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Abstract

Major and trace elements compositions of the Katsuma Quartzdiorite, Hiji
Tonalite and Ochiai Granite in the Ina district of the Ryoke Metamorphic
Belt were determined using X-ray fluorescence spectrometer at Fukuoka
University. Rare earth elements (REE: La, Ce, Eu, Tb, Yb, Lu) and
trace elements (Cs, Hf, Ta, U) compositions of a sample of the Katsuma
Quartzdiorite also were determined by instrumental neutron activation
analysis at Ehime University. K,O, Cr, and V contents of the Hiji Tonalite
are lower than that of the Katsuma Quartzdiorite, whereas most of major
and trace elements compositions of them overlap one another. The Ochiai
Granite has higher SiO, content, and plotted on extension of change trend
of the Katsuma Quartzdiorite. C-1 chondrite-normalized REE pattern of
the Katsuma Quartzdiorite is enriched in LREE, and depleted in HREE,
and shows negative Eu anomaly.

Key Words: Katsuma Quartzdiorite, Hiji Tonalite, Ochiai Granite, major and

trace elements, rare earth element, Ryoke metamorphic belt.
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Fig.1. Geological map of the Hiji Tonalite, Katsuma Quartzdiorite and Ochiai Granite, and sample localities (after Yuhara and Kagami, 2006
and Yuhara et al., 2000).
M.R.: Mibu River, S.R.: Shingu River, N.R.: Nakasokura River, O.R.: Osokura River, D.R.: Dodomeki River.
M.T.L.: Median Tectonic Line, I.S.T.L.: Itoigawa-Shizuoka Tectonic Line.
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Fig.2. Photographs of anorthosite block in the Katsuma Quartzdiorite and heterogeneous granite.
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Fig.3. Photomicrographs of the Hiji Tonalite.
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Fig.4. Photomicrographs of the Katsuma Quartzdiorite and anorthosite block.
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Table 1. Whole-rock chemical compositions of the Hiji Tonalite.

Sample No. MU-02 ON-33 96111805

SiO,(wt.%) 62.58 59.63 62.20
TiO, 0.58 0.99 0.69
AlLO; 15.99 16.47 16.98
Fe,O5* 6.11 8.26 5.95
MnO 0.15 0.13 0.11
MgO 2.95 1.78 1.91
CaO 5.07 5.78 5.16
Na,0O 3.86 3.95 3.66
K,O 1.57 145 2.15
P,0; 0.07 0.21 0.16
LOlI 0.85 0.99 0.53
Total 99.78 99.64 99.50
As(ppm) nd. <4 n.d.
Ba 107 436 453

Cr 81 7 13
Cu n.d. <4 n.d.
Ga 20 24 23
Nb 11 22 11

Ni 13 <4 <4
Pb 11 11 13
Rb** 712 394 87.9
S nd. 79 n.d.
S 217 366 424
Th 5 6 <4

\" 98 89 63

Y 27 72 28
Zn 86 131 94

Zr 93 286 228

Sample No. 96112101 98111304 98111307

SiO,(wt.%) 63.39 57.75 63.59
TiO, 0.67 0.88 0.74
ALO, 16.67 17.54 15.86
Fe,O* 5.26 8.00 591
MnO 0.08 0.15 0.09
MgO 1.65 2.76 2.07
CaO 4.79 7.02 5.30
Na,0 3.71 3.45 3.40
K,O0 1.99 1.26 1.56
P,0O; 0.14 0.16 0.11
LOlI 1.03 0.53 0.93
Total 99.38 99.50 99.56
As(ppm) nd. <4 n.d.
Ba 453 348 323

Cr 11 24 19
Cu n.d. 5 n.d.
Ga 23 22 21
Nb 12 14 11

Ni <4 n.d. <4
Pb 12 10 8
Rb** 84.5 41 58.2
S nd. 184 34
St 456 359 390
Th <4 6 9

\" 52 92 64

Y 25 28 27
Zn 84 101 77

Zr 191 148 192

*: total iron as Fe,O;, **: determined by isotope
dilution method (Yuhara et al., 2000),
L.O.L: loss on ignition, n.d.: not detected.

