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Petrological Study of Torishima Volcano, Izu Islands, Japan

Takeshi SUGIMOTO�,��, Hidemi ISHIBASHI���and Takeshi MATSUSHIMA�

The eruptive activity of Torishima volcano is divided into three stages ; the stratovolcano stage, the

caldera-forming stage and the central cone stage, respectively. Volcanic rocks of the stratovolcano stage are

characterized by basalt containing abundant plagioclase phenocrysts. The chemical variation of this stage in

oxide-oxide diagrams can be explained basically by addition of plagioclase and moderate removal of mafic

minerals. Volcanic rocks of the caldera-forming stage are characterized by olivine-bearing dacite. Their

whole-rock compositions lie on a straight line between the rhyolitic glass and the stratovolcano basalt with MgO

�2wt.�. They also show di#erent Ba/Zr and Nb/Zr ratios from stratovolcano-stage basalts, indicating
contamination of crustal materials. So they were most likely to be formed by magma mixing of basaltic magma

and rhyolitic melt formed by partial melting of mafic lower crust. Volcanic rocks of the central cone stage are

classified into two groups ; Komochi-yama basalts and Io-yama basaltic andesites, respectively. Io-yama basaltic

andesites make a tholeiitic trend with stratovolcano-stage basalt in SiO, vs FeO*/MgO diagram and have higher

TiO, and FeO* contents than other volcanic stages. On the other hand, they lie on a mixing line between

caldera-forming-stage dacite and stratovolcano-stage basalt in Zr vs Ba/Zr and Nb/Zr diagrams. Therefore,

their magmatic evolution can be explained by two processes ; (+) TiO, and FeO* enrichment by additional

fractional crystallization of stratovolcano-stage basalt, (,) magma mixing between caldera-forming-stage dacite
and di#erentiated magma with higher TiO, and FeO* content.

Key words : Torishima volcano, Izu islands, magmatic di#erentiation, magma mixing, fractional crystallization

+� � � 	 

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

b). ,**,�%����� 0-�/0%121��345
6� 78�9:,-)


;

<
4=

�
>?

�@�A�%B�9CDE
F 
�G�H� ,**-�. 5���%I�J�����,��
+3*,����K��4LM +3-3��N#!"OP+�
�QRCS�TUV;) 
WX� +3*, ; YZ� +3*, ; [
�� +3*- ; A\�WX� +3*- ; ]�� +3*- ; ^7_�
+3.*�. `� (+3/+)�����a��a�Sb3c=d

e%fgh3ij6� jk��lmjnopqrsDj
3tV78�9:mjudvc()��QRw3�x6
F. �y�H (+3/.)�zf{�4LMfg|}~�3
�d% +3-3���%4�)�����3
 +.3�+*1m-

d����F. 6n6�Co�$���%4;V�� �
���a�%�()a��K��%�;V�� ����
d�a�j����jC��n%SbTUV;)��,
-). ��� (+33,)�����a� .3����a�j
����j3�x6FC� H��������� !"
#$������ ���a�C�pP� ¡¢£¤#¥

�

��

¦2//�*2.- ��§B� ,�/0.-�,3
¨©Y�Y�ª��«¬ª�­f®���{«¬¯
"°±
Institute of Seismology and Volcanology, Faculty of

Sciences, Kyushu University, Shin’yama, Shimabara

2//�*2.-, Japan.
z²­ : ¦21.�*3*- � §!9� -*22�+10
��Y���«¬³�­f´"�«¬µ¶
Present address : Institute for Geothermal Sciences,

���
Kyoto University, Noguchibaru, Beppu 21.�*3*-, Japan.
¦2+,�2/2+ #·§�¸$¹ 0�+*�+
¨©Y�Y�ª�� f´%º³�»¼
Department of Earth and Planetary Sciences, Gra-

duate School of Sciences, Kyushu University, 0�+*�+
Hakozaki, Fukuoka 2+,�2/2+ Japan.

