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Amphiboles from the garnet glaucophane schists in the Bizan area, Sambagawa
metamorphic belt, eastern Shikoku, Japan
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Abstract

The Sambagawa metamorphic belt in the Bizan area consists mainly of pelitic schists, basic schists, and siliceous schists,
along with minor garnet glaucophane schists. Garnet glaucophane schists consist mainly of garnet and amphibole (glau-
cophane, ferroglaucophane, barroisite, katophorite and taramite), with minor amounts of epidote, phengite, paragonite,
chlorite, albite, titanite, and quartz. Clinopyroxene (jadeite-omphacite), chloritoid, rutile, ilmenite, calcite, K-feldspar,
zircon occur occasionally. Amphiboles have five modes of occurrence. Amphiboles inclusions in porphyroblastic garnets
are sodic and sodic calcic amphiboles (Ampl; ferroglaucophane, glaucophane, ferrobarroisite, barroisite, taramite).
Taramitic amphiboles occur restrictedly in the cores of the porphyroblastic garnets. Amphibole inclusions in the rim of the
garnets are zoned, with barroisite core and glaucophane rim. Amphibole inclusions in albite (Amp2), epidote (Amp3) and
chlorite (Amp4) are ferroglaucophane in composition. Ferroglaucophane and glaucophane occur in the matrix (Amp5), and
some of them are zoned from glaucophane core to barroisite rim. The diversity of the modes of occurrence and chemical
compositions of the amphiboles reflect three metamorphic events of the garnet glaucophane schists in the Bizan area. A
precursor metamorphic event is represented by the taramitic amphibole inclusions in the core of the porphyroblastic garnet.
Schistosity-forming amphiboles (ferroglaucophane, glaucophane), amphiboles inclusions in the porphyroblastic garnets
(ferroglaucophane, glaucophane, ferrobarroisite, barroisite) and amphibols included in albite, epidote and chlorite (fer-
roglaucophane) are representative of the prograde to the peak metamorphism of eclogitic metamorphic event. Barroisite
rim of zoned amphiboles is probably developed during the epidote-amphibolite metamorphic event.
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Introduction

The Sambagawa metamorphic belt is a high-P/ T type met-
amorphic belt that stretches through southwest Japan over a
length of 800 km, from Saganoseki Peninsula in Kyushu to
the Kanto Mountains in the east. The type of metamorphism
is classified as high-pressure intermediate series (Miyashiro,
1973), and formed in a subduction-tectonic setting (e.g.
Takasu et al., 1994; Wallis, 1998). The dominant rock
types within the belt are pelitic, psammitic, siliceous and
basic schists that were derived from sedimentary rocks, and
basaltic lavas and their derivatives. Metamorphic conditions
within the belt correspond to the pumpellyite-actinolite,
greenschist, blueschist, epidote-amphibolite and eclogite
facies. In the Besshi district, the metamorphism is divided
into four zones based on index minerals in pelitic schists (e.g.
Higashino, 1975; 1990; Enami, 1983;). These are chlorite
(300-360°C, 5.5-6.5 kbar), garnet (425-470°C, 7-8.5 kbar),
albite-biotite (470-590°C, 8-9.5 kbar) and oligoclase-biotite
(585-635°C, 9-11 kbar) zones (Enami, 1983; Enami et al.,
1994). A number of eclogite-bearing bodies are scattered
throughout the albite and the oligoclase-biotite zones in the
high-grade portions of the metamorphic sequence in the
Besshi district, central Shikoku, such as the Higashi-akaishi
and Nikubuchi peridotite bodies; the Western Iratsu, Quartz

*Department of Geoscience, Graduate School of Science and Engineering,
Shimane University, 1060 Nishikawatsu, Matsue 690-8504, Japan

29

Eclogite (Gongen), Seba eclogitic basic schists; Sebadani,
Eastern Iratsu and Tonaru metagabbro masses (e.g. Kunugiza
et al., 1986; Takasu, 1989; Aoya, 2001; Ota et al., 2004;
Miyagi and Takasu, 2005; Miyamoto et al., 2007; Kabir and
Takasu, 2010a, b; Endo and Tsuboi, 2013).

The Bizan and the Kotsu areas are situated in the same
tectonostratigraphic horizon, i.e. the Kotsu Formation in
eastern Shikoku (Iwasaki, 1963; Kenzan Research Group,
1963) (Fig.1). The Kawata Formation is composed of
alternations of graphite-albite-quartz schists and albite-actin-
olite-epidote-chlorite schists, whereas the Kotsu Formation is
composed of alteration of actinolite-epidote-chlorite schists
and glaucophane-epidote-chlorite schists (Iwasaki, 1963). The
Kawatayama Formation is composed chiefly of alternations
of epidote-chlorite-actinolite schists and epidote-chlorite-glau-
cophane schists.

The main rock types in the Bizan area include pelitic,
basic and siliceous schists with minor amounts of psammitic
and calcareous schists (Iwasaki, 1963). Basic and pelitic
schists show large-scale alternation, and siliceous schists
occur as lenses or thin layers within the alterations. There is
a tectonic mélange zone containing blocks of serpentinite,
metagabbro and garnet-amphibolite (jadeite-bearing garnet-
glaucophane schist in this study) that occurs along a ductile
shear zone between the spotted and the non-spotted schist
zones (Faure, 1983). The garnet glaucophane schists are
usually found as lenticular bodies or layers ranging from
centimeter to a few meters in thickness in pelitic schists that
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Fig. 1. Geological map of the Kotsu-Bizan area in eastern Shikoku, Sambagawa metamorphic belt (after Kenzan Research Group, 1963),

and sample location.

crop out in the Chikurinji-dani valley (Fig. 1).

