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Abstract

Six trace elements (As, Cr, Ga, Pb, S, Th) compositions of the Takato
Granite, which is composed of the Takato Granodiorite and Takato
Tonalite, in the Ina district of the Ryoke Metamorphic Belt were
determined using X-ray fluorescence spectrometer at Fukuoka University.
Rare earth elements (La, Ce, Eu, Tb, Yb, Lu) and trace elements (Cs, Hf,
U) compositions of some samples also were determined by instrumental
neutron activation analysis at Ehime University. As for major and trace
elements (Yuhara and Kagami, 1999), there is gap between variations
trends of some trace elements of the Takato Granodiorite and Tonalite in
Harker’s diagrams. Chondrite-normalized REE patterns of the Takato
Granodiorite and Tonalite are enriched in LREE, and depleted in HREE.
The Takato Granodiorite is depleted in most REE. The Takato Granite
gives Rb-Sr whole-rock and mineral isochron ages from 59.3Ma to
53.6Ma. These age data indicate timing of cooling.

Keywords: Takato Granite, trace element, rare earth element, Rb-Sr whole-
rock and mineral isochron age, Ryoke metamorphic belt.
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Fig. 1. Geological map of the northern area of the Takato Town and sample localities (after Yuhara and Kagami,
1999).

Sa: Sawa river, ta: Tanasawa river, mi: Mibu river, fu: Fujisawa river.
M.T.L.: Median Tectonic Line, I.S.T.L.: Itoigawa-Shizuoka Tectonic Line.
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MR - &3 (1999) BRI hizv. KREEKIZOW
T, 61Ma @ K-Ar R ERAER (TEF - RIH (1966)
12 & A48 % Steiger and Jager (1977) 12 & %%
E BT ENS), 166Ma ® ¥ v I ¥ Pb-a 4 AR
(Karakida et al, 1965), 852+6.6 Ma ® Rb-Sr & &
TA Y7 a AR (AR DI AR - & 35,
1999), 658 ~ 639 Ma @ K-Ar ¥ i 4 P 1 4 1%
(Yuhara et al, 2000) 235 SN TWw 5.

W EFERE 1L, FRIFRICHAT 5E S 150m #2
BEDERE LCHET A, ORI, HRILROM

Table 1. Trace element concentrations of the Takato Granite and related rocks.

Takato Tonalite

Sample No. TAN-13 TAN-17 MI-17 MI-22 TAN-27 MI-21 INO-05
H-B To. H-B To. H-B To. H-B To. H-B To. H-B To. H-B To.
SiO5(wt.%)* 61.66 62.51 63.03 63.06 63.21 63.31 64.45
As(ppm) <4 <4 <4 <4 <4 n.d. <4
Cr 23 15 18 16 18 17 18
Ga 21 21 21 21 21 22 21
Pb 7 9 12 9 8 7 9
S 18 n.d. 3 n.d. n.d. n.d. <3
Th <4 <4 <4 4 <4 <4 <4
Takato Granodiorite
Sample No. INO-06 INO-04 TAN-05 TAN-25 SAW-15 SAW-08 TAN-19
H-B To. H-B To. H-B To. H-B To.  Encaleve B Gd. B Gd.
SiO5(wt.%)* 64.57 65.14 65.35 66.69 65.71 65.11 65.97
As(ppm) <4 <4 <4 <4 <4 <4 n.d.
Cr 11 18 13 15 11 18 13
Ga 21 21 20 20 21 20 20
Pb 9 10 11 12 15 16 15
S <3 10 n.d. 19 11 <3 n.d.
Th <4 <4 <4 4 10 13 14
Takato Granodiorite
Sample No. SAW-18 TAN-15 SAW-25 TER-07 SAW-14b TAN-21 SAW-24
B Gd. B Gd. B Gd. B Gd. B Gr. B Gd. B Gd.
SiO5(wt.%)* 66.08 66.84 68.56 69.16 69.66 70.39 70.48
As(ppm) <4 n.d. <4 n.d. n.d. n.d. n.d.
Cr 8 13 12 15 13 10 16
Ga 19 19 18 18 18 18 17
Pb 24 18 22 19 24 24 23
S n.d. 4 90 <3 10 n.d. n.d.
Th 11 13 9 12 13 17 10
Takato Granodiorite Two-mica Granite
Sample No. SAW-17  SAW-10  SAW-04 SAW-05
B Gd. B Gr. T M Gr. T M Gr.
SiO5(wt.%)* 71.56 73.80 72.06 72.69
As(ppm) n.d. n.d. n.d. n.d.
Cr 11 7 8 6
Ga 16 15 18 18
Pb 22 28 23 23
S n.d. n.d. n.d. 25
Th 18 10 4 4

