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SHIBATA, K., Suctvama, Y., Takact, H. and UcHiumg, S. (1988) Isotopic ages of rocks
along the Median Tectonic Line in the Yoshino area, Nara Prefecture. Bull. Geol.
Surv. Japan, vol.39 (12), p. 759-781.

Abstract : K-Ar, Rb-Sr and fission-track age determinations were carried out on rocks
along the Median Tectonic Line (MTL) in the Yoshino area, Nara Prefecture. K-Ar ages
on the Ryoke granitic rocks range from 35. 3 to 75.9 Ma. Within about 1000 m of MTL the
ages decrease toward MTL, probably caused by the hydrothermal alteration associated
with cataclasis. The Takamiyama acidic rocks give a K-Ar age of 12.8 Ma. The cooling
rate of the granitic rocks, calculated from K-Ar ages and closure temperatures of
minerals, is 23-27°C/Ma.

K-Ar ages for muscovites from pelitic schists in the Sambagawa belt are 62.3-69.4
Ma, whereas K-Ar whole-rock ages for phyllites in the Shimanto belt are 57.1-76.7 Ma ;
decrease in age is not observed even near MTL. Rb-Sr ages for muscovites from the schists
are 70.4 and 72.5 Ma, which are assumed to indicate the time of metamorphism. The
phyllites give a Rb-Sr whole-rock isochron age of 77.1+6.1 Ma, which is interpreted to
represent the time of diagenesis or weak metamorphism.

Fission-track ages for zircons from the Ryoke granitic rocks range from 37.0 to 68.2
Ma and decrease toward MTL. Fission-track ages of zircon are generally close to K-Ar
ages of K-feldspar for the same rocks. From this fact the closure temperature for zircon
is estimated to be lower than 200°C.

The fine fractions (<2 gm) separated from MTL fault gouges at Michaya and
Takamiyama give K-Ar ages of 36.7 and 18.3 Ma, respectively. These ages probably
represent the time of hydrothermal alteration following the major fault movement of
MTL associated with cataclasis.
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Fig. 3 Occurrence of fault materials along MTL to
the east of Mt. Takamiyama. A : cataclastic
quartzose rock in the Ryoke belt. B : white
fault gouge (87-2403) of unknown origin (-20
cm thick). C: black fault gouge (87-2404)
derived from the Sambagawa pelitic schist.
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Table 1 K-Ar ages of rocks from the Ryoke belt.

Sample No. Distance Rock Material K50 40Ar rad Atm. 4OAr Age
from MTL (m) (%) (10~®m1sTP/g) (%) (Ma)
2503 <0.3 Quartz porphyry Whole rock 1.37 2.83 20.5 63.1+2.0
(cataclasite)
2211 20 Quartzose rock Whole rock 0.191 0.496 70.7 78.9£5.2
2405 20 Granite K-feldspar 5.78 8.04 15.1 42.621.5
2314 150 Granodiorite K-~feldspar 14.05 20.6 7.1 45.0x1.4
2406 180 Granodiorite (mylonite) K-feldspar 10.67 12.3 17.5 35.3+1.1
2210 230 Granite porphyry Whole rock 1.54 2.53 33.2 50.1%1.7
(cataclasite)
2209 550 Granite Biotite 0.617 1.08 58.3 53.4+4.1
K-feldspar 12.53 19.9 10.8 48.5+1.5
2315 925 Granite Biotite 0.463 0.782 64.0 51.6+2.7
K-feldspar 12.88 17.8 15.9 42.3+1.3
2504 1580 Fault gouge* Clay, <2um 3.75 2.81 40.9 23.0£1.0
2317 1890 Tonalite Biotite 2.47 5.52 35.0 67.9%2.3
Hornblende 0.849 2.12 49,2 75.9£5.0
K-feldspar 12.35 27.4 6.7 67.5+2.1
27.4 26.8 67.5+2.2
Av. 67.5%1.5
2205 2065 Fault gouge* Clay,<2um 3.68 2.35 72.0 19.7+1.4
2206 2075 Granite K-feldspar 13.09 22.7 5.8 53.0%1.6
2201 6200 Tonalite Biotite 7.37 16.9 1.1 69.622.1
K-feldspar 4.02 8.34 16.6 63.2x2.0
2202 7780 Tonalite Biotite 8.74 18.8 41.4 65.5+2.4
Hornblende 1.03 2.54 41.2 75.3%2.7
2.41 38.0 71.422.5
Av. 73.4%1.8
0903 Takamiyama acidic rock K-feldspar 6.28 2.59 28.4 12.8+0.4

* Washika fault

Table 2 K-Ar ages of rocks from the Sambagawa and Shimanto belts.

