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Geologic History of the Western Part of Post-caldera Central Cones of Aso Volcano,

Southwestern Japan, Based on Stratigraphic Relationships

between Lava Flows and Airfall Tephra Layers

Yasuo MIYABUCHI�, Naoaki MASUDA��and Kazunori WATANABE���

The western part of post-caldera central cones of Aso Volcano, southwestern Japan, is characterized by wide

chemical variation of lava flows (SiO,�.3�1-wt.�) and complicated topography. Geologic history of the area

was reconstructed by stratigraphic relationships between lava flows and airfall tephra layers. Stratigraphy and

chronology of lavas and tephra distributed on the western slope of the central cones are as follows : Ayugaerinotaki

lava, Matsuhata pumice (MhP), Tochinoki lava (1-�+* ka ; K-Ar age), Aso central cone pumice . (ACP.),
Tateno lava, Aso central cone pumice - (ACP-), Takanoobane lava (/+�/ ka), Eboshidake lava, Karisako lava,
Akase lava (-* cal ka ; calibrated +.C age), Sawatsuno lava (,1�0 ka), Kusasenrigahama pumice (Kpfa ; -+ cal
ka), Otogase lava and Aso central cone pumice + (ACP+ ; . cal ka), in ascending order. Between about 1*,***
to /*,*** years ago Tochinoki lava, Tateno lava and Takanoobane lava accompanied precursor pumice-fall

deposits. A catastrophic eruption occurred in and around the Kusasenrigahama crater at -+ cal ka. The

eruption was initiated by the dacite Sawatsuno lava flow and produced the largest plinian pumice-fall deposit

(Kpfa ; +., km- in DRE volume). In the western part of post-caldera central cones of Aso Volcano, total

discharge volumes of felsic and mafic magmas from about 1*,*** to -*,*** years ago were estimated to be about
,.. km- and *..1 km-, respectively.
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Fig. -. Geologic cross section of the study area from Tateno to Takanoobane (X-X’ line ; Fig. +).

Fig. .. Stratigraphy and chronology of lava flows and airfall tephra layers distributed in the study area. Solid

tielines show stratigraphic relationships confirmed at outcrops and drilling cores. Broken tieline denotes

estimated relationship. *Calibrated +.C ages from Miyabuchi and Watanabe (+331) and Miyabuchi et al.

(,**- a). **K-Ar ages (Matsumoto et al., +33+).
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Table +. Petrography of rocks distributed on the western part of post-caldera central

cones of Aso Volcano.
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Table ,. Whole rock chemical compositions of lavas distributed on the western part of

post-caldera central cones of Aso Volcano.
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���MP� ,., cm����� �	
������
����������� SiO,���� 03 wt.����
(Table -). ��� ��	
�� ACP-����� �
*.*1 km-�!� "��#$� %&'(�� ,**- a)�

.�- ������� (Kpfa)

���*��� %��(�� +32, ; �+Kpfa) �� ,
��	
�-��./$#0"1��2�!��#$�
34����� 5�67�!�#8�9�/:;�89
�<�=
>?>@6 %SiO,A00 wt.�) �����
(Table -). �BC����*�DE��F� G�DE'
���� %H�IJ�8 ) /:;K�8 �� �L!
 ����M"N�#�O�DPQ.#R�#$� %�
�(�� +32, ; S$(��� +32/)� T�"NDPQ��
UVW!XW�YZ[%<\]T!M&'��� %�
�� ,**+)�
(^)�./$#Kpfa� /_�4`a	bcd@.
e	]�T!M�O� fg:Fbcd@W+hW/!i
j� A*-*0)*./$#� 0fg�bcd@W+�kk
+l�#m,W (+*YR1/2) <-]������ ���
-, cm (MP,.- cm) ���� bcd@W,�mVW (+*

