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Rb-Sr ages, grain sizes, and mineral inclusions of biotite
in a granite

Takeru YANAGI

Abstract

Biotite crystals separated from a rock sample of the Haki granodiorite were split
into eight classes of different grain size and then analyzed for major elements to see the
relationship between the chemistry and the grain size. Rb and Sr contents, and Sr
isotopic composition were also determined before and after the elimination of mineral
inclusions to see their effect on Rb-Sr radiometric dating of biotite.

Biotite samples free from the mineral inclusions show, independently of their
grain size, the same age of 95+2 m.y. This age is younger by about 10 to 43 m.y.
than those of biotite samples with the mineral inclusions. The relative amount to the
present Rb¥ of radiogenic *Sr®” lost during a period of cooling after the solidification of
the rock is constant and independent on grain sizes of biotite. This is due to the fact
that the radiogenic *Sr¥ was trapped by the inclusions in biotite. The inclusions are
apatite, chrolite, epidote and zircon. The proportion, K, of the radiogenic *Sr® cap-
tured by the inclusions to the whole radiogenic *Sr® generated during the cooling period
is dependent on the grain size of biotite. This proportion increases with the increase of
the grain size and is tentatively expressed to be K=K, {1+3.69 exp (—6.94x10%/r%)}.
The grain size dependent variation of K allows us to estimate the minimum cooling
period during which the radiogenic *Sr® in biotite was subjected to diffusion. The
minimum period is about 120 m.y., which corresponds to a time of 80 % of the whole

rock age (156 m.y.).
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EESHORTEERT, SROVEDY LR,
&\ Rb/Sr H% #7290, Rb-Sr iEic X 24ERHIE
I RIAX N 28 THh 5. TERER EBRLIZBH
L7z BN TV AEADERZHAEL 254, Rb-
Sr BER/FESIT Rb-Sr £8E45 L ) BV (YANAG,
1975; SHIBATA, ef al., 1978). Zo—F3, BH
MR BB RITE *SrY RIEHICk - TR 2
LIZhBLAELNTVS. BERHESL, Zh28T
H DS 200°C B ICHBHI L 2B 54 B ETITEB L
7B 2RT RN TE 2. *Sr¥ OEESIEH]
L& B o ThNE, ZOELRIIEHEE, BRO

HFI544F 6 A25 H2 R

KiE, Rb¥O3TE X OREICREL X 9. IEEEE
REEKETH B (HART, 1974). ZNITEBOBH
b o THAL, 2O HER ITEET 5.
—ERFRoRolr DRESRERIL, BEEE—D
BHER2ES. NEORL 2RERFITOVWTENRR
HWE L7256, ERICERTBD oY, ZIENE
DFER Rb EFROFEIUEFEL TS LRZ LTI
THA9.
HEERONE B XX Rb OBEATIL, B2
OREBERIVEEL X ). BEEBOAEHYHEEYL £
RAERBRICE2L0THS Y. THIY OEER,
Z DN S BEAET 2R, *Sr¥ OiBLBE I
WEXSZ, BETELRV. 2hAS50EA»L—EA
HEOBRZFITOWT, WEICE AEFEEROZEL -
FEHOELB L BB EY OERAE~NS X 257 %
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B L7z
WEICHT2Y, KOCEEESE - @RV E
FHEBZRICE#HOBZ2EDb L. ERHEEO
TR AR, ABBERICBE L. 2
BB LETS.

R Sr NG g Wb

okl % E M B A AN oG B HE T 2 HATE
HERED HM L7z (Fig. 1). Zolb#iRER
R0 kn, BEPGEAME 3. 5kn @, bR B T=
BHZERAICHE FRMICBEALTY S, Ak - 58
THREG 2R BREELIRA L2, Ak
BIRE b Dl EEL 28I ARA (8%), B
£8 (12%), BRER(S %), A% (25%), HER
(50%) »oREREIN 3. £EFESIT156m.y. (Ya-
NAci, 1975) T, BEEFMESE GNK1, 102m.y.;

B

m.y. (1, 1971) <h 3 (Fig. 1).
GNK2 jF < T#HE L= (Fig. 1).

