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Fig.1 Oxygen isotopic compositions of different types of rocks

S TR ZR AT R A 20 M B R 1) i i 3% i
Ao AN R BN 4 LA e B2 G It T
SERNLZRATTE , R A L B JE 0 4 ol 2 82
AT R AR BT AR LRI AE o SR, A [e) i
H PRS2 I WA AR T R R AR AN ], 4
SRR AEAR AR O T XE LS M 3K 14 L5 S TR Ao
FAM BEERA U-Pb EEEARNER, AMTE
BUAE R BT DB AFAE T B RZECA AP . BESE
F W B A Hh AU 3% 1)t DA Sl PR AR g, AR 1 A
M B AU R AL B TR AR A, AR R A A
P AR A 0 T BB AAE LR AR S R S K AL
PR A n] AR SRR L R AP LA 5 124t
DR ENAE N s TR a R PRI R R i a3 7l b
i 2 ey i R RS A ) 8, AT 5 2 52 o it
TR R 0 R 1IN A R AR P, I LB AT
K R BBOL IR AT SR 3R A RO ok 73X
—XEL, O ARSI IR SR O T, B
A BARZILEH AR AR B AR 8 i
WOCIREE BrF s R AT R IEBOR , AR 2 It
ANFIFRAL o T BRI 4 S 5 FRET 23T BAR AT ASE B
/RN R A S A=A ik v 3 v
— 842 —

A Jeli E A 4 1 AR R B AR 2 M s
5 R IG VASE R A RIS iU (52 S ] 5 ] BE 2 R
R0 2 M B (9 K, AATHIGR AL AT, —
SESERTRARR B TAEIE . BAn, I35 M AL b 5 )
S I AT W LA R R e 7 A e A H
T 80 EIR I BN, AR A B AT RO SRR 3%
SERTHEA, DK H R SR U T 7 IR IR 6 0 A J
o MR HLEAR AL 2E 20 A, AT 36 [ B4
LUETO0 T HUZ T RK I E A H R E
[l {37 2R S MR J8C 4 , 1 5 5 ER AT B 0 (3 IX
BEAT B SRR A 2R 20 A 2 SR T, B L 1 95 430 5 A
L 28 AR AR 1] 5 4510 O o 300 L A
SEE AR TS0 HRMER . X TR E
M A AR U S O R BRI LR T, AT
A FAR G 6 O R AE B T il AR RE TE LR
ARAFI , AERARHT 14 B 1 RBT B A T 4 R 62 3R o
BT 671 1 60 32 LI E = 8 20 25 R AE TR
YERIE R AR

1 AN E itk
1.1 % BrFSiiz

X425 B ) A R A5, 2R 4 B Y R R BrE
W T 20 bt 60 AR 2R R E T R IKE
%, HATSRER 4 R %, Mkl alife P a4,
B REAlAL B I, LR B 3RS D R
T BB H AR LA, TR T AR, 35 T %%
PR BE RN SE ISR o T V82 W R Al g i R S T I
£0.074 mm (200 H), £ 8 ~10 mg, & T
105°C HEAR A 2253 4 ho % T 2023 19 B 2% (10
M) GIA 0,12 MPa W& <5, B—3THF, 40 51mA
EUHE T A B 5 B PR X R I Al L 23 I A
200C KK 2 he MR HEZAF] S5 x 107 Pa )7,
e S A5 BrFs 5L AS V2%, I — & i
] (LS R 90, 445 < 1L R st ] g DE D ) JR Ak .
LSS G, 35— 45 S B2 1 A A 5 | A LS
BB, B IE S KBr $BE, 07 il ik
BA 1 BiFs , s — WA Bhaifh . sk 4
SREETIA T00°C [tk , e 4ok CO, I 4 HAR 7R
FRPRE . % CO, Bk ¥EAL , L= 55 43
SIS B R S A L 3% B AT N R R
FALYIIEA TR R 2 4, 38 AT SE LA R L (IR AR
HOEN A KN D B3 i 0 N il Ve e o - 0
AR 24 A R UK HEAE
ARG ANURRIG R TS, 525 A,



5 6 4]

PR AR R R AR RS (4 o Ji

H32E

W AR A R R R Y AR AR s T
WA IR 2437 7 A S B A7 7E LA T LT
G . DAt BT B i i R 2 (—
5~15 mg) . @=s (] 40 FERARME, P A AT BE 76 45
SE 2 L EAERRE T . R T R LexfE i
W I AR K S BT 4 ) R A 4
5 2 L P AR K I e R, T 25 5 5 5
O N IR A S N R e R
@ TR AN A 30 B AR TR 5 S8k
NiF, 77 He AR M S0 1R 5 [R5 R 2 I <
1.2 BOEEE BiF, ik

