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Fig. 1 Tectonic location (a) and geological sketch map (b) of Huayuan orefield (modified after Brigade 405, Hunan Bureau of

Geological Exploration and Mineral Development): 1—Fault; 2—County/Town; 3—Lead-zinc deposit)
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Fig. 2 Geologic map of Tudiping Pb-Zn deposit (modified after Team 405, Hunan Bureau of Geological Exploration and Mineral
Development): 1—Quaternary; 2—Middle-upper Cambrian Loushanguan Formation; 3—Middle Cambrian Gaotai Formation; 4—
Lower Cambrian Qingxudong Formation Subdivision 2 Layer 2; S—Lower Cambrian Qingxudong Formation Subdivision 2 Layer 1;
6—Lower Cambrian Qingxudong Formation Subdivision 1 Layer 3 and 4; 7—Mineralization outcrop; 8—Orebody; 9—Fault; 10—

Geological boundary; 11—Lead-zinc deposit
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Fig. 3 Photographs of Pb-Zn orebodies of Tudiping Pb-Zn deposit: (a) Stratiform orebody; (b) Sparry calcite connecting with calcite
vein; (c¢) Vein-type orebody; (d) Breccia-type orebody
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Fig. 4 Paragenetic sequences of mineralization and alteration: Py—Pyrite; Sp—Sphalerite; Gn—Galena; Cal—Calcite; Dol—

Dolomite; Brt—Barite; FI—Fluorite
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Fig. 5 Photographs of typical structures and textures of ore from Tudiping Pb-Zn deposit: (a) Colloform pyrite (—); (b) Fine-grained
pyrite and sphalerite filling in suture; (c) Round-grained pyrite coexisting with subhedral sphalerite (—); (d) Symmetric
pyrite-galena-sphalerite vein (stage 1I) crosscutting pyrite-sphalerite vein (stage I); (¢) Cubic pyrite with metasomatic relict texture
replaced by coarse-grained galena (—); (f) Bay-shaped galena replacing sphalerite (—); (g) Light yellow sphalerite coexisting with
sparry calcite and solid bitumen; (h) Cone-shaped barite filling in crystal interfaces of calcite (+); (i) Galena vein filling in fractures
of sphalerite (—); Sp—Sphalerite; Gn—Galena; Py—Pyrite; Cal—Calcite; Bit—Bitumen; Brt—Barite
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Table 1 Sampling position of fluid inclusions investigation of Tudiping Pb-Zn deposit

Sample Sampling Position Lithology In;;isrifrztled Mlnc:Srf;;zeatlon
KDT5-4-1b Zone 5, Stope 1-6 Dolomite-calcite-pyrite-sphalerite ore Sphalerite I
KST-5-5 Zone 5, Entrance Sphalerite-mineralized limestone Sphalerite I
KST-5-9 Zone 5, Entrance Limestone with fluorite-dolomite-calcite-pyrite vein  Calcite/Fluorite I
KST5-3 Zone 5, Entrance Sphalerite-pyrite ore with dolomite-calcite vein Calcite I
KST-2-1 Zone 2, Entrance Sphalerite ore with massive fluorite-calcite Fluorite I
KST-2-2 Zone 2, Entrance Barite-calcite-sphalerite vein Sphalerite II
KST-2-4 Zone 2, Entrance Sphalerite ore with sparry barite-calcite Calcite I
KDT5-4-3 Zone 5, Stope 1-6 Barite-calcite-pyrite-sphalerite ore Calcite II
KST-5-7 Zone 5, Entrance Calcite-galena-pyrite-sphalerite ore Sphalerite I
T4-1 Zone 4, Stope 9 Galena-sphalerite ore with sparry barite-calcite Sphalerite II
T5-02C Zone 5, Stope 7-7 Calcite-barite-sphalerite vein Barite I
KST-5-2 Zone 5, Entrance Sphalerite-galena ore with massive calcite Sphalerite I
KST5-8 Zone 5, Entrance Massive sphalerite-galena ore Sphalerite 1L

KDT5-2 Zone 5, Stope 3-9 Sphalerite-galena ore with sparry calcite Calcite il
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Fig. 6 Photographs of fluid inclusions in Tudiping Pb-Zn deposit: (a) Fluorite-hosted type Ia fluid inclusions (stage I); (b)
Fluorite-hosted type Ia fluid inclusions coexisting with yellow organics (stage II); (¢) Sphalerite-hosted type Ia, type Il and type
III fluid inclusions (stage 1I); (d) Calcite-hosted type Ia and type II fluid inclusions (stage III); (e) Barite-hosted type Ib and type
II fluid inclusions (stage II); (f) Barite-hosted type Ia fluid inclusions coexisting with type IV fluid inclusion bearing halite (stage
1I'); L—Liquid phase; V—Vapor phase; S—Solid phase; Cal—Calcite; Brt—Barite; FI—Flourite; Sp—Sphalerite; Hl—Halite
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Table 2 Summary of microthermo data of fluid inclusions from Tudiping Pb-Zn deposit

