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Initial Pb of Zircon and Sphene and a Multi~stage Evolution Interpretation
of the Hida Gneissic and Granitic Rocks by Pb and Sr Isotopes

MASARU YAMAGUCHI

Abstract

Prismatic zircons and rounded and anhedral sphenes in gneissic and granitic rocks
make a linear array in 206Pb/204Pb-28[J/204PDh, 207Ph/204Ph-235]/204Ph,  208Ph/204Ph-232Th/
04Ph, 7P/ 204Ph-200Ph/24Ph, and modified (20Pb/38U)*- (207Ph/2U)* isochron diagrams.
The average initial Pb isotopic compositions determined on these isochrons are 2¢Pb/2Pb
=16.93+0.88, 27Pb/20¢Ph=15.71+0.15, 208Pb/2Pb=39.60+0.87. The ages calculated from
the slope of these isochrons are 239+3m.y.~228+3 m.y. which signify an early stage
of metamorphism probably related to granite activity. Three rounded zircons, two are
from para-gneisses of the Hida area and one from para-gneiss of Kimigano, Kinki in the
Ryoke metamorphic area, which indicated 27Pb/206Pb ages older than 1500 m.y., also show
a loosely correlated pattern in the modified (2°Pb/238U)*- (207Pb/25U) * diagram suggesting a
metamorphic event around 485 m.y. ago.

The initial Pb isotopic compositions are distinctly less radiogenic than the isotopic
composition of K-feldspar of the Hida gneissic and granitic rocks. Since the present
228U /20¢Ph of the whole rocks are low (#=~3.0) and the Pb isotopic compositions of K-
feldspars and the whole rocks are close to each other, the Pb isotopic compositions of
K-feldspar recorded the last phase of Hida metamorphism around 180 m.y. as indicated
by many mineral ages in the metamorphic rocks. To produce the Pb isotopic composi-
tions of K-feldspar and whole rocks from the initial Pb of zircons and sphenes during the
time interval of 240-180 m.y., p¢=46~137, distinctly higher than the # value.of common
silicic volcanic rocks. The whole rocks and K-feldspars of the Hida gneissic and granitic
rocks show a linear correlation in the 207Pb/204Pb-206Ph/20¢Ph diagram with a slope of
3.66+0.20 b.y. if calculated by the two stage evolution model. The slope and the
isotopic compositions coincide with the lead isotopic compositions of Cenozoic basaltic
rocks from Fuji-Hakone-Oshima area. A Sr isotope evolution diagram is constructed on
these metamorphic and granitic rocks from the Hida area. The biotite hornblende-
plagioclase gneiss, highly radiogenic in Pb isotopic composition, show high Sr isotope
ratio and the ratio lies on the extension of the growth line of Bushveld Complex, Still-
water Complex or Amitsoq gneiss, early crustal rocks separated around 3.7 b.y. ago.
On the other hand, the initial Sr isotope ratios of granitic and some acid volcanic rocks
are low and are close to the ratios of hornblende schist or garnet-hornblende-diopside-
plagioclase gneiss derived from basic volcano-sedimentary materials.

The multi-stage evolution calculation (up to five stages) of the lead isotopic com-
positions based on these Pb and Sr isotope data support the idea that the ultimate source
materials of granitic rocks are basic volcano-sedimentary materials (#=5.7). The remel-
ting of once formed crustal materials is also a possible mechanism to produce granitic
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The drastic change of ¢ value observed in the Hida area (~46 to 3) might be

interpreted to have been due to the partial remelting of the source material, separation
of lead followed by the release of uranium and lead at a later stage.

I. #&

YNAVRZAT 2 Y5 R MY U ADAREFEM
&ﬁg@% g, 238U_206Pb’ 235(J-207P}, 232Th-208Ph (D
E-DBERICBIT 2 INSFEMEOEBZHE~Z0D
IZEA D L. FREZERE D 2N 5 OFE OES 12D
b\f&i‘ﬁ“(’b:?&%i,'(% %A% (lm, 1967; ISHIZAKA
& YAMAGUCHI, 1969), MEFD#4L -ClILm@EN D
FABR M EASE L DT58ASE D Pb FISLAME AR (SAKAL &
SATO, 1958) % AV THILE 21T\l AT AL IR OB H
2378 T05. ZOWCTREISHE LD DI,
WS DprDF—-22EML, Pb FALEARIHIEORK
HEITW, bbd CREFREB LR RS LB
ERZ2RTIEHEEORANERIZOWTERET-
TR ERET B,

B =3

BRHN OBEUIFAREER O v~ 7 & VR EE—
—HirEdR, ARE—EL LU EO=ATIT R, #Y
SR ARTERUEBER L VEA LR ==
N =AY, KETREOHBEZE . #H
BTN OER O v v a v FEGL L O FEFE R
LCHEW:z. 9%, JEIR D — % F -
B X HIERYBEERITCHIRR & U OBERIT - 72
LOIZ, ZOBAKTIT-72b DEEINLD DT,
EmageEr o L. T. ALDRICH, G.R. TILTON, G.L.
Davis K512 i 2H V. EEOHBAITIIIGE
BRI RS (No. 8228), HHERIEERSIIR,
& X2V, vaaro EPMA T3 LEY
FIEIR, REBERICHMERICZ Y, WEEBOHE
2o WCIET HEB SRS L EE RN S L 1R
BhRE W R EREU OEBREE SRR 25
ATNBNWAHMHE 2B - 2. ZNH DT ICELE
WY B2RETH B, Z OB EF PR
% (—EFseE A, No.442015) 12k 228 0O—ETHh
5. XHELRICERHT 5.

I. RN @iRfEDRET
SNAVRRAT 2T T Y, MY UADOEERS
B ZORIZEEN BRI REIN I N ST IR
BERL - REEEERTH 5. L LEROE WL
BOBEITE, INOHEPIMBRTELEEIZEY 2R
N8 (WA 2 721 EH) DRI EE DR D10%

DEHYZBRUBEBD LY »2EIEIT R 2 L8
BETHD. EZO@HEL, ERLIBRENT
W32 b arFy s RNEEDLHE & BfEE O
B L OBk D d DBEELEREE X 5.