YR//0)�n	@� %�� +* cm) ��F� .o���M
p/�#$�� bcd@W-�0)��0"�$bcd
@��F %�� -0 cm)� MP" /., cm!1O$� bcd
@W.�qrsW %/BG) <-]��� 3 cm�tuh2
u6�Dvs�����0wg�bcd@W/��� ,0

cm�m,W (+*YR1/2) ������M� bcd@W-

.3x�!kkt4 (MP-.- cm) �56My$� z��
�	
������ 0_�bcd@.e	��#$�
%&'(�� ,**- a) M� {|�(^)�!}7.bcd

@83�O�9~.��L� {��:]�;�����
T����<��	
��������� � ,.-3 km-

!��#/F� Kpfa� Aso-.��� 01���D! �
��� %&'(�� ,**- a)�
Kpfa�=f.�>?X��@�MA�]�T!M&

'��� %��(�B� +33* ; vB(�C�� +330) M�
(^)���qsW/:;mDW�n	@6Dvs�M
���T!M�F%A*-,*)*��)�7�M���X�
�@����$�E�"���

.�. �	 Tn
�� (AT)

A*-*0)*./$#Kpfa�wg + mF��@��.
�� ��34��G ,3 cal ka %�$� ,**,) ��H TnD
vs %IB(��� +310� +33, ; �+ AT) M��]��
T��� AT!Kpfa������� ,��	
�-�
��JKL�"����� (^)�./$#��<�]
��� AT���� +*h,* cm����M� Mo +*

cm�N�.�d Z.��]�T!".$� W(�.
j$m,W (+*YR0/.) <-�� 014¡ *./ cm��
��4<�=M� 1O	�¢£	¤`a	¥�Dv¦�
§����� �/� A*,*.)*F������ AT<
P$#� Dv¦�§!8�9��¨QRS�M©ª�
�� IB(�� (+33,) M\]T«U.zV]�T!M
¬W��#$� %XB(�� ,**.)�

.�/ �����
�� (K-Ah)

(^)�./$#�� )Y�� ,h. m����
��� XWZ�[®.¯$@�����X��@�!
��#/F� G�°±��2²F�.��34����
³´µ�¶·Dvs %\](¸I� +311 ; IB(���
+312� +33, ; �+K-Ah) M^��#$�� K-Ah���

Table -. Whole rock chemical compositions of pumice in and around Aso caldera.
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� +*�,* cm���� ����� (1./YR0/2) ���	

	� ���������������������
	
�� AT�	�� 
�� ��K-Ah���!"�
#$�� �����%&'��(�����)�*�
+�"	
� ,��%�� ,**.-� .���/�0�1

	K-Ah�234���56"�#$�7�����
���8�0���9�:������� *./�+m��
�;<� (+*YR-/.) � �$��	
�#$�!
�

.�0 �������� +	
 (ACP+)

.�"=�>?# +@� ,A�� +323 ; $% ACP+-
�� K-Ah��B�&C�� D'(��)7�EF@�
���� #�@��"GN1H��� �"�ICJ�
K*�LJ ,+�� +33, ; MN%+�� +331-� ACP+��
OP�,Q�-��� A*-*0�-��&C��
��
�8�0./01R��23�4+�"�� $S�.�
5�67T
� A3./2�- (Fig. +) �U���J#$
��� #��-�VW�R
X�$8�!"��� YC
�$#Z[9��:\W�]��	
�
� #�@��
:^_^`a ,SiO,b0-wt.�- ��� (Table -), c;a
d<$�	�2e=�fg#$�>?��� ,A��
+323-�

.�1 �������	
� ��
6h

�
�i

	
 ; ���
@ABCD ,A*-,-�-- ��� CjDEk�F�E
F@���&CJ� (Figs. ,, /A). #�@�F9��l
� +,0 cm����� 
Sh��P���mno`�4
+�"� "=)�ppF����l -, cm�@��fg
2G<� (/YR//0)�� ��HC�	
�� qF��
mno` ,�l -* cm- �MP� ,.- cm$qXIJ�K
�L�@������q���mno` ,�l 0. cm- �
l! +�, cm���2��� ��
Sh�HCJ�$
$X�� Jr�MsX4+�"� ,MP,�,./cm-� @�
"�f6"�c;ad<�N&'�$&'��CjD
Ek$�t���� #�@����8�0�1u�vO
P�$��wOP���i+� xy�-�z{Q�$�
	|
6h