EREEHIT008 12oWT, S TOREEI2x
Yo ®, BT AT ERTEITNINCERY IR L.
FWEHBCTTEICHETAZ L L, BELHITEN
NCREICRYIRTZ LItk - T, BERERNTO
WEZTE LRIz SETOWHICEL, BE
EBHEROFEEIR THENE LV, L LZ ORHRIE
ANEBICH - THRE 2. ~NEFECTEET 520, ~
XBE 2 WA TAOBEIIER I L, DRVERD
ns.

SEEN2x v v 2 OB RTE - 72, TN EFEITI6
~250 Xy ¥ 2 DO » THiIT2. BRER
O L, RWREROWEORE STk - ThEh
5. ZDizd~EBE TOBBIIED T ITFRA LB
L7

Bl GNK3 1

GNK2, 108m.y.; GNK4, 125m.y.; GNKS5, 120 o L72, HUWHEIZOWTIIERICE -, TER
g2 L £# B EB ot ¥ 48 %
Table 1. Chemical compositions of biotites
No. 1 2 3 4 5 6 7 8
Si0, 34.83 34.70 33.67 33.42 33.19 33.24 33.72 33.47
TiO, 3.14 3.06 3.08 2.98 3.02 2.86 2.80 3.08
Al,0; 15.42 15.74 15.21 15.66 15.70 16.42 15.63 14.28
Fe, 0, 1.85 2.05 3.01 2.47 2.32 1.42 1.34 1.67
Fe) 23.92 23.93 23.42 23.99 24.13 24,38 24.53 25.37
MnO 0.54 0.54 0.53 0.54 0.54 0.54 0.54 0.55
MgO 8.51 8.49 8.10 8.25 8.56 8.31 8.50 8.33
CaO 0.02 0.05 0.33 0.44 0.18 0.67 0.21 0.85
Na,O 0.17 0.18 0.18 0.17 0.13 0.14 0.26 0.28
K,O 8.83 8.81 8.76 8.75 8.73 8.33 8.64 8.63
H, 0+ 2.37 2.73 2.99 2.97 3.27 3.52 3.85 3.65
H.0— 0.18 0.15 0.17 0.14 0.16 0.17 0.17 0.19
P,0;s 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total 99.79 99.94 99. 96 99.79 99.94 99.91 100.31 100. 36
Numbers of ions on the basis of 22 (0)
Si 5.376 } 8.00 5.334 } 8.00 5.273 } 8.00 5.221 8.00 5.194 } 8.00 5.199 } 8.00 5.283 } 8.00 5.279
Al 2.624 2.666 2.727 2.779 2.806 2.801 2.717 2.654 8,00
Al 0.181 0.186 0.080 0.104 0.090 0.225 0.169
Ti 0.364 0.354 0.363 0.350 0.355 0.336 0.330 {095
Fe* 0.215 5.88 0.237 5.87 0.355 5.83 0.290 5.87 0.273 5.95 0.167 5.90 0.158 5.93 0.198
Fe?” 3.087 3.076 3.067 3.134 3.158 3.189 3.214 3.346 ; 5.87
Mn 0.071 0.070 0.070 0.072 0.072 0.072 0.072 0.073
Mg 1.958 1.945 1.891 1.921 1.997 1.914 1.985 1.958
Ca 0.003 0.008 0.055 0.073 0.030 0.112 0.035 0.144
Na 0.051 $1.79 0.054 ;1.79 0.055 1.86 0.051 }1.86 0.039 ;1.82 0.042 ; 1.82 0.079 } 1.84 0.086 ; 1.97
K 1.738 1.727 1.750 1.744 1.743 1.661 1.727 1.736
OH 2.440 2.44 2.827 2.83 3,123 3.12 3.095 3.10 3.413 3.41 3.672 3.67 4.023 4.02 3.840 3.84

Chemical analyses were made by K. ISHIBASHI
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#g1 ARG E B A OB K & SR I AL
# (GNKS3)
1: &8, 2: HE=dxlas,

