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HE W7 6 2 224 ok 1 I S L BB UE BT Ar 1 &R R
SN Ar-Ar IAFMERG BE A R E A . 0SBy
A ZERHTEEZ A LT 6 fi:

(DB Y & XF Ar IRFERE T . AR B4
X Ar BORAFPERE AN W] A7 S8y B (S 7 5 i TR
AR A Ar fRAE T K

IR 2 KRA R AR B R IR A AT,
2R IR 5 A0 K B 8 A R, S Ar-Art i pp 7 E
Bk,

A FAER . W TR EMET BTt A2 FAE
R 1R Ar 584 £k R A8 T AR B A
o Ar AUERAr =50 Ar S LLAE R Ar 1)
TRAFE T2

(DO RALF A 3 A B W] S 80 Ar 238k
WaER. YREEMAETTSH Ar 2 ER. H
S 3 H AR RS IR 58 4 T BT YRS 4L 58 S IR
Z WACH A AT R IE &4 — 2K Ar,

OEZ . AT Ac-Ar W5 Y, 4R
& A ) a8 G e R, ARl Ar R R . el
SRR Y LS FRARME A . ORI A RS
PR Ar-Ar IR B R MER R R Z —

(6) FH Bz M. REZH0 WK M ZH 100~
200°C MR EE & R Ar I E R, X2 40T g
J2 FH R | BT I 0 AR A BB AR T 5 R Y
TR A AR MEREHE R R RO e 5 ) A
7B N A DR T S N TN O T S A ]
Ar-Ar iHIF I E R R .

W T ML 5 T G R R 2 AN, L o A A B
it . Ar i ATRE & A Bk, WITE w1 o ik ik
(L IS L =R 3 D A v vl N R VR 7/ B D NE S
KLRE 5025y TR Ry i A 8 IR S 350 0 i B P e IR
CArE R . LA PR RE S IR BE e i Ak 2 Ab
FEep g R ) A% B REIR G5, S 3 ax S R R AT Lk
CAIR
4.5 ArArFERBEREFIN BERELIZE

I

(1) Ar-Ar 3L AR, 0] 4K 45 FEAR % | 45 i 2R 41 1R

RSN (Total age) . Xt F BE4E RS . BEY 58 FF
R, — Bk B 50% UL b B dr fE
T0%Lh L. ISR A Z R 2K A i R kA 2 A
A 0BT LR PR A B 3 B3 AN RL BB
AR AN T BB R A b T S, A A O A b I Ol
ZR5 FIWTIR A~ E 2 A~ PP 4F i B A 4 b B S
WA AFAE S T A, FPAR I8 TG #b JoT 2% 5L, N {5 B
LW . TEAFAE— 5 Ar ZRMIEIT . 4 I 4
AN RE RS B S AR IS IR B B bt Ar B4l A 2
D o BB A S T K-Ar 52108, 78 BF 58 0
LI TR, i 5%,

(2) ] DAAF % B5CH AS B ) 7 ot 6 e 1K . 4F % R
ZEB N — RN T 5 Y0 N 3. A
BUAE I P70 Ar BETICE BIT o A B 1) A s e 4, B i
AN (i o O S S I S R NS )
OAT/*Ar Sl 295.5 4 M TSt F Ar. TG Ar E
2R o K I A I LR AR I R PP AR I — 2

(3)%F T Il A 18 AT AR 3R b BT A 19 JF A it
o X TR 52 05 IR FH 22 I e 1 48 5 G AR AR
S 20 LR 19 K I e Ar-Ar AR AT LA
it T Ay b ST AR ()T AR . H B A A A R4
AR Ar BRI, Ah — S kol s B ) ]
RE A A A 45 S AH I 04 JF AS BE 4G 3R LR T B
R,

(D W FIEMAERZJEE N VP 208 00T PRk
1A BV EN B[R] AT T 2 18 ) Ar-Ar AR IR
AR R AR B TE BB AR 2 20 X R0 40 2 R 1 T 1
BN S KA I 25 . X T IR BUR AR i 2R Ak
¥ ) R AR AN R0 B SR AN [ A S P IR E  {H
o Ar-Ar AR5 7E I AR 5 22 95 N A] B AH [ S s mT
R AR MTE B .

(5) TN SRR AR AN S 5 5 o 22 12 % 21 L 0B
LAET ) Ar 355 IR BE S TR R 00 T JF R
PG T Ar-Ar J:4E 8 ERRE A0 R 5 R =R A BT
A HA B IR S 0 W0 Ar-Ar AR A 42 5 5
A RAR ABTC. #9355 P IR B2 DA e A Y HE
IR T Hy: ¥E A (600 ~ 650°C) . 1IN £7 (500 ~
600°C) . 3B K 4 (400 ~ 450°C), (4 = BF (350 ~
400°C) 4 = B (300 ~ 450°C), B = B (250 ~
350°C) . & K A (230 ~ 300°C), ¥ K (220 ~
250°C)  1E £ 7 (180 ~ 200°C) ., 18k & £ 47 (140 ~
150°C) o M HIAS [R1 6y Jf P31 Sk 3 AN ) A o i 55
b AR 7 5 G AT AR 5 b BT A4 8 DO ) A Ak DT
H(BEIL 4, 1995; Krol et al. , 1996; Lister et al. ,



511 4

W SC A5 < [R] 07 3% 3 i 4 1% 00 50 R B R 1929

1996 ;Sorkhabi et al. ,1996; B L& 45,1999 ; Schlup
et al. ,2003; FAE%E,2004 5 B S5 L 2006 5 it /N xik 25
2006 ; Celerier et al. , 2007; Maurel et al., 2008;
Harrison et al. , 2005, 2009; Cassata et al. , 2009;
Metcalf et al., 2009; Steltenpohl et al., 2009;
Berman et al. ,2010),

PR E T ET Y Ar-Ar 4B & . )
REAH 2 WU XA AR5 R . X RN 7 I 4R R 7E
[E Fr | 3% 2 2%5# (Stuart, 2002 ; Haines et al. ,2004;
Hodges et al. , 2005; Clift et al., 2006; Rieser et
al. » 2006; Najman, 2006; Brewer et al., 2006;
Reynolds et al., 2009a, 2009b; Hoang et al.,
2010),

(7) 5 A0 2 B 58 % F Ar-Ar 35 4 1% 19 f#
Bt oy B2, AR MAE X ot AT 4 BN T 2
M2 AR . R BUE A TR SE R AR R )
) Ar [al 7 R K R A REBE A 58 & # Aok 8 e T
Ja X Ar-Ar B AR IR LA M B . A AR
W B3CHR T o E A U R Y b o BN IR .
A 38 7 (9 G ) 4 BT D0 ) R B AR I Ar-Ar
AR AR 10 2 1 36 217 1% 20 1 B AR TS 2 i (5]
LUESEZ Y PIATAITE (0
4.6 3t Ar-Ar iEH) B2EEMH

Ar-Ar [FALZR b 5T 4E J5 125 AR R R P s R
K AH HHTC 2008 [0 2R b 5T A AR 24 F 9 1 i
By 22 — (Bogard et al. , 2009; Bhutani et al. ,
2009; Park et al., 2009; Foster et al., 2010;
Karlstrom et al. ,2010; Mark et al. ,2010; Wilke et
al. ,2010; Xue et al. , 2010; Kirkland et al. , 2007;
Brownlee et al. ,2010;Barry et al. ,2010; Naibert et
al. ,2010; Aciego et al. ,2010;Jourdan et al. ,2010;
Dziggel et al. ,2010; 8 23,1993 F A 11145, 2001;
FIEZE, 2006 R 2, 2005,2007 ;223 B %,2009;
RS, 20095 3 /NIESE 52009 5 I A T 45, 20095
B A4, 2009;5 Zhu, 2010) . iZ i BA VLB A .
@) 5 iy B (] S 45 98 . dc o ] B 3800 Ma (] 5 4F
%, Schaeffer et al. , 1977), i 4% 0] M 3| T 4 %
R A 4 95 Bk 1l W & 4F i, Renne et al.,
1997) s QM B X )z . JE b B & B9
FAES A LLFAE Ar-Ar B[R AR B E 5
i E TR S UNIDE| R Ay R PR N N K2 2 RE SC R S
I 1 Ar-Ar 548 508 5 O KRR 1 23 20 g
ARFNAFRE 23 1 A ) (57 28 AH G B Ak B4 AR AL AT
PLARAS = R B 1 4 % L 38 W] L4 75 B0 7 X 42 BT 42

