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Abstract

Caldera volcanoes are common in continental arcs and continental hot spots. The
activity is characterized by formation of voluminous silicic magma reservoir at the
upper crust and large eruption that ejects the voluminous silicic magma (>10s km3). It
is important to understand magmatic system of the caldera volcano because it is an
endmember of various volcanic activities, contributes evolution of the continental crust
by generation of the voluminous silicic magma, and impacts environment and human
society by the large eruption. To understand the caldera volcanic systems, it is most
important to elucidate generation of the voluminous silicic magma that characterizes
the caldera volcanoes. We invested this problem for Aso volcano in SW Japan, which is
one of the largest caldera volcanoes in the world. The Aso volcano repeated large
eruptions four times, which are Aso-1, Aso-2, Aso-3, and Aso-4. The large eruptions
ejected voluminous silicic magma and a small amount of mafic magma as pumice and
scoria, respectively. Compositions of the silicic and mafic magmas are dacitic to
rhyolitic and basaltic andesitic to andesitic, respectively, in High-K series proposed in
Gill (1981). Sr isotopic compositions of the silicic and mafic magmas are identical,
indicating the source material of the two magmas is the same. Based on the
petrological similarity in the High-K series and Sr isotopic composition between the
silicic and mafic magmas, previous studies proposed two main generation models for
the silicic and mafic magmas assuming a single magma source. One is that the silicic
and mafic magma are generated by partial melting of a single mafic rock. The other is
that the silicic and mafic magmas are generated by crystallization of a single magma.
In both the models, basaltic magma is thermally and materially involved in the
generation of the voluminous magma. To clarify validity of the generation models, we
focus of a micro-scale analysis of melt inclusion (MI) and groundmass (GM). The MI is
a glass in phenocryst, and GM is matrix glass in ejecta. The MI and GM glasses can
record melt composition in various stages from magma generation to eruption.
Therefore, we can reveal magma generation and evolution process by the compositional
analysis of the MI and GM.

Our research goal is to reveal a magma plumbing system of the large eruptions in
the Aso volcano, especially petrogenetic relationship between the silicic and mafic
magmas. For this goal, we analyzed MI and GM in the pumices (silicic magma) and
scoriae (mafic magma) of the Aso-2, 3, and 4 eruptions. In addition, we also analyzed
MI in basaltic scoriae of Aso-4/3 Z-20 and Z-15 and Aso-CC Ksh small basaltic
eruptions, which occur before and after the large eruptions, to clarify a role of basaltic
magma in generation of the voluminous magma. Analysis of major and trace element
compositions is performed using SEM-EDS at Kobe University and Laser ablation
ICP-MS at ETH Ziirich, respectively.

We summarize important petrological and geochemical features of the Aso magma
for magma generation, as revealed by our analytical results and previous studies.

(1) The pumices and scoriae of the large eruptions are dacitic to rhyolitic and basaltic
andesitic to andesitic, respectively, in the High-K series, and have the same Sr
isotopic compositions, as reported in previous works. These features indicate that
the silicic and mafic magma were generated from the same mafic material.
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(2) MI and GM glasses in the pumice and scoria of the three large eruptions are
classified into three types based on the major element composition obtained in
our study: High-K Silicic type (HK-S), H1gh-K Mafic type (HK-M), and
Medium-K (MK) type.

(a) The HK-S glasses are found in the pumices and qﬁénched melts of the silicic
magmas. Compositions of the HK-S glasses are dacitic to rhyolitic in the
High-K series.

(b) The HK-M glasses are found in the scoriae and quenched melts of the mafic
magmas. Compositions of the HK-S glasses are basaltlc andesitic to dacitic
in the High-K series.

