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Abstract: With more than ten million tons of lead and zinc resource reserves, the Huayuan lead—zinc deposit is expected to become
the largest Pb—Zn deposit in China and one of the world—class superlarge ore deposits. In this paper, researches on carbon, hydrogen,
oxygen isotope of calcite and sphalerite from the Huayuan lead—zinc deposit formed during the main mineralization period are report-
ed. The analytical results show that & “Cuny values of calcite samples display the range from 2.71%0 to 1.21%o, the & "Osuow values
are in the range from 16.09%o to 22.48%o. The & "Cins and 8 "Oswow isotope values of calcite minerals from the Tuanjie, Limei, Tu-
diping, Fengtang and Dashigou lead—zinc deposits are gradually reduced in turn, falling between native carbonate rock and marine

carbonate in the & "Osuow— 8 “Cipy diagram. In the Huayuan lead—zinc deposit, the carbon in the ore—forming fluid was mainly de-
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rived from marine carbonate dissolution. The & “"Cips values of surrounding rocks in the Huayuan lead— zinc deposit vary from

0.15%0 to 1.17%o, the & "Osvow values vary from 19.79%o to 23.89%o, and the surrounding rock is sedimentary marine carbonate. The

& Dsuow values of fluid in calcite and sphalerite vary from 91.1%o to 15%o, the & *O fluid vary from —4.1%o to 9.25%o, and the migra-

tion direction of fluid in the ore district was from north to south. The 8 "Og— 8 Dswow diagram shows that the main source of ore—

forming fluid was formation water and atmospheric precipitation. Water—rock reaction between ore—forming fluid and wall rock was

the main mechanism leading to the precipitation and crystallization of calcite and sphalerite in the Huayuan Pb—Zn deposit of western

Hu nan Province.

Key words: C,H,O isotope; ore—forming fluid; lead—zinc deposits; Huayuan in western Hu nan Province
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Fig. 1 Regional tectonic sketch map of the lead—zinc deposits in northwest Hu nan
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Fig. 2 C—O isotope diagram of the calcite from Pb—Zn ore deposits in western Hu nan
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from Pb—Zn ore deposits in western Hunan



830 M S8 IR

GEOLOGICAL BULLETIN OF CHINA

2017 4F

3 MEEEMX AT ERT BT RN D-0 BAEER
Table 3 30-8D composition of ore—forming fluid from typical

lead-zinc deposits in Huayuan area, western Hu nan

(7% NIEABRFRER T Bl P, SR ] 264
PRI A Bl OB ) iR g PR e ik £k
L S HHBAREY) & o A FE PR B
BRI TT AT C O [RI ZR 4 TE R 5L
ELI AL T 5 22 A 1A 2 15 T AR B R R e

WX =23 ) 8Osvow/ %0 dDsyowl %o dOmie %o TR JEE/°C N R " " L
13TJ-B1 @@ kRN AR / -85.50 4.30 150 IEJ ) EE%%J&*H@%E&EE C H{i%gﬂ
13T3-B2  BENCRINEED / 7870 6.10 150 g T E R (E 3) . AT IX
BIE WEUING s a0 B LT T T T AR T DL
13TJ-B11 T kik N e / -91.10 3.30 150 . o
grew mEMITE L mmogm FUA HLEI LR P 5 M0 5 I
13TJ-B2 FRA 21.9 -394 9.25 150 Eq?ﬁ*ﬂ%?ﬁ%ﬁ%ﬁ&ﬁm 5 @ﬁ*ﬁﬁ&@éﬁ

. )

H5  amies IRt 219 334 925 150 AR RAER . SRR IR T TR Y
1372-B4 HifE e 150 AT A I C [l 28 41 e
13TJ-B7 Ji A 213 576 8.65 150 . — s
13TJ-B8 ﬁffrIE 217 516 9.05 150 ABUTTT 5 O [ 38 2 B LA
13T3-B10  BEBCRIr (1 214 -50.7 8.75 150 (Fl2)o AESE L DXCR RS PRAAROT A1 1Y
13T1-B11 AT 218 418 915 150 C A ZH A H B & TR A YL, O