T3 1) 22 300 b s AR A B @ ROE FE R B & AT DL
BES AR LS AW 947 X OL
K—JLAE MK Ar-Ar U AE, DT RE 95 38 45 28 T A
P-T-¢ Bt 5 Hh 550k 1 14 5 (8045 8.5 © 1o FH 43 35
JZ LT A B ST 53 S B A L 25
P4 A A 5 i e T Rk A R ST b o
[l BTG T R a8 L DAy e R 1
ZEEMWTTF RS, BEE S S AR TIA
TARASJES 1 78 B0 25 O 33 2 AR 1 2 S 3% ik 1
o7 FH 8 L 10 DA 2 1 b JBE A 1) 37 2 AR R i) 2 565 DY
SO S AR I Oy Bk Bl 2Rl R R A A
DO 20 b o N 2 2 A 5 A B A T A N E IR A IE
Wi @20 IRFERFEI RN F RN ERFB O2
[ AL R AR S S H R . BT Ar-Ar 3%
ARG )32, 3 28 1 1 3 P S E 22 S AR R A
600~140°C , 588 T 29 15 km (9 1F % Hb J5 B6 BE 36
Bl BRI AN T8 2 T 3 56 1 3 2 FH A o R v F 5
b5 B A TE- 82 5 s, Ar-Ar BB R R W] B AR Y
TH,

Ar-Ar AR LR R . Ac-Ar [ {7 2 H
Jo I A5 Ty 2 1) JR RV 1 S R T R LU R 2 8
FORUA & o i RO . LR B B SR AR 4 B A
FEAEAZ RN HE YO T R G T B AR C
(R A ) 09 42 A2 HR S DA AR i 3 S S 80 T
(B PRI, T ELI00 S 010 0 2 L 02 5 T A o A 1% 00
MERPE . 7 K AR Y Ar R g s A P,
FRA T3 T AE R B A Ar 2377 A A
B o 0 SRR S BRI (10 pm AR L0 Ar gt 2 vh il
WOk B E O R, R AR 4R A Y A )
Ar-Ar 350 I A 05 25 R R BE 55 A 1 5 PR AR
LR SRS (GRS [ I DI R W v il N
HlT AR BUE FE G B TR BEAEAE K Ar 19 B R
PBOVE F RS AR AR IR A 2 R A sh AR .
Ar-Ar PARED 5109 0 22 T AR I

H A E AT R Ar-Ar 0 4E BIF 55 F052 56 14 B 47
FEAG o TR 2% B T 5T T L P R 2 B b
JoT 5 R A B 5 BT L b B A B N Bk Ak A
FEHT o bR R ST AT L b R A o b o
2 (A0 FH A i B A 9T e 5

5 Rb-Sr ¥R EE4F
5.1 FHE@EN

Rb-Sr g 48 i AT 2 °" Rb O iy g kL F
AR R ARG RE TR R Sr W R L. 1937 4, S TR
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2R Rb # i 7 5 [F] 4, Coldschmidt & F| &
Rb " ¥ % 4F 5 1943 4, Hahn 283813 745 — 1> d 46
R E 19 Rb-Sr 4R iy . Bilk2d 60 B LUE . BEE
[ 2 M B i 5 LA RV A [l 067 R oo i1 R B A
Ty B 1Y) IOk B S B R S R R RO R A )Tz
N . W4 Rb-Sr Al 7 28 1 B R AT 4R 2 W] 7 =
bS5 AR I E I TR

Rb 2 &muTR . FEARNH 2 MR ERHA
B, Rb 1 ®Rb, H =F B 4 9 K 27.8346% Fi
72.1654% " Rb H A HCS M. vl B R R
TREARFREMN Sr, Sr 2 &Rt E.fH 44
KIRF AL 2, *°Sr, ¥ Sr, *° Sr A1 ™ Sry H 3= B2 43 51
82.56%,7.02% ,9.86% fi1 0. 56 % . BR* Sr 45 it 5
JSC PR R AR S B PR A, Ay 3 A4 [ L 3R A e A T
WA [F 2. Rb-Sr 4E it A=

(ws2) = (52), + () o ®

L7 Se/% Sr fIT R/ Sr yRE i b BLAE AL
SEEG I AE 5 (7 Sr/% Sr) R FE T B 8 R A 23—
FEBT A (BT IR MED s 1 " Rb 248 5 8, 55 F 1. 42
X210 Ma s g RE A IE BUEL Sr R R B — 1k DLk
2 97 1y B[]

Xf—ZHFE s W AR e AT B A W W46 TR 3R 40
B T BT 8] — B R I 398 sk 747 2 34— 1k e
BN BUAEAE P Bk TR R R R B R G AT
Wb AT A X RGO — LRI
Sr/% Sr-"Rb/* Sr [ LB il — 4% ELE, B 4E ) 4k
HY ELZR R R SR AR I ¢ B A AT I (E, AR D )
I Sr A 2 FAE (7 Sr/% S,

LI R T BR T AR I I B R AT 7 Sr/% S,
LU AR AR 41185 o (] BE A5 380 A A 6% ¢ A1 (7 Se/*° So) L
FAER SRS TT T AR . VR M ER Y AR
HWFsE .S R R Em AREMNSHZ —, FiTLk
DR GETE 7 Al A A5 % 0 AN 1 2 M 38R XX AN
T 2 M 1 o R il B W Y R e I 2 R 3 45 O T
Xof 52 % 4 AR FH R 10, L 45 B EL A AN AR A R
i SRR

FHF Rb-Sr 8 I 28 U 45 1 #F i (8 F )
LR A A OB A MR Sr R i
(*T St/ Sty , B ML S5 E 6 BT 0 9 1 X 2 AE St [
PR AN 5 4 A4 s QI AR I AH [R] 5 7E )
P15 25 Y0 B N AR AR TR) s @ T8 I A 52 21 )5 1 1 5T
VERTMGE IRl 67 R AR R AR FF B . @ ] T 45 1) 4F
W8 5 B — AR S Y Rb. St 2 8 A R 8 1 4

5 Rb/Sr HIEA 28122 51 .
5.2 EA Rb-Sr £ERZNE KT K Rb-Sr % At
SHMRER

T Rb 5 K.Sr 5 Ca HA MR AL 2% —BobE,
MATTE#EEE Rb-Sr ik I 1 0 i A A & K
B, DR — 33 A A 3250 5 0 %) 5 55
T Rb-Sr 4E I 72

(OB, mREEZEFEHAES, k
A B S B A 5 B X Rb, Sr A 84 AR AT
PE, 2% w0 T Rb-Sr Al RAER I E . # =
B — B0 AT A 19 Rb/Sr FUAE . PRIt J2 41 %
EARIFIA G, IR k2 G g) ., ARk
BEHG A o BEE 2 5 22 B 5% 0 B 5 & 4= Rb,Sr 915
%,

QORAET Y E KA A A B A5,
X W RO RS Se B IRAFRE AR B (B AT
W25 B Rb/Sr LA 5 . R 25 47 0% T 72 AR
e FRIME o

O NAFMEAET Y. XET P Rb/Sr Lt
A A 75 30X 20 W 1 4 I BoE AR >
EA] DL 2 DORE A Hp i 2 7 S/ St WG Al AR
WETE A A TE BULEE ) 7R R 5

WOIBAETHALET Y —B%Aa, Baa
i) Rb/Sr W HBGE G EFER 0, A2 A o
o S AP AE KRR B4 - 1 4% 41 1) Rb-Sr 45 % A A Lt
AR ELER 9 KA 1) 2 BF Rb-Sr 4R I8 41K .