Stage m}illi)e:s;[al FI Counts Size/ Fﬂ;’ng/ t/C Imice/ C #/C tms/C (Niacli:f)}; o ?ge:zz)/
Calcite Ia 50 3-16 10-45 —39.1--39.0 —-18.5——-11.2 219-313 15.2-21.6  0.91-1.07
1 Sphalerite Ia 21 4-15 1020 -14.7--11.0 187-256 15.0-18.5  0.95-1.00
Fluorite IV 2 14-36 2025 318-345 187-224 31.2-33.1 1.10-1.13
Calcite Ia 12 4-13 1025 -15.1--11.9 177246 14.9-18.9  0.93-0.99

Barite Ia 8 6—-12  15-25 —15.4—--10.2 158-248 14.2-19.1 0.97-1.01

. Fluorite Ia 29 1033  20-30 —35.0—-34.6 —-14.6—-10.6 146242 14.6-18.4  0.96—1.03
Sphalerite Ia 22 4-9 5-20 -13.2--9.8  158-239 13.8-17.2  0.96-1.09

Calcite Ia 25 5-10 10-20 —23.0—-209 -10.0—-73 122-204 10.9-14.0 0.96-1.02

t Sphalerite Ia 17  5-10 8-15 -7.1--9.6  94-192 10.6-13.6  0.96-1.04
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Fig. 7 Histogram of homogenization temperature and salinity of type Ia fluid inclusions from Tudiping Pb-Zn deposit: Cal—Calcite;

Brt—Barite; FI—Flourite; Sp—Sphalerite
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Fig. 8 Raman spectra of fluid inclusions from the Tudiping Pb-Zn deposit: (a) Calcite-hosted type Ia fluid inclusion of stage [ ; (b)
Fluorite-hosted type Ia fluid inclusion of stage [ ; (c¢) Barite-hosted type Ia fluid inclusion of stage II; (d) Fluorite-hosted type Ib
fluid inclusion of stage II; (e) Sphalerite-hosted type Ia fluid inclusion of stage II; (f) Sphalerite-hosted type Ia fluid inclusion of

stage 1II

CH, 3 1iEIE(2918 cm ™ ")HI HoS HHiFIE (2611 cm™); %
i Tb RUALFE R  HoS FRAEUENE =5 T CHy 1RV (AL
8(d)): TENE ARG EE AT, RS 25 & = 1)
CHy(ILFE 8(e))o NI Bt A4 A SUAH Bl 43 FE Ay
H,O, &L CH, fl H,S REEWE(ILIE 8(F)).

6.1 R TRIKER

TA BRI SRR, T Bk

WA ARE . PEEhE. S & CaCly 1)
NaCl-MgCl-H,0 1A 5, WL EE IR /NGl 5l ] e A&
JSH SRR AT B 58 A1) RS TR, Uiz
ZIR L4 R 52 1) NaCl, CaCl, 5 MgCl, & & L
ST e X ARG, XRG4 L b
KB SR PR 1A B FARRFAE AR A TR B il
WA AR . P EREEM NaCl-H,0 1A &R, M T B3
BB, AR GLEEAAY—HE R, SRS iR(g,
FITITR B 38—l 5 F0 35 55 170 S PR
MBSO 2 i KW, T HrE
WA, TBER A S AR Ak



528 B4 4 )

JE i, A WP AEE LIPS R R AR AR X LR 4 R X 811

VIO — &) CHa M HoS, T BrBOT A BB
INEED AR BN S 4T CH,, TR BON R R A 2
PR CHy F HoS & S AIC AR « AE e EYEEn I Ak
H R 22 mE LK 5(g), FEETY
RHHIH A A 38 B i f LI rh = Hh B sy, A
FUA R H AP AR 3 R B S 1 2 Y A
DT 5 A v e B Ta 2R, B A 5 B A LT
AL 6(by), TR SN IR R
UL CH, o 2 PR Y, IX G i1 R - Hi B
BT IRA7AE CHYy N E A R A LA 20 I B 9™
RN O 2N

R PRI g, WA M PP RO IR A
SEPRIESE . h—m . SRt SRt oui
WARR, B8 CHAAANUR, HA MVT BVEET IR
(0 R VAR (1) SRR AR S5 A el U ey BK
HOJTRAEFAE, AR T HOPPHYEE RS MVT B RIS,
R AT E D i (L] 9), AERILFAL(K) MVT B4~
PR IR AT 38 A BV Ll 50~250 °C, K2 B
90~150 ‘C, #HIEF 10%~30%"", e[ )12 Hi X 1)
WA RGP MVT BUEYER R AT 2
GO, IRl AR RO 100~300 'Co BT
WIEAG S B, SRS R o AR T 56 4 T 5 it
VEFAERE m T 80 CAE N LS IREY, i ol 24k
LR A ORI A TERCILE 3(b)), Bl Rk
AR ZE R, N A B AR AR R 1
W, DRIEDOR S sl V52 T B R AR B AT A 1 2% ik