O=FHIR O A TH B UNRE, 1984b). =Fl
OREE, v 7 vERLANE T & OWSEIY %
% &%, BHARPRETICUR SN IREREAE LI
A G DLV RELS RL D, 61T, SO, HH
B 433~460wt.% & H 7 DRV, BRRHIE IR S
FORFEEOERFE WS 22T 2 70121%, Mok
BEERIED N B R O A AL S LB &
BohizL, 2062 T 208D 5.

PR ERS RS O LETTRER

AR fRE @ 13 (ON-29) 122w T, Hif:
TSI & O LB cE (La, Ce, Eu, Tb,
Yb, Lu) &5 i &EIC#E (Cs, Hf, Ta, U) DMl
E R BIRRFITB W T o e, WEGEE, AHIEH
(1995) 12t o 7z, WERIR % Table 312733, AR
&, A - 02 3E (1995) 1T & D R UL CER
SN7zSm & NdEHEDARLIL,

STEEAY LA ERITo E 1R L, T 2D
Twicd, HEERMESLCEENTORREIELL, L
L, PIRSERE i 2 i 3 e o 2 b o
M e AL (lJE , 2008, 2011b, 2016 5 AWF52)
WX, SHFE R OAERE ORLELHEEF (Ishihara and W,
2001 ; Kutsukake, 2002 ; Ishihara, 2003 ; Ishihara and
Chappell, 2007) HIZ®H 5 (Fig.9).

C-12a¥ F 74 b (Anders and Grevesse, 1989) THi
WAt U 7 B A RIS o f L0 e & — >~ (Fig.
10) 1%, #BEFLFTCHE (La-Sm) ITEAHA LHIT
# (Tb-Lu) IZZLWHETB)ONX—VERT, &
517, ADEURFEIRDLND, TDNE -V,
THFRE A O AFHD /% & — >~ (Ishihara and Wu,
2001 ; Kutsukake, 2002 ; Ishihara, 2003 ; Ishihara and
Chappell, 2007; )5, 2008, 2011b, 2016) & LT 2.

o

R F LT X B IR R B S O T 3
BIZL Tz 72Wiz, SLIERZEHIBRRR RIS o )1 $7
BEHZIIBERZLTWRES, AREE 2V
2wl MEoB it L UE#oRERL IS,



Table 2. Whole-rock chemical compositions of the Katsuma Quartzdiorite and Ochiai Granite.

Katsuma Quartzdiorite

Sample No. ON-30 NA-03 ON-31 ON-27 ON-29 0OS-11 FUJ-05 0S-06 RY-01 MU-05
SiO,(wt.%) 51.96 54.59 54.79 56.28 56.37 58.19 58.94 59.17 61.20 62.26
TiO, 1.04 1.03 1.02 0.94 0.81 0.88 0.85 0.77 0.77 0.81
ALO; 18.01 18.38 18.25 17.86 19.24 16.98 16.63 17.17 16.64 16.13
Fe,0,* 10.28 8.53 8.72 8.15 6.76 7.38 7.65 691 6.44 6.93
MnO 0.18 0.13 0.14 0.13 0.11 0.12 0.12 0.11 0.09 0.12
MgO 5.02 4.05 4.16 4.02 3.28 3.66 3.73 3.32 2.87 2.61
CaO 8.75 7.85 7.81 7.52 7.95 7.02 3.86 6.63 6.14 5.96
Na,O 3.04 3.04 3.09 3.00 3.35 2.86 343 2.99 3.02 345
K,O 0.86 1.20 091 1.06 0.96 1.47 2.24 1.60 1.17 0.76
P,O; 0.13 0.15 0.15 0.13 0.11 0.12 0.11 0.10 0.10 0.11
LOI. 0.83 0.62 0.89 091 0.90 0.73 2.73 0.88 1.33 0.68
Total 100.10 99.57 99.93 100.00 99.84 9941 100.29 99.65 99.77 99.82
As(ppm) <4 <4 <4 <4 <4 <4 n.d. 11 <4 <4
Ba 252 265 237 287 236 363 564 340 533 292
Cr 45 47 38 42 34 48 52 40 34 29
Cu 31 7 13 13 9 4 10 7 5 n.d.
Ga 20 21 21 20 22 19 18 19 19 20
Nb 9 9 9 8 8 8 9 7 5 9
Ni 16 15 15 15 11 10 16 12 11 12
Pb 6 7 8 7 9 8 10 11 5 8
Rb 23.3%* 39.8%* 26.4%* 34 29.6%* 52.7%* 87 55.8%* 37.5%* 29
S 4 315 n.d. 6 n.d. 86 n.d. 62 n.d. <3
Sr 401%* 424%% 418%* 411 452%% 365%* 336 369%* 401%#%* 417
Th <4 <4 <4 <4 6 <4 <4 9 <4 5
A\ 161 164 178 163 130 149 147 134 124 129
Y 19 21 24 20 23 21 27 21 13 25
Zn 104 87 89 85 71 75 74 74 63 85
Zr 21 126 177 51 101 94 186 141 173 251

