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Lead-Zinc-Tin-Silver Mineralization of Tangguanpu Mine, Hunan Province,
China: Fluid Inclusion and Sulfur Isotope Studies

Chul-Ho Heo', Seong-Taek Yun'* and Chil-Sup Seo'
IDepanmem of Earth and Environmental Sciences, Korea University, Seoul 136-701, Korea

Numerous base-metal bearing hydrothermal quartz vein deposits occur in the Hunan province of southern China.
The Tangguanpu lead-zinc-tin-silver mine is the major producer among these deposits. Lead-zinc-tin-silver mineral-
ization occurs in a single stage of massive quartz veins which filled fractures in fault zones within Paleczoic
metasedimentary rocks. Sphalerite, chalcopyrite, galena, pyrite, arsenopyrite and pyrrhotite are the principal sul-
phide minerals in the Tangguanpu lead-zinc ores with minor amounts of tin- and antimony-bearing sulphides (stan-
nite, teallite, boulangerite and tetrahedrite}. Based on the iron and zinc partitioning between coexisting stannite and
sphalerite, the formaton termperature for this mineral assemblage range from 300° to 330°C, which relatively agree
with the upper part of homogenization temperature of fluid inclusion in quartz (207°~358°C). Fluid inclusion data
show that main lead-zinc-tin-silver mineralization occuorred from HyO-NaCl fluids with relatively low salinities
(11.2~7.3 wt.% eq. NaCl) at temperatures between 207° and 358°C. The relationship between homogenization tem-
perature and salinity suggests a history of cooling and dilution followed by initial boiling. Evidence of initial fluid
beiling may indicate the fluid trapping pressures of 180 bars. The 8855 values of -5.0 to 1.1% indicate an igne-
ous source of sulfur in the Tangguanpu lead-zinc-tin-silver hydrothermal fluids.

Key words : hydrothermal quartz vein, lead-zinc-tin-silver, fluid inclusion, sulfur isotope
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Fig. 1. Geologic map of the Tangguanpu Pb-Zn-Sn-Ag mine, Hunan province, China.
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Fig. 2. Generalized paragenetic sequence of minerals from
veins of the Tangguanpu Pb-Zn-Sn-Ag mine, Hunan province,
China.
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Table 1. K-Ar data of alteration sericite from the Tangguanpu Pb-Zn-Sn-Ag mine, Hunan province, China.

Radiogenic

Sample . m Radiogenic Date
Description K (%) AT (moles/g) a0
No. STP X 10-9 Ar (%) (Matlo)
1600-1 Sericite from 6.86 1146 91.7 93.86% 1.58

alteration zones
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Table 2. Representative chemical composition of arsenopyrite from the Tangguanpu Pb-Zn-Sn-Ag mine.

AFEEE - FEE . B

Sample Wt % Total Atomic. % Associated
no. Fe As S Fe As 5 minerals

600-1 34.05 4275 21.81 98.62 32.77 30.67 36.56  sp, cp

34.95 43.03 22,18 100.16 33.07 36.36 36.57  sp, cp

34.24 43.78 20.90 98.92 33.15 31.60 3525 sp, cp

34.12 43.80 20.45 98.37 3312 31.79 34.68  sp, cp

34.89 43.04 21.54 99.47 33.39 30.70 3591  sp, cp

34.29 43.41 21.22 98.92 33.09 31.23 3568  sp, cp

3432 43.43 21.65 99.40 32.87 31.01 36,12 sp, cp

34.40 4297 21.84 99.20 3278 30.52 3625  sp.ocp
600-2 34.19 42.57 2149 98.24 33.08 30.71 3622 sp, ep, py, Wd
600-3 3477 42,58 22.53 99.88 32.77 29.92 3700 po, py, sp. cp, bl

34.84 43.72 22.24 100.81 3271 30.65 3644  po, py, sp. cp, bl
600-4 34.19 43.89 21.06 99.13 3293 31.52 3534 sp,ep. td
600-5 34.87 45.10 21.98 101.94 32.66 31.49 3586  sp, cp, ud

3510 43.32 21.96 100.37 33.18 30.52 36.16  sp, cp, d
600-6 34.51 4528 2077 100.56 33.04 32.32 3464 sp, cp. ud, gn
640-1 34.65 43.08 22,13 96.80 32.87 30.46 3657 sp, cp