Iwasaki (1963) reported the occurrence glaucophane
in the garnet-epidote-glaucophane schists from the Bizan
area. In this study, we report the petrography of the garnet
glaucophane schists, and describe the modes of occurrence
and mineral chemistry of amphiboles within the garnet glau-
cophane schists. The mineral abbreviations used in the text,
tables and figures follow Whitney and Evans (2010).

Petrography and mode of occurrence of amphiboles
in the garnet glaucophane schists

Five garnet glaucophane schist samples from the Chikurinji
dani Valley in the Bizan area were selected for detailed petro-
graphic examination. Garnet glaucophane schists composed
mainly of garnet and amphibole (glaucophane, ferroglauco-
phane, barroisite, katophorite and taramite). Minor amounts
of epidote, phengite, paragonite, chlorite, albite, titanite, and
quartz (Figs.2 and 3). Clinopyroxene (jadeite-omphacite),
chloritoid, rutile, ilmenite, calcite, K-feldspar, zircon occur as
accessories. A schistosity is defined by preferred orientation
of phengite and glaucophane (Fig.2).

Porphyroblastic garnets occur as euhedral and subhedral

grains up to 6 mm across are optically zoned from pale
orange core to colorless rim (Fig.2 and 3a). The core of the
garnets contains inclusions of amphibole, jadeite, epidote,
phengite, paragonite, albite, chloritoid, chlorite, calcite,
titanite, ilmenite, K-feldspar and quartz (Figs.2 and 3a).
The rim of the garnets contains inclusions of amphibole,
jadeite, epidote, phengite, rutile, titanite, ilmenite and quartz
(Fig.3a-c). The porphyroblastic garnets are occasionally
replaced by chlorite along their rim and crack. Clinopy-
roxenes (Xjq 0.46-0.75) occur as inclusions in garnet are of
anhedral grain up to 0.03 mm across.

Amphiboles in the garnet glaucophane schists display
five different modes of occurrence (Amp1-5). Amphiboles
of Ampl occur as inclusions in the porphyroblastic garnets.
The amphibole inclusions in the cores of the garnets occur
as subhedral prismatic crystals up to 2 mm long. They are
sodic and sodic-calcic amphiboles (ferroglaucophane,
glaucophane, ferrobarroisite, barroisite, taramite) (Fig. 3a-c).
The rims of the garnets contain sodic and sodic-calcic
amphiboles such as glaucophane and barroisite (Fig.3b,c).
Amphiboles are also included in albite (Amp2), epidote
(Amp3) and chlorite (Amp4), and they are ferroglaucophane
in composition (Fig. 3d-f). Amphibole inclusions in epidote
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Fig. 2. Photomicrograph of the garnet glaucophane schists from the Bizan area showing porphyroblastic garnets and schistosity-forming
matrix minerals of glaucophane (Amp5), phengite, epidote and chlorite. Porphyroblastic garnets contains plenty of inclusions, such as

glaucophane (Amp1).

are fine grained, and inclusions in albite and chlorites
are up to 0.8 mm across. Amphiboles (Amp5) are mostly
ferroglaucophane and glaucophane occurring as subhe-
dral to anhedral prismatic grains up to 4 mm long in the
matrix (Figs.2 and 3a). They contain inclusions of epidote,
phengite, paragonite, chlorite, albite, titanite and quartz. Few
barroisite, katophorite and taramite also occur in the matrix.
Some amphiboles in the matrix are zoned from glaucophane
core to barroisite rim. Amphiboles are partly replaced by
albite and chlorite along the rim and the crack.

Chemical compositions of the amphiboles

Chemical compositions and zoning of the amphiboles
in garnet glaucophane schists from the Bizan area were
examined at Shimane University using two electron probe
microanalyzers (JEOL JXA-8800M and JXA-8530F).
Analytical conditions applied were 15 kV accelerating
voltage, 20 nA specimen current and 5 um beam diameter.
Correction procedure was carried out as described by (Bence
and Albee, 1968). Fe*" estimation for amphiboles used the
13eCNK method by Leake ez al. (1997).

The chemical compositions of amphiboles are shown
in Fig.4. Amphiboles (Ampl1) inclusions in the core of the
porphyroblastic garnets are taramite, and have higher Al
(ALO;5 11.32-16.21 wt%) and lower Si (6.14-6.44 pfu), Na;
(0.53-0.99) and X, (Mg/Mg+Fe?") (0.11-0.49) (Fig.4c;

Table 1). Amphiboles (Amp1) included in the core and the
rim of the porphyroblastic garnets are barroisite, ferrobar-
roisite, glaucophane and ferroglaucophanes and have higher
Si 7.15-7.97 pfu, Nag 0.60-1.96 pfu, Xy, 0.13-0.87 and
AIV1 0.21-1.96 pfu than taramites in the core of the garnets
(Fig.4a-b). Amphiboles inclusions in albites (Amp2), epi-
dotes (Amp3) and chlorites (Amp4) are ferroglaucophane
with Si 7.38-7.83 pfu, Nag 1.59-1.89 pfu, Xy, 0.31-0.40 and
A 1.45-1.62 (Fig.4a). Amphiboles in the matrix (Amp5)
are taramite, ferrobarroisite, katophorite, glaucophane and
ferroglaucophane, have wide range of Si 6.40-7.98 pfu con-
tents and similar Nag 0.58-1.91 pfu, AI¥! 0.22-1.87 pfu and
Xwve 0.23-0.68 as amphibole (Ampl) inclusions in garnets

(Fig.4).

Discussion and Conclusions

There are several modes of occurrence of amphiboles
in the garnet glaucophane schists, and they show a wide
range of chemical compositions, i.e. sodic and sodic-calcic
amphiboles, suggesting a diversity of their equilibrium P-T
conditions.

