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Trace and Rare Earth Elements Compositions of Metamorphic Rocks from the Ina District of the

Ryoke Metamorphic Belt, Southwest Japan Arc
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Abstract

Seven trace elements (As, Cr, Ga, Pb, S, Th, V) compositions of

Masaki Yuhara *
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metamorphic rocks from the Ina district of the Ryoke Metamorphic
Belt were determined using X-ray fluorescence spectrometer at Fukuoka

University. Rare earth elements compositions also were determined by
inductive coupled plasma emission spectrometer at Ehime University.
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Although these metamorphic rocks collected from wide area covering
low to high grade metamorphic zone, they indicate a series of chemical
change trend. Arsenic tends to be rich in low-grade metamorphic rocks.
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Table 1. Trace element concentrations of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.

Sample No. MI(T)-57 SN-48 MI(T)-44 SN-13

MI-14  KU-27  0S-01 OT-32 JI-10

Pelitic Pelitic Pelitic Pelitic

Pelitic Pelitic Pelitic Pelitic Pelitic

SiOy(wt.%)* 60.72 62.65 62.81 63.14

As(ppm) n.d. <4 n.d. n.d.
Ba

Cr 114 77 60 80
Cu

Ga 25 22 20 22
Pb 11 14 37 22

S 2088 3358 20 1136
Th 21 17 14 18
\% 154 128 98 96
Zn

63.27 63.63 63.74 64.94 65.50

n.d. <4 <4 n.d. n.d.

762

70 73 68 69
49

21 23 21 20 21

23 20 12 32 26

591 5140 1287 4587

18 15 15 14 15

110 114 83 115
116

Sample No. SN-26  OTK-15 KU-41  KU-36

KU-72  OT-07" OT-55  0OS-16  NE-32

Pelitic Pelitic Pelitic Pelitic

Pelitic Psammitic Pelitic Pelitic Pelitic

SiO,wi.%)* 6555 6581 6582  67.38

67.93 68.56 69.12 69.40 69.97

As(ppm) <4 <4 <4 n.d. 6 n.d. n.d. n.d. n.d.
Ba 650

Cr 72 67 72 66 61 52 57

Ga 22 22 20 20 19 19 20 18 19
Pb 16 20 16 13 34 14 19 22 15

N 3304 1980 997 1014 5 671 1325

Th 14 16 14 13 15 10 14 13 11
\Y% 104 100 96 91 79 79 89

Sample No. OT-45  NE-21 OT-39 6 2 NE-60 TN-07 4

Pelitic Pelitic Pelitic Psammitic Psammitic  Pelitic Pelitic Psammitic

SiOy(wt.%)* 70.40 70.41 72.15 73.43

As(ppm) <4 n.d. n.d. <4
Ba 566

Cr 47 44 55 49
Cu 5 15
Ga 19 15 17 19
Pb 17 31 18 11

N 1689 1486 393 24
Th 14 7 12 14
\% 78 61 56 71

Zn 67

75.61 77.23 77.26 78.57

n.d. n.d. <4 n.d.
41 50 42 16
6 19 7
14 15 14 11
18 20 8 23
341 47 922 886
9 8 10 5
49 85 58 23
52 80 32

*: reported by Yuhara and Kagami(1999), n.d.: not detected.
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Table 2. Whole-rock chemical compositions of
metamorphic rocks in the Ina district of
the Ryoke Metamorphic Belt.

