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R B RBERANXTACANARBBRBEFARNERFEZ - BRAMR RO LA IBRL
FHAREREBREEFANHBEIAZ—. AXMBETRAKRRART HRALELIBII BB ERMKEARE
AR EEREA CEABTUZEANR LR FEOAN ABEEATDURNEERN . TRAST KR
R, XERPNTHERYT BE EERTREREAMEMNRT REENHEETEISHORMAREEE

BFBER.

X@im BERMR REVEK BEREKX BmAE

HEEFES: P597.2

BERNUNERGEMWNEET KERALEHREFBAT
BN, FERAEUT =4 FEH:O APV RERXE
E; Q VYIEBBERE; @ B HERALEIEHEN (Rye
et al., 1974; Ohmoto et al., 1979, 1997; Ohmoto, 1986;
Taylor, 1974, 1979, 1997), BERMU R KR K E RER B
ARIHIRCEN IR BB LR R ET RO
T, i 10 4£3€, AMIE 2 B Ih b i Y AL R B R A B9
RE R BRAEFFHR P AKRBHBRERAZUEFHRE
B ERALAE(E B S BB R, B T s BN T 4 ot I Ak
AAARMBRAE S B BB ERURARTEILHEER
WA, AN FTEEEEZRT BARMBRAFTERRE
HECEM MAREXRENARARTRAFGEIANKER
URBERE T X LA NBRILENA, E—-EBE LR
HTAERGBHTRANEERDERKEML. BETAMN
ARG R IR T BRI RAEPY -~ EENE
BARKF, hERMRBREMBE AR ESTBEET
B A BERY

R ERE RE M EBRAELE, Flin —H L
BESER ARG ER T YU MEERN AR /B S
A A R KA P A2 /8 I %6 (Barnes, 1997), EX &
BR. 75y 9Y5REZARETLETRUERFEN T
WHRAERERAEXREE, MARY YT E R AR A
RETHIENZIGREEMBBRS. Bit, NAS 0%
BPARYHETHZRAERKEZEG T HRERGLE D E
FP B L A BN ABET YR RARERTE

* ERESAEMAFREZBRMRIAE (55 :G19990432005) BBIRF

XWERIRE: A

R H, FXBETRINRBY RBER MR KRR
BEARHKMALR .

1 P Y iE i R AR P4

HEMRBTYZAREAIFRE T I REHF
PLFE -4, & B A9 Yy X 1R o7 3 43 48 A2 A7 3t R B iR Y I 4R .
—J7 @, AT RAAR 38 [F) A 3 -4 16 RS 5 R PR 22 1) i W &
REUEF R4 B —H T, WAl R oA #5-3 B, K
BRMCEBEASHEFRMARTE, 5-5 BEMN-ABRE
BERMESESE LB ¥ AGPRER,WET B TR
BREFAMRZR, WEEFHTFHSAKRRAME LR, AE
L FAERESL2ERY, EATA KA ZE T 0 2UE %
R AR B TR .

1.1 $-6HER

MFH S-S EMAHMIETYWZHMEFTLTRMEFHH
FPRETF ANEVLEEHFTHHYE y 5 x ZEHRELER
FBEB o, THTREX:
10°Ina,,,~=38, - 8, (1)
AP, M, BUEy M x HFRME M (%), BEHR(1),
B3.
8,=3,+ 10°Ina,_, (2)
RHEREDEy WS HAEREYR <M, HESZRPHE
BRBEAER, 0B 1R, SEPHEEASHEFNE~LE
BER(FRAZ) Lo, RUHFBQEXMBEMNRFIEXH L

EERMN BT, B, 1959 F4%, 1, #8, TEAFRURBRLETR.

WUHR 3 : 2000-11-03; 28 H 38 : 2000-12-09, H&FH 448 .
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Ox
1 8,-5, EIfELH N P& 58 (K0 REF &
SECELHE)
Fig. 1 3-8 diagram for testing equilibrium or

disequilibrium fractionation

Gregory 2% (1986) %t -0 FEH M R BB T T RO B

R.BUT 3 ZMEFHRU R LR BEER RN E
REMERUE—-R M HBERAR, 0B FHA
HRIXKER HAMK-EERERMBERS O FRER.
Gregory F(1989)A 1 T 8, 5 5, MM H¥EMEXLFER:
8,=m3,+b (3)
APEE o IFHYBy A xE—FFEBHT(BEXBRN K
RN EREH 2, /b, BN EZBRSW FBRE DRMNE
THRBEREERLMEGBEH. HEm WEXR:
m=[1-(1-F)%*%]/F (4)
APRMLRLHRIBF EXY:
F=:::)—_—ale (5)
XP o BRy HxZAMWESBREE o REFEMEF
B, HFOSFS1,EF HEBRWTOHERPELEHHE
mEHER, BRA OB F=1,8HERZIFHSIE, B
TS BB PRBFERN 1 HFRE,

BTN, HFFT (b, /b )EET 16, HEH
AXBHTYNESSERIBAUELAHEN 1 WEL
b BB EAEEETVYPHT HAFEEILIMEBENE
#1(Zheng et al., 1998) ; & FH T WHBERERFE LKA, B @
EEHFRNESRNAERBEE—A /1 HESR
HEH, XEA ERENEPEEFRHZARLEZRR

s ERFEELUEET 1. Hik, RI1EELH 6-0 @S
FEHN 1 HREXZRREFUEXRYFERS. XITHE
wREA MEYHZANRMEECRBELNTE TERTK
BRERERBEFRAER"(WERAXHYEMRSHRNTEF
T, — MM E R H0 X E CO, J#Z SO, 8R[S0, 12 %),
boRcitog S Yl & ol S PR S iR = e
REFREBHN, XIMERTRCLBETHEAFRRIE:O A
Z Kushikino £F EAR-FTRAXNH AR M ZHE(T XA
5);Q BREMHHAEREBMBE- AW P HF R
% (Zheng, 1991); @ #H Harz IU Bad Grund #&8## K 7
WA - AT BB 15 AL 3 345 (Zheng et al. , 1993a),

AEEHBESCEBPERAER:O HRBEAK
3 5 SRk B KM K3 (Gregory & Cnss, 1986) .5 ¥ 2 [d]
MAMEMEAABREBRELEEH:O # R BB B4
SAHEERAETFH(RBESER) . By P2 R R A
4318 4 B 81 %% (Richards et al., 1996).
1.2 SAHR

ESABRBRP USEHTYRHIEN y B . UT YK A
Hh ¥ HAMEFEHRNERZAELE «(H2), —
M X FRACHE 1 fM 2)HAGR HEHEAMCEHAR
A
S.=.x "8 + 1,8, (6)
AP ThHsREARR, 2, W HWERPIR.B o1+ = 1
ESAZEEP, RERBFESL, THX(6)ER:
O =x2°A T 0,

O =—x1"B2* 3,

(7a)
(7b)

(] ] k o | (] 1 L J | -

B2 WEHARRFEH A2 0 BIEEE
(3% Zheng, 1992)
Fig. 2 Theoretical 3-A diagram for coexisting phases

1 and 2 in a four-phase closed system
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HpAL=8 -8 RMNBAUBRBERUTRE:O© hRF
H1I5H2ZHBERER QS HARAKRFR:@ M1 5M2
ZRIMFEM R HRETIRERANEM S e E,
MikZ s AEEFMA AR, B 2 + 2, = 1,0, E &6
R, AN EBERANKEEERS, BAERFMHL EHH
(R, Him, MKF T Hamersley FHBRE R AR
PMEXREN, ELEEZIE DAE RRENEEY
(Becker ct al., 1976), FEABRABT K HEESHAHZ
FERFAMETR NN, ELEE BN S HAE, R
& .Y AN LS A[S0, ). BR.FBR(MERARE
MARKFHRMEOSAEREZRFAREREBAEH. Gregory
%:(1986) M1 Criss 2% (1987) % F 5-0 B R 38, 4 th T F ik
EPRERTHRENNRER . IS RTUHERLHN
3-A FRER, XEFRERATR.