Sample No. Distance Rock Material K50 40ar rad atm. 40ar Age
Route from MTL (m) (%) (10~8m1sTR/g) () (Ma)
Sambagawa belt
87-2403 <0.3 Fault gouge Clay, <2um 2.76 0.796 85.1 8.9+1.2
87-2404 <0.3 Fault gouge Clay, <2um 2.59 1.54 66.5 18.3+1.0
2501 3 Fault gouge Clay, <4um 3.33,3.32 3.29 58.4 30.4x1.4
3.30 60.0 30.5%1.5
Av., 30.5x1.0
Clay,<2um 3.51,3.49 4.21 42.5 36.7x1.4
2313 50 Pelitic schist Whole rock 2.50 5.53 39.6 67.3+2.5
Muscovite 6.15 14.1 11.9 69.422.1
2404 220 Pelitic schist Muscovite 9.67 21.7 14.1 68.422.1
2311 400 Pelitic schist Muscovite 4.67 9.55 22.3 62.322.0
Shimanto belt
2502 <0.3 Phyllite (fault breccia) Whole rock 2.88 5.39 14.3 57.1+£1.8
Clay, <2um 5.74 9.46 13.6 50.3+1.6
2212 40 Phyllite Whole rock 2.85 7.19 17.5 76.6:2.4
Whole rock 5.59 14.1 15.4 76.5%2.4
2213 100 Phyllite (chert) Whole rock 0.835 1.91 31.4 69.4x2.3
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Fig. 4 Isotopic ages versus distance from MTL. K : K-feldspar, B : biotite, M : muscovite, H :
hornblende, W : whole rock, C: fine fraction of fault gouge. @ : K-Ar ages from the
Ryoke and Sambagawa belts, O : Fission-track ages from the Ryoke belt, ® : Rb-Sr
mineral ages from the Sambagawa belt, B : K-Ar ages from the Shimanto belt, [ :
Fission-track ages from the Shimanto belt.

Table 3 Mineral assemblage of the fine fractions (<2 ym) of the fault gouges.

Sample No. Fault Source rock Color Mineral
2205 Washika Granite Yellow orange K, ML, M; Q
2504 Washika Granite Light gray C, K, M, MC, ML; Q, F
2501 MTL Pelitic schist Gray K, MC, M; Q
2502 MTL Phyllite (fault breccia) VYellowish gray MC, K, M; Q
87-2403 MTL Pelitic schist Yellow M, ML, K; Q
87-2404 MTL Pelitic sehist Gray MC, K, M; Q

K: kaolinite, ML: mixed layer mineral (mica and smectite), M: montmorillonite;
C: chlorite, MC: mica clay mineral, Q: quartz, F: feldspar
Clay minerals are arranged by the intensity of major basal reflections

(K: T4, ML=~124, M: 154, C: TA, MC: 104).
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Table 4 Rb-Sr analytical data for rocks from the Sambagawa and Shimanto belts.

Sample No. Distance Rock Material Rb* s 87rp /865y 875y /865y
from MTL (m) (ppm) (ppm)

Sambagawa belt

2501 3 Fault gouge Clay,<2um 171.7 191.2 2.601 0.70851
2313 50 Pelitic schist Muscovite 250.9 97.80 7.428 0.71628

Whole rock 119.5 139.1 2.489 0.71134
2312 70 Pelitic schist Whole rock 104.8 84.04 3.610 0.71180
2404 220 Pelitic schist Whole rock 106.5 48.70 6.330 0.71408
2311 400 Pelitic schist Muscovite 316.8 85.30 10.75 0.71864
Whole rock 87.82 169.4 1.502 0.70912

Shimanto belt

2502 0 Phyllite Clay, <2um 233.7 69.91 9.678 0.71480

(fault breccia)

2212 40 Phyllite Whole rock 137.2 65.97 6.023 0.71529
2213 100 Phyllite (chert) Whole rock 49.2 133 1.07 0.70977
2310 650 Phyllite Whole rock 124.0 103.4 3.472 0.71272
2308 1600 Phyllite whole rock 116 89.0 3.77 0.71319
2306 4050 Phyllite Whole rock 3.219 75.73 0.1231 0.70908
2305 5420 Phyllite Whole rock 146.2 62.10 6.816 0.71804
2304 6280 Phyllite Whole rock 113 83.3 3.93 0.71294

* 4-digit value by isotope dilution, 3-digit value by X-ray fluorescence.
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H5, 87-2403 x>V aFA b, BEBHY, #4V
74 M »eRY, 872404 BEEKE TS, A4V >4
b, EVEYRFA Mok D, RZ 87-2403 i3 AL
BOBELRDLRIZI T LEDRS, s DHA
520 K0 § R EECY, 2V Y AREES
MLEN D5 CIEEEBEMCEEN T D EE L
sh3.