Relict amphiboles of taramite (Ampl) as inclusions in
the core of the porphyroblastic garnets have relatively
high ALO; (<16.21 wt.%) contents, indicating relatively
high-temperature metamorphic conditions such as the amphi-
bolite facies (Kabir and Takasu, 2013). The other amphiboles
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Fig. 3. Backscattered electron image (BEI) of garnet glaucophane schists from the Bizan area showing textural relationships of amphibole with
other minerals. (a) Porphyroblastic garnet and schistosity-forming matrix minerals including amphibole (glaucophane) (Amp5), phengite
and epidote. Porphyroblastic garnet contains inclusions of glaucophane (Ampl), epidote, ilmenite and quartz. (b-c) Porphyroblastic garnet
contains inclusions of discrete grain of glaucophane (Amp1) and also barroisite core zoned to glaucophane rim. (d) Albite in the matrix
contains inclusions of glaucophane (Amp2) and chlorite. (¢) BEI of large-grained epidote contains inclusions of glaucophane (Amp3),
phengite, paragonite and chlorite. Other matrix minerals of phengite, paragonite, chlorite and glaucophane (Amp5) also shown. (f) Chlorite
in the matrix contains inclusions of glaucophane (Amp4) and titanite. (g) BEI showing matrix glaucophane (Amp5) is rimmed by barroisite.
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Fig. 4. Chemical compositions of amphiboles from the garnet glaucophane schists, star indicates the glaucophane composition of Twasaki (1963).

as inclusions in the garnets (Ampl; ferroglaucophane,
glaucophane, ferrobarroisite, barroisite) are the products of
the prograde to the peak metamorphism (epidote-blueschist
and eclogite facies metamorphic conditions). Amphiboles in
the matrix (Amp5) represent a peak metamorphism of the
eclogite facies (580-600°C and 18-20 kbar) (Kabir and
Takasu, 2013). Amphiboles inclusions in the albite (Amp2),
epidote (Amp3) and chlorite (Amp4) are probably a part of
schistosity forming minerals, which correspond to the pro-
grade to peak metamorphism of the eclogite facies.

Some glaucophanes in the matrix are rimmed by barroisite
(Fig.3g). These barroisites are probably developed during
another prograde metamorphism at the epidote-amphibolite
facies metamorphic conditions (Kabir and Takasu, 2013).
This facies metamorphie event is correlated with the
metamorphism of the albite-biotite zone of the Sambagawa
metamorphism in the Besshi area (Enami et al., 1994; Kabir
and Takasu, 2010a, b).
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Table 1. Representative chemical compositions of amphiboles from the garnet glaucophane schists.

