ¥��&�	¸� 1 mm, �z�
�� + mm�!��<�
�
��

�
��

�
�

(MG-GS+) : ¸
�6

�
: 

l©®�¥*��¡�<��
���C¹«3<¹���º�� //���_K
��
�����
F:�� ��1��� ,***�� F�J.
MG-GS+���S !� 2** mª «����� '"
,.0 m�&'()*+,����<� ����¬}�

&�»�U�s�º���
�<»m¼�¼�G2��0 353



F
ig

.
,.

C
o
lu

m
n
a
r

se
ct

io
n
s

o
f

re
p
re

se
n
ta

ti
v
e

co
re

s
fr

o
m

th
e

st
u
d
y

a
re

a
.

N
o
te

th
e

d
i#

er
en

t
sc

a
le

in
H

a
ru

to
ri

k
o

se
ct

io
n
.

C
o
rr

el
a
ti

o
n

o
f

d
o
tt

ed
(*

)
v
o
lc

a
n
ic

a
sh

la
y
er

is
b
a
se

d
o
n

g
la

ss
co

m
p
o
si

ti
o
n

a
n
a
ly

si
s.

S
a
n
d

a
n
d

g
ra

v
el

b
ed

s
a
re

si
m

p
ly

sh
o
w

n
a
lt

h
o
u
g
h

th
ey

h
a
v
e

v
a
ri

o
u
s

se
d
im

en
ta

ry
fa

ci
es

(c
f.

N
a
n
a
y
a
m

a
et

a
l.

,
+3

33
).

������� �354



������ +�.����	
������� � +

�� Ps�	
��������� Cf������� �
,��	
����� Pf���� Ps���� !"�
MG-GS+#���$"� ,��	
�%���!"
�� �����&����'(!"� ����)��$
"��*����$"� ,���+��� Fig. -�,
!� � ,���+� ,�- cm�-��.�/� ��01
2��3��"4�5�6�,758� � +�����
.�&����)��9.�:;� ��+�'(!"�
MG-GS+���!" +.0 km���MG-2��� � ,�
� . cm<��#�	
���5"$��=>!" (Fig.

,)� � 5#�	
��� //��� 3���'(���
?�#�	
���� Ps�	
������� �.�
@
A%���&@A%'B���� � -��: CD
�����+ *./�+ cm���	
�� �.'(!
"� 	
����� By���� Pf���� �.� Ps

���� Cf����� MG-GS+��� 0** m"�E"
MG--����� ��F� ,����	
��=>!"
(Fig. ,)� ����+7( + cm�� G�H��	
��
E"� <���+7 *./ cm)I��*H��	
���
+J�K��+7 +�, cm�,-��=>!"� ?��
L5'M�MG--��N$�� O������� +��
��	
��'(!"�P�EQ�� � .��� +� 
R���./�ST�� ��U0%�����V5"�
�
EQ

�
$�

�
?

(N,0) : +WX�Y/Z[1\�� ++���]
^���#�_Y��?5Q�� N,0���+WX2W
`a�bc3de4f�1\��E"� ??��,-�
������� +�-��	
gh5�=>!"� � -

��/<��6�H�7ijckl��E"� � +��
+7( , cm���	
���	
��!"�� +WX
�)������+7 , cm)I�'(!"� 	
��
��� Ps���� �.� Cf������� � ,��
Pf���� Ps��	
������� !"��	

��E"� � -��#�	
��� Ps��	
����
��� !"� ?�#���	
��!"�� ?��
)8������'(!"�
�
�"

�
 /

�
?

(H-) : m9no�2:�;<=�>?��p@
X�� ABpqrst�CD�� 7u" vwxy��
+322 ; zEy�� +333{� |_X��F}�G���~�
�����?58� +,���XH��#��I� v�

y�� ,**+a{� H-���X�:;���� GJ< /.3

m�� +3 m��$.�#��E"� XH���K( +

m���Lj5����� MN5OP�Q�,758�
O�<����� M�H ��H�RS�TU!"7i
jckl���� 5"� 7ijckl�������
�� +��� 1��	
��=>!"� � +�����

,�� &�+7( *./ cm���	
��� ���%�
�./�R��.8"� 	
����� Pf���� Ps

���� !"� � -�� Ps�	
������� 
!"��	
��� Cf�������� � .���+ +�
- cm���	
��� ����8V�6�Q�,!� �
<E��Bj5#�	
���� (Fig. .a)� Pf���
� Ps�	
������� !"� � /���+ *./�
+./ cm�W2�X��� #�	
�����YE �<
E�Z>!" (Fig. .a)� 	
����� Ps�����
E"� �<E4f��#�_Y���ea��a�[9
.8"� � 0��� -� R��./�ST�� ��U
0%������ -� V5"�� 1���+ +./ cm)
I�� <E�#�	
�� �E���	
�����E
" (Fig. .b)� 	
����� Pf���� Ps�����
E"� � 1�\<�7ijckl� (H-�+1.0/ m)��
� 0/-*�.* y. B.P. (Beta-+.1-30)�]�^-_`ab�
I�� |_XH-���'(��	
�����u"	

����� SEMc�,! (Fig. /)� � ,�� � .��
���� 1�� Pf�	
������� �.� ��
�d�$8&���8� � -�� � /�� � 0�� Ps�
	
��������� Te��[���d�+8&�
��8� � ,� -� .� /���	
���� |_X�)�
�9.:;� 5�+�'(!"� f �.��*��
��� -���+��� Fig. 0�,!� � -���+�
, cm)I�-��.�/� ��012��3��"4�
5�6�,758� ��� /��<� +�0 cm�7ij
ckl��g���� "	
���=>�58� ?
�7ijckl����	
�#� � �h¡�.�
7i5���ij���¢£!" k����	
��
��¤"� ¥l5	
����� Pf���� By���
�B�@
A%� &@A%� ��U0%� %¦����
5����� ?�L§	
�����T8.���#�
 � � EPMA�m��?5Q��
�
¨

�
�

�
["

	
©�

(PK-GS+) : *
��

ª
©�

n
§«L

 ¬
�C

o
T

n
§«L

�®¯���!
"°±X���\²�p�� 2���]^���#�_
Y��?5Q� v�
y�� ,**+b{� PK-GS+�pWq
�� -** m8r	��³´��`µ�#��E"� 7i
jckl�������� +�.��	
��=>!"�
� +���� -���®¯��+7 / mm)I�7ij
ckl��=>!"� �	
���?��)8��� :
;� 5�+ �¶·¸�'(!"� � +�� Ps�	

��������� Cf��������� � ,���
Pf���� Ps�����E"�� -�� Ps���� 
!"#�	
��E"� � .�� Pf���� By�	

������� �.� ��U0%���¹kº�s%
'B��������

!pt:E;<=»W)��$"¼¥u�t<	gOP5 355



T
a
b
le

+.
L

it
h
o
fa

ci
es

a
n
d

p
et

ro
lo

g
ic

a
l

ch
a
ra

ct
er

is
ti

cs
o
f

v
o
lc

a
n
ic

la
st

ic
d
ep

o
si

ts
in

th
is

st
u
d
y
.

������� �356



T
a
b
le

+.
(c

o
n
ti

n
u
ed

)

��������	
��������������� 357



����� (Kn--) : �
��

�
��

�
�	


�����������
+*��������� � !"#� ,**+b$% Kn--&'(
��) 1** m����� *+,-�./��0 +1/,
�2!345678% 0 +,&9: , cm;<�=>2
!3�� #����&?@�AB% PsC2!DEFG�

HIJ�K� LMNO� PLNO� QRSTO�UV%
0 ,,��0 .,&� W��XY�&QZ[�\]A?
^�?@�� _`a�&� bcdc9: / mmef�*
+,45678% 0 ,,& PsC2!DEFG�HIJ
�K� CfCDEF�ghUV% 0 -,& PsC�ij Pf

Fig. -. Thickness of the layer , fine ash (Ko-c,) in the Kiritappu marshland. Topographic contour lines are

drawn with +* m interval and area of the marshland are shaded. Inset histogram shows frequency of layer ,
thickness in the Kiritappu area.

klm�" ! �358



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

�
,0

�
1�

(Tkb-*+) : 2
34

5
67

8
093

:;
�

<
,0

=>?@A-BCD
EF-�G�� 1FH�IJ���KLMN��O(P
QRS�!T� ,**,U� Tkb-*+FH��VW�X-YZ,
4� +[0�:���C\]�� � +�������
��^_�` + cm�a�C�b"-�cd�(G� Ps�
�������	
���� �"� ������ e
f�./�� ,��g�[������� �` , cmhi
�jklm-nd��op�� Ps���� Pf���
�����	
��� � -�� Ps���� Pf���
�����	
���������� � .����
� /���q- By���� Pf��������	