A RN AR EIHAE O E I, RET B TY S
v, M) v AEHROBD UEWEY, HIUEy ) BE
¥ OSRAMERSEVSN S, Ly LEKESTER
BREDOL ) IR RE—kEATRY VIR
27 2 i ) BEPEERETHER LY i
hiELWhobBW. YrarRez7 = v iRITE—8
BTUREREERICEL DL ORD ) ERREHERICT
BLrEZLNDLOL b S, T RER MRS OERKIC
WBRERERIER, ZRIERVEZEZON DL, B ERE
Lonvar, A7z rHERHIES LA N LA
BERERALTH 3 0 FERMET 258 1F VW EE
Zz2bN\W. DI LIIEEERED Rb-Sr £RREIIC
BWT, VEUYABFRALEERVHBKEDA b
v F U AEGREBE—ER T W OH DR BH
BRTIEND B LV LHLNABE LTS,
L7z CH—BARORBHY SRR (2138
FEREFID) R CRAMELE D - T 9, &
B2 DHBDOENS B - T2 I L, FA4 vy
HIZ L - TEREYHBERLICETIT 258 5 heirdt
LTHRZITFNIEh» 530,

REAFESIIOWVWTIL, A—0FRI YW T
av, AT 2 OFHHEIN29F RT3 0obY T4V
s BB 2 ERNTES. 3ODEERTIND B0
15 238U_206Pb’ Z35U_207Pb’ 232Th_208Pb’ 207Pb_206Pb
BEROWCESHEEOBRERE T 52 8T
5. BI1RIZOHEE, 81, 2,3, 4, 5Kiczhb
DFERER L 7z

sova Ly OFICI#E 2 o BEERO b 0 L HE
INNEZLObDENH 2. ABINNEED
2 DIHBEAREOBA KA IS EN, BEOLOD
IERER RS £ 3B R e ICER T 5. 811,
LREFIZR L2 X 512, MBI ORZNL DT
DLBOEEDD DY ETN TV DA, DV OT
I EDFIRILA B T3 » TR\,

ZNZFNOKTRT & 5 IR FREHORBX 1/
vivay (No. HD14, HD 4) &, BSOS ICEEICE
ALTFToXfEmgED w3 (HD 2001, o
Ar3ERCRAEN, LrbEBCVarR2 L0


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


syvar, 27z>0PbREMELDRYEYL, Pb, Sr@EAMkHS 47 175

REEARRE - TEME 0L B LER
F 1 % RERHEHPO I VY, X7 OHRENIAMKE, U, Th, PbEEE
Table 1. Isotopic composition of lead and concentrations of lead, uranium and thorium of zircon and
sphene in the Hida gneissic rocks.
Isotopic Composi tion Concentration (ppm)
Sample Reference
206 pp,/ 204 Pp| 207Ph, 24 Pp| 208Ph,/ 24P U Th Pb
HD11 Sphene| 74.68+0.75| 18.57+0.20 126.0 +1.5 66.1 + 1.3| 321.5+6.4 8.27+0.17 (2)
HDI11 Zircon | 840.3 +£13.4| 59.17£1.01 | 195.5 +£3.5 | 531.3 +10.0| 327.0+6.5 23.42+0.47 (2)
HD11'Zircon | 280.8 + 3.7 | 28.89+0.40 | 102.4 +1.5 | 563.9 +11.0 — 28.67+0.57 | This paper
HD12’Sphene| 59.63+0.60 | 17.7840.20| 94.2 +1.1 | 114.1 &+ 2.3| 479.1+9.6 14.9540.30 (2)
HD12"Zircon | 148.6 &+ 1.8 | 22.65+0.29| 61.10+0.80| 161.7 + 3.2 86.3+1.7 9.5440.19 (2)
HD14 Sphene| 341.3 + 5.,5| 31.9740.54| 359.7 £6.5 | 106.7 + 2.1 | 328.6+6.6 7.86+0.16 (2)
HD14 Zircon | 128.0 + 2.1 | 25.85+0.44| 50.83+0.91 | 335.6 *+ 6.7 - 43.304+0.87 (1), (2)
HD 4 Zircon | 262.3 + 2.6 | 28.0940.31 | 71.24+0.93 | 442.1 + 8.8 - 44.0040.88 | 1. ‘;;per
HD17 Zircon | 303.0 = 1.8| 30.00£0.21| 75.214+0.68 | 315.9 & 6.3 — 14.93+0.30 (1), (2)
HD18 Zircon | 341.3 + 5.5| 31.374+0.53| 80.31%£1.45| 678.3 +13.0| 267.0%+5.3 29.80+40.60 (2)
HD19 Sphere| 87.34+0.87 | 19.17-+0.21{113.0 +1.4 57.5 + 1.1| 184.0+3.7 5.831+0.12 (2)
HD20 Zircon | 326.8 + 5.2 31.16+0.53| 80.75+1.45( 728.5 +14.0| 314.7+6.3 24.6010.49 (2)

(1), WIFI%(1967) © FERR KR 0 U-Pb Rb-Sriduz & 5 EK, EFEHE, 73,(2), p.71. _
(2), ISHIZAKAK.& Y AMAGUCHI, M.(1969) : U-Th-Pb ages of sphene and zircon from the Hida metamorphic terrain,
Japan.Earth, Planet. Sci. Lett., 6, (3), p.179—185.
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Fig. 1. 238[J /204Ph —206Ph /20¢Ph jsochron plot for zircon and sphene of the
Hida gneiss and granite.
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Table 2. Results of straight line regression of U-Th-Pb isochron and ages of zircons and sphenes in

Hida gneissic rocks (Data from Table 1, Refer Figs.1~6).