4.2 Rb-Sr &

ZENIEEVEGTHEOERD Rb-Sr HIEER%
Table4 i2RY. g ZhodF—3274Y 270y
(Fig.5, Fig.6) wiRl7:. ZWIIRBEFEOHERD
Rb-Sr 1%, MTL 25 50 m o 2313 75 70.4+3.1 Ma,
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ARSI hREERN VIS 2 EEAOREER (%H Eb)

0.7201
[ sAmBAGAWA _

o718 2311M

2313M
o/

orier T=704+3.1Ma
1=0.70885+ 20

0714
o712

07101

/‘ \
0.708—/:3” 2501 T=725+21Ma

1=070757+13

87Sr/863r

0706

0704

0702+

1 1 L J. L 1 1 1 L 1 1
0.7000 1 2 3 4 5 6 7 8 9 10 11

87Rt/863r

Fig. 5 Rb-Sr muscovite (M) and whole rock isochron plot for pelitic
schists from the Sambagawa belt.

0720
SHIMANTO

- -
o718 2305

o716}
@_

2212 —&-
07141 2308 2502
o712k 2304

0710t
® 2213
[ 2306

878'/%Sr

0.708

0706

T=77.1%6.1Ma

I =0.70884 + 27
0704+

0.702 -

0.700 1 1 L 1 L 1
(0] 1 2 3 4 5 6 7 8 9 10

57Rp /BGSr

Fig. 6 Rb-Sr whole rock isochron plot for phyllites from the Shimanto
belt.

400m o 2311 4 725+425Ma Th v (Fig.5), K-Ar £+ 2 BSR40 500°C (WAGNER ef al., 1977) & B
R LB MTL OE TERBZBLIES 2 AER ShTw3, —7F, KMBRO=ZFIERAFEOERIRE
D SRR, 2313 10Tk Rb-Sr ER E K-Ar & i3, 500°C & D I & 2 izfELs, - TEER® 5hiz 70
R—BF 3. 2311 1zDow it K-Ar £/ 10Ma  -73Ma &3 Rb-Sr &R0, =/IZRED LR - 5
Eoy, ZORRETHTHS. HERO Rb-Sr Rl  HoERTIRZL, EREAZObOOERERT L%
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Table 5 Fission-track ages of zircons in rocks from the Ryoke and Shimanto belts.

Sampte No. Distance Rock Ns Ps N; 0 Ng I n r U Age
from MTL(m) (10%/cm?) (108/cm?) (104/cm?) Cppm)  (Ma)
Ryoke belt
2405 20 Granite 706 3.83 487 2.64 1019 6.88 30 0.801 308 37.0%2.5
2408 180 Granodiorite 1583 3.47 853 1.87 1023 6.90 30 0.835 218 47.6%x2.5
2209 550 Granite 2052 8.93 766 3.33 1015 6.85 30 0.840 330 68.2%x3.6
2505 1580 Granodiorite 457 4.77 265 2.76 1117 7.54 21 0.838 294 48.3%x4.0
2208 2075 Granite 1279 5.69 653 2.90 1031 6.96 27  0.750 335 50.7%2.9
2201 6200 Tonalite 1436 4.39 625 1.91 1027 6.93 30 0.780 221 59.2%+3.4
Shimanto belt
2502 <0.3 Phyllite 715 4.31 356 21.46 1117 7.55 30 0.854 228 0

56.4%4,

Dated by Kyoto Fission-Track Ltd.
Ns
Ni
Ng
n: number of grains

r: correlation coefficient between po and o,

and o ;¢

and ps: total number and density of spontaneous fission tracks
total number and density of induced fission tracks
and pgq: total number and density of induced fission tracks on neutron flux monitor

Fission track ages are calculated using the following constants:

Calibration constant: B=6.23X10°
Spontaneous fission decay constant:

A r=T7.03X10""" /a2

Thermal neutron fission cross section for 23%U: ¢ ,=5.77X 10 22cm?