X AT R A AL Mk R B T 3 1), O
PR ELRE 2 AW 5 v S ) 7 R A X A A T T
Bl AR TSR M T A 1, B
I RAE P A P T 3 R 2 B 4L R
A0 E ARG BiF R B O R R R A AE
R IMERE o i W B BrF 2 SR 37 2840 30
FRRHRE A (10 mg Z245) , T4k 0 26 R0 4y s 4
£ BRR ) M LA L X R R . L,
VB LS AN 3L 25 R 2R 0 1) 2 Il — i
BT 700°C , i T-45 17 J@ MER AT 40, R G 3 L BeFs 3
HELL S8 A RIS 71 P T A, A AT R IR 4R 37
FNHIIE A H LA T % 0 S R o R AR
IREEIR X FRIR AOTFSE . 1T BE4F & J SR 80
e AR REB A SR 1R

WORTREL BrF ykJe y BrFs (4555 B WO AE
BB R B RE I T AE SR (R]R)
W, 9F 5 R ZE L L, 52 A ()
K2) o MOERAEAORIRR & T TR, B 0]

O

EASE o FH 2 AR AT 3 o 5 4, T [ S A B AR S Y
8" OFN 870 {1 (8" O (X B A HRARE i LA 3R
B S o b B 2 50, X MESS ) (an £ A
A O A 55 AT o8 A AL, 15 B0 Y 4 B 46
SR AT E LR ) b ARG A0 Y DL 43
BT L s 23T S 2 ] A R

SEIRHRGE HA 42 A R RE T BB TR
PSR, SR L A A R B . AR
WIS A R, LS ERBOMI R, XA
TNFA50°C Hh 125 2K E 3 x107° Pa D b 76 Fifh
FAS AR N G I AT 5 A5 09 BrFs UMK, i
THErE B R E AL RS G L. TR
AR, XS —FE i R AL, R R SR R 48
WIS R R TR R SR R B A
YISIANEZE RS, HRAR P B EH A B
5] A KBr #4BIF, WS 5% B4 19 BrFs 2 28 — A
RIZBraifl . AL T B gtk , I &
Hr=gia , 9 A5 B OR L U SRR, &
A S S,

5 BriF AR L, SEOCERER P T AR A i AT R
R 1 ~2 ANECE G, X A S A S R
TED SRR AR ZS 2 1 2 S R Z A e
SRR A R TR R o LR, PO RS R s AE
Mk [ 25 S8 v I BE (> 2000 K) |, {85 A 55 XA
I 1 SR AL 28 AL BRI o R ol — 0148 B R 1
FRO T F-B, ReABCE 5 B 35 4 1A T 40 S
1.3 BT8R

e R A T REN S B L DN (NP O = B A P
ERL A R R AR IE BT IE Y L B B ROt

H . ON w LV. HV
v P
> Vi > //, '%Ca(OH)z
JAN /'
w2l oo A ;X/%'
\/ \Vi -
5 | Aqr ATTA) [

P2 BBORERER Brbs SR A 3 5008 R 8¢

Fig.2 The sample preparation system of laser BrF; oxygen isotope technique

HV—mH A, LV—RH A,

— 843 —



%6 o

a

2013 4%

http: // www. ykes. ac. cn

WA R FEARZAEOU R, 4 A B Gl 450, 13
FAZ AR AT AN A A B A, R A 4R Tl o7 21 AT g
W1 ANE], MEOGERE BrFs 2k T2 R HOR
AREARIT FEAR BEBAL, EAE K 5| Y Cameca
IMS — 1280 7R85 4 0 de — IR B T Ik 5k
BT B RO ST B X DA AR 2R A AT
(K FALEHL LA 3) .

Pl 3 T EREHRPREN 2 TR
Fig.3  Sketch map of sample ionization during ion microprobe

analysis

HR kA 25 B TR A AR R 25 S 3R )
SEEE R RZ 2 nA —IK '™ Cs ' B FofE I 10 kV i
I He s i Bl 3R T, SR S 0 R O R B T4 10
pm K/, OGR4 10 wm JE [ X FERE
iR HE 5 RER/NZA 20 wm, DISEEASHHYHE
TAE S B T 100 wm §E [, Ok rp AR i) 2 T
TN . 2800 — 10 kV i HE Fe 42 B — IR B
T, 201 30 eV g i B i U8, BT 4 HER S 2500, LA
PP AR R B 00 A0, P41 0/7°0 B
PEPIAEBE— R T 0.2%0 ~0.3%0 (107) o {XAFFTHE
SIVRREIE SR AT 91500 45 A1 prifis , Horb 91500 4 ifE 4
F18%0 =9.9%0, MR 0/"°0 H{E 1T VSMOW
{E("*0/"°0 =0. 0020052 ) ¥ 1EJ5 , il AL % 5 4
TR IE 1 IMF RIAI% 5 19 810 fH.