6.2 R IR

MR AR fhE T T, 1 BB
PR AR AN ER LT AV R, 0 L L B
R BEAR, —F LB R RLE 9, H

(a) R=68.6% %°.-*
18} . ¥
o\a = r/g.
= - &
2 | o e ¥
. 16 . L1l
= !‘#R=92.7%
Z 14 n
z =4 ¢ eStage |
E o 22>t eStagell
S 12 R=574% e » Stage 11
n P 23 e o Most MVT
. MVT
10t : ' '
100 140 180 220 260
t,/C

KEZE R=55.4%~92.7%), Gz~ AR AR,
e IR E T ELIE ), T BBy fil A L 2k 5
B 220~250 ‘CHI 270~300 C P ANEAY X R], R 5
PR 2 A PR AL DX R RV, FE S IR DT
I I TRACIRAS 5 2 U RAE P BER D05 AT () PR b 46
w1 BBCE A RS A T i AR R IR 31.24%~
33.14%, RUVIHRAATEFEIR 5.

HEKE Bl 5. S DR koA T 0 A Al Ao
F M 45 R WA UG R R S G K K KA
SRS 1271 L mr e b B AR KR o RO R A
55T AR R A7 A AR 3 B T I A T e 4 AR
e R A AL AFmiEdih)z, P TeE .
Ve JTUA SEFAT T K ) A He, X SETEPEHE 7R
WIRARZ 7 T sk 5 2 g & K IR A . il
SEHED, R dE R RIGAHIRIR SR VTR S s i R, 28Kk
ARG TR A KB A T HZPY, s & Na's
Ca*', Mg’ K& B85 F¥vhm sh v A, T8I o3 b
JZ AR AR AP, REICT HUZ P e
BATE B R S AR, (R E 9Kl R ) F
B, S50 HZEh e, SRR R A R AR
I

TIT R B i A, 2 A ¥4y — il 8 0 3k 35 Bt [
I, Bl AU RO AL 9), AHICIE I R 55 (H G
FH R=41.4%~57.4%), Tl Re G IR AKIBAH
SRS 128 AR AR A A e R IR R R
HEH, SHEORAER. ShERE N, BT ca®,
Mg™ 6 FT P B D0 I OB A4, S AAis
AL 3 NaCl-H0 AR .

BT AR 5 Tt oy A, TR Bt 2 4
CH, Ml HpS il T BB, IR B A a2
WILFAE CHy, 3B JEPE SR 53 5 503 5 a7

° L :
£ 20 S 2
i -,
g RS54% L3 e
Z 16 Y P T
= S a0 eStage |
E 14+ o" & = Stage I
= i ot « Stage [T
v 12F T TR e Most MVT,
oo ke MVT
10 = L 1 L '
100 150 200 250 300
4,/ C

9 HHRPEEVEET IR BOR A Y S R O AR B (RS, MVT e S ARk B SCIR[31): (a) INBFAT

(b) FEAEEHIT )

Fig. 9 Plot of salinity vs. homogenization temperature of fluid inclusions at different stages (Ore-forming fluids data for global

MVT deposits refer to reference [31]): (a) Sphalerite; (b) Coexisting transparent minerals



812 s A € ) 24 201844
WARSAIRPEARE T . LG T TR BORis e At oI5 S TSR XS G s ™ ) UL ) T 7

R — R EER A0 R TTTRY B (9 40 JokCHR 7 A — IR
WAk, TFBCABERKCIR . TEBEIR . FRAHAR 0 Bk —
AR —J7 B85 A EZERRAE, WA SR,
KEAREER, X LOHS 5 J@ A 0 CUE I 1R AT ) o k4
PO R PR PR R PR R A R 82 ) ) 25 D R AP A
WCZR, IO ) A2 1 A DG DN 35

PN, DR SR AL B UTE 1T Re S A
CHs 5 H,S S AR WARAE—E KK, 1 BrBeasfa il
TT B A A B A v B DO 38 682 v 5 S 11
CHy Al HoS, A 2 #h A Ah 2734 J (TSR) S W 1) 1 ZE b
o TN BRI ) 67 C AR Bl S AN 25
i, BRI 7S M ARXHIRE KB R SR 5 53, TR
KK 6" {EAHXS A 5481, FR B i fvh &
4 TSR WM, TSR W LR A A AT Jy ik S5
IR EE, £ HS. CO,v H,O. BRERERN (i
T AT )~ BT (S~Se) M S i A ML AW, 2 ) HaS
AR FAE T, nT 5 & s i I N AR B E Ak
Yo KL, B AT CHL A1 H,S 5 AR 4k T B A
5B Bt TSR [N 5 AL BT 3, 4@ mi b miiie
g AT

NEF B A 32 AR i A4 B R AR R I AR AL 1)
ARG AE AN AR RO REAE, R PR SRR T [H) —
TR, SR IR AR SR A AR A RS
AT EZ Y, RIS S I
% TR INER LRSS AL IR Y B nT RE IR R AR
DUV, BLHTA R AE — DI B — RS, B
AT YA AN R B2 T IV
W), W A T L B, 4t
KA MVT B PRABAELE T il A i A, A8 — I
T H A P B G BO SE T A (K 4) e #
Ok TR RS A IR, A BRI B
PAE B, X AT BEXT TSR SN KA 8= 25 50