(¢) The MK glasses are found in the Aso-3 and Aso-4 scoriae. Compositions of
the MK glasses are andesitic in the Medium-K series and different in the K
series from the whole rock composition of the Aso-3 and 4 scoriae,
indicating that the MK glasses do not have a genetic relat10nsh1p with the
mafic magma by simple fractlonatlon

(3) The HK-S, HK-M, and MK glasses are also clearly distinguished in normalized
contents of middle to heavy rare earth elements (MREE to HREE). The HK-S
glasses show that the contents of MREE are lower than those of HREE values.
The HK-M glasses show that the contents of MREE are roughly equal to those of
HREE. The MK glass in the Aso-3 scoria has lower contents of MREE and HREE
than the HK-M glasses, while the MK glass in the Aso-4 scoria has higher content
of those than the HK-M glasses.

(4) MI in the Z-20, Z-15, and Ksh basaltic scoriae (B-MI) are basaltic to andesitic in
the Medium to High-K series and form a continuous trend with the HK-M glasses
in major and trace elements, indicating a petrogenetic relationship between the
B-MI and HK-M glasses.

We discuss petrogenesis of melts of the HK-M and HK-S glasses (called HK-M and
HK-S melts) that explains Feature 3 by crystallization of the basaltic B-MI melt. Our
assumption of basaltic B-MI melt as a source material of the HK-M and HK-S melts is
based on Feature 1 and Feature 4. Examination method is to calculate composition of
melt based on phase proportion of crystallization and elemental distribution
coefficients of the minerals. The proportions of crystallized minerals are determined by
two independent methods: one is results of equilibrium and fractional crystallization
experiments of basaltic magma in previous studies, and the other is an estimation by
mass balance calculation from the change of major elemental composition from the
basaltic B-MI to HK-S.

Results of the examination suggest that the HK-M melt can be generated by
equilibrium and fractional crystallization of the basaltic B-MI melt with a small
amount of amphibole. In addition, it can be also produced by equilibrium partial
melting of a mafic rock with the basaltic B-MI melt composition because equilibrium
crystallization and equilibrium partial melting are reverse processes. On the other
hand, the HK-S melt was generated by only fractional crystallization of the HK-M melt
with apatite and a small amount of amphibole. Unlike the HK-M melt, the HK-S melt
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cannot be generated by partial melting since there is no melting process corresponding
to the reverse process of fractional crystallization.

We also discuss petrogenesis of the MK melts in the Aso-3 and 4 scoriae by mass
balance calculation based on the compositions. It is concluded that both the melts were

‘generated by melting plagioclase and apatite with/without amphibole. The petrogenesis
can be interpreted by remelting of crystal mush in a shallow magma reservoir by heat
from a high-temperature magma supplied to the reservoir.

We propose a magma plumbing system for the Aso volcano based on the petrogenesis
of the HK-M, HK-S, and MK melts. Hereafter, the three melts are referred to as
magmas (e.g., HK-M magma). First, mantle-derived basaltic magma is supplied to the
lower crust. The basaltic magma is differentiated into the HK-M magma. At the same
time, heat from the basaltic magma melts the lower crust, which was formed by
solidification of previously injected basaltic magma, producing the HK-M magma.
Second, the HK-M magma ascends through the crust and forms a shallow magma
reservoir. Third, the HK-M magma is differentiated into the HK-S magma by fractional
crystallization. Last, a new HK-M magma is supplied to the magma reservoir from the
lower crust again. The HK-M magma is emplaced under the HK-S magma body and
forms a compositionally stratified reservoir. At this time, the MK magma is generated
by remelting of crystal mush by heat from the HK-M magma. ,

Our study provides two important new insights into generation of voluminous
magma in caldera volcanoes. One is that mafic magma (i.e., HK-M magma) initially
forms a shallow magma reservoir, then the mafic magma is differentiated into
voluminous silicic magma (i.e., HK-S magma). The other is that both the crystallization
of basaltic magma and partial melting of the basaltic crust contribute to generation of
the mafic magma. The simultaneous occurrence of these generation processes is
efficient in producing magma and, thus, reasonable for the generation of voluminous
magma.
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