34.83 42.42 2278 100.03 32.70 29.69 3726 sp, cp
640-3 34.74 4345 21.46 99.66 33.24 30.99 35.77  sp, cp

Abbreviations: sp; sphalerite, cp; chalcopyrite, py.

pyrite, td; tetrahedrite, po; pyrrhotite, bl; boulangerite, gn; galena

Fig. 3. Reflected light microphotographs of ores in the Tangguanpu Pb-Zn-Sn-Ag deposits. All scale bars are 0.1 mm. (A);
boulangerite (B), arsenopyrite (ASP), pyrrhotite (PO) and sphalerite (SP} infilling the fracture of pyrte (PY), (B);
arsenopyrite (ASP) and sphalerite (SP) in quartz (QTZ), (C) stannite (ST) intergrown with sphalerite (SP), (D) galena (GN)
and teallite (TL} infilling the fractures of pyrite (PY).

.,
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Table 3. Representative chemical composition of sphalerite from the Tangguanpu Pb-Zn-Sn-Ag mine, Hunan province,

China,
Sample Wt % Total Mole % Associated
. Zg  Fe Mn €4 Cu Zn$  FeS MnS CdS  CuS minerals
600-1 54.61 920 016 061 0.19 3297 9775 8258 1629 030 054 030 asp, cp
54,44 280 020 0.81 037 3262 9823 8125 17.12 033 070 057 asp, cp
5325 1160 024 056  0.13 3282 9867 7870 2022 042 0.48 0.19 asp, cp
3331 1115 039 063 000 3303 9851 7934 1943 0.68 054 000 asp, cp
5[04F 1246 022 039 039 3335 9822 7687 2181 038 034 060 asp, cp
6002 6215 293 002 056 054 3342 9961 9349 516 003 049 083 asp, cp. py, td
6274 265 012 061 0.28 3318 9957 9417 466 021 0.53 0.43 asp, cp, py, td
63.74 246 012 060 047 3251 9990 9429 426 021 0.51 0.72 py, cp, gn, 1
600-3 5554 993 005 043 048 3377 10020 8170 1711 0.09 037 073 po, py, asp, cp, bl
4893 1122 003 0.21 4.94 3381 99.14 7270 1951 006 018 7.55 po, py, asp, ¢p, bl
600-4  61.17 338 012 041 0.79 3287 9873 9224 596 021 0.36 1.23 asp, cp, td
600-5 56.04 834 (.25 038 017 3330 9847 8428 1468 045 0.33 0.26 asp, py
600-6 5476 10.15 025 038 022 3298 9875 8127 1762 044 033 033 usp, py, cp, gn
600-7 5421 11.15 (41 068 054 3404 101.02 7892 1999 070 058 08l py. st
5227 1096 036 051 0.8 3333 9853 7851 19.17 065 0.44 1.23 py, st
54.71 972 0.21 0.65 044 3380 9952 8145 1694 0.37 0.56 0.67 py, st, cp
3579 794 018 049 1.24 3352 9915 8345 1350 032 043 1.90 py, st, cp
640-1 5509 9355 046 064 033 3360 9866 8139 1655 0.81 0.55 0.50 asp
55.75 869 044 0.76 006 3282 9852 8327 1520 077 0.66 0.10 asp
52719 1181 034 044 031 3311 9899 77.84 2038 094 0.37 047 po, cp
640-2 5435 1043 007 096 012 3290 9883 8073 1814 @12 083 0.18 po
640-3 5545 8306 030 062 030 3266 0883 8375 1469 05355 054 0.47 asp, cp

Abbreviations: asp; arsenopyrite, ¢p; chalcopyrite, py; pyrite, td; tetrahedrite, po; pyrrhotite, bl; boulangerite, gn; galena, st; stan-
nite, 1l; teallite