1.4 ARSPEARGES

BRI 2R 43 BT 71k B R R A R
Y AR, BT 2att A A 5 52 3 e A& Rt ot
YRR RZ IR, AR R 07 2R 4L Bl USR5 A 0T 46
AN R A Tiob, F AR R 2R 534 7 15 I s
Fem 2, H HBe T80 . B, %
Ji R R B D . AR R e J B R O R BT
BrF RN F R AT o3 i 25 A AR A, ARG BE v

— 844 —

(AJ3K £0.05%0 ~ £0. 1%0) , & H T & Fh il a0 9
FIRERE BB, i SR AN REREA T ISR oA 5 s & Al
FERSR(— R £0. 5% ) K BIAE &5 F 40T B A
R AR A1, i 2 HORTACR T4 47 RO £
SR T

2 AR AR ke
2.1 ANPRAERE GRESCE) DFerb kg
2.1.1 A ERSCE

S5 [ B A7 1o S — S TR A 17000 km? 1 L
X, 5 K8, Friedman 257" 1 Hildreth
SRR S AT T AN A A A AR 57
I8, RI KBSy # A M BCE A AN E R0
BLINREATRECE" 0 5 U2 d F R K i B
AT G IR RV ZR S i R

UTAE SR — SO 57 3 L B 5 PR AT B R 84 R
BUETIBE S HEAT T8 W) 3 X AR R A 3R 20 B, B
OARF A PEBE i 2Z R AEAE R R 1 87 0 254k, ik 3]
1%0 ~ 2%0; Q45 A1 FURL K /NG 8" O FE7E M bk
AT AR 0 321 78 ) 4[] oL 3R 4L I AFAE 22001, 3
6% , K FRARR 85 1mi , L FRELA, T HLIX b 22 5 o R
A5 s @RS A LA S SE HA A ) Z TR A T4 R AL R AN
SHRRAS . IR EEE IR R W], B DS R E 2
F PR IR AR 1 4510 O (1 70 K 1L A S 3K
A R B AR 8" O AR SR R
Hildreth %5 Frd i 1) KK B A B
TG A 8" 0 A M HLHEAS & B . o B
15 8" O WBCE 1 T A IR 32 B R O B TR 4T
HEAT AT Wil DX AR ) (8 2R 20 A REAT A8 U A []
Yy kL 22 18] LA K ] — 4 490 AN ) 30 7 1) 4 [ 7 2K 728
Ak, T IX SR IR B 4 o R ) i L S TR) 62 3R 23 A
AREERENR o AR, SR 2 A e SR ) R
JE B oA AR S R AL R ST R R T 1]

5 fblth , Zheng 57 I PO HRE 48R 30 3 %
P G AL AE T AUE K a BT T ST, O
AR 8" 0 KZWe T vk JIMERT . 1M Wang 45 FIX1
S B TR R R R
Tt IRAE R A IR TN E IR 2528
2.1.2 JpM A - BERETR

TR A — BUAE b A2 [ P 4R TR o 23R F S 0T i
I Z AR R e, %k H PR AR A 2 B 4 A
R ZATIECS RV NI

PR O FE SR N A B A R ASHOR LT 5 AR
b, FHHERL Brls 3200 47 98 B M A0 BB o BE REER



5 6 4]

PR AR R R AR RS (4 o Ji

H32E

W (R AEE) DL it AT 1A R R 0, &
BIRMNAE B 4 A R R AR A UG T T B4R
i (7%0 ~ 10%0) , i HAK F il {8 (5. 2%0 ~
6.2%0) . FH I 80 BRI F NATE > KA >
BB > B FF A A KA s £y . 5
JEATYE — N AR 3R B T2 SRR [
FREE A T A 45 S IR, Rt A TR R A R A
AR . AN, ARV P 0k 1 AR 67 2R 3R RS (A7
FEUTE T : T gorw > Trise-mzn > T g » X
ARFPFE7R 1 3 PR Z 20 T 4 Bz il 0 A W 6 3R
A UL A RS, f G R E BT R AR S R
IR HRAE R T A9 B R i R 52 B A R T ke
A5 PN A AR 7R 95 N A b 7 A B B 870 ik
R AR, JE AR 8'° 0 S5 A o

F MR MR FLRE SR IR B B TR
AR BCE AR T BRI H L BrFs 3 4[R]3 = bF
. WHEBH A A 2 AR5 KA1 870 HA 1k
IN, G Bl R 7. 4%0 ~ 1. T%0 (-39 {E 7. 6%0 *
0. 1%0) , F1 BAE N 7. 8%0 ~ 8. 5%0 ( E-FIMH 8. 1%0 +
0.3%0) , KA N 6.3%0 ~ 7. 1%0 ( E-FI{H 6. 6%0 +
0. 3%o) , A1 S A AT 1 42U R A7 3R 20 AL T [ 131 351
HPIRAS , R BTN AH 5 A0 IR 32 B K A E T 52
Wi 5 T S AR A R A 60 A8 (bW 8, 4 A 15 H
3.5%0 ~7. 7%0 ( E-H4{E 4. 6%o + 1. 8%0) ; £1 HE(H K
6. 6%0 ~ 8. 5% (F-HIH 7. 3%0 = 0. 1%0) ;3 K £ K
0. 2%0 ~ 6. 8%o( F-HIH 3. 0%0 +2. T%0) , £1 P FIE A1
(1) 4 [0 2R 2H Al T A s AN P IR S, R BT 2 Al
32 B I KA AE T 0 250, eI N A IR 2
NG, A AP AT 6" 0 A —F, 560 £7 9%
JUT- A = 35 AR K B E R 2 25 m . PRIt
DAL IS A R 320 5% A A 0 1) S ) o 22 D S N A 4
AN REI BR, HMNAE XA H A BRI
80 HRAE . BRI SE Wt — B E IR N A K
8" 0 WHR A R K LA 7. 5%0 £ 1. 0%0, X LLE R Y
RS DR IR N AE B 2R IR T 8" 0 A 2K (2
WA—E,

