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Electron Microprobe Analyses of Rock-forming Minerals
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Abstract Representative chemical compositions of rock-forming minerals in the
Sanbagawa metamorphic rocks from the Ayukawa-Sanbagawa area, Kanto
Mountains, are tabulated along with their brief descriptions. They include more
than 200 electron microprobe analyses of silicate and oxide minerals. In addition
to the bulk chemical compositions of metamorphic rocks, mineral assemblages
including heavy minerals are presented here. They are basic data for petrological
discussions of the metamorphic rocks in the Kanto Mountains.
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Introduction

The Sanbagawa metamorphic belt is a typical intermediate high-pressure type
terrain. It extends about 800 km along the southwestern portion of the Japanese
island arc on the Pacific Ocean side. Many workers have been engaged in the
petrology of the Sanbagawa metamorphic rocks, especially in central Shikoku, for
the last thirty years (e.g. Banno, 1964; Banno & Sakai, 1989). They presented the
detailed data for chemistry of rock-forming minerals (Higashino et al., 1981,
1984; Aiba et al., 1984).

The Kanto Mountains is located at the eastern end of the Sanbagawa
metamorphic belt. Koto (1888) first established the geological framework of this
region and named the schists “Sambagawan” after the name of a small valley in
the west of Onishi-machi, Gunma Prefecture. Seki (1958) and Toriumi (1975)
studied the metamorphic zonation of low grade region with the detailed descrip-
tion of constituent minerals. Recently, Tokuda (1986), Hirajima and Banno
(1989), Hashimoto et al. (1992) and Makimoto and Takeuchi (1992) presented
the tectonic models for the Sanbagawa metamorphic rocks in the Kanto Moun-
tains. However, the petrography of higher grade part has not been published by
any authors yet. This paper gives the petrographical basis of the Sanbagawa
metamorphic rocks in the Kanto Mountains, especially focused on the data of the
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electron microprobe analyses on the rock-forming minerals in the higher grade
pelitic schists.

Outline of Geology and Petrography

The Ayukawa-Sanbagawa area is situated in northern part of the Kanto
Mountains (Fig. 1). The localities of the analyzed samples are shown in Fig. 2.
The rocks studied here are registered in the rock collection of the petrology
division of the National Science Museum.

In the Kanto Mountains, Sanbagawa, Mikabu and Chichibu belts show a
zonal arrangement from north to south with ascending stratigraphic order. The
Chichibu belt is composed mainly of trench-fill sediments, and is weakly metam-
orphosed. The Mikabu belt, so-called Mikabu greenrock complex is considered to
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Fig. 1. Geological frameworks of the Kanto Mountains.
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Fig. 2. Locality map in the Ayukawa-Sanbagawa area and division of chlorite, garnet and
biotite zones.
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be olistostromal melange of blocks and clasts of basic rocks, and is derived
parentally from igneous part of the oceanic crust. The petrography and chemistry
of the Mikabu belt in this area are summarized by Uchida (1981). The
Sanbagawa belt consists dominantly of metapelites, intercalated with metabasites
and meta-siliceous rocks, with a small amount of lenticular serpentinite. The
Sanbagawa belt in the studied area has an apparent geological structure with a
simple monocline trending EWE-WSW and dipping from 30°S to 50°S. Meta-
morphic grade increases from the Chichibu to the Sanbagawa belt. It is pumpel-
lyite-actinolite facies to sodic-pyroxene chlorite facies in the Chichibu belt and up
to albite-epidote amphibolite facies in the Sanbagawa belt (Seki, 1958, Toriumi,
1975; Hirajima & Banno, 1989).

On the basis of the mineral assemblage in metapelite in central Shikoku, the
Sanbagawa schists is divided into three mineral zones, i.e. chlorite, garnet and
biotite zones in ascending order of metamorphic grade. In the Ayukawa-
Sanbagawa area, chlorite zone occurs only at the southern part (Fig. 2). Garnet
zone is subdivided into the southern and middle garnet zones. Biotite zone is also
subdivide to the middle and northern biotite zones. This complicated arrange-
ment of zone is due to tectonic stacking of four slabs of sub-units (Miyashita, in
preparation). They are bordered by thrust.

Analytical Procedure

The electron microanalyser used for the analyses is JEOL 5400 with fully
quantitative Link Systems model 2000 energy-dispersive spectrometer, EDS, of
the Natural Science Museum, Tokyo. The analytical conditions are the same as
those reported by Yokoyama et al. (1993). The X-ray diffractometer used for the
analyses of crystallinity of carbonaceous matter is Rigaku Rint 2000 of the
Natural Science Museum, Tokyo. The sample preparation and the method of
measurement are after Tagiri (1981). X-ray fluorescence analyses of major
elements in the meta-pelites are produced by Rigaku model 3040 of the Waseda
University.

Bulk Rock Chemistry

Bulk chemical compositions of 20 metapelites (Appendix 1) are obtained to
check compositional effects of partition coefficients among minerals. Although
the compositions of metapelites of the Kanto Mountains are lower in FeO and
MgO contents than those of average chemical composition of metamorphosed
pelitic rocks (Shaw, 1956), they are similar to those from the central Shikoku
(Banno, 1964; Goto et al., 1996). Modal proportions of representative minerals
of the metapelites mentioned above are shown in Appendix 2. They are identified
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under the optical microscope, whereas minor heavy minerals including opaque
minerals listed in Appendix 3 are identified under electron microscope with EDS.