T et R F S s A kR S, 5 40 A 3L A K
., RIERBTFEER.4:

S =xz,°8 + xS+ x3°8+ 1478 (8)
KB r+tzytastr=1. MEH1IFMEIESH2MMH4 L
BEREEBERMLR(HW*S.20.PCH D), H:

3 >8,>8,>38, 9
A EAMBESHRHEXERNTRESN:

8 =arAptd (10a)
5%=—aryApth (10b)
ERUEFEEGT,ARERRENER, EHAKREA
F.AEARET YN —ARNERBESARBEER A
MR MR RA %0 R LR BRI T RT M
BE ARERNAANRCRRE SENXMERTHRERES
FRR Yy B9 H X Ho B, IR o Y S K B O fE IR R I R B4k
BIR) A 2 4 A, BB e T DL R R B # W A9 IR X (Zheng,
1992), XAMiG AT S8 A 3 Ak E B2 F El Te-
niente A RT KEOB-KFET M HOHRBE L EEL, FritE
MREMELERERRT U LN EG B R %Y B g
B ¥k (Zheng, 1991),

Gregory £ (1986)FIF 3-3 M P HZ M BEMH 1B
AANERESER. BT IATHG S TRMEFEKE, B
SOEMPIARVE L BHAFEEXRIINT 54 BFEP
AHEBEBBEAARTSHROTEAEL, B vl 82 #% 44
B SAXERML. WTF -~ HHAKE, TURERE
BT s-ABEMBYP ., EI Gregory % (1986)38 H , A H M 7]
NEFHHRBTENEARREERFAMER FHM/R
FEhFR. AN, AHRARRERENRS  BSRARAER
LRNHRADTUHRF AL RARE HSAUSEBELER A
HEHRMERER SEMNREALESERENTIES
HTHAEE BRESARSGENERAMR LERE £
BIR/NER T R R hBHER &R /BRAL S B0 Lo B IR AR B
N 84S (B 45 R W R A B B TR o2 3 4B R, BB O T LA R OR
A EX (ST 11; Zheng, 1991),

FEREFHENT AR NFRMRBUBNIRL, Bl
SAEMTEKMBEANMARLARRTRETHE, BRXK
FEAREAEN 4 MBI ERPIETFEHRLEZROHRYK
FRERX,BRHTUENESEAEMRER, UAHRAA
B X 3 R Ao 2 o (F 80 3R B M G S 4T D R S T O B R A T A
e B

2 PBWHEAK AFRMRER

2.1 AEESRER

RSN EST RN YR LS, AT
BB PUR. AdhBEEAARBPRANERSEER
H,0.CO,.CH, 1 H,S, I TXESFHA) S5WERKZNE
FE—-EWRAMEME BRI ERBESTRBENR
MREREERE ERERTYNRAURARSRTH
FAEREGTHARERN. CRARBKRED RO HER
BERE 38 BE B4 [& 1% T 3% X, BE EE J7 @ W /D T %L /) (Barnes,
1997) , BB 675 4 B 4k 7 b RO 5 o 8 S S 8R40 O 8 A A BB OE
HRFRHER,.CO, ZENMEFTBANENFTRER. £
CO, ES M RA UL B2 b, 77 R b 0 30 # 40 8 B Ak
Ry Eamk ERMEARMEL(Zheng, 1990),

(1) —MER

BELECO, BBEPHBEBRRYBRSFBRAZHEER
il R, R LSRR ARGE R RRA .
(11)
AP FRCO, ZERERTRBOERDI, aco, - wp
CO, SHEZAMBMEMBRE, > f1 3 RUBNBLEN
FA) B % LB

L, FBamRERMRERMLEGTZETERR.
Ou =8u — (1- F,) 10°Inaymz - mi (12)
AP FRIBAGRERBERKPHTENERSE. L
iR REBEVENRE,

HFHFBAURREH CO, 53, BEFETIE
BIRE:
Btk = Ok
MHARPILEN RO RARS:

3w = O + F2r 10°nayms - —

S = dp — (1- F1)*10°Inaco, -

(13)

(1- F1)*10lnaco, - »ms (14)
EHRMSBBAT . AARCRARTATARSR:

St = S + InFy10°lnaco, -

IR 3 , B 1 45 R % T4k R L R A BRI W AT R N

Slpw = Opu + InFr - 10%Ina s - ma

(15)

(16)
XE HTHABES -HRER ANREPRENTFBRER
PEEAWRS:

dyma =Os + InF110°Inaco - mu +

(1+1nF,) 10 naymz - s (17)
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MFE, AR — B/ HO XNE,CO, EEKMEBRA
WEMHAEAFRNRARNHERFRAARE, BAHR, XHEY
EWEEEN, FTRANERERIELAT BB SHRY
.81 CO, (aq) \H,CO;.[HCO, 1" M[CO; 1>, AR,
COESHMFTRAVRTUEEBT WA EANBEAMESA
Bo BECO, EEMERNBMNERIB S ABRALE R
FRME%E, 0.
Fi=1 - Tco, (18)
(19)
AP 200, HER CO, PRI BRI B X(1)MAT)
Fi 0 F, TH z0 fUB, BARKLK-VIREAT FIREW
R RARS

Sima = dww — Zco," 10°Inaco, - wp +

FZZFI- xoo2=1 - 2.1'(:02

(1-22c0,) * 10°In@ 7 - mak (202)
FERF ES-UIEER LA -
Symr = Oku +In(1-— .1:002) . lOslnacoz_uu{ +
[1+1n(1 - 2200,) 1 10°Ina 55 - s (20b)

PRPIERUELS>BEENIRYHERRED
H,COs[ B CO,(aq) R FF#E IR [HCO; 17 , % H,CO; 5§ CO,
(@) 2 1) BB F G & MR FE LU T 3B 816 R (Ohmoto, 1972):
8PCiyyc0,~ 8"°Cro, (21)
B B TT 5 B R o R R R H,CO; F[HCO,; ] 7 #p 4% 3%
HRKBITESIHE,

(2) H,CO; fE R L E M B BBYFH

MEREF[HCO,] R, EM pHENBERPREE
P H,CO; BERFE. ERAEIFR T, IS RAHRA
ARMEEARR:
8 Crma =8 °Chup + (1 - 22c0,) ' 10°Ina sz - co,