A, A, Wiy, FE|AMelt), doldde ahEy
2 Nz AdEe] BE 2o geydaz A
#rh(Fig. 3B and 3C). FH/E oA 7P ER
g Balbgeel deldld e clakst dga g S
AE mednk AEdeEs A9 oRksh) dukges
Efdo] 7 fAlEhy 3ake] Hepz vepdo), A
el FeA, ARy, A2 iR Holddde
Ao 4.26~21.81 mole% FeSel ©E nold)
(Table 3). @Al <EE fojEde B8 ksl
A@sle] AUk F7| Falahg Toole, $HEE
o] Higelo|E, peAglele AlviEss e g
FookEey FExFTo M2 73e Ho
(Fig. 3D),
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Table 4] A A=e] Sich 2449 Fe ¥ Zno] ¥4

in stannite

X CuFeSnS:
XCwZnsSns

log

-2 -1 0

XFe§
XZnS

FIg. 4. A diagram showing partitioning of iron and zinc
between stannitc and sphalerite at various temperatures
(after Shimizu, Shikazono, 1985). Shaded box indicates the
formation temperature condition of sphalerite and stannite
from Tangguanpu deposit (the compositional data are
shown in Table 4).

log in sphalerite
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Table 4. Representative ¢hemical composition of stannite and sphalerite from the Tangguanpu Pb-Zn-Sn-Ag mine, Hunan

province, China.

Sample Wi % Total log(Xres/
no. Mineral Zn Fe Cu Cd Sn Mn Xzas)
600-7 stannise 3.53 12.32 28.52 0.00 26.89 0.06 29.66 100.97 0.54
stannite 3.88 12.50 28.40 0.00 26.30 0. 29.49 100.58 0.51
stannite 3.60 12,79 27.67 0.00 26.27 0.01 29.07 99.39 0.55
stannite 4.30 12.45 27.35 0.00 26.65 0.00 29.76 100.51 0.46
stannite 4.11 12.56 2741 0.00 2598 0.01 2925 99.33 0.48
sphalerite 54.21 11.15 0.54 0.68 0.00 0.41 34.04 101.02 -0.69
sphalerite 52.57 10.96 (.80 0.51 0.41 (.36 3333 98.93 -0.68
sphalerite 54,71 9.72 0.44 0.65 0.00 0.21 33.80 99.52 -0.75
sphalerite 55.79 7.94 1.24 0.49 0.12 0.18 33.52 99.27 -0.85
= 7h7} 1232-12.79 wt% 3.53~4.3 wt%o|h Eo| 4his} 7150l we} [ I8 EHEZ E5d0 |
MoldMe] Fe @ Znel WHE 7H7f 7.94—1115 ¥ FHES AEFIN 7P HUHSE BolAe f

wt.%s} 5257-56.79 wt%olth o] AEE log
(Kres/ K28 ephaterite 108K res/ X znssuamnite TH1OFTEC =
Alsl B9kthFig. 4). 32312 e 347 Hordd
Aloje] Hat old RilzbRo] 2AMA, o
2g gkgA o2 RE g FEZY dig AHEE
g 243 £ 4 9vhShimizu, Shikazono, 1985): Cu,-
FeSnS,(in stannite)+ZnS{in sphalerite)=Cu,ZnSnS,(in
stannite)+FeS(in sphalerite). §] ¥hgol] thgt 224
T (Kd) ¥ Kd=pes/Xins)stansite/ Kpes/Xzns)sphateriie =
H#=0], Nakamura, Shima(1982)y= 91 whgell tigh
2xe thew Pohy 2 7Ech logKd=2.8% 103le
35. o|& o] g5k, BN Holdd s FERE
300°~330°CE A2 + 3U&E & F Uk

YA FIHRAS) A b
1 W) SAslel FARRE G728 QNS

=
o} #3) IHE AT X @] gag 748t
T YUE HEE F A9y fAERES ez d

Asigtt, Mg Haue FALFES FEol
Azt 7ige) 24 26 °lﬂ1 Hel i 7HE
] weken =7)e R 6--45 pmd ek fAEE
frEe] oS & :Jsia z¥zre] EH-E ths] 33
olie] MHEZA S 9o AHeAE 2%

o

51. RAZRES 28
£ Bl AEde 49
r Aged BEsE

Zo] FAEFEY TF
2%, v A¥EA fAHZR

]