Decay System Initial tan « Age (m.y.) Sample
( 206 Pb, ) Sphene :HD11, HD12, HD19, HD14
206 238 4 PbJo :
Pb/_ U/ 16.64+0.82 0. 03791+ 0. 00035 240 + 2 Zircon © Sg%é, HD11;HD12; HD17,
204 P 24P}
16.934+0.88 0.03774+0.00040 239 + 3 (exclude HD11 Zircon)
( 207 P, ) Sphene :HD11, HD12;HD19, HD14
WPL o 235 204Pb/0
- / 15.58+0.16 0.2682 +0.0066 241 + 7 | Zircon :HDI11, HD11;HD12; HD17,
S upy S oupy, HDI8
15.71+0.15 0.2593 £0.0068 24 + 7 (exclude HD11 Zircon)
< 208P, ) Sphene :HD11, HD12; HD19, HD14
208Ph 232 Th 204 Pb/0
2°4Pb_ S apy 39.30+0.82 0.01142+0.00015 | 230 & 3 | Zircon :HD11, HD12,HD18
39.60+0.87 0.01135+40. 00017 228 + 3 (exclude HD14 Sphene)
wpp . Wpy Sphene : HD11, HD12; HD19, HD14
- / - 0.050700+0.000072 | 227 +33 | Zircon :HD11, HD11/HD12; HD17,
204 Ph 204Ph HD18

Decay Constants.

A = 0.155125 X 1079/ year

A'=0,98485 X 107% year
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sphene of the Hida gneiss and granite.

(m zircon, @ sphene. Nos. 4,14, Rounded zircon. RK, Rounded zircon
of banded gnelss from Kimigano, Kinki, in the Ryoke metamorphlc

zone).
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5 03 % Modified concordia diagram fE#l(zFV /AT — ¥
Table 3. U/ Pb isotope ratio used to construct Modified concordia diagram

Sample T ey |, ZQTE/GNPb(Zmegééu)* (ﬂﬂpbzwu)*
HD11 Sphene 1522+ 60 11.03+0.44 7647+ 306 | 0.0430%0.0017 0.750% 0.030
HD11 Zircon 21403+ 860 155.3 +4.6 13611+ 544 | 0.0388%0.0015 0.315+£0.013
HD11” Zircon 7000+ 280 50.8 £2.0 - 0.0388+0.0015 0.366+ 0.015
HD 12" Sphene 1138+ 45 8.25+-0.33 4938+ 198 | 0.04424+0.0018 0.906+0.036
HD 12" Zircon 3408+136 24.71+0.99 1879+ 75 | 0.0409+0.0016 0.500+ 0.020
HD 14 Sphene 8603+ 344 62.4 £2.5 27375+ 1095 | 0.0386=+0.0015 0.347+£0.014
HD14 Zircon 1374+ 55 9.96+0.40 - 0.0864+ 0.0035 1.562+ 0.062
HD 4 Zircon 31474126 22.82+0.91 - 0.08040.0032 0.780+ 0.031

*RY 9 Zircon 32968 239.6 6733 0.08638 1.295

HD17 Zircon 7469+ 299 54.2 +2.2 - 0.0393+0.0016 0.364+ 0.015
HD18 Zircon 8895+ 356 64.5 £2.6 3618+ 145 | 0.0373+0.0015 0.327+0.013
HD19 Sphene 1879+ 75 13.62+0.54 6211+ 248 | 0.0415+0.0017 0.653+ 0.026
HD20 Zircon 11211+448 81.3 +3.2 5004+ 200 | 0.0283z0.0011 0.257+ 0.010

Primordial Pb isotopic composition used.

ap =9.307, bp=10.294 (TATSUMOTO. M.et al.1973)

* DEIRAE—(1969) B rEFRKA A (FEshAFo I va )

4 % Yway - A7xrm U, Th, 2Pb
AHEL U/ Thit
Table 4. Concentration of U, Th, *Pb
(umol/g) and U/Th atomic ratio.
U Th 24 p U/Th
Sample pmol/g umol/g umol/g atomic
X10-4 ratio
HD11 Sphene 0.278 1.38; 1.81; 0.2004
HD11 Zircon 2.232 1.409 1.035 1.58,
HD 11’ Zircon 2.369 - 3.360 -
HD12’ Sphene 0.479 2.065 4.184  0.232
HD 12" Zircon 0.679 ¢.327 1.979 1.827
HD14 Sphene 0.448 1.415 0.5173 0.317
HD14 Zircon 1.41y - 10.19 -
HD 4 Zircon 1.857 - 5.86y -
HD17 Zircon 1.327 - 1.764 -
HD18 Zircon 2.849 1.15; 3.18, 2.477
HD19 Sphene 0.242 0.793 1.277 0.305
HD20 Zircon 3.067 1.35 2.71¢ 2.257
AR EHH5ND. ZOBKIIESK U/Th e

2ph SHER LOBEFETHELATH B, Tiabb, ¥
A3 ekt U/Th Hosginizpl - -C 24Pb &2 L,
Z 7 z »Tid U/Th Hoiniz k- < 24Pb 4554
LT3, f-> < U/Th lkoZE{kidE L LT Th @
BRIZBIERA S Y, Y2 Tk Th ORINcE- <
204Ph AL, X7 = »oTid Th 8incpE - ¢ 24Pb
PHEIML TS, BB vy OFER O
EPMA 12k 28, BHRI3VWELIBRE N"T7=v 4
DBREOBHWIEFTH 5. AUV a L TIRREEE
BHEHETHHOINLT, MBXNLoVva L TRR
HREESEE TR, BALREME, bEbH—

12372 OPMEOYE TR INLEERL TNV 3.
I3 vI—RICREEENES 20PEBETH B0 5
ABXNoAIrDNT =Y AOBE—RPHIIER
VERICHES I & 2L DR 4L 2 2 LAsTE
ko, Ploz epbnevar, Hi2HD4 BB
AR OBSICHGHERIRSA OFRA E 2R, bV iz
MWEIMATRINE N, HDI4 D2 7 = 1L, HUEEE
GDFEA L 2K TRYIZE Y v 2RSS hiz b2
2z khtTE 3. Th-Pb 74V & o R U-Pb
FERICHENTEIECHZDIR, M) v s, LEH2
F T AYEREPEREAOBRP L TV &%
AT LD LIV,