O A . AfFE R R8T Rl A i AR (R 48
YLRUCH AT P E D o Bl AN R AL B A 1)
AR — BT AR A N R A A T B
TR B 2 o ™A% i HE 45 43 SR N 45 43 2 A A R E

A 56 R R R R AT DA A T LR .
B H PR Ry A AR 4R 5 35 R 0 ) A 2R s A
WF2k . 78 F] Rb-Sr % i) 28 i 75 2214 3 DL T 500
O— AP EIF R A mBENRERR., X&R
Wil S B AL OF B FIROT R LA
KA, OXFF — KU E IR, A A S P
i I BRE R T R AT R LA KA B R AE
R R XA L ] BB A JC G RE fh gL A B B F iR
TR Z G W B, O S TR
FE 30 5T F AR G 3 2 H: 3 e PR ] B o 2% 1 T
9. a0 EATICE [l — KOS R — 1R AR B A — 1)
XA A A, WNARA IR AT DUVR BE 25 ) 19 47 0% F0
MGG A IE 1 S PTRE IR B 4k, DI 1) S5 it
LA V12 AR T SO R AR O e
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AR B TE DR 20 N — 2. R 2. 45 i
S I AR I8 W] RE RN IE B Y . o T RE R S 0 H 5 AR
AIEFIa] . 3k 5 WL R R G B 7RI R sk 1k 2% 1
JA O . @5 S5 I 2R 45 1 4F I8 1% 5 48 3 b BT
PRI AS 8 & 5 55 B A0 0L i b 5T 6 R AH — 2K
© 4 19 55 I 2k 25 S 1900 1 [ 67 3% LU AR5 G B 44K 1 g
FH e WA R AL KA T G . . A 1 Rb-Sr
LA AR 7 Sr/% So) AR AR T 0. 699, HAF I8
WIREA A . O ISERZ F &R SN IZA
GO . WAEFEA R Rb/Sr AE AR, HAZ
Ak 70 BB N R AT BB TE . S AR ) R A (R e e )
K EHE R Rb/Sr Lefl . B 3E & Rb 3% Sr 94 i s
SE BT 2R AR S SR AR Y Rb/Sr A, W #% Rb &
Sr BYFE A s SERT LR L AR AY 25 . EOR B A RS
Hiif) Rb/Sr Al . A T S FR s 2 ). TRt P
SNSRI A S AR /K P B B 5 ) 28 A B —
() g () B B2 R 7 LR E W) R B A 4 R e R s
BZESFIES . @—KIFMY ST UIA B % AL
TR G 1N 2 e L PR = I 4 AN o e [ e
BB g o AR % 5 5 B B & . Rb-Sr [A] fi7 & 4F
RAFERGAEH AR 45 5 8 BT IR 5 B 2 5K
JUASAE G 1 25 B 2645 30 19 AR I8 AR ME R UE AT = 1)
LI
5.3 Rb-SriEMEAFMEREN

B Rb #1 Sr iy kb= ¥ 5 K i Ca 5
AEARL T 5 P & 2 A AR P B 250 %K . Rb,Sr
X R ETTR P E S T EENBCE SR
HORAENE AR R A I LR O T B A AR 2 Ak . R
A6 A Sl LA 2R I R 4 1 T8 AR AE T )
KA kK A 4 R o b i Rb AR R
AMETCER B E TRBEES WA K 0 = 1EH
ALLSECE A0 WA KRB Rb/Sr H(E A8 1L, X
TE 2 AR AT 45 I 48 AF i BRAR 5 . X — HhBR AL 22 4
FEA 1% Rb-Sr @ 445 8 7R 2 W . %7k
AR FAR AT KA AR T A0 RS S LB 1 ]
AV 25 Hb S AR I I, DA R 5 A R T s AR Y F
FEAETT I

FH Rb-Sr 45 [ 2 2300 7 5 9 8 10 AR RE 5 7+ 3
BAF A A, R R A KA TE U i #E e S [ 7
RRAGRBY—4b, JFH Rb.Sr L EeE AT MR FF
AL S AR R Z . FrilE Sr R RS —1ER .
RPR 2 A AR B B Sr/%° S LB A A IR 45 138
Proe Al A . PRt H S RE R 4R 3 ff 1) B A A (A
Rb/Sr HAE WAL & . L RE LA 25 5 s 45 5 (R 1

AR . ERE TR SR O T8 A 5 A B il
fRABNH A Z . HAE BRI B R L2 R 5
(33 A4 5 B AT 2 A9 AR I (A T RE o 1S
SEARAEIS B . DR TE R A A A R AR I LA
BUTILE - QBERERLFER AN, R E#aT
L6 R TR SRS R IR i s O N BEAE L T A
1 AF gty AR R AERE s QO T S I 26 b A%
B S B SO A AR BT 4y SR v SRR IR N T R CR
4[] Y5 ) B 30 JELAS ) S P A R

#E FH Rb-Sr [Al {7 2 F 58 0 7 rh M2 A A 0k
L2 A W I 0 SR A AL R W) B AT T S 72 R B
MARVER A ARG A TC IR A SR 2k s
Py S I 2 A5 B 1) AR I8 A0 T RE S A A I AR RS
ETF R AR TR R UL 4 TR ZHUR A A B
F AL A A B ) AR BE B R 1 5 R AR, 5
B Eh S R 26 A5 20 9 4 0 I S 5 A ¥4 20 3 B A
PAF S[R3 R G T I O 0 3t P B i 4R s . RO Y
AR S H L Rb-Sr [/ 67 R AR AT
A1 TG AR

A5 AR FH A R IR L ) FAR 2 A R AR AL
A B0A A0 HE B 1A R R R 4
45 T B SR RO I . AR B A AR
(14 1A 220K ¥4 BB 1Y) Rb-Sr fb2f 4 P R 40, KAEAE T
X — Rb-Sr Z 48 1 80k 2 75 2 K 93 B 647 19
X — A REA ST R A, ] e & B Rb-
Sr F H 2 1 0 A5 (4 41 18 11 i G 25 7 b o 3

Xt FAE A . 1 F Rb (9 5 3 st . Rb-Sr [/l {7
RABEDWIGE . 578 Rb-Sr 5 I 2R 45 I — At
T A 52 I T — WO A A Sr [ R 3 —
fEBfE] . 425 Rb-Sr [Al i 2 R 40, a5 48 i #2 J5 5k
2 A DN A A RS ol i L A5 B A0 A I R AR R S
TERBE AL . W SERE & Rb-Sr [l 25 R 5 A7 58 4 bk
W R 2 B i [ L 28 B 0 18 A5 S B SRR R
Rb-Sr [l 2 R 40 45 5 0 0 4 ol s L= A T
— A ER AN E A R BUE B R Rb-Sr R G4
H—AHARE A T A A U IR AR B Ay ik T
I 5 A PR E G R R AE B 5 S I AR A L K
PG | X I8 B e Fa T Bk 1 A8 T 15 ) T
BEZ A . BT 42 Rb-Sr RGBS b5
VE SR shBE 5 , M FH 455 f 4 Rb-Sr [[ {7 % &
G, nl IS BE AW B Ak D s, 2 Rb-Sr 4F
it T B S W A T A i B AR T A R
Rb-Sr 4 % [ W i Ji — UCRE i 18 32 55 3 3 = 1 1) 1sf
Il
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Xt FUURUA » AT Rb-Sr 32300 & i A L7 9
AR T R UTBUE TR A R — A W] DUOR I 775
Xof ARLYE T A I [N A A R E . HR X
AR Y A R R A 1 R DR AS [) B R R S A A
BAE 4y, A Rb-Sr RGN E B R 88 1 3 A%
DR 0 B0 00 A0 2 AR 1 A 0% 8 7 DR 1) T [
WHS TR (AR FE4E,2000) , W T AR 2E
T 3 7 J2 R P B DDA TR B T P 1 Rb-Sr 4F
S+ A ) BH A 36 T B T 243G T AT RE

