The Ceol ogi cal Society of Japan

HMEFERE $22% 27-37=—, 19833 H

NEWEREHDOERDHE K—ArFER

i TR R T 2 S VA BE e AT s =T

Zonation and K- Ar ages of the Yaeyama metamorphic rocks,
Ryukyu Islands

Yujiro NISHIMURA*, Yasushi MATSUBARA** and Eizo NAKAMURA***

Abstract The Yaeyama metamorphic rocks crop out on the islands of Ishigaki, Taketomi, Kayama,
Kohama and Iriomote, southern Ryukyu. The metamorphic terrain is divided into four zones on the
basis of mineral paragenesis. In zone I, fine-grained white mica and chlorite are scatterered in the
matrix of pelitic and psammitic rocks. Zone II is characterizied by the pumpellyite-glaucophane
assemblage in basic schists and metagabbros. Lawsonite and stilpnomelane are also stable in the zone.
Zone III is marked by the disappearance of pumpellyite and lawsonite, the glaucophane-epidote as-
semblage becoming diagnostic. Zone IV is characterized by the appearance of subcalcic amphiboles in
basic schists and of garnet in pelitic schists. Glaucophane and actinolite are still stable in the basic
schists of zone IV.

Zone 1 coincides with the whole of the Fusaki Formation, and zones II, IIl and IV are comprised
in the Tomuru Formation. Zone 1 is in fault contact with zone 11, while the boundary surfaces
between zones II, [l and IV are nearly parallel to the bedding schistosity. The grade of metamor-
phism increases from the lower toward the upper stratigraphic horizon in the Tomuru Formation.
Thus, it is evident that the assemblages recognized in the Tomuru Formation has been due to a
progressive metamorphism and that this corresponds to the high-pressure type. However, it has not
been setteled whether zone | represens the lowest grade part of the progressive metamorphism.

K—Ar age determination has been carried out on four white micas separated from the pelitic and
basic schists of zones II, III and IV in Ishigaki-jima. The ages obtained range from 159 to 175 Ma,
which are similar to the previously reported data (K—Ar =177 Ma and Rb—Sr =202 Ma in
the same specimen). The age cluster of the Yaeyama metamorphic rocks is older than that of the
Sanbagawa, the Nagasaki and the Yuli metamorphic rocks, but is identical with the younger ages
obtained from the Sangun metamorphic rocks.

Several amphiboles are also analyzed and preliminarily discussed.
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Fig. 1. Location of the Yaeyama Islands.
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Fig. 2. Geological sketch map of Ishigaki-jima (Modified from FOSTER, 1965 and SHIRAO et al., 1976). Dike rocks
and faults are omitted.
A . Akaishi, Bn : Banna-dake, H : Hoshino, Hr : Hirano, I: Ibaruma, In: Inoda, Is: Ishigaki, K : Kabira,
Kn : Kannon-zaki, Kr : Kara-dake, Kw : Kawahara, N : Nosoko-dake, Ng: Nagura, O : O-saki,
Oh : Ohama, Om : Omoto-yama, S : Sakieda, Sh: Shiraho, T : Tomino, Td : Tadefu-saki,
Tk : Taketomi-jima, Tm : Tomuru-saki, Y : Yarabu-dake, Ys: Yasura-yama.
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Fig. 3. Mineralogical variations of basic and pelitic
metamorphic rocks in the Yaeyama Islands.
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Areal distribution of metamorphic zones and radiometric ages in the Yaeyama Islands. The data in

parenthsis are quoted from SHIBTA et al. (1968, 1972).
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Table 1. Mineral assemblages in each zone of the

Yaeyama Islands.

Lawsonite-pumpellyite-glaucophane-chlorite

Chlorite
Pumpellyite(?)-chlorite

Ps.

Lawsonite-epidote-chlorite
Lawsonite-chlorite
Pumpellyite-glaucophane-chlorite
Pumpellyite-glaucophane-actinolite-chlorite
Pumpellyite-glaucophane-epidote-chlorite
Pumpellyite-actinolite-chlorite
Pumpellyite-actinolite-epidote-chlorite
Pumpellyite-epidote-chlorite
Pumpellyite-chlorite
Glaucophane-actinolite-epidote-chlorite

Basic Schists

Glaucophane-epidote-chlorite
Actinolite-epidote-chlorite
Actinolite-chlorite
Epidote-chlorite

Zone I

Pumpellyite-glaucophane-chlorite
Pumpellyite-glaucophane-actinolite-chlorite
Pumpellyite-glaucophane-epidote-chiorite
Pumpellyite-actinolite-chlorite
Pumpellyite-actinolite-epidote-chlorite
Pumpellyite-chlorite
Glaucophane-actinolite-epidote-chiorite
Glaucophane-epidote-chlorite

Metagabbros

Glaucophane-actinolite-epidote-chlorite
Glaucophane-epidote-chlorite
Actinolite-epidote-chlorite
Epidote-chlorite

Zone IO
. Sch.