6.3  FH A

FETON BT A A S A A R B 4 T, A
7057 SN V512" o = T 7/ BT 0 B RS N
B 5N IR R 3 AL 228 JR((TSR) ) W A7 K. TSR
AU S PR A T 25 R W] TSR WAL & B
JSTIN ) JURE T B8k BB A4 1) B R A3 7 A ()3 J
P, TANG 1), AMRANI 21U ZHANG 2142
T 3 LS IR TSR SO 15 s s B HLER
FEEHIR R, $E i TSR VA4 4 5 ZhF BEFI HoS
HEALBY B, Tk /K B 4495 TSRS W63 shiLil A
PRI R TSR, B REXS N BRI AR B 2 A

VEFI 25 A BRI AR

T MR A 2 ) B CE 0 A AR, Rt
DURAIREE B 1E 5 W 7K 7 1 Rl p 2 ot U™ 201, 3 |
BZ8OR A=A h o A /AN A BB SR, TRER
TSR SNV IT it i 1 e (1) T RO 445 ety i 1
SO R RIERH, 28R MR YE 1K B AE T IR IR
R, b R K R SE R, i
B IR LGS IR S R TR, I NFRTTRERY
B, R R IR B i 7K 32 A= R A R gk 3P
WAL N ARHL)Z IO BRSO TR, B R
FEEH ks N ARIssh, EERISH 7Rk
Yo 18] FRRIEARE I £ 7 A0 o A Y, AR e R
K JIVE R R VR AL R E 7R K SRR T 54 &
LRG0 g, [FRaE. ASHUZ F it plel
W E I KRG T MR A ACE ), 2 B
e LT A N AR L DA RS, W T
24X VAN

BEN T BB, WG A i mEh e &
— 1t CaCl, ) NaCl-MgCL-H,0 & &, A T IE sk
T A R £ $ fk 25 7 % (Contact ion pairs, CIP), F#fIK
T TSR B8 RV EAGEE, (21 TSR (¥E 3l i v,
FRZENRE RN HoSe AR SIREE . #h IR HZ K
BE, TR, BERC, pH TR, &EIEY
RERT MR, SRR INEER B2 Ui . FENTTFY
B, Bt HoS AW E, TSR [WHEA H,S FIAEILFY
B, 182 H,S IOV AR R 5 TR B A Y,
FEE T TSR RPBGHERW, Rk AR HoS)X Bk £h
Pl PRI Tl FH 5 5 A AR PR35 A (1 FLIBR R ik —
R, ¥ T K= NI BT RS (R e A
i), JERCREARTER . BERCIRE 1k, HRBOE S K.
NI B, Bl RSN, A = A H R A
Feili i, TSR RNVEREEH BT R, (R4 RRER LI IR
o DA SURCAT BE IR B FRAIK, & s e & W) R 47
fift 4%, HyCO5-HCO5™ SLHLE M il B PRAG, JL4ERRR
T pH AR (K RE AR 8397, pH BT &, 51
BEROT 43 JE 0 UTE -

AR AT SR TSR RN 5B R 25 5 vt 1)
FAAE FH T B 5 T PPAS BRI R G2 IR AT DD TE (1)
FERE, IR0 S A S e i AR
IREA RS, DX —LHTnT B AN
HATHER R o — 7 IR R B W R 5 2 Ca™ Mg
SEBK, AR T CIP A&, {23 TSR N %
— 50, T BRI DUTE R BRI Sh A i FE K
i HoS, HoS A Fesz 8] — @ ikfE, ik



528 B A M JElfi i,

S WIVE A MR RS A AT R LA K F s R X 813

2% TSR Vo TR ER A% S TSR SN P AH B
2, WTEIA AR, AR T 4EReis e e L
Yot R

7 it

1) AHPG A T M PP BT AR S & & CHy
EHPUR . PRI e 2o
A, ERGRE T . B BRI P R

&€& CaCl, [f) NaCl-MgCl-H,0 14 %, #IIIIFr Bt 4
AR TP ER A 1) NaCl-H,0 K % .

2) YU i b 8 i) v sy 2 R e K Tk o
TRAR R IO J 2 R ST 00T, T D v R B A A
RiAKe T BYBRBIMIBY B, Bl ik S . #h R
R 2K A, WA . $hEE B, TSR MW
5 RIS R S SE ARG TH A . TR BEOR A BK IRTR
NS = AR RNV EI4E

3) BT T T B & @i niiie & 2 5 i AR
1 5N IR Eh #k 2738 5 (TSR) RN A 6, T B
G JEA W 3 52 )RR AR TR N X e A T s o A [
MAEF R . TSR SN 5 BRI Bh 25 v ik PR &1 2
SO - PP EE T PR 4 B AT DT I N K

REFERENCES

(11 /e, fokE, il WOy, o B, 5Kk M
RM]. dbst BRI, 2004: 406-419.