Rb-Sr [A] {3 2 44 R A T2 Hh 5 £ FH 2o A kG
B b 4 i L el T e 5 0 R A A 2 [R] S [F]
P2 AEAE I B 25 55, IR A S Rl 28 AT LA
WU LA R ) 5 U 7 B - =2 8] A B AR
F i BE AT B2 . R 3] Rb-Sr 425 S BT 4 ik AU
RISRE A I8 B AR, T LR R SR AR T R L
B, % HCAE A9 RN T St @384k i s 4 S S
T SrSEJE AR R W Rb/Sr Foff . b Hu s 1 A A
FE PR RE IR AR A A, g AL, KBRS A

R R 4 . R KB ST A A R s Rb
. E 1) Rb/Sr HAE o bbb 5 A = 15 2, B 5 B
W] RS . KB 5 2 A0 S ik B R IR S i
L Fbg R . Faure (1986) I8 7 kR 18 K
i 76 V- 4 9% Se /% Se e E Dy 0. 719, 55 K i b 5% A
K TR 2 R AE AR AT . AR 2 L g [ (7 R 4
B R P % B AY Sr/% Sr ) R He (B I e 25 R R
B .57 Sr/% Sr ¥ 4 FL A 7 0. 704 £ 0. 0002 38 [ P9 .
b 5 K 7 1 Sr/* Sr Z M A TE A B B 1Y
ZE5E s NATTAT LA Ak F 22 S5 ok R ) 8 I 2 i b
b 2 U DX 43 S A A M ST H A T
Faure S 4I8°" Sr/*° Sr LU AH 19 25 50 B A6 B 2 1 A
P Ry 3 i 2 . (D Mg DAL B A PR g A R AE 1
o EATHYY Se/* Sr WG U AR AE 0. 702~0. 706 Z
(B, $230 b Hbng i el . @ Hb5E B AL i 5 sl FRoe 2k
RIAE A BT Sr/% Sr w1 E H M K F 0. 720,
Ot WAL A, BT Sr/% Sr WG e E A F
0.710~0. 720 Z[f] .

B 1 R SR A7 28 b BR AL 2 SRR AE Z A, B g K
ST Se /%0 S L AR Rl B[] 388 Ak 19 728 £0 R, O e 5
[ A7 28 b )23 27 i F 50 S AIL T IR AR B L R AR 52 b )2
(400 43 LA Bty BB ol AU SR R AL TR T B (B
PRF25F,2009) 3 B FT X 502 W A Ak TR h L A=
NI N SR AL/

At 19 7 FH BIF 5% 52 491 0T L2 I SR (Yang et
al. 2001 ;Kinnaird et al. , 2004 ; Bosse et al. ,2005;

Vincenzo et al. , 2006; Gleissner et al. , 2007; Han
et al. , 2007 ; Miyamoto et al. , 2008; Nebel et al. ,
2008 ; Schneider et al. , 2008; Chen et al., 2009;
Bachmann et al., 2009; Edmunson et al. , 2009;
Wan et al. ,2009;Yin et al. ,2009),
5.4 Rb-SrEIREEHEHBRME

Rb-Sr [{]if 2 R 48 & 4 [l > 10 Ma, % J5 9k
H R BRI s BT Rb 3t 3l Ve Wk 2 JE BT T &R
8 AR BIAIEB AR . RERIEAE S DO L &
BN . 0, VLR (Jahn et al. . 1984) 7E X}
TEAR AL VY R R R A R AT AR I I S I i BT R
A et B Sm-Nd 4285 R 2480 Ma 78 47 s Rb-Sr 4F i
KOs o0 B, K ZHORE B Rb-Sr B3 M il i) 25 i 28 45
% 2480 Ma ety 5341 5 A HEdh B MUY 55 I 45 %
4270 Ma, X B2 — R R, mik T A
Hh o 7 FH A5 I 2 125 00 4 0 I B 2R A R DL A
AR AT AE BEEAS A TE . T Rb-Sr REEA 5 #X
IS i, 75 3 9 4F 8 AU EE Rb-Sr J7 12 R X
S8 FLAFE I 14 3 5T 2 5L

Rb-Sr ik [Al i R 28 4F 18 480 52 BIR S5 I 26 1 1]
Yoo —LEIRG M EPI 4G Sr R A7 3R 4R 2 ik 1y
— AR CE R FR AT ARAS B Y A I 2 (O R SR I
2, X R 1Y) S I AT I R T S B T L.
e I A I G ) S TR - — AR S A A A
I 254 B 2ok A 3 — PRI, DR AN H A Al
[F] By Sr [F] A7 28 90 46 bE » JE AR 3% A 7] - Rb-Sr K &
ANBE— E PR B AT . R S I AT DL S DA 5 vk )
S DTE Rb/Sr HAE A2 AL A K 0L F . Sr/® Sr
5 1/Sr R IEA & s @55 B AR B 5 /N T 7] B 497 4t
W5 Sr [F] 472K E . 50U R E T 0F 58 DX [R] I 5E Sr
[EEDA= (=

H Al B LETT & Rb-Sr ik I 4F 0 58 F 58 55 1Y
BT 3 B [ TR A B b A 5 o R
Bic b 5t 55 b Bk BRAJE 5 T L b R A B T M b 3K Ak
ST R E M S BT T URUEL B 3 BT
W= WE I BT | FE M BT S B e e KA
6 SmNd K i 3 4
6.1 FiEwEMT

1974 4=, Lugmair 1 X A Sm-Nd [F] i & 4 0
ST I E T e EKORE B AT Juvinas (9 4E 6
#) 70 FEAOK 2= 80 EARH) I TT AR B T Z Y BT .
E 8 L BR R 2 0 T R T A T

Sm7EHARA T AFALER M Sm (3. 160)
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"Sm(15. 07 %), Sm(11. 27 %) ,***Sm(13. 84 %) ,
BOSm (7. 47%) ., Sm (26. 63%),"" Sm (22. 53),
Nd7E AR R 7 A FALE, " Nd(27. 09%),
ENA (12, 14 %), Nd (23, 83%) ., Nd (8. 29%) ,
MINA(17. 26 %), Nd (5. 74 %), Nd (5. 63%),
HTSmAN Sm B N M 8 i o AR AR Y Nd
AN N s B AT O 8 o 5 8 B AR
M0 Ce o fH 2 B T H AR i 1y 2 32 1 (2. 1 X107 a) L i
SV B 5 R B AR Ak AT DL 220 S bR b AT AR D BRE (R
MLRETE,

BT Sm AR 43K (7 X107 ), B
TEH BTN B el . B Sm (¢ = 1. 06 X
10" a) BB T 4F S I 2 . 38 % BT 48 19 Sm-Nd ] 4
Piehr B2 Sm-"Nd Bk R TR 2 Sm—1" Nd
ta AT,

Sm-Nd 4 #3555 e -

113 N ¢ _ 43N 4 ) e*—1) (6)
(mrva) = (o), ()

HINd HINd TINd

TR C6) | o R A T B A 1) B8 A R B Nd [
P ZE g — AL E] A T Sm 5 AS H $ (6. 54 X 10"
a ) BN/ N FI YT Sm/M N BB 2 RE b B
FOAR S P 236 BB I 5 (9 N/ N, S22 4 5 i
A Bl A0S Bk s . N/ N B AE I
22 T[] s ACBRORE A AR E AR ena (D TR o
6.2 Sm-Nd #3XF#F0 Sm-Nd B & £ il

Sm-Nd #5204 i i 3 b 5e A A 77 4 F Sm/Nd
oA #2 35 F 3ROk 01 A AL Y 3 — 5 3 i (CHUR,
Chondritic Uniform Reservoir) ) 3 i€ J5 , 3f H #% +
JCE A2 40 A 0 £ 2 & A 7E CHUR X 73 7
FIR A= 3 76 5 A 1 I i X A, M 76 5 A 19T Nd/
MNP IR (R CHUR U8 X A= & 1 T84S B i B
HAM™ NI/ N A, R — B, @ X
Sm-Nd 5 CAF I8 2 1 5¢ %5 4 A CHUR b i Y51 v
gy 5ok B El. RBPER e T AR 3R 0 M 5 TR B AR I
Ctenur) o I 75 400 02 35 Ab 85 20 580 s Ok 19 el A
KAFFRAE tom - B A2 AR E 15T A A 77 Fd i
P At s — N R cow AF 1% B 422 0 TS0, AR AR R
Hb5E T G ]