Isotope ratio 235U/288\: 1 =7.253X 103

¢ -value: £ =BXo,XI1/A,=371
Age=£+(ps/pidepa
Error={(1/Vv N2+ (I/V N2+ (1/V N2} -2

Zbha,

Fig.5 Wiz Zz o £ 2 3k (2312, 2404) R UM
BroY (2501) OF—FEd oy h Ui, &5R
BafR—o0ERECEDSRY, 20T LIZERKE
HEizoh o D2EFREO Rb-Sr Ry 1398
SN LRERT S, —HWBES Y VREE,
SO T—FBHED bk ETRILEIBICSay b
ah, BEERZEIERAETHIBS, BOBROD
HEEZEZICLD Rb-Sr ZBELWEHEERRZI- 2%
AT, BESL, PP HERIED ¥Sr 23550
Nlzlzdiz, BRELVTHRIThILEZ5N 3,

A H#OFHED Rb-Sr #—4 1 Fig.6 270wy
b U7z, 2305 kU 2502 2ERE 6 iz kb 77.1+61Ma
EWSTAY 7 uvER L 0.70880 £ 0.00027 & v S
¥Sr/*Sr FEMBE LN, Zh s DREZ MTL
25 40m-6280m & EWEHHEI» LD LD TH DD, Th
SMNEEDT AV 7uy (MSWD=247) 2R3 2 &
WIHIZ LR, EHOTEERILTHS. Thbb, 7
AV 7 u Y ERRY RIS Sr FAEOH
BSEEEIC b > CEREN: 2 L2 WEs>Tw
3. %, T11Ma w3 ERREZ, ERFOBEEEY
F v — b DHE (SHIBATA and MiZUTANI, 1980, 1982)
& R IR ORI OV TR EHE 258

T UL, H30RFIC0 &5 FEREROR
HErRTLOLERSNS. SEEAOHMIZEHOD
BErRAMRC20MaTholc e 75 &, HBEERITH
100 Ma WL ZRBETE WS 2 ik . RAEMIRE
O E B O ERERRE GEHHE, 1962)
CIENTB D, KRFIKREFE V-7 (1981) &P
BHAELARERABER SN TYS, 65T, Rb-
Sr 2EER» OHE SN I HBEERZ COLEBFEN
HELFELEW, &8, YAMAGUCHI and YANAGI
(1970) B HFHIIRIBEOKREFE (AR TR H5§
BT 3) OEEMT 7245Ma £ 1»5 Rb-Sr &Eft%
WMEL T35,

FHEF23051% 771 Ma Wi 74V Z7arh»rs5izTh
TrthAeray banz (Fig.6), ZoREixfhozk
LRZVBEROELIBO THL, BEELEDIS
BRZAZRLESEENZDT, Zhn74V7ay
polHRThRERRLELZ 0B, —F MTL Lo
WrrE A (2502) 2oL oSS 74V ray
DT HIZFay F&ns, ¥Sr/*Sr #)4&E% 0.708 LK
BT DL, 2502 0T VERIZ OMateh, K-Ar&
& 503Ma iIFEELY, wIFhic® kX MTL oEH)
& 2 AR, BEHEEFEO “Ar £ ¥Sr gL
e YR T -
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REBEEHIRO TREERD T 5 HERORMEER (BH 1Eh)

°C
7004
600+
500{d Hb
400+
300K Bt e o
. P q///
5,7 o7
200+ LR
< Zr e %
« Kf + '—+—
100
20
30 ' 40 ' 50 60 ' 70 ' 80 Ma
Fig. 7 Relationship between closure temperatures and K-Ar ages of
K-feldspar (Kf), biotite (Bt), hornblende (Hb), and F. T. age of
zircon (Zr) on the Ryoke granitic rocks. A straight line represents
an average cooling rate for each sample.
4.3 FT. 1 Ths. ZOFRREUCEED K-Ar £5F 57.1 Ma
FERTEHEEOE WS THTRE 1 Er» o8 L: TERELL,

snvavo FT. #REIEGR% Tabled 2Rz 16
HEEOEMRIE 37.0-68.2 Ma Th v, MTL GEE0RE
DERBE (Fig.4). Bz MTL »5 20m Rk
(2405) DA 37.0 Ma iZ¥EA 7 & (2501) @ 36.7Ma
IEIEFFELY., 2 BREBMEOFE (2504, 2206)
HRREN, —H MTL 5 550m @ 2209 i, MTL
OB IV BEEYY VRAD K-Ar FROER D 13
Roohzys, Yraro FT. &KX 682Ma L &b
HWERDD, 7 MTL 5 180m o 2406  F.T.
EROABEN, ZhoD 282K L, Yravo
FT. #R1I A VEAD K-Ar £RICHEBEELT W E W E
% (Fig.4)., ZOEER YN VaVyOHEEBELIEET S
LTEETHZ. HVEAD K-Ar Rz BV L ERHEEE
i 150+30°Ce RE S5 T8 Y (HARRISON and
McDougaLL, 1980), —FH¥nar @ FT. /22w
T OEASEIRE X 175+ 25°C (HARRISON ef al., 1979) %
5 ik 200+ 30°C (N1sHIMURA and Moar, 1986) & B
S5NTn3, AVRADOHEREDCAN LV EETHI
X, SE/shiYva vy OERERLS, Iravo
FSREIMENE Thbb 1I75°CIGLnEWVE S,
W EFRCE (2502) YNz v pERZ 56.4 Ma