LU Huan-zhang, FAN Hong-rui, NI Pei, OU Guang-xi, SHEN
Kun, ZHANG Wen-huai. Fluid inclusion[M]. Beijing: Science
Press, 2004: 406—419.

(21 VP ANE WY TAR AR LA S 0k 1) S IR

R (7], HPTRHE TSR, 1991, 10(3): 91-95.
XU Guo-jian. Theory and practice of fluid inclusion
microthermometry with infrared microscope within opaque
mineral[J]. Geological Science and Technology Information,
1991, 10(3): 91-95.

[3] CAMPBELL A R, ROBINSON-COOK S. Infrared fluid
inclusion microthermometry on coexisting wolframite and
quartz[J]. Economic Geology, 1987, 82(6): 1640—1645.

[4] EWRWE, FURE, MTESE, R 2 RO, MR LR RAY
WGP L B AR LS R AN BURT A — LATE Rl A 32K
BIRSAT R A BII]. T PRHLTE, 2009, 28(5): 611-620.

CAO Xiao-feng, LU Xin-biao, HE Mou-chun, NIU Hong, DU

Bao-feng, MEI Wei. An infrared microscope investigation of

fluid inclusions in coexisting quartz and wolframite: A case

[3]

(6]

(7]

(8]

(9]

(10]

(1]

study of Yaogangxian quartz vein wolframite deposit[J]. Mineral
Deposits, 2009, 28(5): 611-620.

EEDG, G, BIER, XIFGHE, FEZ, R, K.
LA LB RN R 5 A SR L A LUBT S 0],
FAR, 2011, 27(5): 1387-1396.

WANG Guo-guang, NI Pei, ZHAO Kui-dong, LIU Jia-run, XIE
Guo-ai, XU lJi-hui, ZHANG Zhi-hui. Comparison of fluid
inclusions in coexisting sphalerite and quartz from Yinshan
deposit, Dexing, northeast Jiangxi Province[J]. Acta Petrologica

Sinica, 2011, 27(5): 1387—1396.

A, A w0 B, BESCE, EAAR, RN BT
TR AR AL AN IR R L R R B X — DA 2 i il

K B B BT IR 81 0]
2016, 46(1): 91-104.
HAN Run-sheng, LI Bo, NI Pei,

TMOR A AR (R AR,

QIU Wen-long, WANG
Xu-dong, WANG Tian-gang. Infrared micro-thermometry of
fluid inclusions in sphalerite in and geological significance of
Huize super-large Zn-Pb-(Ge-Ag) deposit, Yunnan Province[J].
Journal of Jilin University (Earth Science Edition), 2016, 46(1):
91-104.

24, X B, I, Btk WGBS AR M Zn HiERAL
PR AL A B BRIV ) A S (], T E LT, 2013, 40(4):
1270-1277.
LI Kun, LIU Kai, TANG Chao-yang, DUAN Qi-fa.
Characteristics of zinc geochemical blocks and assessment of
zinc resource potential in western Hunan and eastern Guizhou
Province[J]. Geology in China, 2013, 40(4): 1270—1277.
FHBY, &7 LE. ZEHERET R TR AE S L R[], KA
i 5 24, 1995, 19(3): 197-204.

XIA Xin-jie, SHU Jian-wen. Geological characteristics of Limei
zinc deposit and its genesis[J]. Geotectonica et Metallogenia,
1995, 19(3): 197-204.

WX, ez, Bk, RIBTHE, K9 W SR
IXZ%“%WIWE):’H?LQWEEFUJ%f\‘ﬁﬂ‘]ﬁéﬂé@[ﬂ. [F 7 SENIN
“““ 24, 2013, 33(1): 1-6.

LEI Yi-jun, DAI Ping-yun, DUAN Qi-fa, LIU A-ju, TAO Ming.
Constraints of lead-zinc source bed to lead-zinc deposits in
western Hubei to northwestern Hunan[J]. Journal of Guilin
University of Technology, 2013, 33(1): 1-6.

Bk, e —5R 0 D HLR—SR R R AR B R
AAFFE[D]. BB TR A (), 2014: 124-128.
DUAN Qi-fa. The research of the metallogenic regularity of
stratabound zinc-lead deposits from Sinian-Cambrian in the
western Hunan and western Hubei[D]. Wuhan: China University
of Geosciences (Wuhan), 2014: 124—128.

Bom, Bk, BRI, RS, W e, =E, Hak
WIVSAE TR R Y BORUER) C. Oy H. Sy Pb. Sr[d]
D ZHIZI[T]. HUF2EAR, 2016, 90(10): 2786-2802.

ZHOU Yun, DUAN Qi-fa, CHEN Yu-chuan, TANG Ju-xing,



814

ER R

2018 4E 4

[12]

[14]

[15]

[16]

[17]

[18]

CAO Liang, PENG San-guo, GAN Jin-mu. C, O, H, S, Pb and Sr
isotope constraints on the metals sources of Huayuan Pb-Zn
deposits in western Hunan[J]. Acta Geologica Sinica, 2016,
90(10): 2786—2802.