Amphiboles in the garnet glaucophane schists, Bizan area, Sambagawa belt

Sample KB 1
Analysis 5 7 16 17 21 22 24 26 28 3 4 8 10 22 22 3 12 15 18
Mode InGrt  InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt  InGrt InGrt  Matrix
Ampl Ampl  Ampl  Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Amp5
Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl
Si0, 53.61 5447 5434 5398 5416 5451 53.73 5338 5485 5447 5555 5449 53.63 5453 5453 5456 53.84 5398 5315
TiO, 0.02 0.04 0.04 0.04 0.04 0.01 0.08 0.03 0.00 0.10 0.01 0.00 0.10 0.02 0.02 0.01 0.08 0.06 0.05
ALO; 10.16 1048 1024 10.16  10.11 9.39 9.75 9.81 10.22 1034 10.12 1057 11.10 10.67 10.67 10.15 11.04 10.11 9.40
Fe,04 4.03 4.27 3.77 4.86 5.42 7.25 5.59 5.43 3.83 4.32 3.61 3.48 4.25 4.88 4.88 3.68 5.56 5.92 6.80
FeO 16.67 1483 1500 1438 1440 1339 1440 1446 1483 1439 1475 17.64 1599 1525 1525 1522 12,69 13.70  14.02
MnO 0.11 0.37 0.16 0.33 0.28 0.27 0.24 0.24 0.15 0.38 0.49 0.32 0.42 0.39 0.39 0.05 0.35 0.26 0.17
MgO 4.49 5.30 5.68 5.45 543 5.76 553 543 5.60 542 5.50 3.56 4.53 4.80 4.80 535 6.29 5.61 5.47
CaO 0.94 0.56 0.72 0.80 0.52 0.56 0.85 0.85 0.35 0.70 0.37 0.41 0.97 0.53 0.53 0.37 0.91 0.71 0.98
Na,O 6.85 7.13 7.22 6.88 7.20 6.96 6.94 6.93 7.31 6.79 7.10 6.94 6.96 7.06 7.06 7.21 7.09 6.87 6.72
K,0 0.04 0.02 0.03 0.02 0.00 0.02 0.03 0.03 0.02 0.03 0.01 0.02 0.06 0.05 0.05 0.02 0.03 0.02 0.03
Cr,0,4 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.03 0.00 0.00 0.00 0.00 0.03 0.01 0.01 0.04 0.01 0.00 0.04
Total 96.92 9747 9720 9691 97.56 98.12 97.15 96.62  97.16 9694 97.51 9743 9804 98.18 98.18 96.67 97.88 97.23  96.83
o 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 7.80 7.81 7.81 7.79 7.78 7.78 7.76 7.76 7.87 7.83 7.92 7.88 7.70 7.79 7.79 7.87 7.66 7.76 7.73
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01
AlY 0.20 0.19 0.19 0.21 0.22 0.22 0.24 0.24 0.13 0.17 0.08 0.12 0.30 0.21 0.21 0.13 0.34 0.24 0.27
AlY 1.54 1.58 1.55 1.52 1.49 1.36 1.42 1.44 1.59 1.58 1.62 1.68 1.58 1.58 1.58 1.60 1.51 1.47 1.34
Fe'' 0.42 0.44 0.39 0.51 0.56 0.75 0.59 0.57 0.40 0.45 0.37 0.36 0.44 0.50 0.50 0.38 0.58 0.62 0.72
Fe*' 2.05 1.80 1.82 1.76 1.75 1.63 1.76 1.78 1.79 1.75 1.77 2.15 1.94 1.84 1.84 1.85 1.53 1.67 1.73
Mn 0.01 0.04 0.02 0.04 0.03 0.03 0.03 0.03 0.02 0.05 0.06 0.04 0.05 0.05 0.05 0.01 0.04 0.03 0.02
Mg 0.97 1.13 1.22 1.17 1.16 1.23 1.19 1.18 1.20 1.16 1.17 0.77 0.97 1.02 1.02 1.15 1.33 1.20 1.19
Ca 0.15 0.09 0.11 0.12 0.08 0.09 0.13 0.13 0.05 0.11 0.06 0.06 0.15 0.08 0.08 0.06 0.14 0.11 0.15
Na® 1.85 1.91 1.89 1.88 1.92 1.91 1.87 1.87 1.95 1.89 1.94 1.94 1.85 1.92 1.92 1.94 1.86 1.89 1.85
Na* 0.08 0.07 0.12 0.05 0.09 0.01 0.07 0.08 0.09 0.00 0.02 0.01 0.09 0.03 0.03 0.08 0.09 0.02 0.05
K 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.09 15.07 15.13 15.05 15.09 15.02 15.08 15.09 15.09 15.01 15.02 15.01 15.10 15.04 15.04 15.08 15.10 15.03 15.05
X 0.32 0.39 0.40 0.40 0.40 0.43 0.40 0.40 0.40 0.40 0.40 0.26 0.33 0.36 0.36 0.38 0.47 0.42 0.41
Sample KB 1
Analysis 19 38 39 46 30 31 32 46 47 54 55 82 91 92 74 75 76 77 78
Mode InGrt _ Matrix _Matrix _InAb __ Matrix _Matrix __Matrix _Matrix Matrix Matrix _Matrix _InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt
Ampl Amp5  Amp5S  Amp2  Amp5  Amp5  Amp5 AmpS  Amp5 AmpS  Amp5 Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl
Fgl Fgl Fgl Fgl Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln Gln
Si0, 53.62 54.39 54.21 54.32 54.20 54.69 54.93 53.67 53.41 54.23 54.16 53.98 55.05 53.84 5401 5376 53.68 5424  54.10
TiO, 0.04 0.08 0.05 0.01 0.06 0.08 0.03 0.10 0.07 0.04 0.06 0.13 0.05 0.10 0.04 0.07 0.04 0.04 0.02
Al Oy 10.60 10.26 10.36 10.54 9.75 9.80 9.82 8.83 8.81 9.00 9.18 9.06 9.13 8.33 10.04 9.96 9.79 9.78 10.00
Fe,04 4.62 4.80 6.28 3.86 5.59 4.97 6.20 6.62 7.33 7.49 7.05 7.01 5.73 8.07 6.61 6.27 7.47 7.68 5.97
FeO 15.54 14.28 13.92 15.02 9.49 9.37 8.93 9.51 9.03 8.16 8.60 8.86 9.35 8.87 8.27 8.73 8.30 7.97 8.94
MnO 0.09 0.16 0.18 0.13 0.09 0.07 0.11 0.08 0.13 0.05 0.11 0.05 0.04 0.13 0.05 0.07 0.10 0.11 0.09
MgO 4.84 5.58 5.69 5.28 9.52 9.40 9.61 9.35 9.48 9.53 9.50 9.65 9.27 9.53 9.34 9.49 9.62 9.58 9.37