B Wei 25 IR A6 B B HEAT T
B AR E R A R, 45 R R VIR B 7 e
B B = B BORE P B B R AT
8" O, JE B 4. 66%0 ~ 5. 13%0, F-FIMH 4. 92%o , W
TRT 5 A 48 R R B, 58 b, P EARERZ A
SR A b Ao N 1 S TN S N AN 5
U S AR LA AR 0 R A1 T M s Ay 1) S R 6
FALA R 0B T L AE A R B A iy 800 ]

3. 08%0 ~4. 27%0, E-HIH 3. 19%0 >, #— 5T
FW] e e AR R B R SR T R R A A
FOPA U B X AR B A 2R TR TR 87 0 By A
o TR 8" 0 MY A A T BER VR T g, By
Wei 254 I\ i 2648 b 4 T2 B 5 IR

)RS 4 RN s A 4 e AR R 36 i
J7k AR BIFFE E45 T3 PN AR i) 25 A TR BCEA TA
T, 3% FER R 95 N A8 1 25 RT RE 2 21 5 B 0 fE
IR AN [R5 AR AN 8] 0 30 A2 0T 32 I B9 3
YEFRZ I AT BEAEAEASTR], 15 45 38 5 0 SR R s
B AR R B A1 B R AL R i
Y, DM AL =15 AS [ A AR 4 A 10 A TR o7 R AL kA8 1k
R/, M A RS A, B A B S s Y 3 0]
TR RE ARG M, RE B AT b R A7 R W R AR R 2R
ZH N, FRES AT D I SR AR R R A L R,
WAL E X R EA FE A A A, Y Hes
A 0 R0 36 ARk i e R R 42
2.2 AR RS EEH E

I — T3 L7 A g A o 1) 4 ) o7 25
FURI AR M — TR . A 8" O (A 1
VR e TR LA 7 L X e e BRI SR %
DR 0 1A A SR T AT R R K %
RS R - R T AR R R T A %
8" 0 HAM AT M BAR A AR H , 18 72k FAT
80 i 8 T LA F) 30000 km® 7 K
— IR L I R AR A O o 5 4 e a] A
BLH — B2 AATTER T B T

WIS KA — T33O 5 F %
FREAIEAT T 1 H 0 O C R A 1 AU R 0
BFgE N R B AR A 6™ 0, il 4
T8 L AR 2 AR B R IR A B 8 O {FLAIR
B -9%0 ~ — 6%, T M 1B A4 SRR A Y
HE AT T4 20 A0 11 8" O B 4 K &= — 11%0 FI
—15%0") IR B3 M IX A6 50 R i 5 0 810
{EARZE —8%0 ~ —3%0 ™ . 454 ZFh 4y i 48 A iz
R, MT—BON R KA - J5E 1 117 A 2e AR
A W Gt i R) 78 = 8 20 8 e F 728 ot 2 il
At EL 2008 5 KA K BRIk AR 3R AR TG 800,
NI BE LR Sy (K WY AW e ey A A b 3 =
AR 80 BYZEIK, FHHEN T2 o FEk ek F 2
TR At S e 300 A B ok ) 1 A o e v e R K I
@E,:J%%[M,W—SS] .

SR, B3I 5 A 5 F IR IR Ao S8 IR 28 A B
SR K - DR 1 AR A AR TR B T

— 845 —



%6 o

http: // www. ykes. ac. cn

a

2013 4%

AR FUATE U k3RS T IRAY 8™ 0, 1M £ B2 7
SRR R A T R AR . Chen 25
ST A L (R A G K B 7 A R fe B
A REMERAR 8°0) B9 Je LI 5 AR R R A T
T BT IRE AL R AL R i, 5 R BOR B A
(R ER AN 30 EA I AR 1 60, WK 4 Fix,
4 SRR AR RV I 2 R R A SR ) — et
) e - QOB A R A R 2B EA TR 870, i
FHEBBRAS AN R 1 67 O 18 ; Q% A1 BB bt
AERS AR /N, B — A 6 O B B AR 10 8 %
QAR 80 F, Hih iy 8" 0 kX,
BIUNRRHE 25 4 5 00QL16 45 44 K% HB 1) 80 K4y H
T%o, SHER 80 KK - 2%0, T 3 A jE 2 HE Lk
FRETI 8"°0 K29k 2%0, 11EB 60 K29k —9%o.