KSCE, HRA. TRV IR B TR L K B A
PRI, 2000, 19(2): 173-181.

LIU Wen-jun, ZHENG Rong-cai. Characteristics and movement

. w

of ore-forming fluids in the Huayuan lead-zinc deposit[J].
Mineral Deposits, 2000, 19(2): 173—-181.
e, %ﬂi@. PG AL AR PR T S 4 1R 07 AR AR A By
BEMMT[I]. B R HLUTE,2007, 26(3): 330-340.
YANG Shao-xiang, LAO Ke-tong. A tentative discussion on
genesis of lead-zinc deposits in northwest Hunan[J]. Mineral
Deposits, 2007, 26(3): 330—340.
Fow, Bk, B, W 58 & 05, HAE, HEK
PTG 3t DX B ) RV TR AR A e 1’#%—%%@%%6%
FE0). MRS IR, 2014, 50(3): 515-532.
ZHOU Yun, DUAN Qi-fa, TANG Ju-xing, CAO Liang, LI Fang,
HUANG Hui-lan, GAN Jin-mu. The large-scale low-temperature
mineralization of lead-zinc deposits in western Hunan: Evidence
from fluid inclusions[J]. Geology and Exploration, 2014, 50(3):
515-532.
B, W 5%, BHEE, A =, Wi, & B MEAE
SR LI BYERR PR INEES™ Rb-Sr & 4F M M SR L[],
HOERFL (P HUTOR 27227 4R), 2014, 39(8): 977-986.
DUAN Qi-fa, CAO Liang, ZENG lJian-kang, ZHOU Yun,
TANG Chao-yang, LI Kun. Rb-Sr Dating of sphalerites from
Shizishan Pb-Zn deposit in Huayuan ore concentration area,
western Hunan, and its geological significance[J]. Earth
Science(Journal of China University of Geosciences), 2014,

39(8): 977-986.

EPEI?H% D ém, 2000, 30(5): 456—464.
LIU Wen-jun, ZHENG Rong-cai. Thermochemical sulphate
reduction and Huayuan Pb-Zn deposit[J] Science in China(Series
D),2000, 30(5): 456—464.

OB, REHE P, BOLRZ, TR VGRS AR X
BEITIR C O [ FHERAL 2R IE B X A I R 9 7R (1],
FPE i, 2014, 41(5): 1608—1619.

LI Kun, WU Chang-xiong, TANG Chao-yang, DUAN Qi-fa, YU
Yu-shuai. Carbon and oxygen isotopes of Pb-Zn ore deposits in
western Hunan and eastern Guizhou provinces and their
implications for the ore-forming process[J]. Geology in China,
2014, 41(5):1608-1619.

W, R, L A, WIER. TEE AR A D
BEAE S A P e IR R 35 [0, M iR £ 5 8F 58, 2009, 32(3):
194-202.

LUO Wei, YIN Zhan, KONG Ling, DAI Ta-gen. Discussion on

the geological features and genesis of the Limei Pb-Zn ore

[19]

[20]

[21]

[22]

[23]

(24]

(25]

[26]

concentration belt in northwestern Hunan Province[J].
Geological Survey and Research, 2009, 32(3): 194-202.
WREARE, BIFERE, BEdRZE, ML IR R R X
JERFAE B i) B i (0], MBS 04K, 2011, 47(2): 251-260.
CHEN Ming-hui, HU Xiang-zhao, BAO Zheng-xiang, BAO
Jue-min. Geological features and metallogenesis of the Yutang
Pb-Zn ore concentration belt in Hunan Province[J]. Geology and
Prospecting, 2011, 47(2): 251-260.
JAdRA, IR, FEGAL, 5 nad. W R S R
R UGR[T]. Hs I T 22 58 2431, 1983(3): 1-19.
ZHOU Zhen-dong, WANG Run-min, ZHUANG Ru-li, LAO
Ke-tong. The genesis of Huanyuan-Yutang lead-zinc deposit,
Hunan Province[J]. Journal of Chengdu College of Geology,
1983(3): 1-19.
P, ZEIFEE, AREK, XSRate. IR )RR
Pt S IR [T]. SERFHB IR ST 72, 2004(3): 31-37.
LIU Ya-xin, LI Shi-qian, XU Hui-chang, DENG Song-hua.
Metallogenetic regularity and ore-controlling factors of hot-brine
type ore deposits in Hunan Province[J]. Geology and Mineral
Resources of South China, 2004(3): 31-37.
PG 3w A e 3 e )2 2 A A 6
fﬁﬂ% 1986(2): 179-186.
PENG Guo-zhong. A preliminary discussion on the origin of

NN SRR N R

stratabound lead-zinc deposits in the Yutang region of Huayuan
County, Hunan Province[J]. 1986(2):
179-186.