CaO 0.97 0.71 0.97 0.71 2.29 1.75 1.84 2.16 2.40 1.65 1.82 2.18 1.52 2.55 1.18 1.52 1.70 1.30 1.12
Na,O 6.72 6.83 6.86 6.88 6.49 6.64 6.75 6.50 6.32 6.50 6.58 6.45 6.58 6.01 7.08 7.16 7.06 7.18 7.49
K,O 0.06 0.05 0.04 0.04 0.14 0.10 0.09 0.11 0.13 0.10 0.11 0.13 0.10 0.10 0.07 0.07 0.08 0.06 0.08
Cr,04 0.04 0.00 0.01 0.00 0.00 0.01 0.02 0.00 0.03 0.02 0.03 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.03
Total 97.12 97.15 9855 96.79 97.61 96.87 9832 96.93  97.12 96.75 97.19 9751 96.81 97.54 96.69 97.08 97.84 97.96  97.21
o 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 24 25 26 27
Si 7.75 7.81 7.71 7.83 7.65 7.73 7.67 7.66 7.62 7.70 7.67 7.64 7.79 7.65 7.65 7.62 7.57 7.61 7.65
Ti 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00
AlY 0.25 0.19 0.29 0.17 0.35 0.27 0.33 0.34 0.38 0.30 0.33 0.36 0.21 0.35 0.35 0.38 0.43 0.39 0.35
Al 1.56 1.54 1.44 1.62 1.27 1.36 1.29 1.15 1.10 1.20 1.20 1.15 1.32 1.04 1.33 1.28 1.19 123 1.32
Fe'* 0.48 0.50 0.65 0.40 0.58 0.52 0.64 0.69 0.77 0.78 0.73 0.73 0.60 0.84 0.69 0.65 0.78 0.79 0.62
Fe*' 1.90 1.73 1.68 1.83 1.13 1.12 1.06 1.15 1.10 0.99 1.04 1.07 1.12 1.07 1.00 1.05 0.99 0.95 1.07
Mn 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.00 0.02 0.01 0.01 0.01 0.01 0.01
Mg 1.04 1.19 1.20 1.14 2.00 1.98 2.00 1.99 2.01 2.02 2.00 2.04 1.96 2.02 1.97 2.00 2.02 2.00 1.98
Ca 0.15 0.11 0.15 0.11 0.35 0.26 0.28 0.33 0.37 0.25 0.28 0.33 0.23 0.39 0.18 0.23 0.26 0.19 0.17
Na® 1.85 1.89 1.85 1.89 1.65 1.74 1.72 1.67 1.63 1.75 1.72 1.67 1.77 1.61 1.82 1.77 1.74 1.81 1.83
Na' 0.03 0.01 0.04 0.03 0.12 0.09 0.10 0.13 0.11 0.04 0.08 0.10 0.04 0.04 0.12 0.20 0.19 0.15 0.22
K 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.05 1502 1505 1504 1515 1510 15.12 1515 15.14 1506 1510 1512 1505 1506 15.14 1521 1520  15.16 1524
Xe 0.35 0.41 0.42 0.38 0.64 0.64 0.65 0.63 0.65 0.67 0.66 0.66 0.64 0.65 0.66 0.66 0.67 0.68 0.65
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Table 1. (continued)
Sample KB 1
Analysis 10 11 12 13 19 3 5 14 24 26 28 2 4 5 18 30 25 27 28
Mode Matrix ~ Matrix Matrix Matrix InGrt Matrix Matrix InGrt InGrt  InGrt Matrix InGrt InGrt InGrt Matrix Matrix InAb  InAb  InChl
Amp5  Amp5  Amp5  Amp5  Ampl  Amp5  Amp5  Ampl Ampl Ampl Amp5 Ampl Ampl Ampl Amp5 Amp5 Amp2  Amp2  Amp4
Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Trm Fgl Fgl Fgl Fgl Fgl
Core Rim
SiO, 5425 5442 5439 5462 5396 5527 5328 5398 5372 5438 5542 5372 5435 4086 54.60 5519 5275 51.94 5284
TiO, 0.04 0.10 0.06 0.00 0.09 0.01 0.10 0.06 0.06 0.05 0.07 0.09 0.08 0.25 0.01 0.03 0.12 0.02 0.09
ALO; 9.40 10.22 9.71  10.65 1022 1058  11.65 9.83  10.99 1028 1073 1131 10.19 1517 11.02 10.03 11.23 1117  10.90
Fe,04 5.23 4.82 3.41 1.80 3.65 2.40 3.59 4.32 2.80 4.21 1.71 3.09 3.52 5.26 1.31 4.40 423 5.01 4.22
FeO 14.30 1447 1561 1796 1515 1701 16.18 1510 15.76 1542 1694 1473 1503 1985 17.62 1561 1563 1542 1586
MnO 0.18 0.20 0.19 0.11 0.21 0.07 0.13 0.15 0.06 0.17 0.03 0.21 0.08 0.26 0.10 0.16 0.08 0.10 0.09
MgO 5.67 531 5.34 3.78 529 4.17 4.46 5.53 5.44 5.20 4.77 6.01 5.61 2.69 3.78 4.87 4.88 4.74 4.61
CaO 0.56 0.53 0.69 0.27 0.81 0.30 1.16 0.82 1.36 0.73 0.40 1.48 0.68 7.53 0.30 0.34 1.58 1.37 0.93
Na,O 7.01 6.88 7.02 7.05 6.86 6.78 6.69 7.09 6.83 7.04 7.14 6.96 7.09 4.38 6.79 6.97 6.44 6.77 6.91
K,0 0.03 0.03 0.03 0.01 0.02 0.01 0.07 0.01 0.05 0.02 0.02 0.04 0.01 0.35 0.03 0.01 0.08 0.07 0.04
Cr,04 0.01 0.04 0.06 0.03 0.10 0.02 0.01 0.03 0.00 0.03 0.00 0.00 0.02 0.00 0.04 0.00 0.02 0.03 0.00
Total 96.67  97.01  96.51 9628 96.36 96.59 9733 9691 97.06  97.52 97.21 97.63  96.66 _ 96.60 95.59 97.61 97.04 96.64  96.47
O 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 7.85 7.83 7.89 7.95 7.83 7.98 7.69 7.81 775 7.81 7.94 7.68 7.84 6.34 7.97 7.90 7.65 7.59 7.71
Ti 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.00 0.00 0.01 0.00 0.01
Al 0.15 0.17 0.11 0.05 0.17 0.02 0.31 0.19 0.25 0.19 0.06 0.32 0.16 1.66 0.03 0.10 0.35 0.41 0.29
AlY 145 156 154 178 157 178 167 148 L6l 155 176 159 158 112 187 159 156 151 158
Fe'* 0.55 0.50 0.36 0.19 0.38 0.25 0.37 0.45 0.29 0.44 0.18 0.32 0.37 0.58 0.14 0.46 0.44 0.53 0.44