LML BERRTT A ! 28 025 150 [F) 45 25 2H B AR T U0 A BT, AR
LM-2 BERKRIT AT / -40 1.54 150 oy S
. e 5 WU B 5 350 10 AR M TS B K 1
2l LM-3 BERKAR I AT / -15 1.93 150 . o
LM-4 BERR 5 fi A1 / -46 243 150 C—O AL 57 i BEULRAAT DL
LM-5 BEIRAR 7 M A1 / -33 1.72 150 iz} %%ﬁf R IZAS J2 A I 12[& N op 3/
e 13TDP-B3 BRIy £ 17.7 -55.8 3.89 135 B EBEHLE L e Z AR R TR ER
13TDP-2B3 *{iﬂ@ﬁﬁfﬁ%ﬁ 17.3 -48.2 3.49 135 ;'j% ﬁ r%“—‘ ﬁ&ﬁ@%ﬁy\,ﬁ; ':F‘ ﬂ:/;ﬁi E,:J E)L %E—
WeyE  13FT-B26  BECR 5 i 19.3 -44.2 5.49 135 . s s —
13DSG-B10  HulRJyfif A1 17.7 -64.1 3.89 135 f tt,ﬁ\ﬁ 1= 9 8 "CHIS O 13 , WM A FF 4
13DSG-BIL i 18 547 419 135 DX AR PR H SR T A 19 C R R 4
1BOSGEIZ WA W1 41 am 1B R 5 22 AT 1 O [ 4R
o W T M 2 AR (1 3) . 5 4h, %
: e ' I fr s oS
13DSG-B16 Ff 16.8 517 2.99 135 :[:‘H_j, IZ:%III %#EA% *m{&ﬁﬁga E/J ) X(:pms,fﬁ
13DSG-B17 Jrfnti 17 468 319 135 F1 8 "Osmow [HI VT K430 41 , iR C |

8 "Osuow=1.03086 X & "Ou + 30.86™; J5 it 43 5 it M B 5% e 28 =Xk H

O [Al i 3R 4 LAY 2 56 A e DU TR
Gt P et o3 S T 20, iAo

1000In o J5 AT —7K=2.78x10°T ~2—2.89""; 34385 i SR FH I 465 SR AR AL, T 1

2%t i

TE 7 B Bk I 58 B o 8 v A T Bl FE 5
T EAT A AUV PE B X iR R 2
kAT A S 5 g A, FADBR IR ER S KA1 74 /0
UL, LRI O AT Y & PC REAM R B R A
4 C R R AL, AT LU A0 b C Rl R A 2
AR 7R AT AR BRI

FESE 3 DA B PR Y R S BT A R
5 “O— & “C R 2 &I (18] 2) L, P07 A1 1Y
8 "Coon Ml & "Osvow (H T34 , W AR T R BE £2
UETRA I3 AT B KA o R 2 AN 2 T L, fEIH
HB DX EYERRT PR HP A [ B S P Cons TE AT 8 *Osuow

TR O [R5 25 20 B A 52 i I R B &, 1
XF C [AIV 26 20 B A 52 T 8 2, AT S5 3

MR R UOVE 1 A, e C Al R Al kAR 1k
T S > O B[ V2 ST B /N Y 2 S S P T e 1172
TR G B R IR AN AN I A A A A i ok TR I
Vg Al TR 5 1 i A P e 3 e T A 5

Z B 7K /45 U 38 B S P Cons 5 8 *Osuow FAH &
FEABRL QS AT A AR R A I L T R R R R
AR, W C R R A 5 T AR R R ER A
FEARL , A O [R]437 28 21 0 g AR IR 56 A = #3
DR , AEIE b X EYEE TR C L O [ RALAE § "O-
d "C I (& 2) iR S /K- A, BRI e i



oS W JHEEMPTEE X YRR R C H O [RI AL RHIE B H 1 (AR IR 45 78 831

Rl K /2 B, AT B 4 B A AU CE IV %
FEZE K RN i B AR SR T B
PRI AR S AR R BT I A v iy i T i F T T
FrH R RRFRER AV AR A AR OCEEAE T (77 PO I Ak
AR 5 1 2 W AR R R 25 TR 5 17K /25 R ) ™
PO 7 A 5 B R R R AR L, B I R R
S "Osmow [l , W Z "O M MT K S HI A A4 T
[EEDAwEi
52 HEH RERKIE