Bas

Glaucophane-epidote-chlorite
Subcalcic amphibole-epidote-chlorite
Actinolite-epidote-chlorite
Epidote-chiorite

Sch.

Zone 1V
Bas.

+ quartz, albite, white mica, stilpnomelane, calcite,
sphene, apatite, tourmaline and opaque minerals.
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Fe* /(AT + T4 + Fe*?)

Composition field of alkali amphiboles from
Ishigaki-jima. The large and small circles
represent crossites from zone Il and zone W,
respectively. The open symbol shows EPMA
analysis.

Fig. 5.
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Fig. 6. Composition relation of amphiboles in zone
IV of Ishigaki-jima. The open and solid
symbols represent EPMA and wet-chemical
analyses, respectively.

Table 2. EPMA analyses of zoned amphiboles in

zone IV of Ishigaki-jima.

1 2 3
No.
rim core Tim core rim core
Si0, 54.48 52.45 49.79 52.15 51.02 53.24
TiO, 0.06 0.02 0.19 0.11 0.11 0.02
Al,04 7.25  3.23 6.19  3.19 6.27 2.60
FeO* 17.03 15.07 18.57 16.32 16.31 14.14
MnO 0.23  0.42 0.32  0.33 0.34 0.32
Mg0 9.16 13.64 10.41 12.81 12.14 15.47
ca0 2.35 10.49 8.04 10.41 7.19 10.90
Na,0 6.42 1.13 2.98 1.75 4.01  1.31
K20 0.09 0.11 0.22 0.20 0.16 0.13
Total 97.07 96.56 96.71 97.27 97.55 98.13
Fe,0s 9.85 2.46 8.31 5.83 7.01 5.65
FeO 8.16 12.85 11.09 11.07 10.01 9.05
Total 98.05 96.80 97.54 97.85 98.26 98.69
Atomic ratios
si 7.712 7.671 7.299 7.577 7.351 7.586
INE) 0.288 0.329 0.701 0.423 0.649 0.414
INRL 0.922 0.228 0.368 0.124 0.416 0.023
Ti 0.007 0.003 0.021 0.012 0.012 0.003
. Fe®* 1.049 0.271 0.917 0.638 0.759 0.606
Fe?* 0.967 1.572 1.360 1.345 1.206 1.079
Mn 0.027 0.052 0.040 0.041 0.041 0.039
Mg 1.933 2.973  2.274 2.774 2.607 3.285
Ca 0.356 1.644 1.263 1.620 1.110 1.664
Na 1.763 0.320 0.847 0.492 1.120 0.361
K 0.017 0.021 0.041 0.037 0.029 0.024
Total 15.021 15.084 15.131 15.083 15.300 15.084

Analyst: A. MINAMI

* is total iron as FeO. The amphibole
formulas are calculated on the basis of the
total number of cations determined by
wet-chemical analyses (Table 3).

1. Zoned crossite (rim)-actinolite (core) com-
posite grain from crossite-epidote-
chlorite-white mica-albite schist (78220-15).
About 1.5 km NE of Ibaruma.

2. Zoned subcalcic actinolite (rim)-actinolite
(core) composite grain from subcalcic
actinolite-epidote-chlorite-white mica-
albite schist (78218-4). About 2.5 km NE
of Akaishi. The zoned amphiboles are
very scarce and almost all amphiboles
are chemically homogeneous in this rock:
The homogeneous ones were separated
and analyzed by wet method (column No.
5 in Table 3).

3. Zoned subcalcic actinolite (rim)-actinolite
(core) composite grain from subcalcic
actinolite-epidote-chlorite-white mica-
albite schist (78220-20). About 1.5 km NE
of Ibaruma.
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MgO/MgO + FeO + Fe,0s D HIZHERENT B Z Xhs, -~

TTICRE - EH (1967) A (1971) 12 &k - g s MERRIL Table 4 & Fig. 41257315 L9512, 159Ma
nNTna, ~175Ma %" L, ¥ 2 7P~ B oRRIch 25,

K—Ar&EH]

Table 3. Chemical compositions of amphiboles from Ishigaki-jima.