6180)\,-55 = 8‘80%”* +(1- 21‘}:02) . 103lna7,-';; -co, -

(22a)

z'coz . 1031na002. H,0 (22b)
A o, HER CO, HHMK BRI
IR, A
MChpn = Chu + [1+In(1 - 21@2)]'1031na7,-55_002
(23a)
30y g = 8'°0pu + [1+In(1 - 2200, 1+ 10°Ina g -0+
In(1- x};oz)'loslnacoz_ﬂzo (23b)
(3) [HCO;] e N X EMBRBMYF
P& IR B B AR FD CO, 4 EW /S, WAk A pH B 0,
RBPEBROEESBRYARERT[HCO;) . BT
A5[HCO, ] ZHMKRMNE S EARTFHFEALE CO, 2
1] 9 4348 (Ohmoto et al. , 1979), X B BH CO, £S5 M IEH
HRAMKFREEARTEL H,CO; EMBERREEF
B M FHXERX,FH:
MChmp = Chu + (1~ 2zco,)" 1031na”5_ﬂw3— -

2001 %
I(‘oz‘loalna(‘ol_ﬂco; (24a)
3°0ymz =8O + (1 - 2200, ) 10°na yms no~
Ilcoz'loslnamz_“zo (24b)

Aol , X FRAKRE
3*Cymm =8"Cyay +In(1 - -Tcoz) . 103‘“‘"(‘02 Heo, ¥

[1+ In (1 “21‘(;02)]‘10311'1&75-“5_”(@3' (258)
380y, g = 8804 + In(1 - z'coz) . 103lna(~02_H20 +
[1+]n (1 —211(-02)]'1031naﬁg;5_“20 (25b)

B4 .CO, 5HCO; ]  ZRIMBKF M EMERK
(Ohmoto et al., 1979) A R 7 & A -H,0 & & i CO,-H,0 &
ANERUESBREOBKCE, 2000), EK CO, LG
BEBEMLENRRE RS, W[ h LEH AT R R
BHRARERCRARBERENTAER B3R, H
PEARLY HCO, hFTENBERKY M. B 3B 2L
[HCO;1" AEBMEBHRYF. XTMEXH,. HEKCO, $
BEERSB/NTO 20, HAMMMEK - HREELA ¢
EE-FHOGER Y :c.;ozj(:f‘ 0.2 1, HABIR A 3 CHE
LT K,

(4) X BARAFET X F®&A KK A

BARSFMNTFEAEBANENE =L EK$ .5
KRUBREHYREABRERFETRURKKLES, 4
B OAZERMBNARANTBAOURSBAKA BB
MRAY B AT RUAERBAENE. FBGSERNA
A—-RIEREREENARLRE FTRELE . EN548F
PIMRST HET HRTANRERARY URKLRT S5
Witk SETWHHMNASHNER-FROGATEIIE,
TR BT MHRE .

Matsuhisa % (1985) % §" X Kushikino 1 2 Bkl Arakawa 4
SHEIBANOREFTTHRAEARMEI W . SRU0E 4
MSHm. BaPFMAaR sPC*o e nE I RE
TRARBPHERRYPORE, B RATHAKRTH
BEHBVLERBE S CHONEL, B—FHEH.YRER
METRALTRAOREF LEEFRNKEZRNE
FAMSIBIFRANSRA, FHEEERRSEFTRAN
. BZB LI T ERASBRERATHEN . BYXERA
MEARAHEEMRERMEAR, FULRER—FRE.
XERGHRELSHZATESABRRESKEL T KES
KBRERA—B, #—% DRIBERGTHAHERET
VLN, MBEREFNAEEFRHREE DS ILETRAORE,
XBRBAKEIEE,

CO, ERREFESYFRFIBANEN—ITTREIR. 4
CO, Ak ERet, B pHEFA S, B AT BT HA,
ZREAXFIBTRAVIE. CO, XK SRR E R £
£ MEAEEEARATEE, ERHR CO, MEBEL, #F
WARMFBAEMO-NMOBRBEEMER 1IN EHEEN
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3 CO, EKIFIRMFTRATRSE S HBE MORAR TR Zheng, 1990)
BRARMRNEDY, TRARRAER, SUNRRRBHARRZAGT RA BRI AT, MRFHBFREEXK CO, 5 & HRER
S, BEFREMBBED 8°Copp= — 7%, 5" Osmow = 8%

Fig. 3 Effect of CO, degassing from a hydrothermal fluid on the isotope compositions of both carbon and oxygen in

precipitated calcite during batch and Rayleigh degassing-precipitation

(B S), RUAHEMFBAZATERUEFHFLLRE, PHFBOMNRE MEENIETART Co, E53BPH
B EMER SR FEBEERN 140~220C, HPHHAHE  BERE, X 5 AR ER RBAE R F B Matsuhisa
BEARFRATLEREN SCOMBEFMEAE -S%~ SUBS)FREINFTREAR ARMCESL, TEHESH
—7.5%ZH, RAR AX-FRAVNEATRERRER ZKNBIFR. CO, NI REBIRRERRRIARE PR E
EE5ERABTRKORAMBRELINER. MlH. BESFBASRERNTE, REPEMROMEE

BE CO, £S5 Kushikino 1 5k Arakawa 4 Bk RHOMHCO; M4 HBF R A C-*OZRPWIEM AL
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B4 BEBAFETEFRAKNKMERMEABR (#& Matsuchisa et al. , 1985)
B 5 A% Kushikimol Sk, ZHH K Arakawad k. HiSHR R EBFIM CO, RR-FRAIIERHE, B H,CO, 1 HCO; 4%

ARBCP R EBEBRY B EREEARE S, FARBBA 8" Oamow=

— 6% ;XS CO, WB/RS B G ML 0.05, 2H M 0.005, XF

H00; 7 E MMM, BRE X ST 8°Cpup= — 10. 5% T X F[HCO; 1™ H E MMM, BE £ S8 8°C= - 10.0%

Fig. 4 CO, degassing modeling for both carbon and oxygen isotope compositions of vein calcites from the Kushikino gold

-mining area in Japan (from Matsuchisa et al., 1985)

8" O s /%0

5 BABAREY RIEGAEMTBGHE
Cikog 304
B 51 fi#& Kushikino 1 8 0k, =R %E Arakawa 4 BBk, SHE R
#1 Clayton et al. (1972) A E-K 3 BHE M5 O'Nel et al (1969)
HWARE-KFBREESBD
Fig. 5 Oxygen isotope fractionation between coexisting quartz

and calcite from the Kushikino gold-mmging area in Japan

XF. MBHEH °0=-6.0%, FRANENEELE
=2 220~140C , BB H A& H,CO; 89 8'°C= - 10. 5%, &

TAEER S%HBE, T SO0<6bMBBLATHES-LRE
FRERER, X HRE R 220~160C . M TF 350> 6% 1
BOE R LI SO M B UC ALK, X B K F i S A %
H 2R T FB7EEE 160 ~ 140C T &b &P M H,CO, ¥
HHCO:] kR fE. BEWNKPOMBERFE, BT CO,
HIE K pH E K80 S B F M H,CO; 3 R [HCO, ]~ , i
BPC A -10.5%3H —10.0%, L AT B il &4 JiEA
ek, EFMEB MR EERE 140~ 160C BHE SRS
B 2RI RORERS SRS ELAGETRHEMN,

