Petrology of the Cenozoic alkali basalts in the
central Chugoku district,Southwest Japan:
implications for their origin and evolution
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Abstract

Cenozoic alkali basalts in the central Chugoku district indicate primary chemical
characteristics. They were produced by the mantle upwelling from the deep mantle. These alkali
basalts form several monogenetic volcano clusters and their chemical trends in each cluster are
divided into two types on the FeO*/MgO-SiO, wt % diagram. One trend (= Fe-rich trend) can be
produced by a fractional crystallization of olivine and clinopyroxene. The other trend (= Si-rich
trend) can not be explained by fractional crystallization with subtraction of any possible mafic
minerals. On the other hand, these alkali basaltic magmas were possibly produced from a mixture
between an enriched mantle source from the mantle plume and a subduction-related mantle source in
the trace element chemistry. Heterogeneous mantle which were formed by previous arc magmatism
or addition of slab components may have occurred beneath the central Chugoku district. The primary
magmas produced from such hybrid sources possibly underwent magma-mantle interaction with
subsequent fractionation. The magma-mantle interaction with subsequent crystal fractionation can
explain the chemical trends of most of the basaltic rocks in the central Chugoku district. The wide
variations of primary magmas are expected for some of the basaltic rocks in the central Chugoku
district. The magma-mantle interaction possibly caused the formation of such wide variations of the

primary magmas.

Introduction

Cenozoic alkali basaltic rocks are widely distributed in the central Chugoku district, Southwest

Japan, forming several monogenetic volcano clusters. These volcanic clusters can be divided into



several zones parallel to the elongation of the Southwest Japan arc; the San-yo, Sekiryo and San-in
zones and the Oki islands from the Pacific side continent-ward. The basaltic rocks in the central
Chugoku district indicate undifferentiated characteristics and are considered to be produced in the
upper mantle. The documented melting experiments suggested that these basaltic magmas were
produced from the mantle upwelling from the deep mantle with a center in the Japan Sea coastal
region (Iwamori, 1991). The magmatic evolutions of the basaltic rock in the central Chugoku district

were discussed, based on the bulk rock and mineral chemistries.

Olivine-spinel compositional relationships

Restites of these basaltic magmas are estimated by compositional relationships between Fo
content of olivine and Cr# (= Cr/(Cr + Al) atomic ratio) of chromian spinel. Each cluster has
characteristic restite type with different refractoriness: lherzolite (Cr# < 0.5) for the Tsuyama (5 Ma),
Kibi (9 Ma) and Sera (9 Ma) volcano clusters in the San-yo zone, Iherzolite to harzburgite (Ci# = 0.2-
0.6) for the Kuroiwa-Kogen (5 Ma), Yokota (1 Ma) and Hiba (11 Ma) volcano clusters in the Sekiryo
zone, lherzolite (Cr# < 0.4) (11 Ma) and harzburgite (Cr# = 0.5-0.6) (1 Ma) for the Matsue volcano
cluster and harzburgite (Cr# = 0.5) for the Kurayoshi volcano cluster (5-1 Ma) in the San-in zone, and
lherzolite (Cr# < 0.5) for the Oki-Dogo volcano cluster (4-0.5 Ma) in the Oki islands. The regional
distribution of possible mantle restites suggests that the relatively depleted restite (the Yokota cluster)
is surrounded by the relatively fertile mantle restites. The temporal variation of Cr# of spinel
coexisting with Mg-rich olivine is recognized and suggests that the refractoriness of possible resites
sometimes tends to increase with time. The restites for the basalts of 1 Ma in age from the Matsue
and Yokota clusters, which are located near the center of mantle upwelling, indicate relatively
depleted characteristics. The change of possible restites through space and time may be responsible

for the repeated basaltic volcanism in the Southwest Japan due to mantle upwelling.

Polygenesis of clinopyroxenes and magma evolutions

There are polygeneitic clinopyroxenes in the silica-undersaturated alkali basaltic magmas of the
Tsuyama and Kibi volcano clusters in the San-yo zone. They exist as phenocrysts or xenocrysts and
have strong zonal structures. The strongly zoned clinopyroxene grains have optically distinct cores,
which are greenish in color and called the green-core clinopyroxenes. They show variable chemical
characteristics and are divided into two groups; one is high in total Tschermak’s components (high-Ts
group) and the other is low in them (low-Ts group). The genuine clinopyroxene phenocrysts are
titanaugite and are possibly high pressure precipitates near the mantle/crust boundary. The high-Ts
group green-core clinopyroxenes may have been crystallized from evolved alkaline basaltic magmas
which stagnated near the mantle/crust boundary. The low-Ts group green-core clinopyroxenes may
be either precipitates from melts produced from a metasomatized mantle or reaction products between

a basaltic magma and crustal materials, e.g., crustal assimilation. Anyway, these green-core clinopyroxene



are considered to be accidental fragments trapped from the wall rocks as xenocrysts. The existence of
these green-core clinopyroxenes indicates that the underground rocks of these areas, particularly the rocks
in the uppermost mantle or lower crust, may have been influenced by the precursory alkali basaltic

magmatism such as generation of cumulates, mantle metasomatism or crustal assimilation processes.