XU SC A A SE AR R R AU S A
PEAT T VRANIEST , 45 5 R % X AR Ry i £k
J¥ B Y CO,— H,O—NaCl T #4 5g 7K | Ji AR 55 )3
1.0~1.1g/em’, U™ & 7 R 35~40MPa, BB R FE
1.3~1.4km, R HEFESE" 30 A3 46 10 b 8™ PRI AR £
TR | FRAT B I AR B 5l 99~190°C £ v ff:
ST 2R RE T DR U A E A R AR AR ™
TR TR S 98~130°C , 1 B Vi Fil R 18.01%~19.95%
NaCl eq., 0" JE 11 K 22~40MPa, JH 2= 255 fE 48
2R T8 I 1L A R R A T R Y
LN 2 D™ Y AR B 32225341 T 80~230°C
ZJ8], Eh B 9%~21%NaCl eq., BH s 17 4 25~
45MPao ZEA TG HLRIER R R A L SE AR AE R 5k
Pt I X AL 322 100~180°C , SER
10%~23%NaCl eq., Z 8K T 15%NaCl eq., % E £
KT 1g/emt’, TARSAR 53 LA H.O 8 3, LA™ 3t
R AK & A NaCl— CaClL— H,O, CaCl,— H,O, NaCl—
KCl-H,O, CaCl,—MgCL—H,O— i /K , 8.5 EEH
Cl" \Na",Ca™ K" .Mg"", J& LA IS AL b £ 1)
EREERW B T RA D - = T -m R RR
JEE 110 1T 8 e A S5 B 1 ORI, T R
PI{H K 34~48MPa, J # ¥R BV ¥ (E A 1.20~
1.66km , J& & ARG IR . [ A 2ERIA MVT
YRR IRGETT R B, IS0 IR T A 0 S AR 2 — iR
H 50~250°C , (HZAE 90~150°C Z [7] (F 4) 7 i Ay
R Z N LA 2 T2k R ER EELE 10%~30%
NaCl eq. 2Z[[]™, 5yl K4 AL, T2 N2
F/PRK A ClI \Na' \Ca® K™ Mg, il A 2
B K o s TR R B P L X B R R
TR 5 25 FE R MVT 85480 R 2 AT R
AT AR AR b R | R T A F
B 7K, {EL PG b DX R DR B It A IR A A L S
FE LA MVT S5V 5E0 R S T A TR B 5

TR PG S, DX A0 DR A A IR B 22y
100~180°C , fE4E 145 (2 Mg | b PP e E KA
BVRERT IR 0 T AR R BEAR U T B, 38— IR B B
H G 1] g B AR Y R 3, R B T S AR 1 2 B O
] o XU SCH A5 i W 58 Ak, FEAE R X Rl
N, IRRGIRE . CO,.CH, . K' .\ Na" . Ca> & &, i
PR DX A BE i) B B BT X 2 A1 B[R] A5 F B s
R RIAFEAC I DX B N AR A B8 1 AL
] RGP Bl , HL 3 B AR S 1 ¥ R 4 = | BB 1) it
Zsh . B AR B FUTTE i AR AR R IR i
2 2oty b e A I EYERED IR

AESE L X YRR PR (1 H L O [ R LR,
W AR B EOR R A K RS BEK . ARA
HRIRIK E 4L "C U0 RN R P E R &R, G
HIE O MY A AR, TR R IRER 5 I & 7% °C
SO ZEE A KW, R, FEAIFONEEE KRR
FEK I B TR A AR Th R Z R R 2, 7 °C
SO S RS FEA M2 K A O R,
TR ER Bl 5 A T Rl 2 A4, S B0k WA e 1
fift A1 rh C PO BRI AR . AEIE T DX B Y AR Y
TR e bR, X R A A 2

R4 PEMVTHEN REH REXTEL
Table 4 Metallogenic temperatures contrast between

Chinese and American MVT lead-zinc deposits

H% W H(IX) ERIR7] Th/°C BRI
- IR 120~160
VL e 90~180
- IR 96~170
Dy e 92~169
IR 113~219
i FT 4l i A 92~152
Z i 85~195 [1]
& IR 108~148
HIR] FitA 128~164
A 100~343
INFER” 106~129
FERFE Al 100~220
I 115~139
AAORIFEAE  INBEDT 90~120
Faf 5 4L IR 95~170
* =B S X INFER™ 80~120
T VGG NG 75~160,M51iK5220  [35-37]
- FH 247G v INFER” 90~150
I 44 PG 2R 350 IR 70~170

3 IR 70~130




832 M S8 IR

GEOLOGICAL BULLETIN OF CHINA

2017 4F

YEIE AR R R S S 05 A1 ) PC O [l
FER BRI (R 118 2) o ik S Bls
897K = BN 2 S O VU AR YE L DX B PR vy fi
AVH PDCTE Y T2 ZEAL