10 F * FEMEA00QL16
. + B KA 99QL07
o:’ o K BRA99QL16
6 o B BEE00QL27
]
°\\° 2 F * E DP“'E‘II
o oo + o & i
2 o +
> , N oo o O o
2 sde o
LN © oo o 7 )
-6 o
+ + o
_10 Ig L0 ol 1 1

100 200 300 400 500 600 700 800
t/Ma
Pl 4 SRS A LI RE 3s A BE O RIR fR AR
Fig.4  In-situ oxygen isotopic compositions for zircons from

metamorphic rocks at Qinglongshan in the Sulu

[59]
orogen

X LT ) R 2 W, 5 5 2 L A T A B
80 (i FHRAL =B B TR R, 1A
S BTN N A = F L ZH . A, 3 R
R A S 1 8 A AR R IR T 3t W 25 47 670 i,
LT EATHH SR I T HA R 870 (A . F
IR S M () B A A% A W AT 1 870
YT EATHRIEA R o oI AR il bR e
AT T AR, 6 O (HER AN T 29 10%o, Ui
e 52 2 AL B A T AR (BA ) o

H1 S IRET A 5 FORBOEIRET A RIA R Y IR
PRl 2 B R A 5 1 L A2 o P 8 £ 0l By
R BEAE) A PR IR 7 JoCe 1) S A I, T
J e PR 2 e 8 T A 1, R PO ER B A I T Y
JeRERE AT, AN BEAT S0 X 0 A% A 2 R ) L[] £
BB, T3 — PR UR B 1 SR B AL 0 A BE A 3%

— 846 —

fipth o DRI AE BT 5T HAT W 5 A0 A% i 45 M 9 2 41
i, PSR A TR AT IR 04T o

3 4

SN CINAE N I s T R A S V2 G A N
05 1 EBE AT A MR MR AR R th T2
BB 5y 52 2] Jm W01 45 b st JB A T % 52 g, HL )
(R AUSME UG A A it A R L R A o5
S, H AR LR A I ik e e b i e 2, HUAfE
BT BOLA 1, IR, 1207 3 1 2R FH AOR B
Ao WOCIRED BrF 3k /MRS I i, 38 T 45 Fhoi
WY RERE R4, SR T AN BEREA T AL 0 A B T
PREF AT i vl LAEA T S 57 S R 62 38 20 A, 500
It R R R AR B B WO ; (H 5 HOE IR
Brs J5 A0 FEHRS BEFAAIR, HL A BR 85 A1 R
A5 DR T . AR T A A R A
WA EL , 540 BA T 3 14 A PAT UL B RS 1k L RE S A
ML PRAE A IR B U6 SR R 0 3R 2H AL, R I /e B AT B A
(A IO A A 1) 4 ) 6 3R A o i e %
JEIIXT G . SEE B A SUA I E AL FUE T TSR
WA, SRR 28 2 B T REAE FRUBDRL A ) RO B BT AR
RIGAEA , X A5 M TS 5 R B AT I o A ml
AR S i i R A0 CER A AT i — 2P 1Y
PR R H BRI A2 3R 20, ATTIA A SR 15 3 £
TECA "0 FHUE T WK EREEA I SHKE
A R 2R SR T B, T 2 TR B BRI 13
DXREAT 4RI 3R 0 M 45 R T, WK Ll s 4 5
JRE 2 F AR AR 1] 5 45 O R 300 L T 0
ESEEARIELEM S0 ERKMEH . X T IR
B A B0 AR AR T, AT
W3t A HAR B 1 8 O R 7E 3 7T ih AR JEUE T
IFARATH 14, (R fo o A 8 4 A U7 S [ o7 3R
SrAT IR 1 8" 0 F R AE =B 40 1 i IR R
FAE R PRI 8. PR, 724 J5 SUBURLE ) R
JEE L 1R SR TR R A A A IR 2 S R L R DT
K JETT 1 o

4 BEHK

[1] Taylor H P. The oxygen isotope geochemistry of igneous
rocks [ J]. Contributions to Mineralogy and Petrology,
1968, 19. 1 -71.

[2] Valley ] W, Cole D R. Stable isotope geochemistry [ J].
Reviews in Mineralogy and Geochemistry, 2001, 43 1 -
662.



5 6 4]

PR AR R R AR RS (4 o Ji

H32E

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

Jiang N, Chen J Z, Guo J H, Chang G H. In situ zircon
U-Pb, oxygen and hafnium isotopic compositions of
Jurassic granites from the North China craton; Evidence
for Triassic subduction of continental crust and
subsequent metamorphism-related "*0 depletion [ J].
Lithos, 2012, 142 — 143, 84 - 94.

Bindeman I N, Ponomareva V V, Bailey J C, Valley J] W.
Volcanic arc of Kamchatka; A province with high "0
magma sources and large-scale '*0/'°0 depletion of the
upper crust [ J]. Geochimica et Cosmochimica Acta,
2004, 68 841 —865.