Fe* 1.75 1.76 1.91 2.20 1.85 2.06 1.97 1.84 1.91 1.87 2.04 1.77 1.83 2.61 2.16 1.89 1.91 1.91 1.95
Mn 0.02 0.02 0.02 0.01 0.03 0.01 0.02 0.02 0.01 0.02 0.00 0.03 0.01 0.03 0.01 0.02 0.01 0.01 0.01
Mg 1.22 1.14 1.15 0.82 1.14 0.90 0.96 1.19 1.17 111 1.02 1.28 1.21 0.62 0.82 1.04 1.05 1.03 1.00
Ca 0.09 0.08 0.11 0.04 0.13 0.05 0.18 0.13 0.21 0.11 0.06 0.23 0.10 1.25 0.05 0.05 0.25 0.21 0.14
Na® 1.91 1.92 1.89 1.96 1.87 1.90 1.82 1.87 1.79 1.89 1.94 1.77 1.90 0.75 1.92 1.93 1.75 1.79 1.86
Na® 0.05 0.00 0.08 0.03 0.06 0.00 0.05 0.11 0.12 0.07 0.05 0.16 0.09 0.57 0.00 0.00 0.06 0.13 0.10
K 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.07 0.00 0.00 0.02 0.01 0.01
Cr 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.06 15.00 15.09 1503 1506 1494 1506 1512  15.13 15.08 15.05 1516 15.09 15.64 1497 1499 15.07 1514 15.11
X g 0.41 0.39 0.38 0.27 0.38 0.30 0.33 0.39 0.38 0.37 0.33 0.42 0.40 0.19 0.28 0.35 0.36 0.35 0.34
Sample BZ B/PRE 7
Analysis 13 14 15 17 18 44 79 7 38 47 35 36 37 2 5 13 14 15 16
Mode InGrt Matrix InGrt InGrt InGrt InGrt Matrix InGrt InGrt InGrt Matrix Matrix Matrix InGrt  InEp  Matrix Matrix Matrix  Matrix
Ampl Amp5  Ampl  Ampl Ampl Ampl Amp5 Ampl Ampl Ampl  Amp5 Amp5 Amp5 Ampl Amp3  Amp5 Amp5 Amp5 Amp5
Fbrs Fgl Fgl Fbrs Fgl Fgl Fgl Trm Trm Trm Fbrs Ktp Ktp Fbrs Fgl Ktp Ktp Trm Fbrs
SiO, 4780 5357 5410 49.19 5358 5483 5332 4120 4111 4126 4519 4380 4381 4499 5332 43117 4228 4146 46.54
TiO, 0.13 0.08 0.00 0.13 0.09 0.05 0.01 0.28 0.23 0.07 0.35 0.39 0.44 0.00 0.04 0.08 0.08 0.09 0.04
ALO; 8.18 9.35 9.33 429  10.26 9.45 1084 1621 1542 16.02  13.68 1467 1518 737 1016  11.54  11.64  12.09 7.30
Fe,04 9.61 8.03 6.75 1251 6.50 6.29 4.11 5.27 6.97 6.29 7.48 4.44 410 11.03 4.94 7.89 8.38 9.07 1095
FeO 16.42 1271 1381 1619 1325 1417 17.00 1329  13.60 1399 1325 1522 1539 17.82 1529 1935 1951 19.63  16.94
MnO 0.40 0.16 0.32 0.38 0.21 0.07 0.07 0.41 0.44 0.26 0.12 0.13 0.17 0.29 0.10 0.26 0.20 0.29 0.22
MgO 538 5.93 5.68 5.54 5.82 5.64 3.72 7.38 6.81 6.54 6.71 6.52 6.31 4.87 4.94 3.67 3.50 333 4.94
CaO 6.21 0.68 0.70 5.59 1.10 0.70 0.70 8.40 8.53 7.94 7.41 7.97 8.05 7.37 0.79 7.56 7.68 8.21 7.46
Na,O 3.96 6.88 7.00 3.84 6.60 6.76 6.73 4.64 4.48 5.18 3.82 4.25 4.14 3.54 6.90 3.80 3.79 3.53 231
K,0 0.24 0.03 0.02 0.05 0.04 0.05 0.02 0.78 0.38 0.09 0.21 0.23 0.23 0.48 0.04 0.76 0.91 1.08 0.71
Cr,04 0.00 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.01 0.00 0.01 0.02 0.00 0.00 0.00 0.00
Total 9833 9744 97.73 9771 9745 98.00 96.51 97.86 97.98 97.65 9826 97.63 97.82 9778 96.55 98.09 9797 98.77  97.41
[} 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 7.15 7.71 7.77 7.45 7.69 7.83 7.79 6.16 6.17 6.19 6.64 6.52 6.51 6.93 7.76 6.63 6.54 6.40 7.11
Ti 0.02 0.01 0.00 0.01 0.01 0.00 0.00 0.03 0.03 0.01 0.04 0.04 0.05 0.00 0.00 0.01 0.01 0.01 0.00
AlY 0.85 0.29 0.23 0.55 0.31 0.17 0.21 1.84 1.83 1.81 1.36 1.48 1.49 1.07 0.24 1.37 1.46 1.60 0.89
AlY 0.60 1.30 1.35 0.21 1.43 1.42 1.65 1.02 0.90 1.03 1.01 1.10 1.16 0.27 1.51 0.72 0.66 0.60 0.42
Fe'' 1.04 0.84 0.70 1.36 0.68 0.65 0.43 0.57 0.76 0.68 0.80 0.48 0.44 1.22 0.52 0.86 0.92 1.00 1.20
Fe*' 2.10 1.56 1.69 2.11 1.61 1.72 2.10 1.68 1.74 1.78 1.66 1.92 1.93 2.36 1.88 2.53 2.57 2.59 222
Mn 0.05 0.02 0.04 0.05 0.03 0.01 0.01 0.05 0.06 0.03 0.02 0.02 0.02 0.04 0.01 0.03 0.03 0.04 0.03
Mg 1.20 1.27 1.22 1.25 1.25 1.20 0.81 1.64 1.52 1.46 1.47 1.45 1.40 1.12 1.07 0.84 0.81 0.77 1.12
Ca 1.00 0.10 0.11 0.91 0.17 0.11 0.11 1.35 1.37 1.28 1.17 1.27 1.28 1.22 0.12 1.24 1.27 1.36 1.22
Na® 1.00 1.90 1.89 1.09 1.83 1.87 1.89 0.65 0.63 0.72 0.83 0.73 0.72 0.78 1.88 0.76 0.73 0.64 0.68
Na* 0.14 0.02 0.06 0.03 0.01 0.00 0.01 0.69 0.68 0.78 0.26 0.50 0.47 0.27 0.07 0.38 0.41 0.42 0.00
K 0.05 0.00 0.00 0.01 0.01 0.01 0.00 0.15 0.07 0.02 0.04 0.04 0.04 0.09 0.01 0.15 0.18 0.21 0.14
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.19 15.03 15.06 15.04 15.01 14.99 15.02 15.84 15.75 15.80 15.30 15.54 15.51 15.37 15.08 15.52 15.59 15.63 15.04
X e 0.36 0.45 0.42 0.37 0.44 0.41 0.28 0.49 0.47 0.45 0.47 0.43 0.42 0.32 0.36 0.25 0.24 0.23 0.34