EREHHERA . SAFTESSRBHRFYHEL
VRN SRAESBITREME F&, B85 B (>160~
140C ) ik 9 LA H,CO; X £, L 095 M )7 i 71 7 220~
140CER TR —Hilk; % CO, ZXMBK S, MABR
BPERLUIHCO, ] HE . BEHBNFBAOAE 110CTHE.
2.2 ZRRAER

S5#RBTAIBAXRNBRLFBEERAT S H =ML
B.OHEKRES.Q RIK-EG/ER. QO REMRE. KK
RERBBT AN/ ZHRGT WTRNE LN, R EHE
EFRBARLE—FHE. AEBSER—FLORERN
B MARRE RO FEB IR T, HmEHR&
FHRAARENTRARE, BH A TRE-ELHEAEA,
BB IBPHYBLEFGRNAIREYTREDL,
WX HRBETUHTIRAEEBEER. L R=HE4IEN
AETYHREREARNS X, BMET KRS HR
PREENEIEHRR S
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(1) WHERE

TERYERS WP, 7 iR A B B 8% BE B 1B B 0 NaCl 3 CaCl,
BN, M —MF CaCO;, EEERILYMAEKER
SO RERREN, FROABEHTRETIE. BEWH
HBHEAFMBURRMLE r BA:
r=ma/mg (26)
KA mp B mpy AP AFRBEREYPHHEANEE, HE
ERESEMR, REEHR AFRMLEARN:
(1+ r)dC, = rd3C, + 813Cy (27a)
(1+ 7)8%0,, = r3'80, + 880 (27b)
XPFTH m AMBAINRABEY . REAHMB TR
Q72a)FMQMYER—MFR,HE .83
8’3CA— 813CB N 813038180,\ _ 813CA81303
BISOA—SISOB 81801\_8180B
WH B 80, M °C, BER—-ZEHZ,. ERFRUARFALL
BIRAMIE S (BRHEHS). TR E, B FREP HO0 K
A AR Z(0p/0,=~"%0,/%0,), S B E J W LUMR
Ko Btk AMBPRERUS —BE p & X0

3C,=8"%0, - (28)

P =Cp/Ca=="2Cy/MC, (29)
HRQ27a)EN:
(p+ r)dBC, = rd"C,o+ p3"3Cy (30)

MEFRME, FRQIRER . BEFERQTL) 30+

813(:?“{1k /O/oo

0 1 2 3 4 5 6 7
S'SO»W o

6 FRAKREASWRARGCERSME
(#% Zheng et al., 1993b)

Bk A(EK)H 5°C=0%,58'0=0%; Hik BUERKH
3C= ~T%,8"0=Th. p ARHIE B SHE A ZEEHE
L 204003 4=
Fig. 6 Carbon and oxygen isotope mixing curves of

fluid compositions for mixing of two fluids

r R TURH - BPOARREARLRBE TR
Slsom(SISCA _ pB”CB) + 8180m813cm(p — 1) + 813Cm(81805_
Pp3BOL) + (8130, Cy — 8180R31Cy) =0 (31)
BEEWHE TR, ANEY 30,0°C, M. ¥ p=18,58
GUEEFE N FR(28), 7 pF#1 WHERT , Wil & o9l 2 (10
THREMESH)BBRETHEAMNBPRMNEAMNIE, B6
WETHEK(RE A SARK(HE B REAM MCIOMH
R, Y pim KT 1HE/NF 16, WHEREREFRE,
MREFAREABPHEN - HRAREG T #EG,H
AEHAFRAFRMNERABRN S AERBETLE, W AR
ASHRAZREERMES®, BERE A LHCO]™ A
FHBRESRMK, KA B H,CO; X HBERR . BAK
FAREFAMUERETHTRITR:
Chrmam=[za(37Ca+ loslﬂ“ﬁﬂE—H(‘o; )+ p(1—z4)
(38Cy + 1031naﬂz,--mz)]/(p + xp— pra) (32a)
880, gz = 8805 + 10°Ina 5 - not 2A(8180, - 3'%0p)
(32b)
Az, ARBEWMEPRE AWERDIE Ina, , RARA
S x My ZEMFHEIERE. B7 3NBEREPIERN
FRAEMCIOEREMBAMAR, SH6 ML, FRE

O

)
= ]
O
i

- 250
<4 200
150

00

-

I | L L H

12 14 16 18 20 22 24
18,
o Owma /o/""'

K7 FWHREERBSFRENERARERVRHER
(% Zheng et al., 1993b)
B Wik AGEAK)BEE A S0C , K REI[HCO,] B £,85C=
0%, 8'%0=0% ; Ji ik BUAH KR E K 250C , P HKEL HCO,
HEC= ~T%,8%0=T%, p REXRAKBERE AZRL
REMBKE L
Fig. 7 Carbon and oxygen isotope mixing curves of

calcite compositions for mixing of two fluids
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AR EARSGHEHHEBEARFH,

(2) Fik-EEHERR

LSHAREFRGEANEN, RRARKEESSHWE
AZEESEENMEAR OFEAE TR ACESREE®L
WRRR, R=Z5%A AT By YHIR. HHHERME
AR URZF R ORKEE; C? M Fe  MEHEEF
HKBINERETXMER. WRIABGRBTFHE-AGTHE
A7 R UL TE , LB 4 B (o 38 4 A 3R BE B R 4 L 38 S 4
SHEEZRMRELER MW, RE-SAHNEERE
WHhRMFE M RA R AT 5 & 458X E (Taylor,
1977):

Wiy + R¥yg = Wl + kg (33)
AFEHR iR DHNRAMEIRE, W MR 25 RRRE
MEATPHRIAENETFIIN.

—BWE RESAGAENELERZHLTFRAMNERE
HWRE,EERBETHTHARMELE, PREHTEM
., ERBT(60~80C), i FAEERZMANER M
RXBEFE, KAREB T KSBRFELEARMCEAR. B
HARTRPIOCHERN B TFRAMELTHRBEEHH K, K
MERNEABRERETH. XBMBERRTRESER
TEHMB REREANBERMELE . RS F R
ROBEB(SEREA X)L R AR #6f 6) R B i i % 10
M MREBJFHERF G R AR h R EFHERE, N
MR (33)183:

Stk = Btk + 1 (S — V) (34)

X ABRERE PR BENRGCEARSBESR X,
Bp .