*: reported by Yuhara and Kagami (1999), n.d.: not detected.
H-B To.: hornblende-biotite tonalite, B Gd.: biotite granodiorite, B Gr. biotite granite,

T M Gr.: two-mica granite.
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ERAEMETH S, Sr- Nd FGAKIAHE A 5, &
e L3RR 7IPOEREINEEZLND
(hhJEL - % 32, 1999).

Zia B X O EA RS P2,
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S8 m ~#
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MR - 438 (1999) 12X 0 FWa74 S IR
FHE G SN 2ROV T, BMEES 6 TTHE
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L7z 138 (TAR07) IZ2WTEKS 10 £FE (S],
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w K 416 & % (As, Ba, Cr, Cu, Ga, Nb, Ni,
Pb, Rb, S, Sr, V, Th, Y, Zn, Zr) %, A%
P 2R R R B 00 YL AR R B T S At LA XOR AT B
ZSX100e 2 X Dl L7z, & 512, kRoD, &
VK dkm O =N, IR AT S
MERERE ML) 22V Td, %K%
Toz. REFPRILIRT, BEBIIAHTH LA, #H
RERAHETOERTH L EEZ NS, REHRIUL
B % Appendix 112779, BB S L OV B,
AR - IO (20032, b), AEIZA (2004a), EAIZ
A (2005) 1ZHE o 7. WAL R % Tables 1, 215
7.

F B PR 0 2 38 (SAW-14b, SAW-10 : »
TNHEERERSE), BEM—FLVED 1R
(MI17) 22\ T, HEF il bsric & o & 8
Jt#% (La, Ce, Eu, Th, Yb, Lu) 7 & CNIZ#=IC
# (Cs, HE, U) OMlEA2BRERFIIBVTITo 7.
WE g, EEFIEs (1995) 12fto7-. WEikis
Table 312/R9. [MFIIE, MK - 43 (1999) 12
LD FMAHRECER SN/ Sm & NdEHE DR
L7

SiO, A EOWME & B2, EHERAHNRE S
b —=FIVEDCr, GaldigA L, Pbid¥siny 5
m»d % (Fig2). Thix, E®E M —FNVETIRITE
A E DB RARLT CTH 5205, mmibiiiks
TIXIZIEF—ETH5. Cr, Ga, PhiZBWTIiE, &
b —F VA L EEARRNRRE OZ L b L v Nk T
2%, ThCEMBFICKRE LRy y 7RO LN5.
CDE) HF vy FE—HOIERI % b ITEITTHR
IZBWTHRDOHNS (FE - A3, 1999). B
BRSO RERNERE ICUA SN HHREUAE S
&, ERS RS NTMEITTE R - b4 95, 1999)
ERARIC, BERARNREOMRE/LNL ¥ FIZo
5. RNomERERES (SAW-04, 05) &, FHK5
bR CHE (MR - 4 35, 1999) & kRIS,

Table 2. Whole-rock chemical compositions
of the Takato Granite and related

rocks.
Sample No. TAR-07  MI-18
B Gd. T M Gr.
SiO,(wt.%) 65.97 74.82
TiO, 0.62 0.11
ALO; 15.82 13.83
FeZO3* 5.55 1.52
MnO 0.09 0.08
MgO 1.31 0.25
CaO 3.15 0.93
Na,O 343 3.51
K,O 2.59 4.38
P,0s 0.16 0.00
L.O.L 0.62 0.45
Total 99.31 99.88
As(ppm) <4 n.d.
Ba 650 287
Cr 16 7
Cu 6 <4
Ga 20 17
Nb 14 8
Ni 12 12
Pb 11 34
Rb 117 195
S <3 n.d.
Sr 335 79
Th 15 12
A" 59 9
Y 19 43
Zn 70 24
Zr 324 86

*: total iron as Fe,O3,

L.O.1.: loss on ignition, n.d.: not detected.