R
�i

@� ,$%MhP- $}~#$�J��
|R@��F���l +-* cm���@��ICJ�

2G<� (/YR//0)�� ����� #"��@�1)
��� ���CjDEk6����������LJ
� ��4+�"�
� �i��	� �� %@��
(MhP)%Ek���7S�:�TU<���$���
"�� V��i)��� CjDEk��F���DW�
�&CJ�#$�X�!"	
�#$ ,+�� ,**+- �
�� Ek�F�MhP$!��FB��� ���DW
��7�$!"	
�TU<��Z��

.�2 �������	
�
@AB�F ,A*-+,�-- ��� YWEk�F��l

0* cm�EF@���&C�	
�� #�@���F9
��Z[��S�  �� (,./Y1/,) @� (MP-., cm) �
���� ;G<� (1./R-/-) ����� ,q�Jr ,

cm- �-C�	
�� 6i� ����3������
AVL+�1
	X� YWEk�FB�E���k ,�l
.m- �5���l .m�:^_^`a ,SiO,b02wt.� ;
Table -- EF@���4+�"i� ���F��@��
�HCJ����� � ,�l 0.2m- �&C�	
��
#�@��1)����� �$�t���� AVL.�
�� �J��`�o4��XhZ[��
@�a�TU
< ,�l +0m- �*4!"i (Fig. ,).

.�3 ����������	
�
�������Ek�F������LJTU<�5
g#$�S�l +./�..1m�EF@��4+�" (Fig.

,), #"�YC6��\��*4!"	
���i']
����� #�@��^_ka ,SiO,b1,wt.�- ��
�� �B�Ek�	�!`�2e=a��f��
��
u��S� s bcXEk$¡¢�	
� (Tables ,, -).

6i� AVL+��EkqF�� +*m���m�£¤¥
O¦o4§d��	1�� �B�Ek�e¨�	
�)
��©��� �"ª�� �����EFTU<«W�E
���k���wOPX���

.�+*  !"�����	
� � !"	
�
@AB¬f ,A*,*.�-- �1
	� ¬fEk�
�F��g�@�$�� �®��&C�	1� (Fig.

,), ¬f@� ,$% OtP- $}¯"	
� ,��%��
,**.-� ��®�"����l 1* cm�� ��HCJ�
#$��� �")��B�@���¬f# +@� ,$
% OtP+-� FB�@��¬f# ,@� ,$% OtP,- $
�	°�!"	
�� h±$Xc;ad<$�	&'
�$N&'��fg^_ka� ,SiO,b1-wt.�- @��
��� �"��>?��B�¬fEk$¡¢�	

�� $S� OtP+�� �����LJTU<�5g#$
�S¬fEk�i]"���� �Ek$7S�:��
)�	:\�iX���� ,��%�� ,**.-�

/# ��$%&'(��)*+,-./012

j��� .���"=�>?²���0�&CJ�
Ek$OP�$��³´µ (Fig. .)�h
	� �B�X
�)�k�S�¶��
�8�0�1u�q�B�Ek^���¬fEk�
h
	�� AT$234��·l� ,\���m ,mn-
��<���"�HCJ�#$�]��	
� ,��%
�� ,**.-� ��Ek�F�¬f@� ,OtP+1)�
OtP,- �9�:�/�0�¸�@���op�¹���
�� º»��8�*�J�#$��¹���i�
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���������	
������������
��������������Kpfa���� !�
(Fig. /B, /C) "� ���#$%&'�(! �)*+
,-. /01� ,**+23 45Kpfa������#&'
+,�"� ����6$7#Kpfa�89:�;<"
=> /+*?13cm2� @AB�
��#���C��DE
F�+!�GA"HI+J� (Fig. /B). K#K��� �
���LMN�OP;"QRS��TU�����B
VW5� Kpfa"XY�.K�BZ[� !�3 \]� �
����(! �� ^_`�� /A***+ab2 #�c#
\d+Kpfa������#��;< ,?- cm#OP;
"efg�� �h#����5W�����"ij
�
klm"noS�.3 K�g#pqWg� �����
����#LM�r�sf �!"� ����#]"
$7�,�klm"t!�uv�3
wxyz���� ^_`{

W�

N
|

}
.