3:HEZRE, 4 OREHIRE,

BEHEL 2. MBI OIS WTIRBGR Ik » Tk
L, ZhzKkeEHE 1 0WaER L L No. 3 ~No.
8). W (No. 1~No. 2) OBZBEFOMNEEZI,
FEEDGE - EABNEBELTWS. Z0R0FRE
OREHFELZ 4/ —HLTH 228, ZhFNRO
HOTROE TRV /2. BOTIRIB T ZOEE
2> TOREHEY 2 REIGET 22 Likc&ih
o7z ZDROEIIx =R TTY, BRI, T
IEERUEAL L, KU 1ER L L7s.
RIZEHH D 1 HEBHz>W\WT Rb, Sr, Srd7/Srs6 H;
ZHE L. WERIEHEDERS 20, %4 O
DWTERZ 7 v a - VZB L X 2 —FERTT BIEE
& BBETOEET AR LAREICERYELE. 20
MEE PRI - CAEHED IR 25 %
THE . ZOBIKEL, B2 L L 2o
SN EERYRBKA, REG, BLLf, v
NIAUTHD. ZOHTHIKAPRE LS roTlz. 82
BN OWTERDM AR © 2 #7 &, Rb, Sr, Srd7/Srss
HOHE:RfT R - 72

{EF L 7z Rb¥ B2 EH131.42X 1011y -} (STEIGER
and JAGER, 1978) T3 %. Sr¥"/Sr86[}|3Srsé/Sré" =
0.1194 1ZHHEEL L ETREIN TS, GNK3 £A
HEODHEERIZ YANAGT (1975) IR X T\ 5.

7 W E R

5: ZHERAH
Fig. 1. Geological map of the Haki grano- IHAERT, AR OMD SNOBICH > TL~8
diorite with the sampling site DEEZFLT, Tablel, 2 IZREN T35, Tablel
GNK3). —
(GNKS3). , IR R 4 L LA 4 A VbR L
1: Alluvium, 2: Neogene volcanics,
3: Paleogene sedimentary forma- 7z
tions, 4: Haki granodiorite, (OH) 2B\, £ 2EBOERTERICITERI
5: Sangun metamorphic rocks. rakEhbrEn . T.Fe/T.Fe+Mg 0Hld
0.628~0.644 TIZIT—FE LT3, Si i%, HAOM
£ 2 BE R O 5 W & B
Table 2. Analytical data for biotite samples
(I) Biotite with mineral inclusions | (II) Biotite free from mineral inclusions
N Mesh Mean | Rb Sr Rb”  Sr¥  Age Rb Sr Rb”  Sr* Age
o e “m ppm ppm Sr® Sr®  m.y. ppm ppm St Sr* m.y.
1 12-16 1188 353.9 7.40 141.5 361.8 4.72 228.8 1.0101 94
2 16-24 843 348.6 7.82 131.8 355.7 4.72 224.8 1.0095 95
3 24-32 596 333.8 8.25 120.4 0.9421 138 346.5 5.56 184.6 0.9565 95
4 32-42 418 289.5 12.45 68.10 0.8273 108 349.0 4.95 209.7 0.9943 97
5 42-60 296 320.8 11.65 80.69 0.8330 110 341.5 5.36 189.0 0.9611 95
6 60-80 214.0| 305.4 10.51 85.26 0.8435 113 320.1 6.34 149.2 0.9190 100
7 80~-115 148.7 | 284.8 14.77 56.31 0.7921 107 288.3 8.42 100.4 0.8439 96
8 115-250 88.8| 257.3 20.71 36.15 0.7580 101 258.1
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No. 1 D 5.38 7 Sk OIC[ - Th T »ITB L,

No. 5, 6 o 5.20 OfE/|ME%#E T No. 7 D 5. 28 ~f
BT 3. KiEl74~1.73 c—E LT3 (Fig. 2).