Sm-Nd %5 i 2k 5 W 5 45 I8 JC 75 X FE i iy Nd [\]
A2 ) IR B AT A B3 - 38 3 45 i 2R A AT DR A
A TE B B ) T EL AT RAARAS R XN [A A R
WG . B 2R e — AR FF Sm-Nd 3 K
F 0 HA A E ) 46 oA A IR AE . B — 2 A A
il AR AT 1 S B £ AT i 1Y 42 o A B R AR IS i R —

HATRE S 5 L 2 i A T A ) B R AR
U WU PN T A B R AR IS R AR AP R B ]
Ja B AR W) 45 b i i 1]

FE— 21 [ P8 0 B2 PE A AR Sm/Nd 22 ) )
N ARTE — 4 [R5 1 6 R R R, Sm/Nd
22 52 0] LAY 2 S5 B AR 8 I i 2R . G, Sm-
Nd S5 23 © B 2 H 7 1 7 2R B A 0 il Bk
R BRI S I R AR R A
6.3 Sm-Nd Em45 &

Sm-Nd 355 LA T JLA 8

(1) Sm-Nd [Ff R AR 2= T iR KA Z —
SR 0T B R T R R B K O A AR S AT AR R I L X
(A5 92 J5 VE FE AT 5% 3 65 A 1 AR I8 RN DR rp kAR T
WL Iz R . BERR TS R BE R A X R
OB A MR R RORLA K A A B A,
Rb & & ARG, Rb/Sr e AEAR /s Al A A H s A+
Gy BURLAR 48 L B 1E A+ 3 R, X AR K BR T
Rb-Sr Fl U-Pb 45482 J7 1 76 31X 26 25 1 i e
REBOFERRTUE HBESBUE B A BRRR 1o =,
B Sm/ M Nd A AR 8 19 A8 4k L 3X R Sm-Nd
S5 I AR I DU A B AL T AR A

(2)Sm-Nd FAR2E 1 J5 — A 2502 ] LR A %K
AN T i % R BT AR R A 5. BT
Sm Nd #IEF 1 IC K, HER AL 2 Ve B 25, 5 H A
AR AR 2 )7 1 (41 Rb-Sr, Pb-Pb) # b » Sm-Nd [] {7 £
RS HAT P AR AR B T . 4RI F S A4
REBUEBLT A A28 TR B 35 3 BB A » Sm-Nd
R R G WA R AL, XA R AT Y
HuBR TGS 4/5 (i 2E 0 4 AR T A A AR IS R R A
TAH I g b 3K 509 Py s B AL T ORI BB, Sm-Nd A i
RAGCOH) M T R4, Fr il e g
T AR B B b 5 T B Ak g s R Y

(3) — SR HFE S A9 N/ Nd 9 16 (3
P AE Sm-Nd LA AR Y F BRoBL B A iy Nd/™ Nd i
b2k 1, 32 W]t 3K i Ak L TR BL i Nd [R5 R W0 4R
{5 BRI A i Nd R 200 46 (A 4 5 — 350, Xl
AT T A R HBR Nd [\ 47 2 8 Lk S S

(DO XA B ol A Nd [/ A7 R 1) o589,
MONd/MNd 5 Sr/% Sr L fH 2 18] 5B R AE Y
PG ZR o FE[RI R b 5T 27 v, 5 % AN AH T 19 B
A ), 28 22 ) 2 31 3 4 O AR O 480 e &% |
b8 A A R R TR L A S R e A A
AL T EE A UE .

(5) 20 1 J8 DU AR A i R AR I ) vz R A
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AR B IR Ry s Cn] DA KA TR A AR
FOHUBBIA ™ B 1255 A7 AL VB L ks L TURR G
P, Sm/Nd o PR 45 A8 722 L T8 30 TORR 9 O 5 D
A9 Sm/Nd B AR AR A7 3R AE A5 4R % 7
HATE . BB DU E — B AN [ )5 1R & 4 - A
AR T LS S 0 AR ) 1) 05 DX ) W 2 A O R T
T 5 TR LU DX A B M5 1 - X AR Y L R b e
TE RCRIE AL T 5

6.4 FZHATS-NdZERNENERT Y

SO b R A | B R R R O B
TR E 2 AT T Sm-Nd 36 4E I (4 00 2 FBIF 5T .
B H T R M 5 26 O Sm-Nd 4 o A I 2R Y
M E AR T 2200 SmeNd Fefl . BT AR A A 5 T
PAFHAAR SR . BRYES A0 Smo-Nd L fE A2 6 7%
AN AR Sm-Nd 42 S5 I 2R AR IR E L (H B
TR LA T s AR e 0 7

RETTHEAT S B RERE A LR A R0 TR £
Sm-Nd A7 A5 I 2% 4F 3% 0 /Y 8 T 4. RO AE
IR S AT A R A AR e 2 REE,
T AHS A7 FIBEER £h 4™ W) U & 4R 2 REE.E 189 Sm/
Nd FbfE 25 57 RE T A2 A IS 268 I 2 41 I ) 7 19 255K
6.5 Sm-Nd % & e I E Rz A 52 5
6.5.1 EREMETREHERNE

N T W Sm-Nd S5 I 2k 0 # BRAE i B S B9
S F (B » Hamilton 55§ 51 00 56 P4 FEE S Xl s
f Sm-Nd 45 58 I AR W I i R AT 1 20k, 2%
IR ST G 2 B R AR U HE A 5 sl Kl s . T
B A1 5 v 3 38 £ AE i A - RRCA -2k oa AR g oa
(14 3 B 40 4 4 B R RN R Il s . BRI
J RS R A BT B 5 KL A B Rb-Sr 42 4
e B4 B 72 B IR S8 T 3500 Ma, i 4 il 22 /0 2AR
B 500 Ma, KLk sl Rb-Sr %o & W 4 5l
JEAE 2500~2700 Ma Z [A]JE J8 A . 3k HL %)
LR LA Y Sm-Nd 425 45 I R AR I 2640+
140 Ma, ATREACR T &5 K LA FT B3 ik i) 40 46
fH N/ N =0. 50919 £ 18, 7= A= B AT Y Hb g
JRIX ) Sm/Nd=0. 30240. 09, 5 BR 47 Bt 45 () Sm/
Nd 7R ZEZ N2 —B .

Depaolo il Wasserberg % F] Sm-Nd # = 4F %
Jrk N T A T R B R — BROME SRS R
Pl 1 2 B 2 3 AR A 5 SUAR R B 7 A T
12, &) Sm-Nd # R 4E 8l 2530 Ma, 5 Rb-Sr 4
%%Hﬂ‘gﬁﬁzﬁ?\ 2510 £ 20 Ma #ﬁo i?ﬁ (Nd
—16. 5 H I & B W AR (15 15% 22 38 [l N 7% 72 CHUR