IV, 225 LOSMORE A EEOBEE

HETONREAHEFHOY VA Y, 2T 20
SHE XN B RAMALLEIHAMEIL, WERERZZEL
T, FEGELOHRAILOMENRLL £138E 55128
5.8 9Kz MIYAZAKI, SATO, SArTo (1973) i1
X 5z oM O RS, R RS, MEBIEREOR
BEZORON ) BERAOHANMGELE, Yrar, x
7 = iCk ZERHEB X % O RN AR & o
BERL. WRLICAWEFT—22RLThH 5
MIYAZKI 512X 2IRERFFRE &, Z D% ) EH No.
1602), HEEBA A L Z0OH YV ER (No. 1605), B
T ovmETEHE L2 0% VEAR No. 6714 oflET
W, B LH ) BALOMBMNALIZIESE ) Eh L
V.7 ) BA OSSR RNt U S MIESEIL O T8k
OB RMEHICEVERRL, Yrvaly, X720
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“Fig. 7. 88J-24Ph (pmol/g) relationship for zircon and sphene of the Hida

gneiss and granite.
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74V Y ORIZFEREICD, WS —HE4NT
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ZENEHOEND. I OREOSIEN BV, M-
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REARTv 42700 ) VIIBRERTH- T, AR
HERF BT 2EERICL 5 00THY, BRA
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CHESORRES U, Th RFE LTUENHIL,
B LN ) ER L O OMFENALOZESRYES 2
ot MEBTEHESVEERERREOY ) BR L2
O RNMEHEIRY BREIZVWOLEETH- T, Vv
ALRRT 2 ORI LY ) BEAEORKER (27213
FEE) OREIIZERZ LD LELY 2B

£ 13 B K OB B
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Fig. 8. 282Th-204Pb (#mol/g), and U/Th-2*Pb for zircon and sphene of the
Hida gneiss and granite. (Marks in the Fig. refer Fig.7).
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FREREITEEE L T ORRERE LB CR B LE
RERL, RMEBEERITOARIZEAL TS LWbh
% (BR5, 1975). %7 BRRAKARMREBREDOI 0
— 54 MELEDDEEZ LN TWSS, FiifOIRER
FREDDLay « 27 2 VAERIZE 239+£3m.y. T
5V, TOFBIEREREDO YV I L ERIZFISOm. y. T
B LhoHAT, REMBOTERAETEIL 2 484E
LY RXEFVL DL L8EEREOL D LRI
B bbb BECTERAFE b EWVWE OTEEE
BEERLTWAELEZLSNS. BRAKEON VE
ARREBOES DT — 2130V, 2 OERIZFEK
EEORRL L OFERTH 3 180m. y. 5l (YA-
MAGUCHI et al. 1970, SHIBATA ef al. 1970) +#
ZTEXIRNTHSS.

£5 9 [X] 207Pb/24Pb-206Ph/24Pb Iz B L7 & 3z
RERFRAE, BRAFEB L OREEREE L Z 0w
) B O RN ITERNES] 2R LR ICKREE
BB N 2REFANGRAMRE, BRAKE B
BIERS R P OESERE V. b, BELOF -4
ZIRREMREDT £ 2 5 4 b OSHRAMEER S 17T
HBH, ZOEFEMBELLTEELEION TS
DN ZZTHYH -7 2.39~1L.8BEDH D LIT» Y

|

SATHINLARERR A B 72 2 DO CIEM DR E Y B IXERAL L 72,

i

RS RBERABEOBRICHZRIEAC I I~
£ 4 MUEROESBLELLNTWS BR5197D).
FREERICE L 25N 2EERIROFEZIEREEE
BROEEENMEOBEHEZRL TV,

fiZco~rpfzyvay, 270U Th, Pb
FOBEITRS (EEERHOBEINES bOTHY,
» ) ERORFEMELD, REERASE2SOAK
B OEIRERICOZ Z &%, 20X ) 2YEBEIC
MIBFERTHHI LEBRBRT 2. LhrLlowvary, A

T2 DDLBTAVInL LA BV RAERZEL)
FAVIurNnbE L LLART 05, FKEE
B (2.39~1. 80[BAERN) 1T BT AREEYMEOBRE
S omREMEL 2T 2RO OTIHZL,
BB ORMNE ZIIEHEZRLTW2 0 LE
zon3. H ) ERQLEELORANGILOMIZHE
DERZVOIE, FRESTEHEESD U, Th &F
B lppm BT & BH TRV L2k 3. HiZON
5k3513, 27 = LR 238U/24Pb
(=) BHrRVBV 0TS TRELEWS S, &
Y ERY LS EEMOMAMELEREL TV LT
3L, Z0LSEBERORHICUDBRE B »H
T EEIRTNTERS V. UDBREIZERERO
FFBEEI T4 MUERR B A EBEICH
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Fig. 9.

of zircon and sphene, lead of whole rocks and K-feldspars of
Hida gneiss and granite.
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S720DTHBhH L. 202 iU OB A
TCHEBOBKRE-RABEED7 »57 7 v 2B 5
KO 2R L TCWBAEEN D 5 5. IRERFRREICI
EEEROFBZIZD SN\, ZOEEORER,
ARAIIZ LA CREASRER T2 - TEY, fE
FLELLEELTHA Y R 34 ML T
WEDIZH ) BEARIERERIIF R TH 3. UDREIL
tnd4 MUEBICBIF 2 LD X 5 £ BRI
HELTBIY, ZOBHHICEEON ) U A0MBH Y
EBRBREFEERICS S EILNB.
EERE D) ) BR LB OMBNAL R —
HT30b, » ) EGHEREOUDHKRHZRL TN5.
fREfEmE LIRRA REVPRBE D~ 7 < b 55U
A& - T2 ABERIS A 5 1. SEERTE  coOHIEIC
FEREN LTI, 22o002F20D>< 2RRNMEH
OEBIZHR, SVa 2T 20D B74VY
oy LEEAUCHEE 2028 TH D EEIZE»PRIR
EVWAECHRT . IDZ LIZWEI B B EES

boEYTIZRL, ZOREYENRELDZ LE2RT

LOTH .

25 9 IR L 7 TER S —F S OSA AL AR L DIE R
BRI —BOICIELETVEREEFTVOWVWON
PTHRETE B2ETH 3. BEETFVOES ORI
X2 oBE, BOUMANMGEOEWEZZARFRE
&, B FENE OB IRETERE O EA L CH
R 22 < 2HETH 5. ROKBIIH )V ER
EINIH» L, ZNOEREDESRENPS WV
4 Q-Ab-Or [, Ab-An-Or |, 2/Ei LIB&EF IV
BERET L7220, BATRIBHRETHY, IhETic
LNz, RRIEHE, v x4 MUER, 2207
FF o v RITHES MEBRENIESBN 2 EATH - T,
TY—EA T 3% OBRYE » LEHICEST 2
ZEWWEVENDTHS . » ) ICWBEBENE S &
DEENRDH 72 LTH, ZORNT L 8 FEMED
EHThB.