B Gr. biotite granite,

T M Gr.: two-mica granite.

Table 3. Whole-rock rare earth element compositions
of the Takato Granite.

Sample No. MI-17 SAW-14b SAW-10
Cs(ppm) 1.41 5.84 2.54
La 15.26 31.47 19.54
Ce 31.00 63.06 38.53
Nd* 14.4 30.6 14.6
Sm* 2.82 5.87 3.06
Eu 1.24 1.01 0.86
Tb 0.34 0.83 0.50
Yb 1.10 2.23 1.56
Lu 0.17 0.33 0.23
Hf 4.99 5.26 2.07
U 0.06 1.61 1.95

*: determined by isotope dilution method (Yuhara
and Kagami, 1999).
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Fig. 2. SiO,trace elements diagrams of the Takato Granite and related rocks.
Bt.: biotite, Hbl.: hornblende.
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50 & DK &V (Tables 1, 2). 5
2 FJ4 b (Anders and Grevesse, 1989) TH#i =
WAL L 7= A 1%/ Sy — » (Fig 3) &, BA 18 ke
i (LaSm) \CHARALEIEH (ThLuw) 12ZL 10} SAW-14b_ 4 |
WETF2Y) DY — V%R, TONRY =L, HEK SAW-10—=2=2
R DAL S D8y — » (Ishihara and Wu,
2001 ; Kutsukake, 2002 ; Ishihara, 2003 ; Ishihara
and Chappell, 2007 ; i, 2008) EFEPT 5. H
EREPIRRA L ) bFE b —F LV ED T, REE &4
EAE. ShUE, R 7 ORE O % R L LaCe Nd SmEw Th _ YblLa

TWAHHREED B 54, FHABO SO, ZH =L EE
ThHE, XTI OGALDOBREDENE KWL TWDH
BEVEASE . EE b —F VXA D Eu B 2530 5
N5, BHEARNRAETE IVEAEROH
SAW-14b 3% TOHRD Eu BEZRTAN, X0V EH
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R 7T OSLBRICB W THREAFRELZZ L ER

Fig. 3. Chondrite-normalized REE abundances of the
Takato Granite.
Normalization value by Anders and Grevesse
(1989).
Symbols are the same as those in Figure 2.
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).
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Table 4. Trace element concentrations and isotopic data of the Takato Granite and related rocks.

Sample No. Rb(ppm) _ Sr(ppm) YRuAsr ¥'sr/*sr(26)  Sm(ppm)  Nd(ppm)  "sm/'*Nd  Nd/'**Nd(26)
MI-17* 35.9 586 0.1775 0.70885(1) 2.82 14.4 0.1181 0.512262(10)
Biotite 219 3.21 200.7 0.87774(2)

Hornblende 3.61 41.9 0.2492 0.70918(3) 32.8 117 0.1702 0.512281(10)
Felsic fraction 6.61 735 0.02604 0.70868(1) 0.1910 1.38 0.08329 0.512223(19)
MI-22%* 28.5 637 0.1295 0.70895(1)

Biotite 196 154 37.01 0.73997(1)

Felsic fraction 6.21 758 0.02368 0.70877(1)

TAN-05%* 37.9 553 0.1983 0.70891(1)

Biotite 250 4.15 176.8 0.85372(2)

Felsic fraction 5.27 626 0.02435 0.70878(1)

TAN-27* 35.9 598 0.1736 0.70882(1)

Biotite 209 11.6 52.14 0.74840(1)

Felsic fraction 5.71 738 0.02237 0.70872(1)

MI-18 195%* 79** 7.147 0.71561(1)

*reported by Yuhara and Kagami (1999), **: determined by XRF.
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Fig. 4. Whole-rock and mineral isochron diagrams of the Takato Granite.
W.R.: whole-rock, Bt.: biotite, Hbl: hornblende, F.f: felsic fractions.
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Appendix 1. Sample locality of MI-18.
This map is adapted from the 1/25000 topographic map “Shinano-mizoguchi” published
by the Geographical Survey Institute of Japan.