HALLR bk B B R ) CHUR AL 630 245 &
Hu s Nd [m] 457 F A AL 58,

Fe [H R M IR A s B T2 IR Bk
AR AR A B BE RS A E AR A R A Hung L 12
ABFE] Ky 2600~2700 Ma, %X AE 1600~1800 Ma
3 1) A — 5583 1 DX A 5 g A v 9 R I g g
A FTHR R EE T AR B2 A4l M 3 1L iz gl i
[P BT, — B L B et O T RS 5 b 0
2 b DX R S T 435 b AF I FIPR N 1 e 1 £ 2 T
&, Depaolo il wasserberg M iZHi X Ve £ T — P b
KA I DO 18 1 R 7 A R A FRHE A
JE Sm-Nd P BB 45 I 2k 5K 130K 0 4 % O 27018
Ma, ("* Nd/" Nd), =0. 508248 + 12 (2¢) , [ i H &}
KA o Koa A S A 1 Sm-Nd 42 55 I
AW N A7 2 9] G E e D 2 R 22 BN 5
PRAERT R 45 R — B, ZIX I ST AR IS 5 1
Y48 fh AE IS 1 — BoME R B AT B IR v 0 S 4
B A 2 8] (4 B ] [R] B AH > %0 . Nd A4 3= 9 iR 8
TACRA T2 = RITZ X KSR AR Nd
[F) o 28 HL AT 51 BE ) 38—k o ABLTE [A] — HoME A
H Rb-Sr N ERSE IS 28 2 % 4R I AL 2200 Ma, 33 ]
XYCE AR T Rb-Sr iR 223 T3,

R R A5 e g i ) S S E AT
KA IE T A B R . MR A %P A Sm-Nd
A ST NE 7 TN - I A W
Jagoutz S5 & T 3 [E VY R HK BT 28 79 BF MR A 5
BB HNAR - kL 11 4 Jot v B0 1 R S 45 2% 1 Sm-Nd
AR 5k 819426 Ma fil 814157 Ma,
1A Sm-Nd A #F55 I AR R 820 Ma, 45 I £k 3l
TR AE A WA S R EAT A TR 2 A R
i) CHUR iy 5 [X

WA T IR R R IR A Al T&ah 1
I H0 1) R s S 0 R )R A JRRORL A A AR
Wi, U-Pb 1 Rb-Sr & R 3] 7 ™ E 0430, B ik
F U-Pb Al Rb-Sr 2 o WK i I 3 RRL 25 AR & %
ML LB [] . Jacobsen %434 13X 4> i X /) Sm F
Nd [Ff7 2 ik B 7E R 5 A 228 BT/ A ] REE 3%
BRESBERN . BORCE B Sm-Nd 85 A7 #1373
2600 Ma, [a] i) 73 A1 £ TN 55 AH B9 7 BR 5 3K 7% Sm-
Nd £ 20 4F #& il Rb-Sr 45 2047 1% 2 — 80w, ¥ ok
2600 Ma, JHRL 7 AH I A IR o AH AR 3% 1 — B0 B X
A X IR A A R TE 2600 Ma I JE iU

B AR T 2 RN A 2 B S A R LR RR AL K
Ly FR T 08 A0 R B A RT3 A B Ak B I A P
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T M. T A Y A2 B /R T Rb-Sr K R 2 F] T
JUE BB Rb-Sr 25 I 25 % AR IR AUA 2570
Ma, fH /& Sm-Nd 4% 55 i &4 i Ol 3540430 Ma,
IR AE P Nd/" Nd); = 0. 50908 4 (26) , 153X
A DX B b gy 2 0 M X 2 — e S i R
RAEFHET Rb A Sr B EH 43I H Sm Nd & &R
A7 58 I b AR A7 B BLAE
6.5.2 MMEMBEREFERHNE

McCulloch S XU FTER AR A 19 4F i )
JEMEAT T AR . — AR 5 ik el & It
TR A UCRR AR ot A A B (], 1 Sm-Nd R R
TE XA TR S /R 3 72 b B AR 7 B 5 1Y &t 1A
£ R T Sm-Nd J7 3 5] LI & 1 370 F 4) Joe 1) R
U5, FERE DN A L U DX ) B 1) A 0

T A W XAR AL X Sm-Nd R R 5 e
McCulloch & 2 1 38 [ W] J& 75 3 1] 45 87 fif 1) 52 /K
TR bR e B XA T B XA 7 (2 A 0
WA 21 80 19 Sm-Nd AF %, 4391 28 3200~ 3800 Ma
3580430 Ma, ALY EZ A EFEH LA, Ar
M Sr K 255 ~75% . Pb Bk % KA EH R E .,

YRR U0 B o ok R Y 1) 5 & McCulloch
S5 5 ] b 8 BT iz 38y ol kAR A9 A SmeNd AR
FAFEWE M E . s FE b A H =B R E A
AREBABE AR AA. ZREEES R
A A PRAF S 06 DORRAL & 1 FRIE . = BEAY K-Ar I
Rb-Sr A M 120~180 Ma, 4= Rb-Sr 4% M 664
~1170 Ma, KU & 5 W 8 52 1 2 )% B fE
e McCulloch 45 & (1 &5 7] 1 4 B9 Rb-Sr £ 20 4F
W& 714+8 Ma,Sm-Nd # 2L 4E# H 233050 Ma,
B &R T s 5 DOARAE T B8 5 4 R I 18] J5
FHAE T IR IR XA . 5 AH B A &=
ML (4RI 2 2500 ~2700 Ma, PRI 41 B AR 7 ]
2 1 UG ) 5T n] BE R TR T IX — K A X

FoBT W NEF 2 0L SCHR (Li et al. , 2004, 2007
Andrew et al. ,2007 ; McFarlane et al. ,2007; Uysal
et al. , 2007; Thoeni et al. , 2008; Amelin, 2009;
Barker et al. ,2009;Oberthiir et al. ,2009; Fisher et
al. , 2010; Cheng et al., 2010; Pollington et al. ,
2010; Toft et al. ,2010;Clark et al. ,2010),
6.6 X Sm-Nd %K) BAEMH

Sm-Nd [R5 2 (4 4th 5T T VE 6L 45 75 75 180 79 PN 45
b A W 0 s 0 IR A R AR RO BESE . T SmeNd
TR R B ORAEVERE R4, i 78 A28 5T T 0% B ) ¢
5 5 PRI Sm-Nd 2 4 1% B8 A2 S A= B Ad i [a) sz

W R ) 5 R X R 4 PE . SmeNd R 7R 5 B
A1 F0 A BRI R AL ol KB oe L R B S
WAL IR b 1 T T 0 ) AN Y — M S A, A
J R 5 e ) ok 15 45 7 THD R A8 4 I 1F 2 A B
)5k

BTk M SR A R R R B A U-
Pb 148 0 1) Rb-Sr AR ¥E W T - Sm-Nd 4§ i}
Ak BN AT BRI D AR 7 R . T R A A A BF T B
(AN RN Y/ B S X S ALY/ N S T Y/ RN S AT RS
EFRAH A LE R AN, Sm B KL B AR
MAE— @R FIHER TR 4G Nd [6 AL R 4 A 55
T R Sm-Nd 85 I 25 0 ] T Kl /il A
A AT BT BB e d b v P AR 3 A b
DX Ry A ST AR 1Y SmeNd S I AR IR 5
BEAAER — B, WRHEZEME, BT Sm Al Nd %8
J i - TCER S MR A AR T S AR AL T S 8 b BT AR
FHA Y A Ty A2 o3 8 i RE PR B i e 1 Nd W] Aoz
B BURFAE o 33X — P A O AR A Y R AL 2R
BT HE,

S Nd 35K Ak 2% 11 5 28 B4 % 45 8 ) B 2 e
T4 BT L AR Bl i . BT Smo Al Nd 78 LT
Y F 2 7 o o DL & A2 A 5 43 5, Sm Nd 78 25 Y
VAR 722 A0 AR /0N o 91 4, A X T Rb-Sr [6] i %
A8, Bk A A Rb/Sr b H 29 0~>>100,Sm/Nd
FCAEAY 0. 1~0. 4, FE B Sm H K /2 32 81,
YUNA/MN F AR AR AR N M 3R S A Nd/TNd
FEABE 0. 510~0. 514, X2 a4 7, " Nd/ M Nd
FOME A2 AT /N o 3 AR FO A 728 A AS A5 B i 4
RS A% R FR 7 AT AF W (00RG B2 L [R] ) s 25 Sm-
Nd S5 I 2 76 0 48 2 ok 1 TR 0« 4 I 2k 20K 40 B A
i ) Y58 [v) gk DAL fEL ] 95 [ gk PR A i 22 T] Sm/Nd
FCAEAR AU AS K o T/ 388 22, #F fh Z (] Sm/
Nd 6B Y 25 5 0 R A] e R H B AT AT B A Ho IR
PR S . T3 ah U Z M BRI AR S AR M
s a k2w G Nd WA R4k 255, 200
TRRIEAREM M. B AR oo R ELE 0 HAE
it s B R P . XS AR Sm-Nd S B 2k H R
AR L IE AR AR B AR . A B Sm-Nd & B £8
RN AERE A 55 T U-Pb 3 E . 7 H 5 1R
R Y = ST =S R VA A s 2 N 1 B o
DXy SR 5 00 0 T T B ) 45 I 4R S B 2 TR A 4K