/A32,/ab2 �V!
 � Kpfa#%7�~�VT���OP; /8;< .2

cm2 B��+ij� !� (Figs. ,, /D). K#OP;�

�������+,� ACP-� ACP."efg��!
K�Wg� wxyz��� ACP-T��$7�,��#
�uvg��3 4.� ^_`�� /A*-+/ab2 +��
�.���S�.����T�%7#XY�"HI+J
� A*-+.ab��t������"ij� !�3 S
g�� A32,2abVT� A*-,,ab+�� ����#$
7���VT�~�OP;B��+Kpfa"efg�
.3 K�g#K�Wg� wxyz����������
��;��ij�� ���Kpfa� ACP-VT�t��
����#���j
�K�"�W-.3 ���.TU
�� wxyz������������� R"�¡�
 V�� Sg�;���!K�Wg� �����wxy
z����\,�!��!�r#LM�+,�klm"
,�3 �W��"g� ���#$%&'�(! ���
#¢£+*gW�
�K�"+J�W-.3
~¤¥¦§B¨© ACP-"� ~¤¥�ª�+,�t�
������«¬S��klm"t!K��� 
+�t
} (+323)VT�®�¯ (,**- a)"�° !�3 ���

Fig. /. Photographs showing stratigraphic relationships between lava flows and airfall pumice layers. (A)

Tochinoki lava overlying Matsuhata pumice (MhP) at locality A*-,-. Scale is +m. (B) Sawatsuno lava

overlain by Kusasenrigahama pumice (Kpfa) at locality A30+3. Scale is ,m. (C) Akase lava overlain by Kpfa

at locality A32,3. Scale is ,m. (D) Eboshidake lava occurring below Kpfa at locality A32,/. Scale is ,m.
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��������	
��������������
������ ��� ,�..1m� ������ �!"�
#�$%& �Fig. ,' AVL+ AVL.�( )&* 	
 AVL

++,Kpfa �������-'	.��,
'��
����"/%0�� * �	
'�������12
'345�6,* 345�7�+8� A*-*0���
9:� ACP-12'�6 ;"���<���� =
/* ACP- �������,>?��@+�AB'�
C�+8�� �#D 0&(
����'�2�,* A--EFG���FHI� 
0J�������"/%�� �* ���K� �A
*-+,��� L���	
 AVL+ ���M��-�,�N
�O����� +P=&( �'�����,Q�RS
T	�
�U�<�9V* W'��=/ ACP.����
�� �+X�( �'� ,* ���	
�9:���
����� '�6YZ* A*-*0���9:�345�
6* $/����'�[\� ]^* _` !'�=/
a�bc"#d�0�( <&��* efg5h$i+
'j345+8� ACP. ����,* c%'����
�&'�+8�( )&* ���	
 AVL.+ ACP.�(
)���k�#�$%&*+'l���m'&'�,*
�(=/a��O,&'� -.$%�( �'� =
/* �� (ACP.)�C���n/'c0�1o<�* �
O,�23<&�p+8�( �1 	
'qrNsF4
]�� * ����FtIc%'��,* ��u�C�
v)&w* 56'����F�C��  b�* �n
/�c01o<��O,�23<���( $/���u
�C�7�&w���gxyxzm��F,C�� �
p{8F&|& }�$%�(
�����* �[ ]^M�[6M9�_` !0|
'�+�����:;$%�~<=�8�� ,* >
?M
 �,**.� ���G$%���( ������
��!$%��� ������ '�@1'� �A*-,*