Bindeman I N. Oxygen isotopes in mantle and crustal
magmas as revealed by single crystal analysis [ J].
Reviews in Mineralogy and Geochemistry, 2008, 69 . 445
-478.

Cherniak D J, Watson E B. Diffusion in Zircon [J].
Reviews in Mineralogy and Geochemistry, 2003, 53, 113
- 143.

Clayton R N, Mayeda T K. The use of bromine penta-
fluoride in the extraction of oxygen from oxides and
[J].
Cosmochimica Acta, 1963, 27, 43 -=52.
RO, FBIGr 8, B A . A E IRl 3% Bk fb 2 2 i
[M]. Jes st Rz AL , 1986 202 - 221.
AT BRARAL , EE TLEL BeF i ARl R 000 R 4 vh
CO, et ity e itk S 38 LT ). 45 M 22 WF 5, 2005, 25
(1): 115 -116.

DT, 25 SE . B R A ) S R 3R I R D7 i [ ]
B T 24402, 2006 ,12(3) « 378 —383.

FEST, T WP BERER TP A R L [T ). B4
A HER AL 38 47,2001 ,20(4) . 448 —450.
TIEI5, TP, 2R e, W R AR rb 4 IR) 1 3% 00 4
FARMFFELT]. HR 81,2002 ,48(Z1) : 271 -274.
Swann G E A, Leng M J. A review of diatom 6" 0 in

silicates for isotopic analysis Geochimica et

palaeoceanography [ J ]. Quaternary Science Reviews,
2009, 28(5-6) : 384 —398.

RN, REE T MR AR M SR P ST R ]
R 57E ,2010,41(4) : 645 —656.

BERZE A X 55 4 R . il AR L R LU
DE 8 73 AL AL BRI VR LT ] o3 bk oy, 2012, 12
1897 - 1901.

Mt R, KKK WOGERET o E R 3R 20 i =X
a1 DR AR AR S A R[]
Y R A7 41, 1997,16(3) « 191 - 196.
AR, O, KK KL OB IR ST 70 78 AU R L 3%
ERAESARTTE AR RN LT ). 35 AT 2% , 1998,5(1 -2)
283 -294.

SR, H G bk, Hoefs T, 8 53 5. 8 g A2 S £ 2o

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

[31]

(32]

PRI - AT R EAE T - AP R R B B4R T
FEEFL(0 -2050 m) &0 A4 R e [T ] A A
W2k ,2004,23(4) « 289 —297.

Valley ] W, Chiarenzelli J R, McLell ] M. Oxygen
isotope geochemistry of zircon [ J]. Earth and Planetary
Science Letters, 1994, 126, 187 -206.

King E M, Barrie C T, Valley J W. Hydrothermal
alteration of oxygen isotope ratios in quartz phenocrysts,
Kidd Creek mine,
preserved in zircon [ J]. Geology, 1997, 25. 1079 -
1082.

King E M, Valley ] W, Davis D W, Edwards G R.

Ontario; Magmatic values are

Oxygen isotope ratios of Archean plutonic zircons from
granite greenstone belts of the Superior Province:
of magmatic [ T]. Precambrian
Research, 1998, 92. 47 - 67.

AR, Wit , 280K, B T8 RO — IRk L
o AR U I M A1 R R R U - Ph AR RS
IEHE[ ], Bl 47,2003 ,48(2) : 110 - 119.
B, KK, B 74, Valley ] W. 7111 A £
FERE PR BUK — AR R AR L2 RS [ T]. B
i# 4% ,2001,46(1) . 8 —13.

FRUK, HSK K B TR B UK. R BRER A 5 A AL
AR LR AUR R CO, Ot IAL I #r [T ]. 59
fr i ERAL 2R ,2001,20(4) ; 428 - 430.

T, H R AR, 2 TLE. LA - BrFs — IRMS Fi% &
Gty 870 A1 6" 0 fE e [J]. Bl 4, 2000, 21
(3-4). 151 -152.

FRUK, KK IR ER 4 SRR 37 2R L B HOE 3 B
[J]. #2712 ,2003,10(2) : 279 -286.

TP BOCIRETRRE A 3R 20 B BOR 19 BUR Bk
JRHTR[J]. M- RT2%,2003,10(2) : 263 —268.
WRIEZY , Deloule E, B2 52, R}, ROThr. KAl - 95 &
AR S5 it A T XA TR 2 A TR 8 1 R B U
SAMEL)]. Bl i, 2003 ,48(16) : 1732 - 1739.
AR R, RS, R, XU T R [ . IR
AL I L LA B A R S AR B A
f HE - O [F 7 R B 29 [T]. oo [ RL 2 st BR A} 272,
2009,39(7) . 872 —887.

Indicator source

Valley J W. Oxygen Isotopes in Zircon [ J]. Reviews in
Mineralogy and Geochemistry, 2003, 53 . 343 —385.
Friedman I, Lipman P W, Obradovich J D, Gleason J
D, Christiansen R L. Meteoric water in magmas [ J].
Science, 1974, 184 . 1069 - 1072.