(OH) 13HUb; DA SR O~ - TE L HEIL,
No. 7¢4.0122F 22k 3R ¥ (Fig. 2). 2o (OH)
D7l LFe* OZ L LIIHIE L 2. (OH) OfRFEI
o4 4, BFIZIEF THDLNTNS LALNS.
Rb & Sr i (OH) LREEIZAE(E{LT 3. Rb X

40 .
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Fig. 2. Relationship of (OH) and K with
the grain size of biotite
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Fig. 3. Relationship of Rb and Sr contents

with the grain size of biotite

B

MEOERIZE D 2> ML, Sr idBI2ELb5 5
(Fig. 3). Rb OEBRERDT 2K OBE LR
5.

Rb, Sr, (OH) 0kifRizk 3Z2LiT BB Tl
5 %%, No. 3 &No. 4 L OffcrREsEE2RT (Fig.
3 T3, Rb, Sr OZWEA % HEIRT 1200 R 2
EETRATH D). ZORERKOME LEUMNET,
Fe;0:/FeO HZZT K &7 5.

m1, 28 znENIIOVWT, BEE2FR—ED
HAEE»HRE 2ESH Table2 TRLTHS. 8
188D No. 1 & 212250, JERERICEEH
BN NI LR SN B HESIIR L TR,
#1550 No. 3~ 8 DESIE 101~138m.y. TH Y,

S B RRE TRV, B 2HRHOESE,
No. 1 ~No. 7 122\ T 94~100 m. y. ¢, No. 6 ¢ 100
my Olfl2E%EMIBE2my. THD H2H
BlOESIIE I RROESF IV EY. B1EM» 8
HEMEIY BWEORE 28R TH 3. BIHTEH
Y OREREEFOES 2L T 5. Fig 41E 1R
B L 2 R ONHTRERZRAR Lz, No. 3 ORER
OB, AEFEMOBREICL - T, WI300RE
i Rb¥7/Sr6, Sré7/Sréé thOE WRINBEIT 5. No.
4~ 7 BRZFOSHARE 1 HED» S8 28BN
&K, Lo b BEICEFTIC RbY/Sré o il
~ABBIL TS I 05 1R LB 2E R RS
B (AZEP-EEEEE © RbY/Sr¥=0 12B1F3
YIEr @ Sr¥7/Sreé iR ofic Xk - TR Y (Table
3), ZO@EIZETRHEDME (0.70751) X ) EW.

% ®

i) AESY O Sr MR, Srt/Sr* LR

AR EE T CEET 5 L X NILEEKT, BEA,
BLroE, vvart ZOFSRBIKATHS.
N OEAEEWICIE Rb 3RBALEEENEY. ksT
1 20 528 2 3~ 0 Rb O, BREINZ
HESEHOBRERLTVS. WEEEROERES Ms,
BExNLAEEHOERE M, S£18E1, 8
28N 2 DRFERMA L TELT &, TRIERKRDES
ICREN 5.

Mi _Rb
Mp = Rb, @

i MyMs 25R% 5. @EHYO Sr BEE
Sr)1 TELT LROEEREYEH B.

M M
(SP)r= L+, )51 — 37, ST @
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ZNIZLk 5T S BEHEN S, Eq. (2) & Srf,
S IZOWTHEATES. 0Ll TRDE
BH4 O A Table 31278 LTH %. Table 3 04
BHY D Sr¥/Sr® i ERE—EEREROUF D
f (Fig. 4) AU TH%. Tabled [CIZEER—F
B0 R E BEHE Sre7/Sree H 0.70635 % VT

1.00

0.80

K7z *8r¥ OBVRLTH D (29 L TRDHE
Sr¥7/Sr® Hiid, BB TIRAAEE TRV,
BOESHENT &, BED Rb¥/Sr¥ HhuhxnwZ
EDRHERLELOEININVELSN, UTOH
BB EE 2 0\, AEEHO *Sr¥ iE No. 3T
HEFD43m.y. 12, No. 4 Tix 28m.y. 12, No. 5T