RISCE, A, Boohk, w4k
AHIF—MVT Y8R A L AL BT
1999, 17(1): 19-23.

LIU Wen-jun, ZHENG Rong-cai, LI Yuan-lin, GAO Ling. Study

Geological Sciences,

SRR AR PR )
GO DIREAR

of bitumen in the Huayuan
geochemistry study of MVT
Sedimentologica Sinica, 1999, 17(1): 19-23.

RSB, IR FEAEAVEED R O AR S A 0T —MVT
WK A BLEH 1E I BE S (D[] Wi 2% 4R, 1999, 17(4):
111-117.

LIU Wen-jun, ZHENG Rong-cai. Research of fluid inclusion gas

lead-zinc  deposit—Organic

lead-zinc deposit[J]. Acta

composition in  Huayuan lead-zinc  deposit—Organic-

mineralization study of MVT lead-zinc deposits( Il )[J]. Acta
Sedimentogica Sinica, 1999, 17(4): 111-117.
SIS RS W SR I A A HL R R R

1985, 81(3): 224-231.

D). TR,

LIU Wen-jun. Evolution of Hunan-Guizhou fault zone and the
features of mineralization[J]. Geological Review, 1985, 81(3):
224-231.

W2 BRI PG SR i AL R IR £ & L 2R R R O RURRAIE %
KA G GV T e ()], TR AR ST e e ik, 1991,
23(2): 13-22.

YE Hong-zhuan. Evolution of the Cambrian carbonate platform



528 B4 4 )

JE i, A WP AEE LIPS R R AR AR X LR 4 R X 815

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

margin and isotope in east Guizhou and west

Hunan—Relationship to tectonics of Yangtze continental
margin[J]. Bulletin of the Chinese Academy of Geological
Sciences. 1991, 23(2): 13-22.

BODNAR J R. Revised equation and table for determining the
freezing point depression of H,O-NaCl solutions[J]. Geochimica
et Cosmochimica Acta, 1993, 57: 683—684.

ROEDDER E. Fluid inclusions,
(Vol.12)[M]. Chantilly, VA: Mineralogical Society of America,
1984: 644.

HUSCR, A, ZEIUAR, HWIAL. FEIEEYEEDT R AR Ak
B A PI[I]. AR B L B A A (AR BE A AR), 1997, 24(4):
67-71.

LIU Wen-jun, ZHENG Rong-cai, LI Yuan-lin, CHANG Si-he.

reviews in mineralogy

Research of the daughter minerals in fluid inclusions of the
Huayuan lead-zinc deposit[J]. Journal of Chendu University of
Technology (Natural Science Edition), 1997, 24(4): 67-71.
XUSCE. FEIEAVEEDT IR b A PR T[T]. S B T2 Bt
EMBE R, 1999, 26(2): 101-106.

LIU Wen-jun. Restudy of the black fluorite in the Huayuan
Pb-Zn deposit[J]. Journal of Chendu University of Technology
(Natural Science Edition), 1999, 26(2): 101-106.

LEACH D L, SANGSTER D F, KELLEY K D, ROSS R L,
GARVEN G, ALLEN C R. Sediment-hosted lead-zinc deposits:
A global perspective[J]. 2005, 100:
561-607.

KAKTT, BRI, REA, BRER. WIHIS AR R
PR AR AL S ST LR ) 0 R (0], R A SRR, 2007,
23(10): 2541-2552.

ZHANG Chang-qing, MAO lJing-wen, YU Jin-jie, LI Hou-min.

Economic Geology,

Study on fluid inclusion and the metallogenetic mechanism of
Chipu Pb-Zn deposit in Sichuan, China[J]. Acta Petrologica
Sinica, 2007, 23(10): 2541-2552.

S IS MVT SVEED PR CRUBE SO 16 FH IR AR
5HUHID]. Jbxt: A E KA R ), 2013: 60-120.

WU Yue. The age and ore-forming process of MVT deposits in
the boundary area of Sichuan-Yunnan-Guizhou provinces,
China[D]. China
Geosciences(Beijing), 2013: 60—120.
MACHEL H G. Bacterial and thermochemical sulfate reduction

southwest Beijing: University — of

in diagenetic settings—OIld and new insights[J]. Sedimentary
Geology, 2001, 140(1/2): 143—175.

WILKINSON J J. Fluid inclusions in hydrothermal ore
deposits[J]. Lithos, 2001, 55(1): 229-272.

MACQUEEN R W, POWELL T G. Organic geochemistry of the
Pine Point lead-zinc ore field and region, Northwest Territories,
Canada[J]. Economic Geology, 1983, 78(1): 1-25.

LEACH D L. Genesis of the Ozark Mississippi Valley-type

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

metallogenic province, Missouri, Arkansas, Kansas, and
Oklahoma, USA. In: Sediment-hosted Zn-Pb ores[M]. Berlin:
Springer, 1994: 104—138.