Petrogenesis

The chemical trends of the basaltic rocks in each cluster of the central Chugoku district are
divided into two types on the FeO*/MgO-8i0O, wt % diagram. One trend (= Fe-rich trend) shows a
slight increase of SiO, with an increase of FeO*/MgO ratio, similar to a tholeiitic trend. The other
trend (= Si-rich trend) shows an increase of SiO, with a slight increase of FeO*/MgO ratio, similar to
a calc-alkaline trend. Most of the Fe-rich trends can be produced by a fractional crystallization of
olivine and clinopyroxene. However, the Si-rich trends can not be explained by fractional
crystallization with subtraction of any possible mafic minerals. Magma-mantle interaction processes
are necessary for the formation of the Si-rich trends. On the other hand, these alkali basaltic magmas
were possibly produced from a mixture between an enriched mantle from the mantle plume and a
subduction-related mantle in the trace element chemistries. Heterogeneous mantle occurred beneath
the central Chugoku district. This heterogeneous mantle may have been formed by arc magmatism
which converted a pre-existing mantle to an arc-type mantle, or by addition of fluid released from the
subducted slab. The varied mantle have been settled by migration of convective mantle wedge
beneath the central Chugoku district. The basaltic rocks in the Sekiryo and San-in zones, the coastal
region of the Japan Sea, show arc-like signature, whereas the basaltic rocks in the Sanyo zone and
Oki-Dogo show OIB-like signature. The basaltic rocks in the Sekiryo and San-in zones can be
produced by mixing of a magma from the enriched mantle source and a magma from the arc-type
mantle source with depletion of Nb and enrichment of the other incompatible elements. The basalts in
the San-yo zone and Oki-Dogo can be produced by mixing of a magma from the enriched mantle
source and a magma from a depleted MORB-type mantle weakly metasomatized by fluid released
from the subducted Pacific plate (Nakamura et al., 1989). The primary magmas thus produced
possibly underwent some magma-mantle interaction and they subsequently fractionated olivine and
clinopyroxene. The magma-mantle interaction with subsequent crystal fractionation can explain the
chemical trends of most of the basaltic rocks in the central Chugoku district. The wide variations of
primary magmas are expected for the rocks in the Sekiryo and San-in zones. The magma-mantle
interaction possibly caused the formation of such wide variations of the primary magmas. The
younger basaltic magmas (1 Ma) are rich in LILE and REE relative to the older basaltic magmas in
the Sekiryo and San-in zone. The effect of the slab components is possibly larger in the younger ones
than the older ones in the coastal region of the Japan Sea. The Philippine Sea plate reached beneath
the Japan Sea coastal region in Quaternary, and has been adding slab components to overlying mantle

source then. The degree of melting for the younger basalts may have been promoted by the addition



of the slab components in the coastal region of the Japan Sea. The voluminous Quaternary andesitic
to dacitic magmas erupted in the coastal region of the Japan Sea. They were considered to have been
produced by the partial melting of the subducted Philippine Sea plate (Morris, 1995). The heat from
the mantle upwelling producing the basaltic magmas in Southwest Japan have possibly enhanced the

melting of the subducted Philippine Sea plate.

Conclusion

The Cenozoic alkali basalts in the central Chugoku district were possibly produced by several
complicated processes; (1) upwelling of enrich mantle plume from the deep mantle, (2) two types of
mixing of melts from some kinds of mantle sources; (a) mixing of a magma from an enriched mantle
source from the mantle plume and a magma from an arc-type mantle source produced by previous arc
magmatism and (b) mixing of a magma from an enriched mantle source from the mantle plume and a

magma from a depleted-MORB type mantle source metasomatized by fluid released from the

subducted Pacific plate, (3) contamination of fluid released from the subducted Philippine Sea plate,
possibly enhancing the degree of melting, and (4) magma-mantle interaction to produce wide
variation of primary magmas. On the other hand, the upper mantle or lower crust may have been
partly modified by precursory alkali basaltic magmatism and the modification of the upper mantle or

lower crust may have been responsible for the formation of the green-core clinopyroxenes.
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