6 %

(1) I PG A6 30 M DX R PR [l A A AR
PRIk R AR5, B HA 5 A A v ik S R R TRk R
R A Bl v AR B R £ BV A FDE 1
D DCEYRERT PR K AT 8™ ) A7 it A0 R A 4 )
NEE™ B UTTE 2 202 o iR 5 LA K2
N T R A S E TR, 7 PO B iR S
Fle A T R R 284k

(2) AL b DX B R PR B i A4 1) 32 2R R 2
A KRR, DL DB AT K . 5 °C PO )
BT AR S R 2 R A K =AY, e b e e A3
AT EYRER R T s I A 1 °C L0 [ R 3R
PR SR T AR (R AR AIE 8 DX Pl P B SR A TR 7S
I AL R i s, AR X — e = T — 2
g

Bt B TAF R R R R A B RS R
405 3 AT A A K AR R B TARF GRS
B TAZIF R FhAn TARIF AR ) L&, P B RA
B KA E P LR MRS R F et
R TAZITH B R XAE S, My L AEAT 50 T 3 A S AL 3R
Fa iy Arm KR T THOHEF, FRERERT
S ERAFEIL, E—FBLRB G E

SE 0k

(A Z, BEH &, FE 4 24,45, 175 b DX AT R A A AR R 0 A i
W VEH——T A ARG 5T ] Mo 5T SR, 2014, 50(3):515-532.

(20X S, oAt TR S Al 0 PR 5 H 3 14 50 3R [ 1R
PR 2B 4R, 1996, 23(1):71-77.

[BIPNSREE, MHHRAE, 3K, 25, 31 s R i S B T 2 1 Y
BETIR]). EHLE, 2004, 31(4): 337—-346.

(413K H, BHOC, RYOE, . INEEHL X MVT B0 R0
TER S 57 PRHBJSE, 2005, 24(3): 317324,

[5] 2R, 2= PR, 25035, S0, 1| TELIY H DX 23 W 7 LU ) 43 AT B
PR R HiL TS 5 B s R A ] MR R AR 2, 2001, 29(2): 41—
45.

[6] 2B, 22l BH, 20558, A6, 1| WL B 58 S ot IX 285 VP VG L Yy 4 760
YRR R 5 25 M R ZE 0 R BT L)) 455 A M Rk Ak 2% 3 312,
2002, 21(2): 127-132.

(71 W1 PR, XS0, 27, 45 I VH — 24 7R i DX S X 2R A0 50 BT K2 1) 14

HRT LS AT S R BTIE )] MBS BB, 2013, 490): 19—
27.

(81 53, 2 Y. 9 ) 4 T A i B ™ ) O R AR
P AREHLT 55777, 2007, 23(3):24-30.

[O1FRT5 8. 71~ H 3 P GO P A R R BB PR Bt Bk £k

2ERAIE S ] MBS, 2005, 79(4):540-556.

(ORI S, HEoA AESEE R PRI SAARHE K B2 (). 0 R
I, 2000, 19(2):173-181.

(A ZRFE, 57 RT3E. PH AL HYREOT R A H BRI S AR ()]
B, 2007,26(7): 899—908.

(2%, s e, FEE, 55 BUIL KA 8 B RO
C.O [A{ % fl REE Husk L)), KIAIE 500027, 2012, 36
(1): 93—101.

(3] BAEM. SL MR AR YRR PR FELE 8048 — BRIAI 2 R WFSEL). B¢
M R4 ( HARBRARR), 2000, 29(2): 8—11.

(43R, BRot, SRR, 25, m iR RE PRI R 7 )
A ——AHeE e 12 R S EVRE R I R (M. L st T
AL, 2004: 28-58.

(15188 e, 2l WRitt | 45, S PR KRR IR C.O [
FHERALAF[)]. KR35 B2, 2004, 28(1): 53-59.

[16]Spangenberg J, Fontbote L, Sharp Z D. Carbon and oxygen isotope
study of hydrothermal carbonates in the zinc lead deposits of the
San Vicente district, central Peru: a quantitative modeling on mix-
ing processes and CO, degassing[J]. Chemical Geology, 1996, 133
(1/4): 289—-315.