89C s =8 Co + 10°Ina s + o0%Cyq (359

(35b)
R Ay = s~ O, R /W RER I/ EH R AR

R/WRERH/ BT MATRL. BES wogpsl

MO Z I8 B X T, 5 A 7 B B F0 40 R 3 3 41 8L AT 5 7B
GS)k#tiR, XEEWEURRTRE-BAHIERTE
WEARNRERMRE, BERMEARYELTELSE
B E R A B A A SPC F0 SO Bk R E BEE A AR
R ERTFRZLERE L EUEELE. — 1k
I ERBE R/W=R"/W BBRBHKLE S HM®K.
AHETHRZ MR, X R_—EM,BXHEH °C f1 50
SR P S = K Y

B R/W MO.1 403 1, BB M 300T BE 3 50T,
PR TR 87C= — 7%, 3% 0= 8% , XFE T T B I H,CO,
HHCO; ] EAEERBHRABERHLE, ME 8 fim. £
BE ABCyug >0% M ABOLz > 0%, X B R B # 313C 1 8180
L HAAR , LIEY H,CO, Y EERMB YR AI X R R
HEMERA, Hig L, B8RP CO, ¥MTR/NFRESH

80, mr = 8" O + 10°Ina s m4.m,0 + %AISO#E

A ZENERER MR MERE, B VC" O BBAT
BE. W CO, SRMMMER I HFRER. BEBETH
BRREANBEIBHRETE. SHELSHEATHRERR
R, B pHEMBEERESFELXUNER,. XEH
Ohmoto(1972) 4 HiE B, &K L, Fidk pH HME B 5E
FTRAKVLE, M FHEAERERT S & 4£"C, A %0
ERTFARE T pHEMNKESIEMN, WHR(HCO;] £
ABREREENEBERYDAN, FRAKCHMBESL
B/ Bl FRE Y CaCO;-H,O KRB W, ] fff $°0 &
BEXR(E S, XEBIPERCLBERIMAXREBER
HIll Bad Grund RSP KT MAKM®R AR EAR.
BrARE/BEHELERRSIREET LN IENH, RV &
Pk B A I H 755 B (Zheng et al. , 1993c),

(3) A BA M XA A

BERTHFRANABRERS I —FHBEAIBR.EHE
SIBTBONBERIE. AR ECRENBANRERK
AR, BERMTREFEERZPR TN, IEHERWHR
FL 3R B B AR A BT b 7T, B O O 4 B9 ) 2 R AL R A Bk
il o BCHE I TF UK R AT o B R Oy B 15 3 2 #e 33 B (Taylor,
1974), FHERTFMFRUCRLHRBEERLHAEEHK.
ZEHOMCOHREMENFBA , R A&t 7 i &
BFEFETRE. YERMELH:

300+ (A Opmz -0~ 8°Omz)

R~ 50, o~ (370w ~ Opma-n0)
AP APO yEXSYZHMNERMEI HAR. XolWH
FTEATHRACE, BEREFAREEUIHCO,] #ER
T H RN K oco, R
W 8""Ciico; + (A Cyma - nco] ~ 8°Chms)
R T S Ghro; ~ (P Cm ~ 8°Crmrr o)

BRI T) MR, M S HHE T RE R
THBAOMENREARBHAR:

i3 — 13 13 - «l3 -
8°Crme = (8 Ci-lco3 +A C?ibui—ﬂco3 )— (8 C;-lu)3 +

(36)

(37)

w R
APCrpzi- HCO, ~ 33Cy gz VR THO; (38a)
o (6180’}{20 +A%Oy gz - Hzo) - (Bmo’l-lzc +
_w
A®Opmz-n0- 8 Oxsmrle ¥ (38b)

MTFHHARREH TR ARBREREKS S
FAZRBRAEEE, XFIFRT, ARG RN RETE
FBRMA(33)4&:

13 w - 13 - 13¢~ -
8 °Cyma * nco; (8°Chco; + A°Crmz - neo] )

3 —
4] C'fiﬁE - W
1+ orhco;

(39a)

\i4
3 Oymz + o (8°0k0 + A*Opma-no0)

w
1+R

30y = =

(39b)
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Fig. 8 Carbon and oxygen isotopic covariations of calcite precipitated due to fluid-rock interaction

BE—aKESKEFESHE 150C # 100T \xpco’”
HO3MO2HAZRMRLR. BIAHE THERRD S
MR R AR E ., EMEFHRER, 0T 3°C
ik, BREMEBNKCOBALERRESRNBETLHNH#
ARG EHR. MEANERADERBTREPHER
[HCO,] HMERIR MEREURTEASKERKZ
HERMELEER, WRETRBEPHRERL CO, E
KRFEAFHECO, 5 HOZHMLLARE —~EMNE/L KR
THBAKRAMERMEARE 2 E R 2% 8K (Santos
etal., 1995), XML RO 2 8k o Th b A 5k % 7 48 = s
Il St. Andreasberg S ST K B A KM . ARMLER A
BB ARB/BAAHEERARSRERT LB EENS, T
PR 32 R A B IR 24 W & N (Zheng et al. . 1993¢) .

2.3 M &

UEABT—EREFEIE AUTERBET L3’
P T CO, EXM_TRAEATSIEM T BA 3°C f s'®
O, XHEHFEE Vollmer(1976) MFH A RN ERE .
Taylor(1977) B Fi k-4 B M E 5 FB 70 Sverjensky (1981) B B%
MERAEMTEREMN. £ LEHEBNITES . HCO: (%
B CO)MIHCO; ] B SEMIMWBRTFAS. REBRT
B EEBEARELEN R, AEBIRAE LR
WA H,CO; BRIHCO, 1" REERBBMAER K,
F#EA.CO, 5[HCO, ] ZHMBEMNESERET B

Ohmoto %(1979), A 5 H,O ZH WA R R BRK
51 H O'Neil et al. (1969),C0; 5 H,0 Z [A1 &y & Fl L |5 &
EBE 8 Truesdell(1974), B4, — BB E H,CO; 5 CO, 1Y
R R H—8E, B A& CO, M4 EW A Fa & HC0; K
#b 75 (Ohmoto et al. , 1979),

ERBEGT RESHFRAIEROBREARCRZHRE
AR, O LA A R A Z R R Rk S B (RS R A A
BEE)ZEAATRMEFH. Bt ERURZRIBRT,
NFEMERARE REERBERDPTRETROBH/
FBUE. XEHENNAFRERTYRER SRBEREE
BT E. AMARSEHERT, EEW LA NRBEI KL
AEFTYREAERE T FE. Banner F(1990) A H TH
BERANAK-SHEAAIBRTRUERMABTEELRY
EMtE,

M T R T LUR 5 R A i 8P C-8P oMK A
REUHHEHREESG(E D) . AEHRE-SAHEFERT
I8 BE BN (HLCOs J E B MR MRYF B 8), & h 7 i
AEWAE A (B 9 RE, RAMAZNBRZBT H & E
HEFEAPRMEEAR.

B—FHE. FEEMPCEMOMEMRKETA CO, £
SR PR ERE. FEAMN HCO, FERREHT
ERMABRE, HMARIE B, A[HCO, ] FEMF&F
VA EA, L PC- O A BEEMXME. XHBIHE
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Fig. 9 Carbon and oxygen isotopic covariations of limestone

due to hydrothermal alteration

BS5U HCO, P EMBLREYS. BLHABRT 4%
dBC-3Om X, WA 3A F xco, =0.4 WML R E
CO, ZRER 0.4 mol RAELHFMERAREREPLFR
Ko, HFAEPBB/BBUIHCO, " wEN , ERBETHEM
CO, E85AHTHREN MG . H 3 C it 80 F /.
HRARTLRRE . RERBHRERSHRABERERAREE
B, RIEF OB AFCEAR, ERAE LTSRN =
FARRBEHRBHE:O SRRERBERE, L ’CEH
FEHHBEHE( - 9% ~ — 4% ) .30 M 6 B 15% (K #i
FRERTERBLEN SR ENTHRE) Q@ KB AR
TABEPCESGEABEANKEM (- 30% ~ —20%),8'%0
fE/NT 0% ;D gk, 2 83C F1 5"%0 H B IE 0%, FEHEH
PBT R AN MR BRERFRERTRATLEMNFEE,
WHRFRATEGFRE M RART S RAER SO REEESR
B, HPHMHR4ERNEEARAAE LHERAFEE
B SERRAE . B0 . 7 B R AR IR BE & R B KB R R 4
ERBHNBE-HRELFAFREBESESHE. RaE
WOERERERBATIRRSIERRTBA SPCPOMALBY
WA, BARABENFHFRENBEZRBEATMAMESA
BERBRNZPUFFRTR. B4 . REEEIRENSH
RAEMEER TERERACEARFILE. BERER
ZWARHECERARN LA BEENECEARTRE,