Amphiboles in the garnet glaucophane schists, Bizan area, Sambagawa belt

Table 1. (continued)
Sample 0920P/Bz A
Analysis 1 2 3 6 7 23 24 7 2 3 9 10 3 8 9 10 11 12 13
Mode In Grt InGrt  InGrt InGrt InGrt InGrt InGrt InGrt InGrt  InGrt InGrt Matrix InGrt InGrt InGrt InGrt InGrt  InGrt  InGrt
Ampl Ampl  Ampl  Ampl Ampl Ampl Ampl Ampl Ampl Ampl  Ampl Amp5 Ampl Ampl Ampl Ampl Ampl Ampl Ampl
Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fgl Fbrs
Rim Core
SiO, 53.73 53.89 5498 5376 5330 53.74 5507 54.05 5539 5566 5476 5574 5438 5383 5471 5226 5449 5431  47.80
TiO, 0.03 0.04 0.06 0.11 0.02 0.06 0.07 0.14 0.08 0.05 0.00 0.07 0.11 0.04 0.01 0.06 0.04 0.05 0.13
ALO; 10.39 11.08 10.89 1156 11.26 1038 1140 10.94 11.10 1096  11.25  10.64 9.78 9.75 821 1038 9.74 9.13 8.18
Fe,04 3.92 2.83 2.91 322 4.29 5.44 0.76 2.81 1.96 0.60 1.65 1.15 7.50 6.82 8.21 7.34 5.52 5.60 9.61
FeO 17.12 18.40 16.09 1672 1599 1431 1672 1620 17.08 1838  18.05 1755 1272 13.19 13.69 1422 1462 1511 1642
MnO 0.15 0.13 0.10 0.12 0.06 0.15 0.00 0.00 0.13 0.11 0.32 0.02 0.23 0.46 0.20 0.67 0.16 0.20 0.40
MgO 3.90 3.20 4.75 4.06 4.18 5.19 4.88 4.69 439 3.91 3.88 4.68 5.95 5.86 571 4.94 5.61 5.38 5.38
CaO 0.57 0.42 0.54 0.58 0.58 0.71 0.86 0.48 0.56 0.26 0.69 0.42 0.83 0.97 0.39 1.77 0.78 0.80 6.21
Na,O 6.93 7.05 6.88 7.01 6.91 6.76 6.70 7.07 6.86 7.06 7.02 7.16 6.59 6.79 7.02 6.34 7.02 6.94 3.96
K,0 0.01 0.02 0.02 0.02 0.01 0.01 0.01 0.07 0.02 0.01 0.03 0.03 0.03 0.02 0.03 0.04 0.02 0.01 0.24
Cr,04 0.00 0.02 0.02 0.00 0.03 0.00 0.01 0.05 0.03 0.00 0.00 0.01 0.01 0.03 0.00 0.01 0.00 0.00 0.00
Total 96.75 97.06  97.23  97.16 _ 96.63 96.75 9647 96.48 97.59  97.01 97.64 9745 98.12 97.75 98.18 98.03 98.01 97.54 98.33
[} 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 7.83 7.84 7.88 7.76 7.74 7.77 7.92 7.83 7.92 8.01 7.87 7.98 7.74 7.72 7.84 7.56 7.79 7.83 7.15
Ti 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00 0.00 0.02
Al 0.17 0.16 0.12 0.24 0.26 0.23 0.08 0.17 0.08 0.00 0.13 0.02 0.26 0.28 0.16 0.44 0.21 0.17 0.85
AlY L.61 174 172 173 167 154 185 170 179 1.8 178 177 138 137 123 133 144 138 0.60
Fe'* 0.41 0.30 0.30 0.34 0.45 0.57 0.08 0.29 0.20 0.06 0.17 0.12 0.78 0.71 0.85 0.77 0.57 0.58 1.04
Fe* 2.10 225 1.94 2.03 1.96 1.75 2.01 1.98 2.05 221 2.18 2.10 1.54 1.61 1.67 1.75 1.77 1.85 2.10
Mn 0.02 0.02 0.01 0.01 0.01 0.02 0.00 0.00 0.02 0.01 0.04 0.00 0.03 0.06 0.02 0.08 0.02 0.02 0.05
Mg 0.85 0.69 1.01 0.87 0.91 1.12 1.05 1.01 0.94 0.84 0.83 1.00 1.26 1.25 1.22 1.06 1.20 1.16 1.20
Ca 0.09 0.06 0.08 0.09 0.09 0.11 0.13 0.07 0.09 0.04 0.11 0.06 0.13 0.15 0.06 0.27 0.12 0.12 1.00
Na® 1.91 1.94 1.91 1.91 1.91 1.89 1.87 1.93 1.90 1.96 1.89 1.94 1.82 1.85 1.94 1.73 1.88 1.88 1.00
Na® 0.05 0.05 0.00 0.05 0.04 0.00 0.00 0.06 0.00 0.01 0.06 0.05 0.00 0.04 0.01 0.05 0.06 0.06 0.14
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.05
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.05 15.06 15.00 15.06 15.04 15.01 15.00 15.07 14.99 15.01 15.07 15.06 14.95 15.04 15.01 15.06 15.07 15.07 15.19
X g 0.29 0.24 0.34 0.30 0.32 0.39 0.34 0.34 0.31 0.27 0.28 0.32 0.45 0.44 0.42 0.38 0.40 0.39 0.36
Sample Bz A