¥ 5 % RELRAMEO N FRE, HE, EHED Rb-SrE{ & Sr/ 8Sriniifl
Table 5. Rb-Sr age and 8 Sr/ #Sr initial ratio of gneiss, schist and granite of the Hida
metamorphic terrain.
Rb-Sr Age 85S¢/ 83y 873r/8Sr
Sample in m.y. Reference
A=1.42X10""/y initial present
Muscovite quartz schist
(Red leptite) 229+ 3 0.7097 0.7150 YAMAGUCH! et al.(1970)
Muscovite biotite quartz schist .
(Gray leptite) 0.7060 0. 7080
Muscovite biotite quartz schist )
(Banded leptite) 0.7057 0. 7080 z
Staurolite schist ” 0.7055 0. 7070
Muscovite biotite quartz schist . ,
(Black leptite) 0.7048 0.7072 ”
Biotite hornblende schist z 0.7040 0.7053 ” ”
6 whole rocks of leptite 485435 0.7032 8 s
Hornblende - biotite- plagioclase-
quartz-para gneiss (HD1) 181+ 9 0.7087 0.7100 This paper, 1111(1967)
” ” (HD2) 190+ 8 0.7100 0.7110 ” ”
” ” (HD4) 180+ 7 0.7105 0.7120 ” ”
Biotite- hornblende- plagioclase
gneiss (HD 14) 543+ 90 0.7170 0.7190 ”
Graphite- garnet-hornblende
diopside- plagioclase 480+ 100 0.7033 0.7150 ”
para- gneiss ’

. UENO, N.(1968)in
Adamellite (6750) 341 0.706 Mivazakl et al{1973)
” (6730) 73 0.714 2 ”

Funatsu granite (6714) 181 0.705 ” ”
Adamellite (Shimonomoto type, - 0. 7050~

4 whole rocks) 180 0.7050 0.7084 | SHIBAATA et al. (1970)
Katakaigawa schists and 0.7125~

gneisses 221% 6 0.7048 0.7056
Muscovite biotite-plagioclase

quartz schist (2702 250 0.7042 0.7057
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V. Pbé& St QREHAEDSH-REERE, Tt
BEOSBRRE

A RN D 2 CIIHEHE 72 AREEHIER DK BR,  ZERRAE
FRERT 52 LidR#E<H 50T, U-Pb, Rb-Sr
FANEEZRE L TELTAR S, HBI0RKIIRE ORE
1208 - T2 OHIROTERE, EREFED St RAAKL
NEDLEIREHLLTWEZ2RLTHE. AWVT
— Z ZEOERITRLZA, BWXHSHEIHLZL DD
12, SWEROFCHELSHRARL TR 27
— &2 b ANTH 3. R0 O DOMEIL, ZNnZENhO
LEBFERL NS Sr @Afkl<TH 2. B, Z
DO D F — # 1% Eimer & Amend SrCO; @ 8Sr/%Sr
HA%0.7080127%: % & 9 IZHIEL, Rb OBEZERICIE
1.42x107%y 2 AVWCERZHERE L. HERC
BIF 2 TSr/%Sr 3R E—FMT AV s arpbiEt
B LSRR & 2 ogifE R Vv, —BEEERE

]

o

% DHEAE D BWTh 5.

EFITHEFEON, X b e rF v sRNELOT
e b, < hVIEST~3BEELRETLE L VIRLT
W3 EEZZTEY, B A 5 - REHEOH
ERTHARE, BTEFENc MLz Z®R= b
WH NG THREABD BEYETH DL EL TS
(YAMAGUCHI, 1978, L1, 1979). #10KIicii%z d
HE»PLHEL-H~ v "V BEZR< Y VD
2 b v rF U ARNELOFENE LR 2 SE D7
DIZANTDH 5. .

FRAOV 24 NEOTAIZH 2AREREBX
CEMOAIZS « I BAE - ARA - BEA - fRA
F#E (HD 14, 15EFEL Lo 2"Pb/2Pb &% b >
B X 7z a & &Te) ® Sr AN LRI
£ —F L, B OHE X 1T EEHREA D Rb/Sr
I RRKEV. BE [LFHAIT8) 1L, HE S (YAMA-
GUCHI & YANAGI, 1970) HLEERE L T4 85{E

0.720 |- . 0720
S
BIOTITE HORNBLENDE PLAGIOCLASE GNEI
—‘—'
0.715 |- @ Granite > 0.715
87 O Red-leptite
Sr € Para-gneiss & schist
86Sr ______ -
e
0.710 ._f;S;;;_LE_JDE_;!_O‘"TSE PLAG/ Lono
pARA_— GNE 22
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22— BAS
[ S sl

—
L —
—

0.700 L 1
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x
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| 1
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B. Y.
10 [} MEMBOFKE RS BHEO2E B IO EYERE (Sr/%Sr) 2
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Pb FfIfkL, Sr FALEE» S HELUIZY Y bVvOELERTS 3)
Fig. 10. Sr evolution diagram of gneiss, schist and granite of Hida meta-

morphic terrain. (The two curves in the lower part of the figure
are mantle evolution curves estimated from Pb and Sr isotopic
study of basaltic rocks, YAMAGUCHI, 1978, [LH, 1979)
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W6 & REREKE, ERBEOSBRIENETIVIZ LS 1 & PhRMKLORE
Table 6.  Tentative calculafion of # values and Pb isotopic compositions of Hida metamorphic
and granitic rocks by multi-stage evolution model,
Stage 1 2 3 4 5 206/204 Calc. | 206/204 Obs,
Age. X10%year 4.53 3.66 0.485 0.24 0.18 207/204 Calc.| 207/204 Obs.
Hornblende biotite
plagioclase gneiss
18. .
p 8.25 | 9.50 | 9.5 9.5 0 8.67 18.63
15.74 15.77
Black leptite 18.48 18,49
8.25 9.00 19 3.4 0 : ’
" . 15.63 15.63
Augen gneiss
" 8.25 9.00 5.7 46 8.0 18.48 18.48
minimum
value 15.62 { 2%
8.25 (7.60) 7.6 137 8.0 18.48 18.48
8.25 8.25 1.0 137 8.0 18. 66 18.48
Funatsu granite
p 825 | 9.00 | 57 i 32 | x 18.04 {180
‘ 15.58
y 15.59 {1552