5 .% £

5.1 HERERBHOERY LER - AHIE
HERTEEHEED K-Ar FROBTREER LIV RE
IZoWT MTL 5 1000m 55 2 TRD S h, BERE
B ORI DWW T HER Y BT s h iz (Fig. 4).
INSDRENIZARD DAY I T4 MEDEES
BPTWBI NS, IREDERDEFRYBHSI 75
H A4 MEEGRESH S Z LiZEWEN, BEFOEERD
¥, BRALIEATHS I (KO 281 %KRE 55,
B 7794 M XD REISNLFEC L 2080 E
Zohnd, AVEARDVTHE, STTRIFEALYIR
EynH o, HEHNERZ< A 2707 )y THBT
Epo, BR2FECEBERY LEEZIC L, &5
2, EROBERY IZ MTL iEWEENE 22 L <, MTL
EETRAVER, YvaryaficiBEY 7 Y Ok
SEBRFEICERETT. ThoDZ ehsd, BED I
AY 7794 MUK & VRS R BORIERIC LS Bl
BECI O LHWENS, MTL EFBcBi) 2EE
i, SEMIOBEEE» 5> A T 2000CUEICZE LDk
HESNhS,
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wERERARENE X12F

MTL »2 54 LEEN T 2880 >»wT, ¥YravoF.
T. EREVVERAD K-Ar ERI vy EL 2 ERE
LT, BHHRLBRESRMY, #5779 1 MuDBEEDEY,
BRESHIToNDE, b URENY VI v ORRSEREIR
FTEREITNE, H»VEGD KArERRIENZBZTH
53, A% 7794 MuoBEEL T, 2406(MTL
26 180m) OF VREAICIIENEBFEEL T3,
BEEO L WOV AVIEZDEER > TREDOBNBES
n3, Lyl, ZOBENEROFR—FE 75T HEA
THILEILREDEI bR, SERAUC LS
REMFIIBITZERT -y BRI LNE, TOT—%K
BAT 7 TH A VHREORR, LD 0BT TH
%9,

SEHE L BITEAEREOANG, BER, &
VRA (2317) RUARA, BES (2202) &, SHEE
HERE (2200) 0EER, PVEROZh#Fho) K-Ar
ERE, WO K-Ar 2B 2 H#EEE (DopsoN
and McCLELLAND-BROWN, 1985) w2 FIFHL, 7t
HEEOESWHEE 2RO (Fig. 7). 28, Fig.7ix

i3, BEORHYLVA YD FT. ERICH 5 HEEE -

(175°C) 2w TydmEL, %/, MTL &9 1km DR
THERLURZFRET ¥ A 0E (2209, 2315) i22WTh
Tuy b LTHD, ZOMHE, BE P —TVER, 2317
EOWTAHANGLEERO oy FEOEROAEL
26°C/Ma (3@EQ#EM® oy b EOEREROAR
1% 35°C/Ma), 2202 i 2 BEOHLYDO 72 v PEOER
OEEW 27°C/Ma, %7 ERIEENGE (2201) BALT
{ 23C/Mak 3 fER2E. ZORKRIZ, TEtsO
FRIP—FVELBEGENRBREOTHLSHEE
(27-28°C/Ma : 52H « EK, 1988) &iFiz—%+ 3. T
NS DOWHMEED LA (HIF) ko THEITLIZ LR
BT 5L, HIBAR%E 30°C/km & L7:BOEEEED
FR (M) EEE 0.8-09mm/a LS I kR D,
R EEHMOMREFHPICRTEREORBII R,
REBUEEHRLEbN I KUEBESE SIS
(E#PEE MTL Bige 7 v — 7, 1981 ; TR IED>, 1986)
- T, FEFHOLREFESHIKIL ~NVZELTDIRE
HAARONREFHRUBR Th o L EES NS, —
T3 LIRS HIEE B HIKI LV ~v (20°C) ZCEAT
B EHIFITE L0 55-57 Ma L5 T L izt B,
A Y RAOHSEELTICR - Th S %hEhEEINERH»
Wiz, MRICZELLERBZN LD bFLLHHREM Y
BahTwd, Ll ESEHREESHY, CHE
DERBEE (W 700°C) WiHEL L 2oz & %
8Ma w3 Zkizkb,

