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Middle-stage 6D-depletion in ore fluids of sulfide-bearing lode deposits:
Examples and origin
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1. Key Laboratory for Metallogenic Dynamics, Guangzhou Institute of Geochemistry, Chinese Academy of Sci Guangzhou 510640, China;
2. Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sci Peking University, Beijing 100871, China

Abstract: The metallogenic process of most sulfide-bearing lode deposits includes three stages. Three generations,
from early to late, pyrite-quartz, polymetallic sulfides and carbonate veinlets, were formed in these three stages,
respectively. In this paper the middle-stage 8D-depletion in fluid is that the 8D ratio of middle middle-stage fluid is
lower than those of either the early- or the late-stages along with gradual 8'®0 decrease (or increase if there is) of
fluid from early to late. Through listing the 8'*0 and 3D data of several sulfide-bearing lode deposits, the
phenomenon is evidenced. Considering that the majority of sulfides precipitated in the middle stage, we believe that
H* in HS~ or H:S dissolved in fluid system was replaced by metallic ions, and released into fluid (water) during
sulfide-precipitation, resulting in the middle-stage 8D-depletion. A brief calculation of 1000lna for H.O-H.S
system in the temperature span of 200 — 650 °C shows that 6D of H.S or HS" is lower than 8D of H,0O by 211%0 ~
478%o. This means that, a slight H*-release form H.S or HS - can cause obvious 8D-decrease in fluids. Hence it is
suggested that the drastic middle-stage 8D-depletion together with gradual 5'*0-decrease from early to late stages
can be taken as a conceptual model for hydrogen-oxygen isotope evolution of sulfide-bearing lode deposits.

Key words: sulfide-bearing lode deposit; ore fluid; middle-stage §D-depletion; H-O-isotope evolution; conceptual
model
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Table 1 8D and 80 values (%) of ore fluids of several gold deposits
in the Xiong'er Mountains

Py forsy By B’

B 80w SDw  HiESL
+E  X9206 B:330C 2.4 -81 Xmk[18]
+E  X9206 H:250%T -0.7 -8 X#R[18]
FEHE X925 B:330C 2.0 -82  3WR[18]
EE  X9225 H:230C -2.1 -84 3CWR[18]
L' s8 H:330C 4.2 -68 k(18]
+E S8  H:230C 0.7 -89  IXWk[18]
EE X9215 B:340%C 5.8 -72  3CWR(18]
KB HE1 FE:310C 8.9 -56 JCWk[16]
eXE HBR1 $:220C 5.0 -84 XWR[16]
EF®E HK&2 E:310C 8.4 -68 xmk[16]
SFE B2 h.220C 4.4 -70 XER{16]

B FH631 B.:320C 7.7 -62  X#k[17]

By FH631 1:230°C 3.9 -73  X#(17]
By FH6I3 8:320C 6.9 -64 XWR(18]

Bl FH6I3  H1:230C 3.1 =72 X#R(18]
W HA BR.400C 7.8 =71 3X#k(16]
WEW A $:280C 3.8 -77 X#k([16]
¥EW HB  B:400C 7.6 -68 XWR[18]
WFH BB 290 4.6 -76 3XWR[18]
HWFEA Q9806 H.350C 6.5 -68 X#I[9]
W Q9806  H:220C .3 -72  Xm(9]
MWW Q9801 B340 C 6.0 -78  ICWRI9]
WFEH Q9801 H:220C 1.1 =79 X#I9)
HEW Q9804 §:320% s.1 =70  X#Ri9)
WM Q9804 ;250 C 2.3 -79  XWI9)
WEB Q9860 H: 230 T 0.4 -102 X#W[9]

80 WK T A - BT M B (BEKRE),

# Chen et al. -2 FE&H RERILXNE
Bk &7 BB R, K KB ik §°0 WEB
Bt 8. 1%0, B 2. 9%o, AR HBRBER - 1. 1%0
(#£2); 6D NEBTBE - 78%0, BIEZE K Bt ~ 103%o,
RIS EDIRNTE -66% (£2), LRAREMER
HFAR RGBT K KSBEKENL, PR 8D
TR B KB G TLRE RT3

1.2 AEEELXANHSKPIERY

1% Chen et al.'s ), WIBHRIPIPRY =T RE
W& HN, T ERRFERERBERERN TR
HFIRLFIFE S IR &P K—8, & THE
FoR 7 BT IR, Holgk & &/ B RS R RS
1 &R R Y BRI A ok ) T TR LA R
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Table 2 8D and 5"0 values of ore fluids of the Shangong gold deposit (from Chen et al. 1'*')