��g������� �"� � ��� � #$%
& �./� � 0�� Pf���� Ps��������
	
���� Cf��rs./� ef����"� � �
�� � ���rs:#$%& �./�
�
t3

�
)3

�
uv

(YDN+) : w
��

x
O7

8
093

:yz{A-Z|�}~�
����:��-�G�� 1FH�IJ���KLMN
��O(PQ RS�!T� ,**,U� YDN+FH��A�,
4� 2** m:FH�� VW�X-YZ,4� +[0�:
����C\]�� � +��jklm:g�[���
���� b"-cd�(G� Pf�� By�� ��� Ps�
�������	
���� �"� � ��� � ��
�#$%& �./� � ,���` ,�0 cm:����
��� Ps��������	
��� � -���` +

cm��:������� Pf���� Ps�������
�	
���� �"� � ��� � #$%& � ��
� '�./� � ,��:�-�` / mm��:���
�����\/� � .��� +��6���:���a
�� � /�� By��������	
��g���
��� #$%& � �"� �  '� ����� �r
s./� � 0�� Ps��������	
����
����� #$%& �rs./� `� - cmhY�� i
�������
�
�G

�
,v

	
(G

(Oi-B-+) : _
QG

�
�

8:yz{A-��}~���
:EF� 2FH� ¡���KL�MN�Q RS�!
T� ,**,U� Oi-B-+��A�,4� /* m:FH�� ¢�
- m:VW�X-YZ,4� +[.�:���C\]�
� � +�� Ps��������	
������
��� �"� ������ ef�./� � ,�� Ps

��������	
��������� �"� �
��� �  '� ���#$%& ef�./� £¤:
¥¦-�nd§-`� / mm��:�������C\

Fig. .. Occurrences of pyroclastic fall deposits in sub-

bottom samples from Lake Harutoriko (H-). Mea-

sures for the scale are graduated in millimeter. a)

Dark brown organic silt is intervened by three vol-

canic ash layers in descending order : Layer - (Ta-a),

only the bottom part of fine ash layer is shown and

the upper part is cut by sampling interruption ; Layer

. (Ko-c,) consists of normally graded fine ash with

crystal rich coarse ash bottom; Layer / (Ta-b),

composed of coarse and fine pumiceous ash. b)

Normally graded layer 1 (Ko-g) lies between varved

clay. The Ko-g consists of light gray fine ash rich

upper half and pumiceous coarse ash rich lower half.

Cracks were presumably formed at the sampling.
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Fig. /. SEM images of glass shards in volcanic ash layers from Lake Harutoriko (H-).
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Fig. 0. Thickness distribution of fine ash layer -
(Ta-a) in Lake Harutoriko. Bathymetric contours

are + m interval (Okazaki et al., +322).
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Fig. 1. Variation diagrams for TiO,-K,O contents of glass shards by microprobe analyses. Each symbol shows

mean and deviation in normalized wt.�. Fields of source-known volcanic glass shards by Katsui et al.

(+312), Furuta et al. (+320), Tokui (+33-) and Fukusawa et al. (+332) are shaded in upper-left plot. A-Tn is

a working standard sample analyzed in each analysis.
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Fig. 2. Dispersal of Holocene pyroclastic fall deposits in Hokkaido. Enclosing line shows area where pyroclastic

fall deposits are identified. Points shown as crosses are described in this study and solid squares are referred

from literatures as follows ; Ko-a : Nemoto (+3-*), Kozu et al. (+3-,) , Ko-c+ : Yamada (+3/2), Endo et al.

(+323), Tokui (+323), Igarashi (,**,), Nakagawa et al. (,**,) ; Ta-a : Igarashi and Takahashi (+32/), Murata

et al. (+333), Miyaji et al. (,***), Shimada et al. (,***), Soeda and Akamatsu (,**+), Wada et al. (,**+),

Nishina (,**,), Hirakawa (,**,), Atwater et al. (,**.), Noda et al. (,**.), Furukawa (,**/) ; Ko-c, :

Furukawa et al. (+331) ; Ta-b : Tokui (+322b) ; Us-b : Oba and Kondo (+30.), Nakamura and Hirakawa

(,**,) ; Ko-d : Miyoshi et al. (+32/) ; Ma-b : Katsui (+30,) ; B-Tm: Okuno et al. (+333), Nakamura and

Hirakawa (,**.) ; Ta-c : Tokui (+322a, b), Igarashi et al. (,**+) ; Ko-f : Katsui et al. (+323) ; Ko-g : Kito and

Takimoto (+333) ; Ma-g : Miyata et al. (+322) ; Ta-d : Kondo and Doi (+321). Duplicated references are

omitted.
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Table A+. Major element analyses of glass shards in volcaniclastic deposits in this study.

Result for each oxide is shown as mean and deviation of normalized weight � and total

(*) is raw sum of analysis. N** is number of analysed glass shard.
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Table A+ (continued)
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