No 1 2 3 4 5 6 7
Zone m v v v v v v
$i0, 54,72 54.37 53.80 54.91 50.97 53.74 52.83
TiO, 0.24 0.32 0.25 0.29 0.31 0.17 0.13
A1,05 4.62 6.73 6.84 6.22 5.36 2.98 3.68
Fe,0s 10.45 6.78 7.17 8.89 6.04 1.39 2.27
FeO 9.90 12.11 13.59 11.17 13.13 11.56 13.14
MnO 0.18 0.22 0.22 0.14 0.28 0.26 0.25
MgO 9.10 8.17 7.02 7.90 10.07 14.52 12.92
Ca0 2.44 2.83 2.70 1.78 7.97 11.48 10.78
Na,0 6.09 5.84 5.96 6.55 3.01 1.06 1.47
K20 0.15 0.14 0.10 0.09 0.25 0.13 0.18
H,0+ 2.13 2.28 2.00 2.24 2.24 2.24 2.36
H,0 - 0.22 0.09 0.11 0.10 0.08 0.07 0.10
P,0s 0.01 0.02 tr. tr. tr. 0.02 0.01
Total 100.25 99.90 99.76  100.28 99.71 99.62  100.12
Atomic ratios (0=23, anhydrous basis)

Si 7.848 7.813 7.787 7.852 7.488 7.749 7.668
ALY 0.152 0.187 0.213 0.148 0.512 0.251 0.332
INAL 0.629 0.953 0.954 0.900 0.417 0.255 0.298
Ti 0.026 0.035 0.027 0.031 0.035 0.018 0.014
Fe3* 1.127 0.734 0.781 0.957 0.667 0.151 0.248
Fe?* 1.188 1.455 1.645 1.336 1.613 1.394 1.595
Mn 0.022 0.027 0.027 0.017 0.034 0.032 0.031
Mg 1.945 1.750 1.514 1.683 2.205 3.120 2.79
Ca 0.375 0.436 0.418 0.272 1.255 1.774 1.676
Na 1.694 1.627 1.673 1.816 0.858 0.296 0.413
K 0.028 0.026 0.019 0.017 0.048 0.024 0.033
Total 15.034  15.043 15.058 15,029 15.132 15.064 15.102

Analyst: Y. NISHIMURA

1. Crossite from crossite-epidote-chlorite-white mica-albite schist (79316-9). About 750 m
NE of O-saki.

2. Crossite from crossite-epidote-chlorite-white mica-albite schist (79319-5). Tadefu-saki.
3. Crossite from crossite-epidote-chlorite-white mica-albite schist (79319-8). Tadefu-saki.
The white mica was used in K—Ar dating and shown in column No. 3 in Table 4.

4. Crossite from crossite-epidote-chlorite-albite schist (79319-16). About 1.5 km NW of
Hirano.

5. Subcalcic actinolite from subcalcic actinolite-epidote-chlorite-white mica-albite schist
(78218-4). About 2.5 km NE of Akaishi. Trace amounts of zoned amphiboles are locally
found. They were also analyzed by EPMA method and shown in column No. 2 in
Table 2.

6. Actinolite from actinolite-epidote-chlorite~white mica-albite schist (79318-5). About 1.5
km NE of Ibaruma.

7. Actinolite from actinolite-epidote-chlorite-calcite-albite schist (79318-6). About 1.5 km
NE of Ibaruma.
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Table 4. K—Ar ages of white micas from the Yaeyama metamorphic rocks.

No. Specimen Zone Mineral Sample k(%) Z‘OArR/Z‘OK Air contamination Age

No. wt.(g) (%) (Ma)
1 79320-3 I White mica 1.0166 9.07 0.009666 3.88 159
2 79316-16 m White mica 0.9979 6.96 0.009798 3.07 161
3 79319-8 v White mica 1.1177 8.43 0.010876 0.77 167
4 79314-1 v White mica  0.9881 7.52 0.010702 4.15 175

Analyst: E. NAKAMURA

1. Pelitic schist (white mica-chlorite-albite-quartz-carbonaceous material-
apatite) from about 1.2 km SW of Kara-dake.

2. Pelitic schist (white mica-chlorite-albite-quartz-carbonaceous material-
apatite) from O-saki.

3. Basic schist (crossite-epidote-chlorite-white mica-albite-quartz-sphene-
opaque minerals) from Tadefu-saki. The crossite was analyzed and
shown in column No. 3 in Table 3.

4. Pelitic schist (white mica-chlorite-garnet-albite~quartz-carbonaceous
material-apatite) from Tomuru-saki.
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