He A S (RSB RE) 7Y 8D (%)  5"0 (%0) 5"*0w (%) BE (T) BB &
1 FH LA IR (PD3cm10) A% 11.2 5.9(5.0-6.7)  350(320 ~ 380) B
2 B LM H Bk (PD3cmd-13) "E -179 1.7 6.4(5.5-7.2)  350(320 ~380) B
3 B LRI AT (PD3cm12-14) A 10.4 5.1(4.2~5.9)  350(320 ~380) 1]
4 5 LM A 3Bk (PD3cm14-30) A% 10.7 5.4(4.5~6.2)  350(320 ~ 380) L
5 ¥ LA XK (PD11cm10-2) A% 10.4 5.1(4.2~5.9)  350(320 ~ 380) B
6 A LA KK (ZLY-1) A% 11.7 6.4(5.5~7.2)  350(320 ~380) B
7 A (PD3em4-ZLY-2) A& 12.6 7.3(6.4~8.1)  350(320 ~380) B
8 BEOZHMA KR (PDlym1J1) S 15.5 10.2(9.1~11.0)  350(320 ~ 380) A
9 A% A PRAEATE (PDlyml]5) g 14.3 9.0(8.1~9.8) 350(320 ~ 380) B
10 BB GhMAXMARE PD3 A% -1 12.2 6.9(6.0~7.7)  350(320 ~380) 8
11 BEHY AR A XA BRE PD3 A% -83 16.7 11.4(10.3~12.2)  350(320 ~ 380) =X
12 Ry AP A EABRE PD3 % -66 15.7 10.4(9.3~11.2)  350(320 ~ 380) =3
13 BEHT A PR A X fBE PDI A% -88 15.1 9.8(8.7~10.6)  350(320 ~380) 7
14 BEHT A iR XA A PDS E 4 -84 14.0 8.7(7.8~9.5)  350(320 ~380) )
15 RHY AR EMABRE PDT A% 17.9 12.6(11.5~13.4)  350(320 ~380) B
16 T APMARATEE (QLZH-1) A% 15.3 10.0(8.9~10.8)  350(320 ~ 380) B
17 ¥ AP ARATE (QLZH-2) A% 15.8 10.5(9.4~11.3)  350(320 ~ 380) B
18 BT G WA EA S (RZ/PD3) A% -73 12.2 6.9(6.0~7.7)  350(320 ~380) L3
19 AR P& A A (PDlymlbt2) &la=ha -76 11.7 5.9(5.7~17.7) 307 (300 ~ 380) 82

ERBRTH(&RS 1~19) -78 8.1(4.2~13.4) -]
20 P BREEBRRILYEEKS2-1) a%k -94 11.4 2.4(0.9~4.5)  250(220 ~300) i
21 PHRESRRAYEEH(S12-1) A% -102 10.9 1.9(0.4~4.0)  250(220 ~ 300) L
22 PR REERRAYEEK(S1-2) A% -1n3 13.5 4.5(3.0~6.6)  250(220 ~300) th

TR BFE (%S 20 ~22) - 103 2.9(0.4~6.6) h
23 &KH =AM (PD1-23) 3=k 10.2 -1.7(-5.7-0.1) 170(120 ~200) %
24 FHAYHEAEAMK(PDIymlemdc2) HKHAZRA -176 10.6 -2.0(-5.3~0.5) 160(120 ~200) %
25 BAZA - HERBK(PD3cm6df1) %HZAB 13.1 -0.6(-2.8~3.0) 145(120 ~200) %
26 BHRANT A %A -56 %

BB B T (% 5 23 - 26) -66 -1.4(-5.7~3.0) %

FEAR A B PP R BK o AP SFARA ) U AR
BBy B K I BB B SREk AL (R 3), 80
M %o, 2 2%0, BEIEH — 2%0; 8D A - 90%0, BRI E
- 109%0, RfGHE EHRHT B - 80%0, TILM ALY
LEEET LB,

1.3 BREER EEERFHRBEEYH

#E Zhang et ol. " FITKFRE ) RS RIS
FHRBRENFHE - REHRBET £ Xyl
LW, EER TRl B8R ER HRLET R
B L& KB fERYIRI 4% 3 e, e T
LB B BT LB RIS AR R AL B . AT BB
2408 VSRR IR ERE R R R
YREERBEY EE, AT BRETHEBKMX