EBRERERBARIIENRA CORMEF HXHFREN
BHAAL. FRAROHEINNEIARNEAIERIER
HHR(Zheng et al , 1993c), Y—EHFESERZ —Y 41,
Bp el 3t AR ORI BB B AR LR MBI E -

3 P RBREARKER

RETHRTWHIRFLRHAEA N E TFHEX R AE
S . MHZEERHMERHMAERERN. EHAKRESE
HF.ARFYAESERRBERRIERK AT REME
AL, B, FERLF fo -pH B THR R HOBE I (R 4L 2 4L
M, B2 @R R F{H (Zheng et al . 1993a). EFHKRZH
T.RUBAEARRBEFHEEAENEEREZ - MX 35
—RERAFHRARSERAMNART YR E A EEANRELD
TR ERNLE. NS L EE ST YU IE 8 5% B A
AN [F B R IR A 1 I R AL s R L W B[R] 4 R
HARMEE, B LUK ARET VRS E R IRLEH
WA TR AN AN AT YR E A2 B8R 550 00E &
AL F E BRI,

3.1 $4s-AMs EmR

HET A MSANS BB Y B ARREHRTH/EH
25 [ i 2 44 B (Pickney et al. , 1972) 45 5] R MR F B 2L M
HADT PR EARE MSAMSKHB ELEFTIFE
HEMERH BN (Feld et al., 1976; Shelton et al., 1982),
Ohmoto(1986) 18 Hi , ERXF HF HELARE THI RGO #
BERRE /AP ELEES O R SHERE;Q® ¥
i S ALY —RER[SO,)*” 5§ H,S ZH KR &L
#,@ HANT Y AENER,

LEBR AR ARBEPIEN AP URETHE
RSO, 12~ F1 H,S. BB I 72 58 5 AR 2 5 40 [5] 67 3 4 it o
BEEXNEHYHZRAMRAMELHENRETH:
8855 = Tamu 8 Swma + 508" S50, + Tannd Sany +

71,55 Su s (40)
APz, AE BB PROERGH. AR 2 =1, &
PSAMSER L RETFEEEESG)ERATIIHESR
HXFEX:

3 Samu = a1 A*Sgwy mum b (41a)
(41b)
(42a)
(42b)

3*Spm = — az' A Sumn -wnm * 0
ﬁ*ialzxmttw"'fﬂzs
a;= rgma t Iso,

b=08"Sss+ zon A Sma -so, ¥ T A Smm-ns

(42¢)

X% 84S AMS BRI M AT, Zheng(1991) R
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RO HARELAGHTERABAHIB IR NEX

B StAETYN AMSEMN FEESE BESRH SR
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4
@)
@x 5"2‘%5%
o
e
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2 2

A Sguman - sisay [ Yoo
o & o 44

B 10 StFFEERERE:- ALY X3 B R L R A iy *S-A%S
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Fig. 10 Schematic 5**S-A*S diagram for coexisting sulfate

-sulfide pairs showing equilibrium vs disequilibrium process

BE X 834S-0%S B , Zheng(1991) Xf % 84 B 7 35 &
S ERNELGE (Anh) MEET (PY)Y RN EARET T
WS(E11), Z T WT Y SHSEMMF FHRALEEX
#:
3Spn=0.19-A%S, ;. +15.1
3%*Sp,= —0.81-A%*Spy_p, +15.1
XBAERERSH ¢,=0.19, FALFERFH a,=0.81;
BE =151, A —ERTRABEZEHEH MSHENRN
15. 1% . FEKT MM FREN H,S LS, B HBH
Sy NI BE /N T 15. 1%, LB AEA *SHEN 15.2% ~

(43)

19.1% HE MSwmE4mb- =S HiiBHEARN ™S
fH(16% ~ 18% )#H XY, Bt B A VIR I ; LW H 5 1 84S
N 0.4% ~10.2% ,FL MK S M5 Y b K i NP H &
BN SMSH(~0%) MY AU REA KRR, sa*S
EEMMARR RBEEFRABESKASHRBREBBEAK
ARG BEAEVANETENEE 1), FRRERER
AEBPHINETREXC KPR ARBEERB X
L Bad Grund 89 KE S A MBI KRR MK AR, 8
AEBEBERASREMEKARBAERARIRESRAGY
L8 EEHLB(Zheng et al. , 1993a),
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Fig. 11 8*S-A*S diagram for coexisting anhydrite and

B 11

pyrite pairs from the Luohe porphyrite iron deposit in Anhui
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YHRRAMLRAREERBRBRAMNERARAR, EET O
D, ARZBERRIVGRAUERANEEZ L, FBHEET
T OHBERMEAREENE, WENTRESHBEHE
B BURBLA X, AT R A P FE R BL . Zheng % (1993d) L A
FAEBER, S RBT T R G LY U A S
W

5Sama = 5 Sim + z(1+InF) - 10%nas?™ s (442)
8 Spuiper = 8>S + 2(1+ InF)+ [10°Inaggygy 15~
(1-2)10°lhas” —ns] (44a)
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B, XN FRRET YRR, x=1/(1+ FR); 3 FH
YT PTRERB, x = F/(1+ FR).

BRI ARG, AT YRR RAR RNk
TREEBFEFHNSE. WARETEABRAXN TEER
B9 Lo B (Zheng et al. , 1993d), HHBETWM[SO,1*" HE
HEH DR H,S R b IREnt, 3 5™ G0 LR #% if J A
ERBMEEATHHER SSHARNBREERTHAE
BSMSHH(E 12a), MK, HHAMT PN LS HEBESH
R[S0, 1P W P TR, 3 8™S (A 1T LA B & B ] A B
BrB M FHHRE % VS EHBBE B B EXTWHRER S
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SHAN - 3% RN BTN >SHAXRAR . BET
Bt + 6% (Zheng et al. , 1993d), X HEZERC 2RI
AR A B EE % 1) Bad Grund 8887 K E & A 5 € R
PLERT, AR BAR S HME RO B RN B R IR
P1(Zheng et al. , 1993a),

3.3 SRENREENE

H Obmoto(1972) BRI LB T fo, 1 pH X4 #4 WU B IF]
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B B[] oy