Corresponding author : Takeshi Sugimoto

e-mail : sugimoto@bep.vgs.kyoto-u.ac.jp



����������	�
��
��� ,**,����
��	��
����� (,**-)	�������
�
�� !"#$%	&��'����(�)* +,-
	./�01�
�2��
34�
��5�6��
%7�8� 9:�;<�
�'�	�7���2+,-	=���>?�@A��
���	�)* 9:� ,**-� / B	C��(2DE
	 
��5+��FGHIGJ�0�)� �K��

��5���L� - MNOP	�Q RMNOP��'
�	��
 S��T��
��+,�� U+VW�
XYZW�[	\A U+��XYZW]&E^�_-
ZW�[�`a��Tb ��MNOP�	cD��d
Jd�ZW�_efghi]&E j06��dJd�
�Wklm	��
@n�0�)�

,� ������
�K�� 
��5���L�o� (+3/+) �p��

(+3/.)��q-	��]&E�L������r	�
st (Table +)� ��5���L� VWu�5vwW
x fyz{wWx �|�}~6�x� - MNOP	

������
,�+ �	
���
	�
�MNOP���6�� VWu�5v�V !�w

W7�"+#� +$�6��D2� (Table +)����
!��

��

�
�

�
��

�$n���&�	 (Fig. ,) VWu�5v
"+� �� +��m��%+"+#���& 'q�
��+	���
Wub)������ "+#��()
���*���+b� �) ������7,�u�
-*D�2�� VWu�5v"+������ ��U
�������]&E . 5/�!�fyz{0��
	�1'b
��� ¡) /�¢�£

¤�

,
�b

��¥	 VW
u�5v	¦27�§3�%+�+$�-*D���

,�, ����
	�
�MNOP���6�� fyz{wW	4�¨©ª

,�6��D2� (Table +)� ����� ¨©ª,,�
�� u�5 +m�VWu�5v"+�«6�Vv�7
��57#u��s� VWu�5v�8���¬-�
�� (Fig. ,)� ¨©ª,,��� 9­�:�;��¨
©®g¯°�D±W���� �) ²�³y°�D2�
rq�	�9­2´µ6�p�¶¤ u���_	<·

Fig. +. (a) Map showing studied area. (b) Map showing sampling localities. Numerals correspond to sample

number of whole-rock bulk chemical analysis. Topographic map of Torishima, + : ,/,*** in scale (Geo-
graphical Survey Institute) is used.
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Table +. Volcanic history of Torishima volcano.

Fig. ,. Sketch of the stratovolcano volcanic rocks at cli# of Hatsunezaki. Numerals correspond to sample number

of whole-rock bulk chemical analysis.
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Fig. -. Harker’s variation diagrams for Torishima volcanic rocks. Open symbols indicate the data from Tokyo

Metropolitan Government (+33,).
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Fig. .. Variation diagrams for major and trace elements versus MgO. Symbols are the same as in Fig. -. Broken

lines are the mixing lines proposed for the caldera-forming stage (see text for details).
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Fig. /. Variation in MgO content in the strato-

volcano lavas exposed at cli# of Hatsunezaki.
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Table -. Representative compositions of phenocrysts and microphenocrysts in the Torishima volcanic rocks.
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Table .. Compositions of melt inclusions in plagio-

clase and groundmass glass for sample No. -+.

Fig. 0. Histograms of phenocryst and micropheno-

cryst plagioclase composition.
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Fig. 1. Core and rim compositions of phenocrysts and microphenocrysts. Solid squares : phenocryst, crosses :

microphenocryst, open squares : plagioclase phenocryst with shieved texture.

Fig. 2. Chemical compositions of pyroxenes in sample

No. -+. The isothermal lines are from Lindsley

(+32-). Crosses : phenocryst core, open circles :

phenocryst rim.
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Fig. 3. Variation diagrams for modal compositions

versus MgO. Symbols are the same as those in

Fig. -.
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Table /. A result of least square calculation for fractional di#erentiation. Plag :

plagioclase, Oliv : olivine, Cpx : clinopyroxene. RSS : residual sum of squares.

Fig. +*. Variation diagrams for Ba/Zr and Nb/Zr

versus Zr. Symbols are the same as in Fig. -.
Dotted line is hypothetical mixing curve.

Fig. ++. Variation diagrams for FeO*/MgO versus

SiO,. Small dots are melt inclusions of plagio-

clase in sample No. -+. Other symbols are the

same as in Fig. -. The discrimination line is

from Miyashiro(+31.). CA : calc-alkali, TH :

tholeiite. Shaded field represents selected rhyo-

litic melt compositions from dehydration experi-

mental data (Beard and Lofgren, +33+). Dotted
line is hypothetical mixing curve.
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