HEFEc|, A4zt 714de) 24z AIE gle
o 71ARA Aoz gdit d@oh I3 E£/E2
7)740] FRF=80 vol%) FHEolH, 7FEAFA] 7]
Aoz gzt 7] TR LREd el F
2a Zglel g4 AEHE EAAME, F £v§~
7o) Zre fxollA s} dith ol fAl9 HES
Z|Algc), e =7le] riadel EXG AR Y ¥
FEo 9t AFRES QAT oHy 2¥aE)
7} Zeksigdch 2, 8 A8 2Rk A4k
o= yEstdo} sl uEiE, 99 e FUSH
L 300°C7 A E A FASRES A4AHE T
917] W Ee|th(Bodnar ef al, 1985). ZA], A9
HAUwet ABEE 2 B Ao Akgrle| HEc
date] THFH ETHEUY &Y 2I|EFEES
20.7°—-21.5°Ce] BHE Rol} A7)z} wig- o
HeM 2 Aule] EYHAT ol £E2=E 2 )
olge] YAt 8FHF NaCle] AuiH YL AASHE
9l chBorisenko, 1977; Crawford, 1981). %4 CO,

Er A phEe] walER ge e Hol COy
ke 0.85 molale| 3t -2 F4& F+ Ak Heden-

quist, Henley, 1985). 7H 231 f3 Z/E =24 7
A EHES FE shed HAHL ofFee] sloA, 2
Aol b= A FRHERET 23 EZREE T
712 &kek

52 #Es 22 ¥ ¥s&

FraAde] olgh Madae] x4 fA) EHEY 73
3l &% ¥l 358°~-207°CelH, Wkl 23 4
g2o] 24 4 ZHEY 9% Hee 11.2~73
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Fig. §. Frequency diagrams of total homogenization temperature of fluid inclusions in quartz from the Tangguanpu deposit.
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Flg. &. Frequency diagrams of salinities of fluid inclusions in quartz from the Tangguanpu deposit.
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Flg. 7. Homogenization temperature versus salinity diagram for fluid inclusions in quartz from the Tangguanpu deposit.

Table 5. Sulfur isotope data of sulfides from the Tangguanipu Pb-Zn-Sn-Ag mine, Hunan province, China.

Sample no. Mineral 3" %) A8 (%) TeC)" TEC? A8 s (%)Y
1600-2 PO -4.6 164
1640-1 SP 4.7 SP-GN 204£ 25 204 43
1640-1 GN -15 32 204 1.1
D640-2 PY 07 143 0.1
D640-2 Sp 1.5 143 0.9
Y2 PY 38 230 54
Y2 SP 22 230 26
Y2 GN 29 230 04

Abbreviations: PO, pyrhotite, SP; sphalerite, GN; galena. PY; pyrite

DUsing isotopic fractionation in Ohmoto and Rye (1979}

BBased on average homogenization temperature of fluid inclusion in associated mineral

HlE 2ahiae) Ag7|ds dadews el
A3 a7 =72 AHEES gtk & d7elMe
shaola) 7193 AL X357 gl AFEA,
doledd], Wby, B s #F Y99S &
A}, 223 FAe FF71W-E Grinenko (1962)]
e clggich 3 F444vs CDT (Canyon
Diablo Troilite)® FEFAEZ 7l FHEA 7
(Finnigan MAT Delia-E}g o|&sted 33]o)d HE5
Ay, Table 5ol el wigl o] AlFEA e
$M5gke _4.6%, Aoldae] §MSTe -4.7-1.5%, 3
dAlo) FHSTEE 2.9~-1.5%, el §HSzke 3.8
~0. 7%tk & $9d4 AFALEAE FHAdHE
FRAE P GEele] FESIE FER Al &
Aehs BEeldie] EHE BEOE slo] A& 5 3

t}H{Ohmoto and Rye, 1979). & ¢della] <ozl F
= #3387 BHYLEuE AMS, Latol 3.2
2 uehden, o8 #EuE AEANI FeEA #
Paee] Agles 174 & F94e] AResE ot
A eisitiz ahe sFEE 8 Al AYe=EE Al
A5 Al 204125°C oloh 2 AE g s
Aol BEd Ay 24 FAERED] gAden
o FANAE sl PG AAexE rgshd, ¢
o] HSe 8¥6ge 5.0~-11%E Akdch &
shgEe] sHsitel vwd Fe weel Ay AeE+
Moo HMAREZTL B Gitel o] @Y 7
HS)e.2 EAPL2 ArSkT ot z22iA, HySe
§53ke) AlakE wele WA SA9 SEHda =24
(8002 7= ok -5.0~11%:98) 8 Mgk
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Fig. 8. Vertical distribution of ore grades (Sn+Cu and Pb+Zn+Ag) in the Tangguanpu deposit. Horizontal black scale bar is

200 m.
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