20 | L | T 7 1 7
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R L R B E X R IR X, S TR AR PR TE R B IR A
AR MEB LR E RIIRIEFE
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Fig. 12 Influence of the fraction of sulfur remaining in hydrothermal solution on the sulfur isotope composition of sulfate and

sulfide during Rayleigh-type precipitation



$20% 1Y

BAE: BERURAREBRE R LT KRk 0 A 69

HEEE, HATHRRED BRFRATBARAFLREK
FRARGRAEXNELH, NAK/EATRERTFEIR,
ERITTH CaCO, AMBFBRIL EHRBREBERBHRE
¥ RSB BAETIR. ARG HRBIHBERKRE
B H,CO, 8, A M E R AL R 4R T 8°C-8"0 H @
EREAHRG HAMRBE BATHHEKREAGTIRA
SPC-PO MR R M B LI BB E 'R [HCO; ]~
W, 05 A B R R R LR E 3VC-3"0 B L 2E KPR
Ao MK/ EXBRBETENR, BERBPOBEERY
[HCO; 1™ , B B3 77 i 11 BB AR £ ] HURAE 8°C-3°0 &
%2 B ECRR A, RARBUR T 2% R BE 0 A Bk R
E il

X TR0 RERE R A ] Ak &R W, AR LR i
RE, BSBABERIEMGELDT W50 E 6% 4 RE ™
S-oMs B b 2 RHER AN KA AN 2R B R A, L A9 B R B %
HMERENTYERATHHEE BEBARTHASEM
BFERBE ;B R KMER TER PR /B
Bl ARRB B K B /D S EEAFH R ANFFALRA
B, PO AT LA R SRR AR R .

BRI 50 Yy UUTE B B P OB T, L R 1 7R 0
FAENITEAH CO, £5-CCO; LEER, 5 H &
[HCO, ]~ 8L H,CO, (145 % ## 19 CO, ) 1E 9 P38 9 B 75 1 B 7
%X, GREBH LURBPHBBBEEN H,CO; B, BA
BRI O R A RTE 8 °C-3O EIfE L BRI, HH KN
EEATFHAKRTHBA PCH0 MR E,; BRK
W R EE N [HCO, ] "ot A KR E R A RARE
PCO M L BIEKFRES .

BLA G ARG IR, 5 3 HEAT B AR 2 AR AL ) DU E B B4
FEROS PR, SREBH, R W #H E A R HRA
PRETREEFBEPHN D E, T ERE T HAOHAEN FE
FHALH, HHEBRETIMNUISO, " AEHSHLB
H,S W3 WK th BT E BT , 3L 8%S (B 7T LABE # B B A B B 8 e
MrB AR FOIRE R SMSHEL BB E M T UWHER
MSH. MR, HRAEOTVUNUHS HEHSEL R
(SO P~ My R Ui dERt, 3 S*SETUNE B BRBIBH B
MOEFHIMHBEB S EHEAIBEXFWHBER S H.

BAES O BRFORURBARANBE BT RS
HHEERARFLREE RESERLP";0 AH 0
KRR AEFRRDBEFRR” . REFRXEANRGTEIRE
TR GETHRREESTEREE;Q RITNERHBRR
R R AR BN R R E R, AL R bR AL 2B 5
Rz —RERBTH R B X R, BpEANE
BTFRINIBERB RS, B E 85 B b Lk
BRHMBHEHTHZ—,

SEIH

KK, BRITEE. 2000. BERMURMLRMALZEIM]. X BFELHR

tt. 316 |.

Banner ] L, Hanson G N. 1990. Calculation of simultaneous 1sotopic and
trace element vanations durning water-rock interaction with appllcatlons
to carbonate diagrenesis [J]. Geochim. Cosmochim. Acta, 54: 3123
~3137

Barnes H L 1997 Geochemustry of Hydrothermal Ore Deposits [ M].
3rd Edition. New York: John Wiley and Sons. 972p.

Becker R H, Clayton R N. 1976. Oxygen 1sotope study of a Precambrian
banded iron formation, Hamersley Range, western Australia [ J]
Geochim Cosmochim. Acta. 40: 1153 ~1166.

Clayton R N, O’ Neil ] R, Mayeda T K. 1972 Oxygen 1sotope ex-
change between quartz and water [J] J. Geophys. Res., B77: 3057
~3067

Criss R E, Gregory RT, Taylor HP Jr 1987 Kinetic theory of oxygen
isotope exchange between minerals and water [J]. Geochim. Cos-
mochim. Acta, 51: 1099~ 1108.

Field C W, Gustafson L B. 1976. Sulphur 1sotopes in the porphyry cop-
per deposit at El Salvador, Chile [J]. Econ. Geol., 71: 1533 ~1548.

Gregory R T, Cnss R E. 1986. Isotopic exchange in open and closed
systems [J]. Rev Mineral , 16: 91~127.

Gregory R T, Taylor H P Jr. 1986. Non-equilibrium, metasomatic
BOA1%() effects 1 upper mantle mineral assemblages [J]1. Contrib
Mineral Petrol. , 93: 124~135.

Gregory R T, Cirss R E, Taylor H P Jr. 1989 Oxygen 1sotope ex-
change kinetics of muineral pairs 1in closed and open systems: Applica-
tions to problems of hydrothermal alteration of igneous rocks and Pre-
cambrnian iron formations [J]). Chem. Geol , 75;: 1~42,

Matsuhisa Y, Monshita Y, Sato T. 1985. Oxygen and carbon isotope
variations 1n gold-bearings hydrothermal veins in the Kushikino mining
area, southern Kyushu, Japan [J]. Econ. Geol., 80: 283~293.

O’Neil J R, Clayton R N, Mayada T K. 1969. Oxygen 1sotope fracuon-
ation 1n divalent metal carbonates [J]. J. Chem. Phys., 51: 5547~
5558

Ohmoto H 1972 Systematics of sulfur and carbon 1sotopes mn hydrother-
mal ore deposits [J]. Econ. Geol., 67: 551~579.

Ohmoto H, Rye R O. 1979. Isotopes of sulfur and carbon[ A]. In:
Bernes H L ed. Geochemistry of Hydrothermal Ore Deposits [C]. 2nd
Edition. New York: John Wiley and Sons. 509 ~567.

Ohmoto H, Lasaga A C. 1982. Kinetics of reactions between aqueous
sulfates and sulfides in hydrothermal systems [J]. Geochim. Cos-
mochim. Acta, 46; 1727 ~1745.

Ohmoto H. 1986. Stable isotope of ore deposits [J]. Rev. Mineral. ,
16: 491 ~560.

Ohmoto H, Goldhaber M B. 1997. Sulfur and carbon sotopesf A]. In:
Barnes H L ed. Geochemistry of Hydrothermal Ore Deposits [C). 3rd
Edition. New York: John Wiley and Sons. 517~611.

Pickney D M, Rafter T A 1972 Fractionation of sulphur 1sotopes dur-
ing ore deposition in the Upper Mississippr Valley zinc-lead district
[J]. Eeon. Geol., 67: 315~328

Richards I J, Labotka T C, Gregory R T. 1996. Contrasting stable 1so-

tope behavior between calcite and dolomite marbles, Lone Mountain,



70 K

i I} 2001 4

Neveda [J]. Contrib Mineral. Petrol., 123; 202~221

Rye R O, Ohmoto H. 1974 Sulfur and carbon 1sotopes and ore genesis:
a review [J]. Econ. Geol , 69: 826~842

Santos R V, Clayton R N. 1995. Variations of oxygen and carbon iso-
topes in carbonautes: A study of Brazihan alkaline complexes []].
Geochim. Cosmochim Acta, 59: 1339~1352.