ER2EXEREBOVF 24 FBEEYOFEA SV
—TOREARE» SARBIE EEZEZON S a5 H
REABROILAZHE L. Lkt TLFEA MNE
134, 85MFFRTICHDIR 2 b oHEM B X BT E S
RENICHERE S 2 A EORAHRE L 2 b0THh 21
BEMEE s Te

4. BBEFIO=IR< > b D ¥Sr/%Sr Hild L &
4 NEOWEE (0.7030) —FKT 305, Z O
DR v PV BRELELEREOEHRELLN
5. —HISEEMOMBLzvrva sz 2 BR O
AR S »ICHERERETH Y, ZoHY—28E
SHERIEROR2RT LELL32EB2V. 20
R 0 ZRRAEF O AT, HBaNhz orvaro
modified concordia diagram 2RI N TV 5.
KED7 X254 hLHFRED Red leptite DE3
Sr AN OREMBRAHE—BL L, leptite £HEN
@ Sr WHAfEE, BHOGEIES - ¥<AH - ARG -
BEA - RIERRAED Sr FHE LS L v, BMETE
EED Sr AMAREROEE RICEREDOAR
F&o Sr Ak 3 d 5. 2 OAKAEO Sr @Mk
32 dERioERERRo b oThh, Z ORI
BEESLHROAE Y Vv a v %2 b OTERARE R LI
REINZIEREEHHE LIV ZOREYE & LTH
HHRBASES LT\ LeFHIE 5. BEE.
MEF - AEAEAME HD 1, HD 2, HD 4) ®H

E& - BEE - GRAE (black leptite) DEERHR
DEE, MEBEEESCRELEREDO 74254 b
REZY, INLOHRRESPTEBML L7 X
254 MIER LW E2RLTVA.

FICEE 2 0REER- ARG -AEA A HD12)
OREBHRTH 5. AEEOTEELE, FREY
RYWEH T NA 8r/%Sr H1E L {EL, %
OB OEX NI VDT, ZoHEEREORFI <
YRMWVICEBERD B ET B E, ZRERIEZ—RY Vb
W EOREOERIBD THOb D L 3. KED Sr
A VIES 37 BERTEIC — R~ by pBIMEL T
HEEMEHERICZ OEEZ b0 LBbhh 2RO
BBV UIHEEEASE (UM, 197908 1K, 'Y
5 KO Amitsoq gneiss (385 AM); Bushveld
Complex (BV), Stillwater Complex (ST)) ®d-><¢
BERRHROER L2k 5. .

% 9 Iz 207Pb/204Pb_206Pb/204Pb @T; Emjbﬁ D
BER - ARGRFRED, EEETETH 21hdb
S5TRRMALAE <, WICMETERENBESTH
BiZhhb b T EMEEMECERIL, 2ok
Z OIEEYE OEFERICERE S Y, FIRIRL
7= Sr ANAEOER EHIGEL T3 LN 5.

1EEsE AEROY VI Yy « 27 = v ORREME
WHHE L Z OERPBEZT, BRIV IV 2R
B WEIT 2.4 BETR I N AL RRIE T &R
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HELIZNIVDLANICER L EEZO5NS. B
T OIRERFBEEE St FEME O 7 — 2 237233, R
Rk EehspEfEmE (FOREY»?) LhEWI &,
SHIBATA 5 (1970) 23K EJIIDRERFBRED Sr 4
BEELTO.708 2L TWBZ &, vvavER
R2LABERITHBZ EHS5HT L LAREDOT X

o

274 b OEHCERERE LS VDOLEILNLS.

20k hERCEE, ZREEILOXERWTH
OEPEHOEILZEEL THS.
BIRICRLEFRE, MEEREEEBLONY
BA O RMAMRRINZIE 180 m. y. BT OMRZ /i
LCW3 L LT, HEREROEE»D, B 2 B
ELORZAVWTERRZEHT 2 LD L S Ik 5.
(el 'tl_elltz)
R=137 g8(eiti—etty) »
-R=0.350+0. 062
t,=0.18x10° year
A=0.155125x10-9/year
A'=0.98485x10-%/year
t;=3.6640.20 x10° year

N BB - TERE O AN AL OME S ERIL,
=t HiE - FE - REBBOFERZREEOHA
Pkl B ERLIZ LA E—EL (YAMAGUCHI
1978, MBI OFTE), WMEFME, TEREED,
E3TRAEERNC L L, LRRREEHBOZR
v P VICEE R DO LR TFHEIE 5.

SRAAAIC X B EMRL, ARG - BEBARKE,
IRERF RS, MEBTERA DM TIRESN S LWV TX
V. REEEE ORI, BROYEN Fav oy
(zero isochron) M EIZH %45, Z DERIZKNL. 8EE
HIOMEMEHEEZOZEREL VB EEILN
305, 1BELERZBLONT, BEFEOCFK
v B, B L EICZ OER 2R 2T
T 5. ARE - BEERFESSTRER IR
v v kv BArL U 72 EIEA R Y B DA LIR DIE &
Eizdbad IR I i3 Ticoi. FTORRTE
M LR A v v v ORENGAL GE4RD
RE-EHRLICHY, HEOBEYENR—TH B
LEFHExEs BIOKORLLL DI, RELRES
(FoALS, MMER), REEESE, V724 b2k
4. 8 {BEERTEIC, 3T RERICHMEL 22k~ b
SR E N, EEKUEEERS GRS REREE
BE, ARKERERERS 2 SLHES—1EEM DY
arkE&trldh) CEERLOLEBELBI LR
TE 3. BRAESTOABRIEHEOFEENT 2.4 48

B

~1.8 EEF OB THY, 3T HECEVREEIZL S
NI T BREOESETHY, Z OO DRI
NS, Phici g4 MUERICE 2EAVH-
72 & LT H % ORI 2. A~ 1. 3BERTOFH AT H 5 h
5, MEEFRE, TGRS OSFENIEELO36. 6EEDE
BIITEER b L - B0 E, BLor2
W= b v OSARAREEOBILIZ X » TREI W T
bLEBELLNB.