MTL w0z 5 7794 ME2ERL TH 2 HEiD
ERThr<4ur4 Mok, BREMELGERRS
BECRD N, ZORHIC W TEERNL T
BTwi, b LAHMIRO A 0t A BEFESHIE
M (GEH - B, 1988) & —EDORBHIER Iz &
35k, FORBERX 70Ma gitt FHEan 2,

5.2 WIBH VS OFEROEKE

WiE» v v OMIRIERS (2 4m BUT) X, WiEEENCHE
SEBOEYTIRZ LT, DUAEAHRY Mkl

BRI 31T B AL -ZREER, B 5 Wk BUKERIC L o
TELMIEIEEL T2 EELIOND. #oT, W
By RO EEMOMRICLY, BHBOWHED
LEL—IREMETE LN TELHDLEFIN S,
BH-EA (1980) RIRERTOEWBRO “WEkt”
DEFRRENT L 0, ML OEREHHOHEE 21T - 72,
—7, WA YR EEERAET 341k, LyoNs
and SNELLENBURG (1971) iZ & > T#I® TiThh, B4E
DERELEY (41 74 b)) KL 2H\BOERMEDT
BEtETER S Ntz KRALIK ef al. (1987) 3ZE7 LA
DOWEY v ¥ 558U - ERRE 8@ K-Ar, Rb-Sr
FRAZBIC LY, WMEOFXERESFEEHEL 2. %
z, BRI YO EWER, ERFERFESSLIC >
TREIWES, T 2 pm DIT ORI BT 2 EH
BEREINODOH 2 (21X, BONHOMME ¢t al., 1983 ;
HUNZIKER et al., 1986), FTHEER &I, SO
FIE7- L 2R TH-TH, EEEORVERNES
NAEZEMBHSMZ AN Z ETH B, Hl 21X, HUNZIKER
et al. (1986) X ERM LM OBASHIRE % 260+ 30°CL
WEL TS,

SHERAEZRA LB A v Y1k, Tabled 2xRL
k5w MTL Lt ExREE»>DbDTH3%. MTL 0
AU VRZENERAEERTH D, HHRES (<2 pm)
ORI BRI LT F L T2 L FREND,
87-2403 WX ERMIHBEEN T ol BER
WEHHEE L T2 VY, THbb 2501 & 87-2404 1
DWTOKUBLER (1984) 2k 2 illite crystallinity
index 1% 0.45 £ 0.70, %7 MAXWELL and HOWER
(1967) k3 2M BOEBIXST%E 2T%TH S,
KUBLER (1984) iz diagenesis (zeolite facies) & ant-
izone (prehnite-pumpellyite facies) & DR O illite
crystallinity index % 0.42 £ LT3, >TCTIhd 2
DOERBMELEIRRIEROEBICAS., —F, =¥

Y A4 MRERETORRE LS L W IE LV HEOT, K
AN TR L U TR L R A L.
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RERGEHE O PIEERIN A T 3 HEAORNEENR (SRE 135)

JIE B0 =R (2404) o index i 0.20 T Epizone,
BB YURD I L TIEDZBERERAOFERCAS. Zh
&0 A Y OB HYIIRER SO B ERSHER
L72dDTRWILFBELITHSE, B£HL, Ih
5 OERMIFMEEIZE > TELR D TRE L,
HTICBTBHKEBCLoTELLBDTHSS.
feoT ey Y OMRIRS (<2 4m) O K-Ar 4
Rz, EREEEINER LU FEREZERT O LERS
ha. 7272L, BonizERid 250148 30.5Ma & 36.7
Ma, 87-2404 %8 183 Ma & A& 2 BW\23H 3,

HEHEO MTL £ BT 3 EREESa0FERE,
Fig.d wash2 k31, MTL » 5% 200m £ D%
VEAD K-Ar /R L o2 >0 FT. £/ 35-48 Ma
EER->TEY, ZoR/NMNERIEZFEED MTL iz
BUREA Y Y 2501 DA 31-37 Ma 2 iZIZZ L\, 20
Zri3, ERNTEmEREES BKERRSISRIT
FEHE &% -7 MTL oiEEsss, £ 35Ma itz -
e L BBERT 5.