Hildreth W, Christiansen R L., O'Neil J R. Catastrophic
isotopic modification of rhyolitic magma at times of
caldera subsidence, Yellowstone Plateau Volcanic Field

[J]. Journal of Geophysical Research, 1984, 89. 8339
— 847 —



=W

i

K

6} 2013

o http: // www. ykes. ac. cn F
-8369. ultra-high-pressure metamorphic rocks from the Sulu

[33] Hildreth W, Halliday A N, Christiansen R L. Isotopic Terrain , eastern China [ J]. Geochimica et Cosmochimica

[34]

[35]

[36]

[37]

[38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

and chemical evidence concerning the genesis and

contamination of basaltic and rhyolitic magmas beneath

the Yellowstone Plateau Volcanic Field [ J]. Journal of

Petrology, 1991, 32. 63 - 138.

Bindeman I N, Valley ] W. The formation of low-8" 0
rhyolites  after
Wyoming, USA [J]. Geology, 2000, 28 719 - 722.
Bindeman 1 N, Valley J W. Low-8" O rhyolites from

caldera collapse at Yellowstone,

Yellowstone; Magmatic evolution based on analyses of

zircons and individual phenocrysts [ J]. Journal of

Petrology, 2001, 42. 1491 - 1517.

Bindeman I N, Fu B, Kita N, Valley J] W. Origin and
evolution of silicic magmatism at Yellowstone based on
ion microprobe analysis of isotopically zoned zircons
[J]. Journal of Petrology, 2008, 49, 163 —193.

Zheng Y ¥, Wu Y B, Gong B, Chen R X, Tang J,
Zhao Z F. Tectonic driving of Neoproterozoic glaciations :
Evidence from extreme oxygen isotope signature of
meteoric water in granite [ J ]. Earth and Planetary
Science Letters ,2007 ,256 ; 196 —210.

Wang X C, LiZ X, Li X H, Li Q L, Tang G Q, Zhang
Q R, Liu ®0

Neoproterozoic magmas in the South China block:

Y. Non-glacial origin for low
Evidence from new in-situ oxygen isotope analyses using
SIMS[ J]. Geology, 2011, 39, 735 —738.
XS, 7k R A B, 9550, B R R e R
PO AL A e AL A 78 Jo PR AE B o 2 FBS £
AR B A1 U = Ph AR [T ] A A 24l
2013,29(5) : 1511 —1524.

L, BAR A K6 AR 8™ O LR (1 559N 4K I

AL Yra A R A2 4, 1996,15(4) « 211 -
215.

F, VTE U AR IR B, B . IR M AR
HIVRIRL R T ] 5 W74, 1998 (3) : 303 -
308.

A BKR B TR TR A BLE B s SR R A

FRIERACAITFE[T]. A A4, 1999,15(2) « 224 -
236.

ML, KB T B ERES A BUIE R TE R
ARSI BOR A Nd — Sr — O[5 {32 28 3R A 27 11 24
[J]. B4 %4%,2001,17(1) : 95 —111.

Wei C S, Zhao Z F, Spicuzza M J. Zircon oxygen
isotopic constraint on the sources of late Mesozoic A-type
granites in eastern China [ J]. Chemical Geology, 2008,
250: 1 -15.

Yui T F, Rumble III D, Lo C H. Unusually low §*0

— 848 —

[46]

[47]

(48]

[49]

[50]

[51]

(52]

(53]

[54]

[55]

Acta, 1995, 59 . 2859 —2864.

Zheng Y F, Fu B, Gong B, Li S G. Extreme §" 0
depletion in eclogite from the Su-Lu terrane in East
China [ J]. European Journal of Mineralogy, 1996, 8.
317 -323.

Rumble III D, Yui T F. The Qinglongshan oxygen and
hydrogen isotope anomaly near Donghai in Jiangsu
Province , China [ J]. Geochimica et Cosmochimica Acta ,
1998, 62 3307 —3321.
Zheng Y F, Fu B, Li Y L, Xiao Y L, Li S G. Oxygen
and hydrogen isotope geochemistry of ultrahigh pressure
eclogites from the Dabie Mountains and the Sulu terrane
[J]. Earth and Planetary Science Letter, 1998, 155
113 -129.
Zheng Y F, Wu Y B, Chen F K, Gong B, Zhao Z F.
Zircon U-Pb and oxygen isotope evidence for a large
scale O depletion event in igneous rocks during the
Neoproterozoic [ J]. Geochimica et Cosmochimica Acta,
2004, 68 4145 -4165.
Tang J, Zheng Y F, Wu Y B, Gong B, Zha X P, Liu X
M. Zircon U-Pb age and geochemical constraints on the
tectonic affinity of the Jiaodong terrane in the Sulu
orogen, China [ J]. Precambrian Research, 2008, 161 .
389 —418.
Yui T F, Rumble III D, Chen C H, Lo C H. Stable
isotope characteristics of eclogites from the ultra-high-
pressure metamorphic terrain, east-central China [ J].
Chemical Geology, 1997, 137. 135 —147.

