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Petrogenetic model of I- and S-type felsic magmas in the Outer Zone,
SW Japan, in terms of Sr isotopic compositions

* . *
Setsuya Naxapa and Yasunari Oxamoro

Abstract Episodic igneous activity in the middle Miocene developed the Setouchi volcanic belt,
Quter-Zone I-type igneous belt, and Outer-Zone S-type igneous belt from northwest to south-
east. The Rb and Sr contents and Sr isotopic ratios of the products change systematically and.
continuously; Setouchi volcanic rocks have lowest Rb/Sr and Sr isotopic ratios, while S-type
igneous rocks have highest Rb/Sr and Sr isotopic ratios. The outline of this systematic variation
is explained by AFC(assimilation-fractional crystallization) model, in which intermadiate magma
with the composition similar to the Setouchi andesite ascended through pelite-rich continental
crust by the manner of partial zone melting. By, at least, 20 to 30% assimilation-fractional crystal-
lization of original magma, the magma could become to be S-type in composition. The different
degrees of magma’s assimilation of pelitic materials introduce the difference between I- and
S-type felsic magmas. The zonal arrangement of I- and S-type felsic igneous rocks in the
Outer Zone may be resulted from the difference in mean composition of continental crust
between two igneous belts, and from the difference of tectonic stress field controlling the
manner of magma ascent.

This petrogenetic model for two type igneous rocks may be applicable to the origin of two
types in Australian Paleozoic batholiths. '
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Fig. 1

Location map of complexes of the Miocene felsic igneous rocks in Quter Zone, Sw Japan, and
their mean Sr isotopic ratios before 14 Ma. 1 : Yakushima, 2 : Minami-Osumi, 3 : Takakuma-
yama, 4 : Ichifusayama, 5 : Osuzuyama, 6 : Okinoshima-Kashiwajima, 7 : Uwajima, 8 : Kumano,
9 : Omine(south), 10 : Nansatsu, 11 : Shibisan, 12 : Okueyama, 13 : Ishizuchiyama, 14 : Omine
(north).
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Mean composition of Rb and Sr contents, and Sr isotopic ratio in each igneous complex or
district. 1: Oxamoro(unpublished data), 2: Naxasa(unpublished data), 3: Nakapa(1983),

4: Yanacr et al.(1971), 5: Supata & Isumara(1979), 6: Ismizaka & Carison(1983), N: number
of analyses, R14: Sr isotopic ratio before 14 Ma.

Rb

Sr

Name of complex N Rb/Sr  ®7Sr/®°Sr R,, Ref.
ppm__ ppm
Yakushima 4 186 157 1.18 . 7085 .7078 1,5
Minami-Osumi 6 175 152 1.15 .7105 L7099 4
o Ichifusayama 1 124 221 .561 .7088 .7085 2
N Osuzuyama 5 124 181 .685 .7102 .7098 1,3
&' Okinoshima 4 158 118 1.34 .7096 .7088 1,2
2 ® ywajima 11 143 205  .697 .7079 .7075 1,5
N Kumano 2 131 108 1,21 .7083 .7076 1,5
Omine (South) 4 176 84.3 2.09 .7091 L7079 1
B~ w Shibisan 1 158 205 .771 .7066 .7062 5
5 5 Okueyama 10 209 163 1.28  .7066 .7059 1,5
© B Ishizuchi 2 151 156 .968 .7070 L7064 1
™ Omine (North) 4 109 224 487 . 7055 .7052 1
| = West Setouchi 3 50.6 293 .173 .7050 L7049 6
2% East Setouchi 12 114 320 .365 .7053 L7051 2,6
A"  Osaka 3 50.3 289 .174 .7054 .7053 6
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Fig.2 Present-day ®"Sr/®Sr vs. 1/Sr diagram for the middle Miocene igneous rocks in Setouchi

Province and Outer Zone. Open and Solid circles represent S- and I-type felsic igneous rocks
in Outer Zone, respectively. Open square represents Setouchi andesitic rocks.
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Fig. 3 Present-day ®'Sr/®Sr vs. Rb/Sr diagram for the middle Miocene igneous rocks in Setouchi
Province and Outer Zone. Legend in Fig. 2.
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Fig.4 Rb/Sr us. Rb diagram for the middle Miocene igneous rocks in Setouchi Province and Outer
Zone. Legend in Fig. 2. Solid lines show compositional trends of magma evolved in AFC model.
D means bulk partition coefficient(crystals/magma) of Sr. Dashed line represents an example of
fractionation trend shown in Osuzuyama acid rocks(Nakapa, 1983). In AFC model, compositions
of parental magma and contaminant were assumed as 50 ppm Rb-300 ppm Sr and 150 ppm Rb
-150 ppm Sr, respectively. Numbers of .05, .1, .2, and .3 meanZ values (degree of assimilation
~fractional crystallization) in Eq. 2a in text.
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Fig.8 Schematic evolutional pattern of magma
in AFC model.
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