IRE» SEEINIARKE BV 74 0
133.2~3.4TH 5. AHOERAFKEIT>WTUL, &
) EAYLSEEMDIMERFTEL B ELT, KO
&9 RETESTE B,

1) x=a+plerr1—1), t;=180m.y.

a%H ) EAOREAMEL
x R HESERAMGELET 2 E
©=8.1

2) x=xo+py(et1—etta) + py(ettz—1)

ovay, 27xrORAEMELOIHE
x0=16.9340. 88
$0=15.714£0.15
20=39.60+0. 87
LUt =240m.y. £,=180m.y. £=8.0 &3hi
¢, =137491
HIb pt,=46~228 725,

LRE OMBANARE» SHEL 2RI > bvid ¢
=8.25, ZIRw v hovid #=9.0~9.3RETH B4 5,
INHDF—£EAWT

x=ag+ 1 (edt1—ette) + pry(etr—ells)

+ 5 (etts—e2te) - 1, (2t — edty) + 5 (etts—1)
DORIT

t,=4.53x10° year, £;=3.66x10° year,

t,=0. 485 10° year, &,=0.240x10°year,

t;=0.180x10° year %1 kx4 D stage

DO pEREETZLE6RDOL Y IT 3.
MiIYAazAkI & (1973a) o data »56 u 2EHET 3
L, HLEB® schalstein T #=6.1, sandstone &
clayslate ¢ #=12, shaly sandstone T #=3.14,
T/, TRED y=2~28, FEHI2EE TH 5 (Doe,
1967). B 6FEDEIFRED #:=5.7, ¥ schalstein
DEIZILL, MREBTERERIRRA FRE P EEHERS I
ZOEEEZ b2 LWIEIR» L 07— 4 L—HT 5.
ARE - BEE - JBEARED #-,=9.51F~ > b
WELTIREBRE 20T, BEARE LEL2HNR
HThY, BBLFLZA MDD =19 bHERALLT
HWETH B.

5 4 BFRIERIER LIRS~ 7~ TR (2. 48
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syay, 27 =20 PbRAMELLILEEE, Pb, SrEAELY SR 189
REEFBRS - TERE DS B E{LERE

HERDTH B. TEEBED 13 6 ~45, F51951#: (DOE,
1967) ThHY, vra, 272 ORBMELTHE
E»SEE L ZBRAF A D ¢=46~228 D5 5, T
IR B EE OB E OB IC» 21 LREB L 0
BE (=18 EE L CEY. #=13T2 V5 L2
BB D 1,=7.60 kv bV kLTI R E TREY
ThB. Lizdss THEETIE #, 13 46~137 DI2
HDBEEEXZREN. RS 2 4 BEN DR EN
FEAHESRREDICHTWEDOTHS . Dk
HTH B L REHIROTERSE < 7 v ZBEHEEE D7
FF I URIZE 5 TR N, RPICTE 2HEIRE

L HEOBWLDOTHY, vraridzokd izl
SR LAbDEELISNLS. —F 1D
BN DT D & S RS AR B Iy
BT A LI -TEA» D LAV, 5 DRE
2L RET 27201213 U Pb OREEGH O
BB ORENEETH 5.
PERIERBOR b o v F 9 AOBRERPL, %ZO Sr
B < » b v D Sr FRIGEIZIE & D Bl
T, v hUHSEHEERAEY SRR ETSLIR
BREZINZZENH B, ZOXH) I LI
Bh 5 pldEEb L.

g x 1 REEHROF B, IBIRFME, MBEREOEEB LN ) BRAOBRRANM KRR
(Mrvazaki, A., SATo, K., and SAiTo, N. 1973 a, 1973 b X b #%6g, #=E .
ey 206/204, 207/204 < 0.3%, 208/204 T 0.4% & UTEHELTH 3)
SK";%’]*? Sample 24Pl 206Ph 27Ph/ 24P, 28pp/ 204 ph
oot }{%nghiﬁge_bio“te-g?i¥?§jtji) 18.63:+0. 056 15.77+0.047 38.85+0.16
1607 | Diopside-gnelss-Noguchi 1 18.79+0.056 15.81+0.047 39.38+0.16
1605 Q"}?;;ﬁ( (fjﬁf;pathic g"ei(sj:,j@) 18.49+0.056 15.6340. 047 38.54+0.15
» 4 K-feldspar 18.31+0.055 15. 64+ 0. 047 38.23+0.15
1606 Bi%ggﬁogzgnft gneiss (il | 18-370.055 15.7240. 047 39.82+0.16
o715 | Biotite gneiss.  Tochibore, | 18.48:+0.055 15.64+0. 047 39.08+0.15
1602 | Augen gneiss. Toichi (R | 18.480.055 15. 70 0. 047 39.55+0.16
44 K-feldspar 18.33+0.055 15. 65+ 0. 047 38.49+0.15
6714 | Granite. Funatsu (M) | 18.07:0.054 15,52+ 0. 047 38.1240.15
+ 4 K-feldspar 18. 06+ 0. 054 15. 58+ 0. 047 38.2240.15
B0 anotits quarts sehist | 18,490,056 15. 630,047 39.31+0.15

X [3

DoE, B.R. (1967): The bearing of lead isotopes
on the source of granitic magma. Jour. Pet-
rology, 8, (1), 51-83.

GALE, N.H. and MUSSETT, A.E. (1973): Episo-
dic uranium-lead models and the interpreta-
tion of variations in the isotopic composition
of lead in rocks. Reviews of Geophysics and
Space Physics, 11, (1), 37-86.

[LH2EFR(1978) « MEERFERA S OHWE. #HE
ek, 84, (9), 521-530.

IsHiZAKA, K. and YaMmacucHi, M. (1969): U-
Th-Pb ages of sphene and zircon from the
Hida metamorphic terrain, Japan. Earth and
Planetary Science Leiters, 6, (3), 179-185.