Br 7R TTG 52K A Sm-Nd [\ i R 41X
O EARSN AN TS T Bk e A B
o MO L™ ) B s AR A Smy/Nd EEAE T
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N3 L A I A I AF L SmeNd )7 3R R GEAE AE K
P N AR AR, TR AE R A SO RS
T b 8 4 i B I ) Al T DR Bl 7 B AR i . (H
R 7 T B 2 17 2 W Rl = IR R A B s
JEA Sm/Nd {8 B & A= AR K 242 1k B8 4R 1 A —
E 1 o

i T Sm-Nd ik B 58 F1 52 56 19 5807 52
T M R 2 e 3 S BE SEBT L A R 2 g
5 ERY) HEAIE T BT L B B ) M R fh 2 F 5T
JIT v ] 5 R A SRy K T BT S B L B 5
RSN SRV N O W I N o

7 Re-Os ¥E[FALREF

7.1 HiE®EN

Re-Os JAF 3 J2& 3 T 0 P 9 Re Jl 3 B %
AN Os KT h 5 BT AR R /. 1961 4F, Herr %5
5 Re-Os 30 7 1 B A ROV BH 0 B 19 4F
15 W2 R BT KB AR S B Os/M Os HfE A —
(928 Ak, A2 B 32 B 40 A 5 AR 198 5 8808 FORS i
A, X)L 2l Rk T L. HF 1980
4, Allegre | Cameca B 7 ¥R &1 45 & otk 1 1L 2
S EFARIAT Re Os [ Z /3 #7 - Re-Os 354 HIE
HEASERBY B . IS B R I R R
JOT T 0 T g G | A S B R B R B R
S5 1) R JE Al Re-Os AR 15 9 BF 58 F1N; A H B4 96 BR
H AT E 4 E 0 4 B 0 IR0 L AR i 1 = 22y
P

Re,Os 23R8 R BRI IE C R, F 8 & £
Mg b, AHXT T & . Re &S A M ITER .M Os
JERAHA G . KL, 2 M08 & AR 3R 4 4 AT, Re
e SRR Z A B it o 5t b g Re/Os [
1B e A DG R A 2R o0 10 J 3 25 S

EHRA T, Re T F AL E ' Re A" Re;
Os A 7 F [\ i £ 0s." 0s." 0s."® Os,
0s. " 0s 1" Os, £ FRFMZE S Re 1 B
FATE Y Os: ™ Re—>"" Os + 3, X — A8 1 F {
H Re-Os 158 4 1 A
7.2 Os [E L RHF1E

Hi e AR B AR Re, HogURH % U Os 1 [6] 4 R
TR MR BHL R AR O0s/™ 0s Hh
H A A 2 KRG 52 197 Os /" Os SE A 1. 2
~1. 3CREM Y T 0s/™ 0s H 10~11), ##E
Hb 58 - X A7 B AR IS B E 1T Re/ " Os {H 28 48 /2
£ (PTRe/"™ Os=400), Xt T F H#5e /) Os [Afi R ¢

it HATIATCHH VI 0. A BR s X A 858 R, F
H7E Os Tt fm Oy LHISERY 1~2 £%) . Re F it #
R Ch EHFER) 1/2 Z247) » i e OB B A Os
& B Ch B e iy 1/2 ~1/3, RECH Y
FH0s/0s=0. 8),

JRUG Ho & () Os [R] 7 2 AF 5% A0 X 4 0 R ) S
I BOR R BIF 58 38 T 45 1 1 Os 7] 057 2 55008 22 ) 4
Ko E B8 04 A 5 5 00 b i A AR B oY
5 AR 43 S 100 AR b 117 Os /' Os B2 0. 129
+0. 0009, " Re/"® Os K 0. 428, 5l Kk ¥ A 5
0 300 BORE B A 1 R A A ] L (H X — (8 5 oAb 2= &
i L0 P BORE I3 Ay BB i G 0 P AT 22 5 . A B
I3 W A L A R o5 0 P s DT 3 R Re 1y & B
BAK L H ¥ Os /" Os fH 2 0. 125 CEP' Os/"° Os {8
290 1000, b D bf Hbe uk AIG. 5 450 e B Os/
¥ 0s=10. 1246 £ 0. 0014 ('Y Os/" Os {H # N
1.04) s Lo B 4 b i B WS AIG . N HLg Os [5)7 3 FRAE
FEAB 27 Os/" Os > 0. 13 (5" 0s/"* Os = 1. 1,
¥TRe/"™ Os=4. D) (RAHILEH.1999)
7.3 Re-Os A ENEREFEER

1) B 4 D43 J AT B B A DR A it 1) (] B 5
BHPE, —DNTRIE A E D T 2K, 2B
Bony iy st kA BT LA A% X034 8 Ak 1Y T BB
BL AW ARBy Be 9 d N RETR . [FI B 22 B9 0
RIS 52 3 T )5 W0 DA 580 W07 ) )i 1 34 7
P WERRGIF I LR Re Os A X %,
23 5 M 4 45 SR 1) A

COPRUED Y I BEJE o 500 & HIEE 80 0 42 )
TR BE Y 3 e B ER T B AR R TR A B
SRR A8 Os,

(RS RIS Re, Os 9 5 1 @ (K TR
B ORE &l 1 DR TR 2 K B2 Ay B IR b A A
e Re, X MEEH A, BOFE L 0. 01~0.5 g
(R4 TS5, 1994) X B A B Ak ) L 8 00U
= N7 = T = G
7.4 Re-Os [E i R il £ 75 i 72 o 5T 5 P O B2 A
7.4.1 BT KRBHTEAKN Re-Os A EEE

TE4 B IKE Re-Os [F i RAEAC A BT b L L
I E X502 Re & &EAR & (— M 10X10°°
~50X10"° g/g) WEMH T, H Re/Os L >10°,
Os JUF- 2 780 e L 3% 3 Os ] Z0mg A3t B oh
R R R 5256 % T 1980 4EAR LUK JF J& 1 i1k
W R S 1 Re-Os A7 % & 4. & JH 1ICP-
MS G387 J5 3 AR D = A P B Re A Os & 4,
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ROV AT R A SR A e HL BT SR B AR B R 1 T AR
% .