Analysis 14 15 17 18 44 79 1 7 38 47 17 26 27 29 30 31 32 33 35
Mode Matrix  InGrt  InGrt InGrt InGrt Matrix InChl  InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt InGrt  InGrt
Amp5 Ampl  Ampl  Ampl Ampl Amp5 Amp4 Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl Ampl
Fgl Fgl Fbrs Fgl Fgl Fgl Fgl Trm Trm Trm Fgl Fgl Fgl Fgl Trm Fgl Trm Fgl Fgl
Core Rim
SiO, 53.57 5410 49.19 5358 5483 5332 5299 4120 4111 4126 5279 5422 5492 5350 4096 5384 41.16 5327 54.59
TiO, 0.08 0.00 0.13 0.09 0.05 0.01 0.00 0.28 0.23 0.07 0.08 0.11 0.06 0.07 0.17 0.00 0.28 0.14 0.14
ALO; 9.35 9.33 429 1026 945 1084 1094 1621 1542 16.02 9.69 9.60  10.36 9.81 11.64 9.70  11.32 9.76 9.99
Fe,04 8.03 6.75 1251 6.50 6.29 4.11 5.04 5.27 6.97 6.29 7.27 4.98 4.49 6.47 9.90 4.26 9.47 5.40 3.75
FeO 12.71 13.81 1619 1325 1417 17.00 1621 1329  13.60 13.99  13.83 1320 1406 13.10 19.55 19.66 19.69 15.03  14.92
MnO 0.16 0.32 0.38 0.21 0.07 0.07 0.08 0.41 0.44 0.26 0.21 0.34 0.46 0.22 0.53 0.20 0.46 0.20 0.10
MgO 5.93 5.68 5.54 5.82 5.64 372 4.16 7.38 6.81 6.54 5.65 6.36 5.48 6.19 2.73 2.49 2.95 5.23 5.59
CaO 0.68 0.70 5.59 1.10 0.70 0.70 0.91 8.40 8.53 7.94 1.48 0.73 0.39 1.00 7.49 0.25 7.68 0.94 0.49
Na,0O 6.88 7.00 3.84 6.60 6.76 6.73 6.80 4.64 4.48 5.18 6.55 7.01 7.00 6.95 4.01 7.18 3.75 6.94 7.12
K,0 0.03 0.02 0.05 0.04 0.05 0.02 0.05 0.78 0.38 0.09 0.04 0.02 0.01 0.03 0.89 0.00 1.00 0.02 0.02
Cr,04 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.01 0.00 0.00 0.02 0.01 0.00 0.02 0.02
Total 97.44 9773 97.71 9745 98.00 96.51 97.17 97.86  97.98  97.65 97.61 9659 9723 9733 97.89 97.60 97.76  96.94  96.74
[} 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23
Si 7.71 7.77 7.45 7.69 7.83 7.79 7.70 6.16 6.17 6.19 7.63 7.82 7.86 7.70 6.40 7.88 6.44 7.74 7.87
Ti 0.01 0.00 0.01 0.01 0.00 0.00 0.00 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.02 0.00 0.03 0.01 0.02
Al 0.29 0.23 0.55 031 0.17 0.21 0.30 1.84 1.83 1.81 0.37 0.18 0.14 0.30 1.60 0.12 1.56 0.26 0.13
Al 1.30 1.35 0.21 1.43 1.42 1.65 1.57 1.02 0.90 1.03 1.28 1.45 1.60 1.36 0.55 1.55 0.53 1.41 1.56
Fe'* 0.84 0.70 1.36 0.68 0.65 0.43 0.53 0.57 0.76 0.68 0.76 0.52 0.47 0.68 1.10 0.45 1.06 0.57 0.39
Fe** 1.56 1.69 2.11 1.61 1.72 2.10 1.99 1.68 1.74 1.78 1.70 1.61 1.70 1.60 2.62 243 2.64 1.85 1.81
Mn 0.02 0.04 0.05 0.03 0.01 0.01 0.01 0.05 0.06 0.03 0.03 0.04 0.06 0.03 0.07 0.02 0.06 0.02 0.01
Mg 1.27 1.22 1.25 1.25 1.20 0.81 0.90 1.64 1.52 1.46 1.22 1.37 1.17 1.33 0.64 0.54 0.69 1.13 1.20
Ca 0.10 0.11 0.91 0.17 0.11 0.11 0.14 1.35 1.37 1.28 0.23 0.11 0.06 0.15 1.25 0.04 1.29 0.15 0.08
Na® 1.90 1.89 1.09 1.83 1.87 1.89 1.86 0.65 0.63 0.72 1.77 1.89 1.94 1.85 0.75 1.96 0.71 1.85 1.92
Na* 0.02 0.06  0.03 001 0.00  0.01 006 069 0.8 078 007 007 000 009 047 008 042 010 0.6
K 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.15 0.07 0.02 0.01 0.00 0.00 0.00 0.18 0.00 0.20 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 15.03 1506 15.04 1501 1499 1502 15.07 1584 15.75 1580 15.07 1508 15.00 15.10 1565 1508 15.62 15.10 15.07
Xyg 0.45 0.42 0.37 0.44 0.41 0.28 0.31 0.49 0.47 0.45 0.42 0.46 0.41 0.45 0.20 0.18 0.21 0.38 0.40
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