Zheng Y F, Fu B, Xiao Y L, Li Y L. Hydrogen and
oxygen isotope evidence for fluid-rock interactions in the
stages of pre- and post-UHP metamorphism in the Dabie
Mountains [ J]. Lithos, 1999, 46. 677 —693.

Zheng Y F, Wang Z R, Li S G, Zhao Z F. Oxygen
isotope equilibrium between eclogite minerals and its
Sm-Nd [T].
Geochimica et Cosmochimica Acta, 2002, 66; 625 —
634.

Zheng Y F, Fu B, Gong B, Li L. Stable isotope

constraints on mineral chronometer

geochemistry of ultrahigh pressure metamorphic rocks
from the Dabie-Sulu orogen in China: Implications for
geodynamics and fluid regime [ J]. Earth Science
Reviews, 2003, 62 105 - 161.

Xiao Y L, Hoefs J, van den Kerkhof A M, Fiebig J,
Zheng Y F. Fluid history of UHP metamorphism in Dabie
Shan, China; A fluid inclusion and oxygen isotope study

on the coesite-bearing eclogite from Bixiling [ J ].



5 6 4] PR AR R R AR RS (4 o Ji H32E

Contributions to Mineralogy and Petrology, 2000, 139 Zircon U-Pb age and O isotope evidence for
1 -16. Neoproterozoic  low-"*0  magmatism  during  super-
[56] Tang J, Zheng Y F, Wu Y B, Gong B, Liu X M. continental rifting in South China: Implications for the
Geochronology and geochemistry of metamorphic rocks in snowball earth event [ J]. American Journal of Science,
the Jiaobei terrane: Constraints on its tectonic affinity in 2008, 308 . 484 -516.
the Sulu orogen [ J]. Precambrian Research, 2007, 152 . [59] ChenY X, Zheng Y F, Chen R X, Zhang SB, Li Q L,
48 - 82. Dai M N, Chen L. Metamorphic growth and
[57] Zheng Y ¥, Zhang S B, Zhao Z F, Wu Y B, Li X, Li recrystallization of zircons in extremely "0 depleted
Z, Wu F Y. Contrasting zircon Hf and O isotopes in the rocks during eclogite-facies metamorphism: Evidence
two episodes of Neoproterozoic granitoids in South from U-Pb ages, trace elements, and O-Hf isotopes
China: Implications for growth and reworking of [ J]. Geochimica et Cosmochimica Acta, 2011, 75 4877
continental crust [ J]. Lithos, 2007, 96 127 —150. —4898.

[58] Zheng Y F, Gong B, Zhao Z F, Wu Y B, Chen F K.

Progress in the Application of Oxygen Isotopes in the Study of Petrogenesis

LI Tie-jun
(Key Laboratory of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences,
Beijing 100029, China)

Abstract; Since different types of rocks on the earth have different oxygen isotope compositions, they can be used
to discuss the origins of various rocks and it has become a powerful tool for studying petrology. For example,
determination on whether the granite was derived from metasedimentary or metavolcanic rocks based on its oxygen
isotope compositions can be established. For a complex massif, if rocks of different stages have significantly
different oxygen isotope compositions, the determination that they have been assimilated by other materials during
evolution of magmas, because there should be no evident oxygen isotope fractionation (less than 0.3%¢) during
chemical differentiation of magmas from mafic to felsic composition can be made. Analytical techniques of oxygen
isotope compositions include traditional BrFy, laser BrFs and ion microprobe and they reflect the development from
bulk analysis to microanalysis. Granites ( rhyolites) and metamorphic rocks are used as examples to show that
understandings of the origins of rocks have improved with the development of oxygen isotope composition analyses.
For both granites ( rhyolites) and metamorphic rocks, the ion microprobe in-situ analysis of oxygen isotope
composition gain new insights into the origins of rocks. Based on traditional BrFs method, the Suzhou granite was
suggested to have two different origins, a low-8" O origin and a normal 8" O origin. However, 8O values of
magmatic zircons acquired by laser BrFy analysis are 4. 92%o0 +0. 26%0, confirming that the Suzhou granite has a
low-8"0 magma origin that was derived from the crust. Similarly, the proposal drawn from traditional BrF; analysis
on whole rock and rock-forming minerals cannot explain the intergranular and intraparticle oxygen isotope variations
in the low-8"O rhyolites from the Yellowstone plateau which can only be gained by the ion microprobe method.
Based on laser BrFy analysis, the metamorphic rocks of the Sulu orogenic belt were considered to have acquired
their extremely negative 8" O values during the formation of their protoliths in the Neoproterozoic. However, recent
ion microprobe in-situ analysis of oxygen isotope compositions on zircon demonstrates that the Sulu metamorphic
rocks acquired their extremely negative 8" O values during the ultrahigh pressure metamorphism in the Triassic. The
study of distribution of oxygen isotopic composition in single gain is a new trend in the future.

Key words: oxygen isotope; progress in analytical method; granite; metamorphic rock; understanding on genesis
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