07c 1 1 1 1 I
0 50 100: 150 200 250
87, .86
Rb™'/Sr
B 4K E2EHOHE1EN (Bh), £28HERL) 20T, 74V 5w
YEETokE. FBHEINERZRAT.
Fig. 4. Comparison on the isochron diagram of Rb%/Sr® and Sr8/Sr8e
ratios of biotite samples with (open) and without (solid)
mineral inclusions. The reference number shows the grain size
¥ 3 &£ 9 F £ WH - B T 3 78 8
Table 3. Data for mineral inclusions
(Sr) *Sr¥ Age Kt

No. Ms / My o (Sr7/Sr%); Lol s .
1 44.8 127.5
2 49.1 160.0
3 26.3 78.9 0.9152 0.01794 43 4.26X107
4 48.7 48.9 0.7470 0.00223 28 2.84 X107
5 15.4 108.6 0.7376 0.00381 16 1.56X10"
6 20.8 97.2 0.7428 0.00397 13 1.29%10’
7 81.4 531 0.7260 0.0117 11 1.08X107
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1X16m.y. 12, No. 6 ¢Ti¥13m.y. 12, No. 7Clx 11
my. %5 5.

i) *SréTELE LR

BEBYOREICL 2ESOESZY 1T, BHHIE
FIZEZERO *Sr¥7 B> T2 Z LERT. 2
DA > *Sr® LR L BER ORI & DEIRERE
LTHES.

WETIZh T » TR OERZEEL 2ITNIER 57
V. EHEEPSLEARER B —EICERET
2oL 5 BRI, *Sr¥ OB 1E RbY OB
EHBEICHB LIZ 29Iz KkE& W 10° £5) (HART,
1964). Z 0k % 2BEE TIREZERIC *Sr¥ oFRILE
259, BERCLEHEEMTLBLIIETC V. X
> CTRHHOERREADPERT IR LT 52 L5 TE
5.
Iz RbY &, HMUSEEZR i8S D Sr (common Sr)
ORI X B, T EIEZ 2V, HERSR
WWRLEETY - GERERICE 2D D LAY
E#LE% D Rb, com.Sr OB ENIMET 5.

SERAERER» SREZHY, HESEEICHER
TEBL D RMEICELRES. to, BifER tp &L &
9. tp OMICERRORIZETZ *Sr¥ % T*Sr¥,
tp DRIz 72 *Sr¥ & LASr¥, HERICREEIN
TW3 *8r¥ % (Sr¥)p LEHT LIROBEFREH 5.

TH*Sr8"=L*Sr8 + (*Sré7) s 6)

Eq. (3) O % RE~FOHEED RbY & (Rb¥)s
THEIY, BEICEIICl 2nA % kA & B,
THS 87 L*Sr87 (*Sr¥7) 5

{1+ (Rb¥) 5 }: (Rb)5 +{ + (wa)B} 4
Eq. (4) BRDO LI IKHD SN B.
tpg BEER—FEOHAEI»ORE BZESTH 5.
No. 6 @ 100m.y. ZERE (AE WY OBREVP RIS T
HholzihbnB), tg 1395+2m.y. (Table 2)T
5. Hib tg BRNRICIST—ETHB. tp 32T
DEEBFRICOWTHE—TH 3. & - TL*Sr¥/(Rb¥)p
RRRBIZE BT —ETDH 3.

&%f;gi:constant (6)
ili BEHONBROMEPELT.

*Sr¥ DL —RBE TR K X 5 (SHEWMON,
1963; HART, 1964; DAMON, 1968). {843 [R5
k acHbT L, Eq. (6) ® L¥Sr%/(Rb)p ik o

x107y.
5.0~

40F
3.0F
Kto
20

10

o \ . 5
0 10 20 30
rd x10°(wm)®

E£S5M Kiop o BEERNEEKTE
Fig. 5. The grain size dependent variation
of KtD

Ltp LTEbLEINSG ((F821). to HHERIEK
#L, BEERONE LM T, £TOHEZERIZOWV
THBETHB. k- TEq. (6)i3 a QIHELFEEYK
PRBITKEL TRV 2R L, £TORZEDHE
ZOWTHELWERMER L2 E2TRY. 202 ki
TEHYOEE P Ph->T0nB ERLNS. RIZT
DEFHEA D *Sr¥ \RICR T RE 2BEKT 5.

iil) ‘THEGY D *Sr¥ HEE L BB ORE

BEE Mp ORZFOHIZt=05»5 t=tp T TDOMH
LS *Sr¥ ofE To*Sr¥ RN TEb 3N 3.