[17]Huang Z L, Li W B, Chen ], et al. Carbon and oxygen isotope con-
straints on mantle fluid involvement in the mineralization of the
Huize super— large Pb—Zn deposits, Yunnan Province, China[J].
Journal of Geochemical Exploration, 2003, 78/79: 637—642.

[18]Huang Z L, Li W B, Zhou MF, et al. REE and C—O isotopic geo-
chemistry of calcites from the world—class Huize Pb—Zn deposits,
Yunnan, China: Implications for the ore genesis[J]. Acta Geologica
Sinica, 2010, 84(3):597—613.

(o] e B AR A A A 11T M) ALt S AL, 2000:1-288.

(201 E BB, &F ULIR. ZEARGRE PR b BUARS AE B H A (). K 5
A2, 1995, 19(3):197-204.

(21 ZAHE, 27 FTE. W PE LAY R PR Rk U SRR 37 3R AR B i B Jsg
SEHTDRHBIR, 2007, 26(3):330—340.

(22182 NLHE, W2 M, Bk, 55, WIPH — B AR T RS BE T R U A
AL FEARIGR BT 0 ) 6 36 MR Ak 2 RRAE )] BRACHBJS, 2014, 28
(1):29-41.

(231277, S B, s PH, 25 VY S A< X BET R C L O [l 3R
HIR A2 ARAAE SR T S R AR R (). IS, 2014, 41(5):
1608—1619.

2410 JUE, B E W WPYILE VG PE LA B R R PRASAE X B
TR BT, 2007, 4(6): 52-56.



oS W JHEEMPTEE X YRR R C H O [RI AL RHIE B H 1 (AR IR 45 78 833

[25]1BCH K, B, WAERE, 55 PG AL SR X7 LA Br T IR IR B
" Rb—Sr 58 4F K b 28 L[],y BRA} 27 — v [ 4 T K 2 24 412,
2014, 39(8): 977-999.

[26]Friedman I, O’Neil J] R. Compilation of Stable Isotope Fraction-
ation Factors of Geochemical[M]. Washington: United States Gov-
ernment Printing Office, 1977:1—12.

[27]Hoefs J. Stable isotope geochemistry[M]. Berlin: Spring Verlag,
1997:65—168.

(281X ZE, ff B ), 22350, 45 2 pg FIBPPAR R 2 SR 0 2 DX ok A
[RIv 28 4 B S H R S0, B R HBT, 2004, 23(1):1-10.

[29]O " Neil ] R, Clayton R N, Mayeda T K. Oxygen isotope frac-
tionation in divalent metal carbonates[]]. The Journal of Chemical
Physics, 1969, 51(12): 5547—5558.

[30]HIL 2. GeoKit: — ] VBA M EE B HBER -2 T AL H
BRI, 2004, 33(5): 459—464.

[3UEAREY, A8, AR, 55 BTSRRIk — SRR L R
HBRAEABIE ). 524k, 2013, 33(4): 709-712.

(3210 7K K. FeE A7 3R R 5 B AR K™ PRUBER AL ML) 4
RHBIT, 2001, 20(1):57—70.

[33]Zheng Y F. Carbon—oxygen isotopic covariations in hydrothermal

calcite during degassing of CO,: A quantitative evaluation and appli-

cation to the Kushikino gold mining area in Japan[J]. Mineralium
Deposita, 1990, 25: 246—250.

[34]Zheng Y F, Hoefs J. Carbon and oxygen isotopic covariations in
hydrothermal calcites|J].Mineralium Deposita, 1993, 28:79—89.

[35]Appold M S, Garven G. The hydrology of ore formation in the
Southeast Missouri district: numerical models of topography— driv-
en fluid flow during the Ouachit a orogen|J]. Economic Geology,
1999, 94: 913-936.

[36]Leach D L, Sangster D F. Mississippi Valley—type lead—zinc depos-
its[C]//Kirkham RV, Sinclair W D, Thorpe R I. Mineral Deposit
Modeling. Geological Association of Canada. Spec. Papers., 1993,
40: 289-314.

[37]Leach D L, Bradley D C, Lewchuk M, et al. Mississippi Valley—
type lead—zinc deposits through geological time: implications from
recent age—dating research[]]. Mineralium Deposita, 2001, 36: 711—
740.

[38]Leach D L, S angster D F, Kelley K D, et al. Sedement— hosted
lead— zinc deposits: A global perspective[C]//Hedenquist ] W,
Thompson J F H, Goldfarb R ], et al. Economic Geology 100th
Anniversary Volume, 2005: 561—607.