THOMAS J, ANDERSON G M. The role of thermochemical
sulfate reduction in the origin of Mississippi Valley-type
deposits 1. Experimental results[J]. Geofluids, 2008, 8(1): 16—26.
ANDERSON G M, THOMAS J. The role of thermochemical
sulfate reduction in the origin of MVT deposits I .
Carbonate—sulfide Geofluids, 2008, 8(1):
27-34.

TANG Y C, ELLIS G S, ZHANG T W, JIN Y B. Effect of

relationships[J].

aqueous chemistry on the thermal stability of hydrocarbons in
petroleum reservoirs[J]. Geochimica et Cosmochimica Acta,
2005, 69(10): 559.

AMRANI A, ZHANG T W, MA Q S, TANG Y C. The role of
labile sulfur compounds in thermochemical sulfate reduction[J].
Geochimica et Cosmochimica Acta, 2008, 72(12): 2960—-2972.
ZHANG T W, AMRANI A, ELLIS G S, Ma Q S, TANG Y C.
Experimental investigation on thermochemical sulfate reduction
by H,S initiation[J]. Geochimica et Cosmochimica Acta, 2008,
72(14): 3518-3530.

TRAKE, RIGH, AT I BRER R AL SR AR TR s i 2
it SRR IR 6 12 SO PR 5 0 B A FIBILARI D). ol
2011, 27(3): 809—826.

ZHANG Shui-chang, ZHU Guang-you, HE Kun. The effects of
thermochemical sulfate reduction on occurrence of oil-cracking
gas and reformation of deep carbonate reservoir and the
interaction mechanisms[J]. Acta Petrologica Sinica, 2011, 27(3):
809-826.

TKAKE, IheRe, T B, KA. BRIRER ML SEIE SRR T
JRBIHLRITES[]. A 574, 2012, 28(3): 739-748.

ZHANG Shui-chang, SHUAI Yan-hua, HE Kun, MI Jing-kui.
Research on the initiation mechanism of thermochemical sulfate
reduction (TSR)[J]. Acta Petrologica Sinica, 2012, 28(3):
739-748.

FHEE, VPR, 1 i, BR WL SRR O B T G
M A R R P BORR R RE D], HERAAAR, 2001, 22(5): 425-428.
YIN Fu-guang, XU Xiao-song, WAN Fang, CHEN Ming. The
sedimentary response to the evolutionary process of Caledonian
foreland basin system in south China[J]. Acta Geoscientia Sinica,
2001, 22(5): 425—-428.

ANDERSON G M. Precipitation of Mississippi Valley-type
ores[J]. Economic Geology, 1975, 70(5): 937-942.

GIORDANO T H. Transport of Pb and Zn by carboxylate
complexes in basinal ore fluids and related petroleum-field
brines at 100 C: The influence of pH and oxygen fugacity[J].
Geochemical Transactions, 2002, 3(8): 56—72.



816 rh A SR 2R 2018 £ 4

Fluid inclusions investigation of Tudiping Pb-Zn deposit, Huayuan
orefield, western Hunan: Implications for ore-forming mechanism

ZHOU Hao-di"?, SHAO Yong-jun', WEI Han-tao', XIONG Yi-qu', ZHENG Ming-hong"®, ZHANG Yu"*

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring,
Ministry of Education, Central South University, Changsha 410083, China;
2. Hunan Key Laboratory of Land and Resources Evaluation and Utilization,
Hunan Planning Institute of Land and Resources, Changsha 410007, China;
3. Non-Ferrous Metals and Nuclear Industry Geological Exploration Bureau of Guizhou, Guiyang 550005, China;
4. Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China)

Abstract: Detailed field investigation and petrological observation on the Tudiping Pb-Zn deposit indicated that the
mineralization could be subdivided into three stages: ( I ) sphalerite-dolomite, (1I) sphalerite-galena-barite-fluorite and
(Il) galena-calcite stages. A comparative investigation was performed on fluid inclusions trapped in sphalerite and
coexisting gangue minerals, by (infrared) microthermometry and laser Raman analysis. The results reveal that the
ore-forming fluid is a moderate-low temperature, moderate-high salinity NaCl-MgCl,-H,O system with considerable
amounts of CaCl, at stage [ and II, and a low temperature and moderate salinity NaCl-H,O system at stage III. The
vapor phase composition comprises H,O, CH, and H,S, and the concentrations of the reductive gas increase from stage
[ to II and decrease from stage II to III. Both fluid inclusions trapped in sphalerite and coexisting gangue minerals
are featured by fluid mixing and oxygen fugacity change, indicative of being derived from the same fluid system.
However, an evolution delay was found in fluid inclusions trapped in sphalerite. The ore deposition is related to
thermochemical sulfate reduction (TSR) under the background of fluid mixing at stages [ and II, and influenced by
dilution and cooling resulting from meteoric water at stage III. The coupling effect between TSR and carbonate
dissolution plays a significant role in the ore deposition mechanism of the Tudiping Pb-Zn deposit.

Key words: ore-forming fluid; lead-zinc deposit; Tudiping; ore deposition; thermochemical sulfate reduction
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