BERWUO MTL BEICB I 2EBA 7Y (87-2404) 1
18.3Ma &, ZORED K.0 §EEN 2.50% L&
Wik, A4V 4 P HERTEY L IZREEEEN
TwaZkicksd, 127701, 183Ma L ERIIER
MEHFHDOERERBELTWBEEEZTIVTHSS.
fit> T, BRILMIRIC B W TR, Buk{ER 2#£->7: MTL
DOWEIEENDS 35 Ma I DEWRHMRICE Z - - 7] 88
BEZoNZ, 1RL, BRIUMRTE 12.8Ma L3
ERERTERLUBEEELS MTL BRigEALTSH
D, TORNEEC LIS EEREDY bERLETN
B oRwoT, 183Ma twIERZEREKEESC
BUOT50RELY, kB, Z0ERRE, EFESH
KD MTL OFEA 7 Y DENR 189 Ma (%M - &
AR, 1988) WZIFIZE LW,

BRILO® S 1 DDOWBY ¥ Y 87-2403 D 89Ma &
W EREZOWTE, FRSEETHS. ZOREFD
AV UL BEUNLIERECESBENTHD. 0D
BE, ERNLEMBEMENCRE R Z Lo 5, L.
FEIC L) BN EMSESBECERL I L i3
ZIZ W, F 72 87-2408 13, 87-2404 DBEY 7 YhizEk
TELTW2DT, MBFCERREDENSE DS LZE
22w, fEo TRHHEMER OBV IZFREDE N 2K
BLTwaeEZ5>Nh3. 872403 B L DS T
HERILBEEES=FKIERFELELTW20T
87-2403 X FE RIUBMEEE 2 WL Z OAERE Fa L T
LAY THBONY Ly, 25 THNIE, 89Ma
LW ERIEEDENR128Ma LV BELDT, FER

30

BEBEMCOWTIE, EBETO Ar OBBENEI D
<, 100°CTHO%MBEDNE LRSI F—S B b5
(HUNZIKER, 1986), W hic® JEEE#Hm O K-Ar £
REEEH LT AR TEREMENZ LidEs T
HLHOT, 87-2403 D 89 Ma >3 ERE, S HOH
BEEORIIE T 2D LW,

BRERBO 204 Y (2205 £ 2504) OEMIZ 19.7
Ma & 23.0Ma Th 2. 2Dk b=#HIFERAEERD
AP e B BRLEWMERE DS, &5 Y 7 AEM
2205 TIREEEHY, 2504 TIRRAEHY L 214
MThHB, fEoTIheDFERITODVTH, HMEBEEL
BRI 2 L izEL .

PBED XSz, MBS Y Y OMRSRSIIIRS, £RE
BEZDBECERBLT, BeOmIEmHksRT, &
BRHEmEE L T2V IOV TRE, YO RENE
2EINTEREOERSUN—ERTES. Lo,
RV AT EREOBRELERHE mHBEH I EER
TW2 WEN Y VX 5 EEEIEOFMO - 0121,
HESMOTREPLREEEOBEL S I VELVEY
FRLREBDLETH 3.

53 2

INETHERCELEERERTZ DBERICEDE,
HEMBROERY, ZE/IHRCNAHHOME 2 % &
»3E, Fig8 k3 wcksd. ZITE, SEOERH
ERER L, MTL oFgdh & ONEI D S ETHhTH
7z,

MTL QEBORIDO AT — 1, EEHNTIcEL
rEZ25TWwW3 (HARA ef al., 1980 ; TAKAGI,
1986), HI®, HERIEESEOER (80-90 Ma tg) 5]
S X ERTNWOBEEIHEE, <A1 0)r 4 MussET
L7(7T0Matg), EL, BEMIEARMGEE CRRENS
&I RS EE B RET B ARSI, ~A4
a4 MEZseE o TABIZEEREMEWCW»i 2
BRI 5,

—HZHNIZEREA ORI, 70-73 Ma T, SERItHE
BENEEROFERE (300°C) BEICBHIL 1265,
bLEvA o4 MEDKEA L —85 5.

PICEFF £ ZENHFH O LRI W TR T AT
v, EFERICDOW T, TEREOE AL, 50 Ma iz
LZERBBE THEBRP - D ERL, FhifoT
Fig. 7 @R Wiz & 5 WL CEEBEEIR 1Lz LHEE
N3, —AEEIEC W TR, SEIIEHREEOE
BRI H o7 “HEFKE OEA, ZFFO L
Rz X o THIRE kb &£ 35 E 2K (/) 1970 ;
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Age(Ma)
0 4
10 4
12.8Ma:Intrusion of the Takamiyama acidic rocks
[———>-18MafFormation of fault gouge or its partial
20 resetting in the Takamiyama area N
30 4
Formation of fault gouge (37-31Ma)
- (Major stage of the movement of MTL E
with hydrothermal alteration)
40 4
Cataclasis ( ~ 35Ma)
_ a ! i
PR !
? \ 4
_ I B
Uplift of :
60 I the Sambagawa belt -
]
- (150°C) 0 1 -
{ Sambagawa metamorphism
70 Mylonitization | (73-70Ma) .
(c.70Ma)
- (510°C) [ -
77Ma:Weak metamorphism
80 l« Cooling (phyllitization) in -
the Shimanto belt
- Intrusion of -
the Ryoke granites
90 E
100 c.100Ma:Sedimentation in -
the Shimanto belt

Fig. 8 Geological history of the Ryoke, Sambagawa and Shimanto
belts. Detailed descriptions are given in the text.