Mineralogy

Garnet: Garnet in the metapelite is critical mineral for the zonal mapping of
the Sanbagawa metamorphic rocks. It usually shows chemical zoning with regard
to MnO, FeO, CaO and MgO. In the southern garnet zone, garnet shows normal
zoning where MnO decreases from core to rim. Whereas, in the middle garnet
zone, the complex zoned garnets are frequently observed. Detrital garnets
(Higashino & Takasu, 1982) are found from some metapelites. They are always
MgO-rich and are included in the MgO-poor garnets which were formed by the
Sanbagawa metamorphism. There is usually distinct chemical discontinuity at the
boundary between them. Chemical composition of the garnet rim is listed in
Appendix 4. Each data is average composition of analyses of several points.

Chlorite: Chlorite is one of main constituent minerals in the metapelite. The
optical character of chlorite is mostly negative in the studied area. The chemical
heterogeneity in chlorite is recognized. Chemical composition of the average of
several analyses at the most MgO-rich portion is listed in Appendix 5. MgO-rich
chlorite is considered to be equilibrated with garnet rim during progressive
metamorphism (Higashino, 1975).

Biotite: Biotite in the metapelite is also critical mineral for the zonal mapping
of the Sanbagawa metamorphic rocks. Biotite is usually brown in color under
microscope, and almost homogeneous within an individual grain. In the Kanto
Mountains, green biotite is often found in the hematite-bearing siliceous schists
and the hematite-bearing metabasite. The green biotite is poor in FeO and rich in
MgO compared with brown biotite. Appendix 6 includes analyses of biotites both
in the northern and middle biotite zones.

White mica: White mica is phengitic. Paragonite has not been found in the
Kanto Mountains. Two types of heterogeneity in phengite are recognized. One
is a zoning with Na-rich core and Na-poor rim, and another shows Si-rich core
and Al-rich rim. Hirajima et al. (1992) obtained K-Ar age from white mica. The
former type mica shows 67-53 Ma, and the latter shows 87-66 Ma. The FeO+
MgO content of phengite is lower in the northern biotite zone than those in
the other mineral zones. Chemical compositions of white micas are listed in
Appendix 7.

Amphibole: Amphibole has not been observed in the metapelites from the
Kanto Mountains, different from apperance of amphibole in the highest grade
pelites from central Shikoku. In the metabasite of the chlorite zone, amphibole is
actinolite and sodic amphibole. In the higher grade zone, amphibole is from
actinolite to actinolitic hornblende in the Fe-oxide bearing metabasites (Hashi-
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moto & Funakoshi, 1991). In the meta-siliceous rock of the middle biotite zone,
Mn-rich amphibole occurs with Mn-rich sodic pyroxene and spessartine garnet.
Chemical compositions of amphiboles in the metabasites and meta-siliceous rock
are listed in Appendix 8.

Plagioclase: Plagioclase is also one of the major phases in the metapelites.
Albite porphyroblast occurs in both the metapelite and basite. Such rocks are
called “spotted schists”. Although they occur mostly in the higher grade zone of
this area, the relationships between the metamorphic grade and the grain size of
albite porphyroblast has not been solved yet. Plagioclase is almost pure albite in
the garnet zone and shows compositional zoning with a small variation of
anorthite content. Both simple and complex types of zonal structure described
from the central Sikoku (Otsuki, 1980) are also recognized in this area. In the
biotite zone, albite porpyroblast has oligoclase rim. Its maximum An content is
from 10 to 13 in the middle biotite zone, and from 17 to 24 in the northern biotite
zone. The latter is free from inclusions, different from the porphyroblastic
oligoclase of oligoclase-biotite zone in central Shikoku. The chemical composi-
tions of plagioclases both in the northern and middle biotite zones are listed in
Appendix 9.

Epidote: Epidote group minerals are common in the metabasite. Piedmontite
is often found in the meta-siliceous rocks. However, they are minor constituent
in the metapelite. Epidote in the metapelite has frequently allanite core where
total amount of rare-earth elements such as Ce, La, and Nd exceeds 20 wt%;.
Analytical results of epidote group minerals in the metapelites are listed in
Appendix 10.

Ilmenite: Titanite, rutile and ilmenite occur mostly as discrete grains, but
composite aggregate composed of the minerals is common. In central Shikoku,
ilmenite is only stable phase in the biotite zone and is homogeneous formed at the
prograde metamorphism (Itaya & Banno, 1980). On the other hand, ilmenite is
rarely found in the metapelite from the Kanto Mountains. Chemical composi-
tions of ilmenites in the metapelites are shown in Appendix 10.

Carbonaceous matter: Metapelite contains abundant carbonaceous material.
Its crystalline degree changes continuously from amorphous to fully ordered state
with increasing metamorphic temperature (Tagiri, 1981). The degree of graphi-
tization is measured by the X-ray diffraction method. Representative data are
presented in Appendix 11.
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Metamorphic Rocks from Kanto Mountains
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Metamorphic Rocks from Kanto Mountains
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