A —1969) : M HEFEE DO o va o U-Th
-Pb Rt oWT. BAEEMFRERE, 62, (3),
191-197.

MivazAakKl, A., SATo,K. and Sarto, N. (1973a):
Lead isotopic studies of metamorphic and

sedimentary rocks from the Hida metamorphic
terrain, Japan. Geoch. Journal, 6, 105-116.

Mivazaki, A., SaTo, K. and Sarro, N. (1973b):
Lead isotopes of granitic rocks from the Hida
metamorphic belt and some isotopic features
of igneous rocks in Japan. Geoch. Journal,
T, 231-244,

R F - WHEBE - AAIERA975) @ REE S Hik
OHE. S5THH®1INIE #HR 10), 5435, Hif
HE e, pp. 79, HEFERN.

O'Nions, R. K. and PANKHURST, R. J. (1978):
Early Archaean rocks and geochemical evolu-
tion of the earth crust. Earth and Planetary
Science Letters, 38, 211-236.

Sakal, H. and SaTo, K. Isotopic composition
of the common lead of Japan. Geochim. et
Cosmoch. Acta, 15, No.1/2, 1.

SHIBATA, K., Nozawa, T. and WANLESS, R.
K. (1970): Rb-Sr geochronology of the Hida
metamorphic belt, Japan. Canadian Journ.
Earth Sciences, T, (6), 1383-1401.


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


190 1

STEIGER, R.H. and JAGER, E. (1977): Subcom-
mision on Geochronology: Convention on the
use of decay constants in geo-and cosmoch-
ronology. Earth and Planetary Science Letters,
.36, 359-362.

TaTsuMoTo, M., KNIGHT, R.]. and ALLEGRE,
C.J. (1973): Time differences in the formation
of meteorites as determined from the ratio of
lead-207 to lead-206. Science, 180, 1279-1283.

ULrycH, T. J. (1967): Oceanic basalt leads: A
new interpretation and an independent age
for the earth. Science, 158, 252.

WA Bs967) : MEEA B @ U-Pb, Rb-Sr #ic &
BER. HEREME, 13, 2), 71

YamaGucHI, M. and YaNacI, T. (1970): Geoch-
ronology of some metamorphic rocks in Japan.
Eclogae Geologicae Helvetiae, 63, (1), 371-388.

YamacucHl, M. (1978): A multi-stage evolution
model interpretation of the mantle by lead
and strontium isotopic composition in basaltic
rocks. Short Papers of the Fourth Internatio-
nal Conference, Geochronology, Cosmochrono-
logy, Isotope Geology, 1978. R. E. ZARTMAN,
Editor, Geological Survey Open-File Report,
78-701, p.462-464. U.S. Geological Survey.

WA BsQ979) : Pb & Sr ORpLEKED S A1z
FVOZEE#EILE F Vv ORME. BAFIEEKOR
Rtk s EREIZE (L ABS&), p.15-17.

York, D. (1966) : Least-squares fitting of a
straight line. Can. J. Phys., 44, 1079-1086.

B FIIiEEME EROEE (Ishizaka & Yamagu-
chi 1969 £ R)

HD1, HD2, HD4. 2 - ARG - G - AEH
FoRRE. B LR R BRI T3 B R A 700 %
— by, WEFIEREOERWE THE#ER .
HD4 » oAU vvay BEBINIMNE 2R

R
HD11, HD1Y. MRERAARE. IRRSWREE) A

i, YA VEER, #iER b bDRIER, REEE
B, CLAPROMLWVWEDOD VY 2EE. BERR

BIZTTA 70 ) VIIBHRERTHS. BHR L
(1975) T X IEAE I MERIEE AN T o —F 1 b
EER %2 5 U I REREE» HK 0T, IBIR
Bio—F4 b, ¥hBio—F41  NET L A0S

=]

HDIS. BEREEHE GLEEHE.

85

wHY T 5 & 5. HD1L, HDIU 3#40kgnBH
HEERUII—2oD v VEAY»LSHEILITE
DOBERT, WO L-> TOHEVBRZ DX, ¥
WAUHBRFCERERZMERZ ot & Bbh

5.

HD12. BER - ARG - 8BG - FRHE. REEE
WERE AT BFO4E52. 2k, )£, EgEL
R avdbfll, BEL AL MREDTOIHEHE
BRAKELLE-1. R, FEDOI(HBELUIZER
TR EgeAaRE, ToFvy, 4080 )
YV, AR, PEOREGILUICEEE2ELUE
DR 7ZoBphYBEDONB. Dova idfk,
MERRRTEERD b 0V, BRS (1975)
DEREREYT S 0L Ebh, FAERERALS
~BRELBbN 3.

HD14. Fiz - I A6 - AHlE - 288G - fIER
c HERRRE. BEBREERBNANRKERES, MR
JER, BEIL5% 600 m. AR, REEY B
WA, BtAalE, <1709y, #ER, ALK,
L AhE, BER, AE2ELTA. Yray,
27y, L, HEINTZAER2RT. BR
5 (1975) OREBOEET, BRIAKEHEY

HeBbhs.
I B2 U 5 4 R

AT W, WoER. BER, <40 s Y,
F¥E, $IEA»H2Y, HBRL (1975) OBPR7 ¥

AoBICEYT s EEDbh . U vEEEERE
IR.
HD16. ZZREEAKE. B REE RECH A5 R

5N, FREEV DY, BRERILUIERE, <4
rey )y, G EREELT S. BRS (1975) .
Div—F4 NET7 LA 0ERHELETEIOMH L
nizu.

HD17. HERERAKE —EREEENREE K
A KRR REEATEETA, FREENH D,
BRAEILUVIIEER, <4702y, AX, f&
LeEETE. BEEBERC VIV Z2E&T.

HD18. EiH « BER - A KE. BIRPHIIE

O SLILETEERS, BER, BMA, fIBA, AREEe
L, DEO< 4702 2E.

HD19. ZFMEE - A RAE. bR RE IR 55,
EHEA, SIEG, AXR2ELTIRE—RER.
HD20. ARG - BE/EENRE KREESWAL
KERILAER, HRS (1975) O TORBEHEICH
5. AR, BREE, MR, 170 7),

AEREET 3.
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