TAKAGI, 1986) 2Rt 2L, ZDLEF» 70 Ma DO
BWECHEE U TRENS Y. SEHL»ER -
FPEFIEEEOEEZRCBITI2HY 7791 Mek
V2 NIZE| &R WO LY Sk, SE/IEOER
I 2N ERS L REUBOKEEEC
Lo TEUREEZ N, WTFRIZE JHBERBCB T
3 MTL BEBOBEEOEFEORNE AR T I ENTE
£9.

VR EMMERE LI L TET 2 X5 Xk oh
EWSRIEIZDW TR, SEBRTE 27200
LEbETWRY, ZOMED DX, SHEERLN
B SO AL ERRINC BT 2 =515 L W
DEFUTE DT 2 HE ¥ - BEFEWREPERICE
ih3,

6. & & ®

1. ZEEEEFHEO MTL B Ic57 % % ERTER
EHED K-Ar 48413 35.3-75.9Ma ¢H vH, MTL oy
1000 m £ CEROEFRD BFEDONDB, ERVEAS 7
F44 MuicfEo TR - 7= BUkEEIER I 813 2 3
BB bOLELONS, BRIUBEEEDIVE
A0 K-Ar K% 128Ma TH 3.

D K-Ar 44K L BISIREE S 5 R - TEREHED%
HIBEEE X 23-27°C/Ma TH 5.

2. SRR EOEEZO K-Ar £R1Z 62.3-69.4
Ma, WA +#HFREEDLEW X 3 K-Ar £1357.1-76.7
Ma Th 0, MTL OiRETERLE & 2EMIZFED
s, BREEOHERO Rb-Sr £/ 70.4 kU
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FRREEFHRO PREERAC IO T 2 BEAORMAEENR (58H 130)

725Ma Th Y, ZhoRERIEROERERTHOL
2603, THED Rb-Sr £574 V7o rERE
771+61MaThH Y, ZHIEFRIEAD 5 IZBERIE
FAOR2RT b LBERENS.

3. ExitEEgEo YLy FT. &4k 37.0-68.2
Ma ¢, MTL RUBRMELETE . R—EAKD
wTovraryd FT. #R e 2V EED K-Ar £/
FIFELW, ZOEE»S, Y3 rOHSEEEI R
BHEL, 2000CIATF E#fEES NS,

4. MTL oiiE4 v ¥ ORERERSY (<2 pm) O K-Ar
ERIZ, =FXBETIX 36.7Ma, §RILTIZ 183Ma TH
3. Zho DERRRERMEBYIEKEBERICE -
TERLZEHEEL, BI=XBD 36.7Ma Lt Wy E
RiZHF 7794 vz dbles L MTL OXEL K
BEESORHEZRTLDOEELO>ND,

BEE APTERED A HL D WEERE VS — AK
R, BEEX, #EE TN W RREHTEH 7 4 v
varve-bovr MR B, BAIry=7 ) IR
&% BRFROGED S ERLZHME 2B/, e,
HWEEAS FUEERCRIAEAM BT 2 Hh%
Bor, BLTHEHOBERET 3.
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Plate 1

1. Outcrop of quartzose rock (2201 : arrow) nearby MTL (broken line) at the junction of two rivers (the Washika and
the Monzu) in Washika.

2. Outcrop of MTL to the west of Washika. Light-colored rock (left) is cataclasite (2503) derived from quartz porphyry
in the Ryoke belt and dark-colored (right) rock is fault breccia (2502) derived from phyllite in the Shimanto belt.

3. Outcrop of MTL to the west of Michaya. MTL, though covered by banking, divides the brecciated sandstone of the

Cretaceous Izumi Group (left side) from the Sambagawa crystalline schist (right). Arrow is fault gouge (2501)
derived from pelitic schist.

4. Outcrop of the Washika fault (arrow ; 2504) dividing the Miyaoku granodiorite (right) from the Michaya granite
(left) 250 m south of the Sakura pass.
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