Tp*Sr¥ =Mz (Rb¥)sAtp D

Tp*Sr¥ O—HK H2SERE M1 OTEHEY IR I
ey 3L, GEEHO S ORBRNTERbIN
5.

(*Sr87) 1 = K—l\l\% (Rb¥7)pAtp ®

AF WD B L EEROH O com. Sr 2ERITAN,
‘BEHFY D Sr RS (Sr¥/Sr8)r 2R3 LRD
LTk 5.

S8 “Sr% M TS T (Sr¥)g
)

(Sr¥/Sr¥)y 13 t=0 KB 2WELEEDL L,
(Sr¥)p, (Sr¥)r WEXNZNWEER, IFHEY D Sri
3. Eq. (9)F (Sr¥/Sr8)— (Sr¥/Sr¥), s

M. Sy86 Rb&” -
Wﬁ.i(sirag)—‘:-((&T)):z:ttM?% ZEBRREL, 20

HBUERL tanpB & KAtp ifB%§ 2.
tanf=KAtp 10)
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A=1.42x10"1y"1 2HEW3Z L2k » T, Eq. (10)
5 Ktp 253K % 2. HREDHIZOWTD Ktp D
Kitp #% Table 3 1278 L CHh 5. Table 35 Ktp 4
BRIEEL QWA Z Lishy b ZOKEF % Fig. 5
IZRLTHh B, Fig. 5 offfin: Ktp %, #EI#HE
DRIBEDOFEERE D IF 13 ZRL TS, Ktp O
B iz 280, EEPINESVENEL, =0

1203 BHEIRME Kot WEET 52 L2RRL TN 2.

MEMNE S TOIERG D B0 E Y Z ORI
13 E N B. %72 Table 3 Fig. 5 ¢&5 &, Ktp
MR r OB L 2o THEIMT 345 KISIHER
T2k EREHY, rPOPITRESESTHZ
DERBLONAN. 2O Le2RFEICBEKtp &1
DHFEERTY-»TEL 3L, Ktp BHEHEHENTIX

Ktp=Kotp{l+aexp(—b/r¥)} DETL (Kb I N 5.

Kitp=1.08x107+3. 98 x 10"exp(—6'T394 x10%) (11)
#1827, Kitp=1.08x10" -¢H 5. Eq. (11) 13Fig. 5
IZEHETRLTH S, Eq (1) Ofil% Ketp=1.08
X107 TEY KIZOWTRT ERD L ) 12 5.

K=K {1+3.69 exp(—-(i'9—4><105)} 12)

1‘3
ZNICE 5 THROEREIL LASr/(Rb¥) g % a huky
BIKBFE LR —ETH B LRROL ) ICHAXN
2. REOEKIZL S *Sr¥ 0, HRONNDELR
ORI, FEROFOTEFY D *Sr EEEOER
& - TEN TV 5.

(*Sr¥)1

M 6. 94
®M5 = WII;MDKO{l +3.69exp( - X 10%)}

a3

[0k Eq. (12) % Eq.(9) ICANKA%E 5.
0.90
0.85
o
LU
(]
—~—
& 0.80F
| 5
L
0.75F
0.70 initial . \
]
0 400 85 87 800 1200
Ms(Sr)s(Rb )8 (1 +3.69x e-6:94x10%r")
M1 (SF%)1 (5% )s
$6 K SEEYO SrY/Sr® e, W - HEH-com SrBEHICEST
BEIQTEEFO RLY/Sr® e 0% HHRoaEE Kty 1T
LEE e
Fig. 6. Relation between the Sr8/Sr® ratio of the mineral inclusions

and the Rb%/Sr8 ratio of biotite corrected by the grain size
of biotite, and the mass ratio and the common Sr concentra-
tion ratio of biotite to the inclusions.
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