Shelton K L, Rye D M 1982. Sulfur isotopic composition of ores from
Mines Gaspe, Quebec: An example of sulfate-sulfide isotope disequilib-
rium 1n ore-forming fluds with applications to other porphyry-type de-
posits (J]. Econ Geol , 77: 1688~1709

Sverjensky D A 1981 Isotopic alteration of carbonate host rocks as a
function of water to rock ratio { An example from the Upper Mississip-
pt Valley zinc-lead district {J] Econ. Geol., 76: 154~ 157

Taylor H P Jr. 1974. The application of oxygen and hydrogen isotope
studies to problems of hydrothermal alteration and ore deposition [ J]
Econ Geol., 69: 843 ~883

Taylor HP Jr 1977. Oxygen and hygrogen 1sotope studies of plutonic
gramtic rocks [J]. Earth Planet Sci Let.. 38: 177~210.

Taylor HP Jr. 1979. Oxygen and hydrogen isotope relationships in hy-
drothermal mineral deposits{ A]. In: Barnes H L ed. Geochemstry of
Hydrothermal Ore Deposits [ C]. 2nd Edition. New York: John Wiley
and Sons. 236 ~277

Taylor HP Jr. 1997. Oxygen and hydrogen 1sotope relationships in hy-
drothermal mineral deposits{ A]. In: Barnes H L ed Geochemustry of
Hydrothermal Ore Deposits [C] 3rd Edition. New York: John Wiley
and Sons. 229~ 302.

Truesdell A H. 1974. Oxygen 1sotope activites and concentrations in
aqueous salt solutions at elevated temperatures-Conseqences for 1sotope
geochemistry [J]. Earth Planet Sci Lett , 23: 387 ~396

Vollmer R. 1976. Rb-Sr and U-Th-Pb systematics of alkaline rocks: the
alkahine rocks from Italy [J]. Geochim. Cosmochim. Acta. 40: 283
~295.

Zhang R H
volcanic basin hydrothermal system of the Middle to Lower Yangtze

River Valley [J] Econ Geol., 81: 32~45

1986. Sulphur isotopes and pyrnite-anhydrite equilibnia n a

Zhao R. 1987. Sulphur 1sotope coexisting-equilibrium fractionation model
of hydrothermal flud and the minerals crystallized {J] Chinese Sai
Bull , 32; 1188~1192

Zheng Y F. 1990 Carbon-oxygen wsotopic covariation in hydrothermal
calcite duning degassing of CO,: A quantitative evaluation and applica-
tion to the Kushikino gold mining area in Japan [J] Mineral Deposita,
25: 246 ~250

Zheng Y F
sulphide in hydrothermal ore deposits: Disequilibriurmn vs
processes [J] Terra Nova, 3: 510~516

1991. Sulphur isotope fractionation between sulphate and

cquilibrium

Zheng Y F  1992. Discussion on the use of 8-A diagram in interpreting
stable 1sotope data [J]. Eur. J. Mineral , 4: 635~643

Zheng Y F, Hoefs J. 1993a. Stable isotopic geochemistry of hydrother-
mal mineralizations 1n the Harz Mountains: II. Sulfur and oxygen 1so-
topes of sulfides and sulfate and constraints on metallogenctic models
[J]. Monograph Series on Mineral Deposits, 30: 211 ~229

Zheng Y F, Hoefs ] 1993b Carbon and oxygen 1sotopic covariations
hydrothermal calcites: Theoretical modeling on mixing processes and
application to Pb-Zn deposits in the Harz Mountains, Germany [ J]
Mineral Deposita, 28: 79 ~89.

Zheng Y F, Hoefs J] 1993c¢ Stable 1sotopic geochemistry of hydrother-
mal mineralizations in the Harz Mountains: I Carbon and oxygen 1so-
topes of carbonates and implications for the onigin of hydrothermal flu-
1ds [J]. Monograph Series on Mineral Deposits, 30: 169 ~ 187.

Zheng Y F, Hoefs ]
fur 1sotope composition of hydrothermal solutions ] ]
105: 259~269

Zheng Y F, Fu B. 1998 Estimation of oxygen diffusivity from anion

1993d Effects of mineral precipitation on the sul-
Chem. Geol.,

porosity 1 mnerals [J]. Geochem. J., 32; 71 ~89.

Theoretical Modeling of Stable Isotope Systems and Its Applications
to Geochemistry of Hydrothermal ore Deposits

Zheng Yongfei
(Department of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026)

Key words: stable isotope, hydrothermal ore deposit, quantitative modeling, geochemistry
Abstract

Stable isotope approach has become one of the most important means in modern earth sciences. Theoretical
modeling of stable isotope systems and its geochemical applications have occpied the frontiers of isotope geochem-
istry in the last decade. This paper summarizes a number of quantitative models aimed at accounting for stable
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The Space-Time Relationship of Gold to Lead-Zinc
Mineralization and Its Application

Wang Dongbo', Shao Shicai', Liu Guoping' and Xu Yong’
(1 Beijing Institute of Geology for Mineral Resources, Beijing 100012; 2 State Administration of Nonferrous
Metals Industry, Beijing 100814)

Key words: gold deposit, lead-zinc deposit, time-space distribution, ore-forming fluid
Abstract

In 1990s, some medium-large-size gold deposits were sucessively discovered in such lead-zinc metallogenic
belts of China as the Qinling lead-zinc metallogenic belt in Shaanxi Province and Gansu Province, and the
Qingchengzi lead-zinc orefield in Liaoning province. Gold deposits and lead-zinc deposits spatially coexist in the
same tectonic unit, whereas lead-zinc orebodies commonly occur beneath gold orebodies, with gold mineralization
being obviously younger than lead-zinc mineralization.

According to the preliminary geological-geochemical study, lead-zinc precipitated from the marine sedimen-
tary-exhalative system characterized by high water/rock ratio, high salinity and abundant chlorides; at the same
time, most of gold was transported into epithermal plume and primarily accumulated in sediments. At late
(magmatism) metamorphism-tectonism stage, gold migrated into the medium-high temperature metamorphic
fluids characterized by low water/rock ratio and low activity of chlorides, and precipitated at the favorable struc-
tural site. In the same tectonic unit, therefore, the coexistence of gold and lead-zinc deposits and the separation
of gold from lead-zinc resulted from the differences in chemical constituents and circulation forms of ore-forming
fluids. Such a space-time relationship between gold and lead-zinc can be used as a criterion in mineral explo-
ration. According to the space-time relationship of gold to lead-zinc mineralization, greater importance should be
attached to the prospecting for gold and lead-zinc deposits in Proterozoic rifts and Paleozoic depressed basins of
China.
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isotope variation during hydrothermal mineralizations. These models involve judgement of isotope equilibrium
between hydrothermal minerals, reservoir effect of hydrothermal degassing and mineral precipitation on isotopic
composition, two-member mixing relevant to ore genesis which includes mixing of two different sorts of fluids,
mineral precipitation due to fluid mixing or fluid-rock interaction, and secondary alteration of hydrothermal cal-
cite. The models place quantitative constrains on isotope geothermometry, tracing of fluid origin, and mecha-

nism of hydrothermal mineralization.