SFEAKBEHRER T B HAERLE, BED HENE
Wi B 78 o I 1) B B B R SRR K B e AR 4 TT L
B, &RILT KRG B 6D K - 86%0 ~ ~79%0,
B BB ZE — 97%o, BB BX B F+ 2 - 66%0 ~ — 63%o,
PHE 6D THBE  LILT KRB 8D K - 80%0,
FR B - 105%0 ~ - T1%0(EH — 84%0) , e BR X
- 69%0, B/ T HET B 6D THHASR . BT KER
BRZ BB 6D B, HEHIE 6D K - 77%0, T
FBR 6D = - 100%0, BRF BB 5D AR
Ko BZ3NTRKHYEFHE 6D SHAR.
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Table 3 8D and 80 ratios (%o) of ore fluids

of the Tieluping Ag deposit

£5 SHESY AT RkE RRAGCKERE (%)
Table 5 8D and 6"O ratios (%o) of ore fluids
of the Yindongpe gold deposit

#: 518 Chen et al. M),

BREBER, VRENZHEKAAE A E5RE
WRWR S EH], 7R LABRCR = 0, H T R
RO R, TR AR A R AT

%4 ERLETHATHREE BRLEAR (%) (SMOW #5ifE)
Table 4 8D and 8"0 ratios (%¢) of ore fluids of the Jinlongshan gold belt

HE WEFYP oDv  50u 0w 1 (T) BEHER S 79 BRIMBR 60se 6'0v 6Dy :(T)

TS7 A%k -8 156 9.8 373 B 99H09 A% B 14.4 10.8 -65 423

TS8 A% -9 155 9.7 373 B 99H11 FHH il 12.4 4.4 -68 272

TS1S A% -84 142 8.4 373 B 99HI8 FH th 1.7 4.0 -74 2M
TS0 HE -0 137 79 373 8 99H34 FH th 12.4 4.6 -73 277

T -90 14.8 9.0 B 99H3IS A th 12.3 4.0 -71 263

TS17 H¥x -109 13.0 2 233 3 99H40 FAE e 12.5 4.9 -79 280

TS10 Hf@AG -88 11.8 -0.2 158 % Ty 12.3 4.4 -73

TSIl HRE -60 10.5 -1.6 158 % 99H36 A  HK 10.1 1.3 -84 253

S14 JF@RE  -74 109 -1.2 158 % 99H37 A% FK 12.5 29 -8 237

TS16 Hf&A ~70 1.4 -0.7 158 -] 1y 2.1 -82

T3 A% -70 1.5 -1.5 203 ] 99H31 A % 11.1 0.0 -73 210

TS A -68 9.8 -3.2 203 B 99H2T FAHE ® 11.8 0.7 -71 210

Ti0 A% ~-60 8.9 -4.1 203 % ¥y 11.5 0.4 -72

9301 FfRE 8.9 -3.1 158 % % 3| ARBE,

9302 HRA 8.7 -3.4 158 %

9303 HRA 8.6 -3.5 158 %

9304 HREA 1227 +0.6 158 % B A RRE IR ST WRHE, BHFREBHER
(9307 A 114 =07 18w fURER(RS) RYIRG Wbk NS SRR e KR

P ~-70 -1.9 % KAWL, T 6D NEBrBRI - 65%0, RFEZ BT

Bt - 13%c AP B BRI - 82%0, [EBIFF EHEHBLHY
- 72%0, BB /R T PETE 6D SHIAK,

15 HBEGEEBRRETH

BERAHREFEFEN BRETHNTEE
ARFFTLARS 120 km 91 F 35 3R
—4, WRILFETHRERIHE
R TIH 46, BTN

U3 # 5 B & CkZ

6Dw

8"0n

&l JPD52-1 B: &9 A%
&kl J153-2 B: &9k aHE
&kl JPD7-Ca PE#Th  FEIRA
&Rl Jmg3 B Mib ik HEa
&R J-mg-4 W BRIk FRAa
&Rl JomgS % Bl ;)25
E#  qPDO-32 R 4wk bF 3
E¥  gPD7-Ca LRk 2 V3.2
EW Q304-7 85k TRE
B Q304-7 h: B A%

i 3 ¥ $ (n=3)