Sample No KYK-02 SAW-27 NAR-02 SAW-30 TAN-22
Pelitic Pelitic Pelitic Pelitic Pelitic
SiO,wt.%)  66.16 66.92 67.41 68.60 71.30

TiO, 0.77 0.72 0.73 0.72 0.62
Al 04 16.06 15.49 15.56 15.35 13.62
Fe,05* 5.51 4.95 4.76 4.53 3.98
MnO 0.02 0.04 0.02 0.04 0.04
MgO 2.09 1.87 1.79 1.88 1.55
CaO 0.19 0.82 0.36 0.54 1.19
Na,O 2.03 1.97 1.54 1.07 2.06
K,0 3.71 3.94 3.69 4.14 3.27
P,05 0.11 0.13 0.16 0.11 0.14
LO.L 3.41 2.08 4.23 2.37 1.72
Total 100.06 98.93  100.25 99.35 99.49
As(ppm) 15 32 11 <4 <4
Ba 626 589 700 679 560
Cr 75 65 75 63 54
Cu 17 <4 11 14 <4
Ga 23 21 20 20 16
Nb 18 18 16 17 15
Ni 22 26 20 25 24
Pb 15 16 10 11 19
Rb 169 167 170 154 136
N 55 260 5 522 285
Sr 104 132 85 86 143
Th 18 18 16 14 21
\% 103 93 93 78 68
Y 29 28 30 30 29
Zn 76 87 63 80 72
Zr 237 288 252 273 350

*: total iron as Fe,0j3, L.O.1.: loss on ignition.

Table 3. Whole-rock rare earth element composition
of metamorphic rocks in the Ina district of
the Ryoke Metamorphic Belt.

Sample No. KU-28 MI(T)-57 MI-14 2 4
pelitic pelitic pelitic  psammitic psammitic
La(ppm) 32.46 63.19 44.24 22.46 20.13
Ce 69.65 136.58 93.19 47.95 41.36
Pr 7.66 15.06 10.41 6.01 5.16
Nd 30.35* 61.63* 41.13* 17.44 15.04
Sm 5.73* 11.55* 7.69* 3.47 3.93
Eu 1.08 1.07 1.39 0.90 0.98
Gd 4.71 8.36 6.43 3.58 3.40
Dy 3.97 5.78 4.71 2.93 3.61
Ho 0.84 1.32 1.03 0.62 0.81
Er 2.15 2.96 2.54 1.53 2.19
Yb 2.15 2.33 2.21 1.47 1.94
Lu 0.34 0.43 0.36 0.25 0.33
Sc 9.67 14.93 9.35 7.59 2.04

*: reported by Yuhara and Kagami (1995).
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Fig. 1. SiO,-trace elements diagrams of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
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Fig. 2. Chondrite normalized REE abundances of
metamorphic rocks in the Ina district of the
Ryoke Metamorphic Belt.
Normalization value by Anders and Grevesse
(1989).
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MRS, 2011, FHERER®ICETIEREDHETREL 5 NICHLEcHEMER. BREX
FIBSES 41, 39-50. (Yuhara, M, 2011, Trace and rare earth elements compositions of
metamorphic rocks from the Ina district of the Ryoke Metamorphic Belt, Southwest Japan
Arc. Fukuoka Univ. Sci. Rep., 41, 39-50.)
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Appendix 1. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
These maps are adapted from the 1/25000 topographic maps “Shiojiri” (A), “Takato” (B) and
“Shinano-mizoguchi’ (C) published by the Geographical Survey Institute of Japan.
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Appendix 2. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
These maps are adapted from the 1/25000 topographic maps “Miyaki”(A) and “Tatsuno” (B) published
by the Geographical Survey Institute of Japan.
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Appendix 3. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
This map is adapted from the 1/25000 topographic map “Kiso-komagatake” published by
the Geographical Survey Institute of Japan.
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Appendix 4. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
These maps are adapted from the 1/25000 topographic maps “Ina-miyada”(A) and “Ina-
ojima”(B) published by the Geographical Survey Institute of Japan.
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Appendix 5. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
This map is adapted from the 1/25000 topographic map “Utsugidake” published by the

Geographical Survey Institute of Japan.
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Appendix 6. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
This map is adapted from the 1/25000 topographic map “Akaho” published by the
Geographical Survey Institute of Japan.



Appendix 7. Sample localities of metamorphic rocks in the Ina district of the Ryoke Metamorphic Belt.
This map is adapted from the 1/25000 topographic map “Ichinose” published by the Geographical
Survey Institute of Japan.