Anorthosite block Ochiai Granite

Sample No. ON-28 ON-32 0S-03 NA-02 0S-21 0S-18
SiO,(wt.%) 58.72 57.09 68.14 74.65 76.18 76.48
TiO, 0.21 0.15 0.59 0.17 0.05 0.04
ALO; 23.8 25.93 15.16 14.01 13.12 13.01
Fe,O,* 0.99 0.77 444 1.29 0.99 0.80
MnO 0.02 0.02 0.07 0.03 0.03 0.02
MgO 047 0.44 1.95 0.32 0.06 0.05
CaO 7.36 9.36 3.72 1.37 0.73 0.64
Na,O 533 5.06 297 3.10 348 3.62
K,O 0.59 0.34 1.92 4.58 4.99 491
P,O; 0.00 0.00 0.07 0.00 0.00 0.00
LOI 2.20 0.51 0.67 048 0.45 0.50
Total 99.69 99.67 99.70 100.00 100.08 100.07
As(ppm) <4 <4 59 52 <4 <4
Ba 128 127 358 918 72 58
Cr 10 5 29 8 5 3
Cu 5 4 <4 <4 n.d. <4
Ga 21 26 18 16 19 20
Nb <5 <5 8 6 10 11
Ni 7 10 9 8 13 9
Pb 13 14 11 28 29 33
Rb 16 13 120 138 200 244
S n.d. n.d. 43 3 8 35
Sr 577 660 245 157 22 14
Th 5 <4 <4 19 22 26
\Y 20 17 75 19 <4 5
Y <6 <6 14 21 37 26
Zn 14 10 56 18 23 23
Zr 23 nd. 152 140 85 71

*: total iron as Fe,O;, L.O.L.: loss on ignition, n.d.: not detected.

**: determined by isotope dilution method (Yuhara and Kagami, 1995)
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Fig.7. SiO,-trace elements diagrams of the Hiji Tonalite, Katsuma Quartzdiorite and Ochiai Granite.
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Table 3. Whole-rock rare earth element compositions of the

Katsuma Quartzdiorite.

Sample No. ON-29
Cs(ppm) 1.90
La 15.55
Ce 32.88
Nd* 19.1
Sm* 442
Eu 1.12
Tb 0.76
Yb 2.02
Lu 0.29
Hf 2.86
Ta 0.94
U 1.07

*: determined by isotope
dilution method
(Yuhara and Kagami, 1995).
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Normalization value by Anders and Grevesse (1989).

Grey lines indicate patterns of granitic rocks in the Ryoke
metamorphic belt (Ishihara and Wu, 2001; Kutsukake, 2002;
Ishihara, 2003; Ishihara and Chappell, 2007; Yuhara, 2008,
2011b,2016).
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