TE E A [ 58 3 5 S 30 0 3 o T 1990 4R
FoIT e T HESH A 1Y Re-Os [A) A R A& & 19 75 v i
507 AR ST CFL 2238 %5 ,1994) . E T 4R 8 2 90 - F
GEHE WO FL ] T 0 2% b R 0T R B AR B
JE X BT R E A 0 VBRI s B A D
W - BB AR - VBRI T R T
By -2 m 0 MET S5/ EEe IR
(BRI, 20045 XN A H 45, 20065 i 23 43 45, 2006
R4, 2007 ; Wk 45,2007 ; Mao et al. , 2008;
Han et al. , 2009), fEC A MK A R BEHT Re-Os
[F) (37 2R 2 AR S 4l v, 3220 T H R S A
T BB ICP-MS, Horp Z 8 0F 58 TAE ) & 1
X SER PR A R I A I D ek PR 2 A R gy 4
A PR by 5T 1) 8 PR 4 T R Re-Os [A] 2 3R
A

TE2 JEm A R 2800 R LUBR AL 90 0 R E 5™
the W TERZHE B KRG ARMESR B H .
T BBk A0 A TE . N B[R] L 3R v A S
2 I A ) 38 AP B i 5 S 0 DI Dy VR 1 A B ok
L4z JEm A R 5 A WF 50 7 5K 5 SR B9 A W 7 R 42
. Re-Os [Al iz R & X LI Os & B LA
ppb HYIEFHE "R E] Os & &8 U 84> ppb 2L
T4~ ppt BB E0 Y, (15 5 R ALY Y Re-
Os [A) 3 28 2 478 1 TR AT 2 L iy 1 T O s
TEENF R (U Yang et al. , 2008; Zhang et
al. , 2008; Sun et al. ,2008; Feng et al. , 2008),
SR 58 Re AU U B Os (19518~ AN [R] L LA
PR N RGER I R Z B AL W™ Y1 & Re &t W] 2 fi
I IFE A — ERE M E Os, i 153X 29 9 1Y
Re-Os [Al 37 2 %€ 4F H B AT A A2 AS 20 RO Hoh #50h
2t Y 1) A 4 DR Y Re, Os & ALK, H B
A FEIAR R 5 0 2 52 VR ) ok 18 1) it A ) HG 5
AR Z Re-Os [A 37 K J7 i 1 4 A i B s @ el T 5
RIS & A R AL G2 ICP-MS 175 34 3 L
ARAT ARG BE 1 73 A 25 R WO R A e -
it T RE Y R T v R R AR R B A BRIV X S
FIHE A AR TR Q2B W)
Re-Os [F] {7 2% $F A1 B2 A PRI 920000 R 3 R
A A I AE T 0 3t A O R R A R A W
2 Re-Os 7R R IFHCAIAE . PesE 1 03 25 21 19 7%
AR P L. T2 3] FiRX S K R Y
S, H AT BT S5 AR AL YT Y Re-Os [R5 7€ 4F i

B AR TSR 30 0 45 SR L 2 35 2 AL 4y
Br (50 HE b Pk I | 4H B Ok R AT SR I 2R AR IS L A SR
R 1Y) = 00 A 1

7.4.2  KBhE R EMIE R R A A

A7 P M AR SO AT — i A Os [/ 2
AR AR I BT 400 AR R R AR R L i g AR R
e FOIR A B v A A I 58 P A v B s A e
i T RIS A Y AR AT Al W] 432 3R J7 ¥ T A RE AR
N LAk 3 LA e A P b 0 I R 4R X
BRI FE A FFRE Y Os/ 1™ Os HfH S AL O;
MgO & 5 WA PR32 Y T 2 A B 4R 1 1 530 1Y
BT o WA A0 R 3 A B Y R 32 B (R
EIEE,1999),
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Abstract

Isotope geochronology is a newly developed interdisciplinary science which combines geoscience,
physics, chemistry and technical sciences, and is a young and energetic branch of earth science. The decay
of radioactive isotopes is used to determine the formation age of geological body and the age of geological
events, with aiming to study the formation history and evolution of earth and planetary materials. This
paper presents brief introduction and summary of relative high-precise isotope dating methods in terms of
theory, experiment techniques, application scope, precautions for use, in hope of providing a useful
reference to geologist. Main isotope dating methods involved s are U-Pb, Ar-Ar, Rb-Sr, Sm-Nd, Re-Os
and (U-Th)/He methods. (1)U-Pb method: It is one of the earliest radioactive methods for determination
of geological age as well as the most important isotope dating method in China so far. In the past 10 years,
the introduction of zircon U-Pb dating technique has played a significant role in promoting geological
research in China, and its application is expanding. (2) Ar-Ar method: Ar-Ar dating has become one of the
most important methods of isotope geochronology. The characteristics of this method are as follows: @O
Wide time-domain measurements, with the oldest age up to 3. 8Ga (the age of lunar rocks) and the
youngest one in a scale of millennium age (the eruption age of Mount Vesuvius, Italy); @ A wide range of
measurement objects. In principle, all the k-bearing minerals and rocks can be used for Ar-Ar isotopic
dating, even there are reports on the successful determination of Ar-Ar ages from non-potassium minerals
such as quartz and sphalerite which contain trace amounts of kainitite inclusions; @ Unique step heating
technique and Ar isotope correlation diagram of internal components can not only obtain high-precision age
but unfold multi-stage geological evolution of the object; @ Combined with laser technique, it can be used
to determine Ar-Ar age by searching microzonation directly on polished section of minerals to be tested, so
as to obtain the most precision time information of the metamorphic rock P-T-t track; & Wide application

area. It has been used almost in every discipline of geology; ©® It has been the most important technical
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tool of deposit chronology; @ It is the backbone technique of isotope thermochronology. But Ar-Ar dating
has its limitations. Firstly, the complex analysis leads to high cost and long cycle. Secondly, the accuracy
of the determination of the neutron parameters directly affects the accuracy of samples dating. Nuclear
recoil effect can result in high Ar-Ar age of very fine-grained clay minerals. For the samples of Early
Proterozoic and Archean metamorphic rocks, there may be natural K and Ar diffusion or later
metamorphism, deformation and other disturbance, which will make it difficult to determine the age of
early metamorphic events. (3) Rb-Sr method. It is a popular method. The isotope geological ages of
intrusive, volcanic, metamorphic, and some sedimentary rocks can be determined by using isochron
technique. When Rb-Sr isotopic system is used to determine the age of intermediate and acid intrusive
rocks and volcanic rocks, if these rocks cooled rapidly, the ages determined by both the whole rock
isochron and mineral isochron age may be the formation ages of the rocks. For metamorphic rocks, Rb-Sr
isochron age generally represents the Sr isotope homogenization time when the latest strong thermal event
happened. For sedimentary rocks, we can determine the authigenic mineral diagenesis age using Rb-Sr
dating. But for metallic deposits, we can determine the formation ages of deposits using inclusion Rb-Sr
isochron. Through Rb-Sr mineral dating to determine the formation of faults and ductile shear zone, we
can limit the tectonic formation time. The biggest drawback of Rb-Sr dating is that incorrect age can be
obtained due to the fact that the mobility of Rb easily produces an open system. In addition, the age
determination is often interfered by false isochrons. (4) Sm-Nd method. Due to good preservation,
corrosion and metamorphism resistances of Sm-Nd system, Sm-Nd dating time can represent the formation
age of primary rocks and and reflect the characteristics of rock-forming material sources. For mafic,
ultramafic, and archean rocks, Sm-Nd isochron dating method is a good one. Sm-Nd model age represents
the time of crustal rocks which differentiated from the CHUR mantle, and model ages of clastic
sedimentary rocks can be sued to identify the rock-forming source, so as to judge the tectonic background
of rock formation, understand the average ages of material source detained within the crust, and finally
reveal the history of formation and evolution of the crust formation. The disadvantage is that Sm and Nd
are difficult to separate from each other due to their similar geochemical properties during the geological
process, resulting in a narrow range of Sm to Nd ratios in rocks, giving trouble for SM-Nd isochron dating
method, even without reliable age obtained. (5) Re-Os method. Re-Os isotope dating method is the only
mature method so far that is directly used to determine mineralization ages of metal deposits. However,
there are many problems in experiment techniques and applications. (D It is found in recent years that the
Re-Os ages of molybdenite in some metal deposits are higher than the ages of ore-bearing rocks, and the
reasons are unclear. @) Most sulfide minerals such as pyrite contains very low content of Re but a certain
amount of common Os. This imposes high requirements on the preparation of samples, which general
laboratories fail to meet. In addition, common Os can not be precisely deducted. @ Sometimes post-
hydrothermal activities may reset Os isotope, therefore, the closure temperature and influencing factors of
the metal sulfide Re-Os isotope system is a key problem to be solved urgently. (6) (U-Th) / He method.
The advantage of (U-Th) / He isotope system is that its closure temperature is the lowest among the
existing isotopic systems, and can record temperature information and the time when geologic body
underwent a lower temperature range. This method also has considerable application potential in deposit
chronology. But its disadvantage is very low closure temperatures, and much attention should be paid on

cooling rate and re-heating effect during dating of geological bodies.
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