E# Q30462 B BREREL V1.2
E¥  Q304-6-5 B BEREhL V322
.35 Y30-1 B &9t <E 3
ER Y3631 8Tk RBEHMA

=79
- 86
~-97
~66
-63
-66
-80
~ 105
-76
~71
-84
-69
-69
~77
-100

25.1
25.9
22.7
17.9
16.5
16.5
25.3
21.8
22.3
25.5

22.0
22.1
23.0
6.7

0 () g R L S
11:83 220 EEL" %ﬁﬁmﬁﬁg?ﬁﬁiﬁ
13.16 198 *%ﬁgﬁ% - ﬁ%% - %&‘i;‘é‘

s.se 154 BERBEERERELRA
w14 154 KR, REBEFERZHETEH
414 154 BE-BEV R, ZL2BEHL
13.85 213 Vb BRI RREE B B, BB
12.26 198 BRYBERT 370 C, FHE
.64 180 AT 220 ~370 TZH], BHB
13.07 20 fEF 220 C, BEEFPERR

PR R, RAORFREORT
Do EEARBRTESREY, ]

s.03 20 B31EHKS 12 SKZEFE
-1.85 200 BRKER, BHET HESER

E: FIAKBER,

MBI 80 BHTFFAE, 8D &
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B WAL B 6D SHABREA —EHTEE
Heo YR, XEHREERY BRSNS
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F, ZXRTEENRE, ARZFIETE ARG

O, 1 H R 2N BIRR, TER4r oD (KA
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R — R R 7 Gt B AL ER A SR AT
WA, TiefIrFE, BEEMMERZRLY
AAF: (1) BHMIRESS; () KEMHEER;
) EmRAsE; WDRRBKES.

METALIE S, Sk RE%EEGEEDT
KAERATEROEEEYY (WL, iz
BR ERANRELEARS TEES, HFK
T 8T, WOk, BEE S5 & FIKE BUY BT,
Wt B i R A B AR AR, TS BT BB Hh BLBCIR B R
BrEt oD MRS o

ERARGLERBIHEIBHERT, B
RS E KA E, TRRABMEESKEE
E R H,0.H:S fil CH, %, X & F A LK
BB TN, FRERL X FBER T 6D A&, mA

*6 RESYTHRATRENE  EEUKBR (%)
Table 6 8D and 8'*0 ratios (%0) of ore fluids of the Wangfeng gold belt

Be . A #® By B 500 5"0w 8D ¢ (C)

BO10 12 Bk ¥k B 12.2 >10.4 -79 > 535

wo1 12 BBk A%k B 12.1 8.5 -84 423(382 ~452)

w04 12 S5k AR B 13.2 9.2 -78 403(381 ~ 503)

T38 12 2k YD2 5000 BgERE 7 13.1 9.1 -79 403(5% W04)

w03 12 8k A%k B(#) 13.6 8.9 -87 373(273 ~ 426)

¥ B 9.2 -81

wo2 12 Sk AEK H(R) 12.4 5.8 -96 307(241 ~ 535}

W06 12 Sk AEK $(8) 11.9 6.5 -94 348(286 ~ 381)

w10 12 BBk AXBK () 13.5 6.0 -9 283(205 ~ 457)

w1l 12 85 AR L 12.8 5.7 -81 294(250 ~ 357)

wi2 12 55k AR L 12.6 4.5 -100 294(250 ~ 357)

R} 5 5.7 -93

B012 12 Sk A% % 12.6 1.3 -12 206

133 12 Sk 2 E T ¥ 13.2 1.9 206

1 ) 1.6 -72

wi8 31 Sk AEEK B 9.5 >17.9 -78 > 550

w20 31 Bk GERK & 8.0 2.9 - 104 358(353 ~ 364)
B034-2 31 E5k AEK P 8.6 2.3 -95 318(5% B037)

B037 31 Bk 7AE L 9.5 3.2 -94 318

T96 31 ik 6 S BERECT XA & 10.7 3.2 283

™1 31 Sk 11 51 ik WAL AR & 10.1 2.4 279

1y 2.8 -98

w17 31 Bk ARk ()B 8.9 -1.6 -96 220{206 ~ 364)

w19 31 Bk A %’ 9.3 ~-2.4 -85 200( 140 ~ 403)

BO38 31 S8k B3 A SE Bk % 8.8 -5.8 -85 160

4y -3.3 -89
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Table 7 Calculated 1000 Ina for various fluid systems at different temperatures