��� �,* Kpfa W'��'���	� ��A0'B
CD -, cal ka ; ��M
* ,**- a� ��"/%�( )&*
EF0|=/����,G�H�� IJ���-��
���b' }�$%��� �>?M
* ,**.�( �<�
�k�.�$%���P:+,0��* ����F��
���:;��� ,�6K�a�b#d,0�( W'
:;�L<� �� * ����'>?,���� �
�/%�(
��������,* 
'��L345 '�M'�
6YZ,��'��+qr��� �+X0=&( <
=<* �'����N�����Vb�2�8�� ,
�+�P=�9V* )&����,EFOP+G�H
��FQ���b' -.$%� ���MR$*

+32/�( �������L���� '1�YZ,#�
+X0��* ����,�N���� G�H��-�
�C<���� ,S/=+8�(
�T���'�1�,��UFtI������"/
%� �A*-+1���( >?M
 �,**.� ,* W'��'�
[ ]^=/�V�����W /�� ��?* +323 ; X
� ACP/� 8��, ACP-�:;$%� �����
�* S#0���,���0�(
Y�<&�p�* ���GH �A*-,-��� 'G�H
�����,�Z�� �p345���<���
(Fig. /A). �'���,5�'4��f� ¡z=/0
�� LS�RS'��u������0|'��F[
<�9V* �%/'� ,efg5\Ti+�"/%�
�V�����W 0�� ��?* +323 ; X� ACP0� '¢
£ ���M
* ,**- a�  ]¤<���( )&* efg5
\Ti+¥¦$%& ACP0 ���i�9:�G�H
��,* _` !'1+b�J¤��� (Tables ,, -).

<=<* �Z��,P§= +��+<=qr+X0��
 * $/�¨^m\� <��T©� _�©�FtI
��, ACP0'
�b5���<���� =/* ªA
�+,�':;F~<=� |"�9J( �§%�^
�* �������L���� �`�* G�H��,
C�Y�ba2K0�����23<���� �S/
= 0&(

0� �������	
��
�V�������«�C�����,* /�'��
'K-ArBCb��¬P%��� ��cM
* +33+�( �
'K-ArBC,*!3 .*Ar�-0Ar;}�d����eB
Y �p�����b�6YZ�#d0Jf®+X�
� �D¯$%&Td (Matsumoto and Kobayashi,

+33/) ���b'+8�( ���i�9��,* IJ�
�� ,1°0 ka* ������� /+°/ ka* G�H�� 1-

°+* ka �p -�'K-ArBC�g/%��� ��cM

* +33+�(
)&* �Vefg5 W'h$i+,* ��345�
�'hi	.�F:± <�* �5J' +.CBCb��
D²$%�X& ���MR$* +331 ; ��M
* ,**- a ;

��M
* ,**. a�( cj+�³&345'�+,* Kpfa

����D -+ cal ka �pBC�k´$%&�* W%�
V�2'345�Y<�,�6YZ l]��BCm�
g/%0=&&"* �2=/ ACP-�D -.3eBY*
ACP.�D .eBY �p�CBC�}�$%��&
���M
* ,**- a�( <=<* µJ¶·�0� A*-+,

��' ACP.��+2¸$%&no_'¹H�'ºp
»m6Eq (AMS) d��� +.CBCb��¬P%*
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�.-,,** +.Cyrs BP ��� .0 cal ka���� ���	
�
����� ������ ,**. b� ��� ���� (,**-

a) �������������� !"����#$�%
&'(��� )*	+����
���"��,� A

***+���-�./0��123� �4 Beta Analyt-

ic5�6�3. AMS���� +.C��7��893�%
)*	+��:�;��<=>/� ��?� +.0m� �
@A"��� 	+�:�<=>�B����CD
0��123� (Fig. ,). C�	
� 	+�:��
,/,0,*E++* +.C yrs BP (Beta-+.*/+3), �B����
,/,2,*E+,* +.Cyrs BP (Beta-+.*/,*)����! +.C��
����% ��;Kitagawa and van der Plicht (+332

a, +332 b)�F3� +.C��G!HI����� �JK
� -* cal ka�LM� (Table .). ������N� OP
QRS��TUV��� �W�X���"�	+���
���Y���Z�.[�"�%
)*	+��� 	+�Kpfa;� !\L]^^_�

`aL�� bc"]d��Y#Qe�% ���G!$
��Qe� -+f-* cal ka;� �� 	+�K-Ar��
�,1E0 ka� �gh%i�ja.��% 3��M.� �
� -Z��Y#����3.;� ���� (,**- a)�
&k3�� -+ cal ka�lm.'(L�%
n)op	+�q*	+;� �K��� 	+�r 
+st	+��^�,A"������ --�C .-�
O��Y3�K����u�%
�aQ ACP-��Y��;� vwx�y.Q�

Aso-.z{�������UV��� -.3-�O���
u.�� ������ ,**- a�% 3�3� ACP-;r 
+st	+�:��]^^_�`aJ�@A3.-|�
"	+�"]d��Y#Qe����}/u�% 3�
�M.� 0�Q;r +st	+�K-Ar�� �~0�
�� +33+� ��� ACP-��Y���� /-�O� !
"�%
�W�X�-�.r +st	+�:��;1 	+
�e|� u��C��:�@A"����; ACP.�2
3u�% ACP.�Z�.;� � .-�O������

����&ku.�� ������ ,**- a�% ���
=������Q;� ACP-�1 	+�^�;�?
*..f+./m�����$|�/��/,�� (Fig.

,)��Q� 4����;��3.��% a�� vwx�
y.X�-�.; ACP-� ACP.^�;�? *.,f, m

������� ��? ,f,* cm�/��,A"��
�e|� �@A3.��% ����TUV��� r 
+st	+�ACP-���1 	+�ACP.��^�]^
^_;� � +**�56���u.�� ������
,**. b�% 0�Q;� 1 	+-�� ACP.��Y��
�� r +st	+�ACP-���bc"]d�� /-
�O�lm�% ����; ACP.�:Q7�u��8
t�G!$���.0 cal ka ������ ,**. b� �K�9
3�K�Qe�%
a�� �:�;	+�<= 	+���	+�Z�.
;� &'��WQ�>?L�TUV�}1"����Q
\L�M�% �:�;	+;@�8	+ �1-E+* ka ; ~
0��� +33+� �|��� a�<= 	+; ¡*	+
�� ,-�O� �|�� �¢A��� ,**.� �����3
��mL��� ��	+;n)op	+�@�8	+^
�,A"����£�M.���Q� C��Y��; 1

-f.-�O�^���u�%

1� �������	
�������������
z¤RS.\�	+������TUVN�Y���
K��3.� ��Q;¥¦��<§�¨©ª«��X�
7B¬�Z�.l"� (Fig. .). L-� ®	+�U3
.;� ��C¯ND°?L�?��--�C�>¯ ��
>E6 ,., g�cm-�±� ; ² ��� +33-� �³´3�%
a�� {:����>¯;� ���� �,**- a� �&k3
���µF3� 	+��K�>¯�	+¶´G (DRE;

,./ g/cm-) �3.F3�%
·H+���:�;	+;� ¸A�IQ¹Q\�<
§�¨©ª	+�<QKºK��K�Qe� �² �J
.� +32/�% ��	+;� � 1-�O�|����;}8
Qe|� �:�»G�@A"�<§�¨©ª¼d�+>

Table .. Results of AMS +.C age determinations for buried soils.
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������ +33.� ����	
����	
 ����
,**+�
� 1	
�������������� �� *.+/

km-� �������������������
  �
�����!�����"���	#� $�%����
&'��
  '(���)����*+,#� �*
+��-!"#.$�/�0��%1'
&2345(
'

� /	
�����������	
���� ��

*..* km-� ����6  �����������'7
8� '9��:;���'�<=( ��)���

>����?@A*+�� BCDE�F,3"!6��
345('
 ���� ,**+� �������-���G
.'9��:/ .%� (ACP. ; *.,+ km-) ����	#�
H��I0����1J���0�=�2���
 �
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Fig. 0. Alkali versus silica variation diagram for
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