HS- 1l H.S i H* BIMMA, BP
R, BT SER

EARS% Dy BERME, W

B, BATAT LA i B A
XRBM B, HRHE TR
B BOR P K B R L
RS, B,

VLR 10001n a ( ~ 8D % ~ 8Dx) 200C 300C 400C 650 C

H.0-H:S -4.31x10°/ T°+272280/T-79 478%  383%  316%  211%0
H.0- B=# 22.1x10/ 7% -19. 1 80%o 48%o 30%0 7%o
H.0- B= & 21.3x10°/T°+2.8 98%0 68%0 50%0 28%0
H:0- fINA 23.9x10°/T°-7.9 99%0 65%0 45%o0 20%0
H.0- BI#T A 15.1x10°/ T8 + 28 95%0 74%0 61%o0 46%0

I HEHFEI AR, R oD ARAZH . BZE . HRE BHER HS K 6D,

2 8D BE1K,

SRRFAARMMATT UG REEN S AR R
1k, BHEBBRRTREBAREKNER, Lie%EAM
FRRIBA, ZBLTFES % BBIF IR A& BRI
Wik RGE mEA, DRBARGKRTHEL, LiE%
BLEE 8D 5% 60 b, L% A€ [ REAR S Y , AR RE
T oD ERHBERRIEKIG, ML AEM BB
MBE

RIE KT RA X & ST YmsEiTH, thiy
FNBARITRRGR . ERMEFELN MY
%, BEXERFEBRASIRBANTIE 6D THE
B, BHilt, BRIOAREAREEXEERY K # WL
KEBEEXENARTENRDESREREHRER. T
H, & oD SHEA RS REM TR K
BUUE, NEKRAED KO EERIRE, Xk
RATEH BB RAPIUE Sk oD FLK X
%o

ZFRAREBA KBRALDUIE, BREXNRER
GG ERBRMAR. EREKFNRERSES, &
WIEFTEFRRHS, HS B &, 5ZHEBEE
HETFHEPHHEFEERH . K I Na*' 5B
Fo BAMRTEREBRREEEEDH 6D, LK
FifkH H.0 89 8D, MAFLHE HS I HaS H#Y 8D,

ERMBMPHERXBHRAY IR, HikF
HS- B} H,S i H* gk Fe?* [Cu®* . Pb?* \Zn** \Ag* %M
BF Bk, FmARREKR, MR MR Pb*
+20H" + H,S — PbS(ILIE) +2H,0, Hilt, RATEF
BER ST YRRk D XFEETHESR
BTFMHS M HS FE#HBEKRMET

®o XK HS 1 H.S i 6D HELE W
Bk R gEny 6D, MR 7T ATLIEH,

50 N B A HTIEE, B
8D EFH BT

3 NG AR R

AR . ERMERLORESERR
S5 S FALY BCIR RIS B ) — 2 B T 2 3L
i, B0 EA —ERENEEE. WAHTRET L
B, M HAKE LY BB R & B
WG R B — B RLFAME, TR, REWH R
Gihfrfik, RS-HS - M BB T, RIAYIRE
AT B 5D B, HI, FLE ARSI
HEEGTET YT R, NPEHLEAEZHAR
AR, ETFREFIHBEN oD &, N5
FOH AL R e 5 A BN BOH R 38 55 5 R B o

F14, RTARAKRERNIEEHEET
BOBE RAAZER 3 OD M5, BLABRES ARG bR A
B2 Beh iy 6D MR AITIR

K EBTRTHIRY VMS 2A1 SEDEX BF 5K
R Fitk 80 B5ET#K, HHE 6D HENME
(#8), BUEREEEKBEREBFENNRT
Wbk EER BMK, SUKE SRR RE Hk
FERHEHIR, HHEAATE. MELERHR
TR S 8D RSN, IS RITT7E
A BEE,

B2, ASCERORADTIESHH A 6D B
Ry, REBEELOLHAEILR SN E
HRIE, BB —SHERRENE R, HETE
P R RRAR 2 8 BAL R PR B BRI R AL
FSIE , BASOH B MR B RLR ), LU RT3
£ FOIT

£38 BPAAD VMS RASTERNE KEL RIS
Table 8 8D and 80 ratios of ore fluids of several typical VMS-type Cu-Zn deposits

R . R R K 1 19 J1 meg FRE &8 HARY
HS"#1 HuS A% FA RIS 5 D, # 8"0 (%) -1.91-3.65 0.6~11.53 -12.3~-0.3 -1.6~0.3
650~200 C (i B 75 E N, 8Dw- 8D (%0) -85~-64  -91~-80 -124~-39 -26~-18.3
8Dis =211%0 ~ 478%0, LR, K H R —
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