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Abstract Huangshaping W-Mo-Pb—~Zn polymetallic deposit is located in southeastern Hunan Province South China. The
mineralizations are associated with granite porphyry and quartz porphyry. Tungsten-molybdenum ore bodies occur as disseminated ore in
skarn between quartz porphyry and carbonate rocks while lead—zinc sulfide ores occur as veins outward the skarn or within carbonate
country rocks. The mineralization process can be generally divided into two stages. Skarn stage is associated with W-Mo mineralization
and sulfide stage is associated with Pb-Zn mineralization. The fluid inclusions in garnet and actinolite are characterized by coexisting
brine and vapor—ich fluid inclusions indicating an immiscible condition. Using the homogenization temperatures ( 528°C to >600°C)
and salinity of brine (40% ~45.5% NaCleqv) trapping pressure can be estimated to be 600 ~800bars equivalent to a depth of 2.2
~3.2km. Tungsten mineralization from later skarn stage was formed under boiling condition characterized by fluid inclusion with high
temperature (400 ~460°C)  high salinity (40% ~45% NaCleqv) . The pressure is estimated to be 200 ~ 400bar equivalent to a
depth of 0.7 ~ 1. Skm. At the sulfide stage vapor—rich liquid—rich and CO,=rich inclusions from quartz are coexisting in molybdenite—
bearing quartz vein indicating boiling at narrow range of temperatures from 300 ~ 340°C and wide range of salinity from 5.86% ~
16.24% NaCleqv. The fluid inclusions in fluorite associated with Zn-Pb mineralization are almost liquid—rich fluid indicating fluid
boiling is not obvious. During Zn-Pb mineralization stage the oreforming temperature drops to 240 ~ 160°C and salinity shows a wide
range from 0. 88% to 16. 58% NaCleqv indicating the characteristic of low-medium temperature and low salinity of oreforming fluid.
We concluded that the W-Mo-Pb—Zn mineralization in Huangshaping deposit is related to the cooling and boiling of fluids from early
high-temperature high salinity to late low-temperature low salinity.

Key words Fluid inclusions; Fluid process and evolution; Polymetallic deposit; Huangshaping Hunan Province
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Fig.2 Hand specimens of representative ore bodies and ores from Huangshaping deposit

( a) tungsten-molybdenum ore bodies in skarn; ( b) Zn-Pb-Cu orebody occurring between granite and carbonate rocks; ( ¢) Pb-Zn-Ag orebody
occurring in fractures within carbonate rocks; ( d) -purple and colorless fluorite developed in garnet skarn; ( e) -banded magnetite in skarn; ( f) Mo—
bearing quartz vein in granite; ( g) vein of Cu-Mo mineralization developed in granite. ( h) -ore sample containing Ccp Sp Po Py; (i) -ere sample
containing Sp Gn green Fl colorless FI. Grt-garnet; Act-actinolite; Di-diorite; Po-pyrrhotite; Py-pyrite; Gn-galena; Sp-sphalerite; Mo—
molybdentie; Shl-scheelite; Mt-magnetite; Ccp-chalcopyrite; Q-quartz; Fld{luorite
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Fig. 3 Photomicrographs of ores from Huangshaping deposit
(a) garnet and actinolite in skarn; ( b) -scheelite cutting by fluorite vein; ( ¢) BSE image showing fine sphalertie veins filling the gap between
bismuthinite-bearing fluorite and garnet; ( d) -early formed scheelite replaced by chalcopyrite; ( e) -mineral assemblages of pyrite sphalerite and

pyrrhotite  with late chalcopyrite vein; ( f) -masssive mineral assemblages of galena sphalerite with late pyrite vein
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Fig. 4 Micrographs of inclusions of Huangshaping deposit

(‘a) Type Ila FI in garnet; ( b) Type Ib FI in garnet; ( c¢) -Type Ila FI in actinolite containing several daughter minerals; ( d) Type Ila FI in
scheelite; ( e) -Type Ila FI in purple fluorite with calcite daughter mineral; ( f) -Type IIb FI in purple fluorite; ( g) -coexisting of Type III and Type Ia
FI in purple fluorite; ( h) -coexisting of vapor—rich and liquid-rich Fi in quartz; (i) -a large number of Type Ia FI in green fluorite. Lityodiquid H, 0;

Lo, diquid CO,; Vo, -vapor CO,; Cal-calcite; H-halite
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Fig. 5 Laser Raman spectra of fluid inclusions of Huangshaping deposit
(a) €O, H,O0 in vapor phase of Type Ia FI in purple fluorite of skarn stage; ( b) —calcite daughter mineral in purple fluorite FI; (¢) €O, H,0
CH, in vapor phase of Type Ib FI in quartz of sulfide stage; (d) -CH, CO, H,O0 of Type la in quartz of sulfide stage

. -6~ -21.2C 9.21% ~ 23.18%
CO, NaCleqv 283.5 ~404.7°C .
o Type 1Ib ( 5b)
200 ~251. 8°C
o Type Ia -3.1 250 ~ 303.4C 34.7% ~ 40.6%
~ -15.6C 5.11% ~19.13% NaCleqv NaCleqv
174.5 ~310.2°C 4.2.2 BB
Co, 1 6.5~ -1C . Vo Type
6.54% ~16.49% NaCleqv 229.5 ~354.8°C. Type b Type
Type 1 -5 ~
ype 4 11 CO, . Type la -3.6
~10.8C 7.86% ~ 11.77% NaCleqv
~ —12.3C 5.86% ~16.24% NaCleqv
160. 1 ~303.2C . Co,
227.6 ~371.7°C.. Type Ib
0.1C 15.42% NaCleqv 279C. . o4 13, s 1320
Type Ia —2.1~-11.8C RO 29% -
3.55% ~15.76% NaCleqv 150.3 ~  7-34% NaCleqv 316.1~
380.9C. €O, 0.1~0.6c  $54C :
14.87% ~ 15.42% NaCleqy 1 Type I CO, 5. 1°C
236 ~252°C . Type Ia 8.82% NaCleqv 236.9C .



4240

N

A

A (D

(\N)

aE

s (D

B (D

Fig. 6

EAFR 2013

Acta Petrologica Sinica

40 14
B R o] BWEHN R (]
(£ 48 A4 A0 BH RS A1) 7 (4 48 A4 R BH RS A1)
30 A é 104
] Type Ib 1 Type 1b |
8 |
%, [ Type Ila ] Type 1la
-
10 1
-
7
0 T 0

100 140 180 220 260 300 340 380 420 460 500 540 580

0 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

10 25
W 1% & B WA L W1 & B BeWa
8 ((EEil) 204 (1159 57)
W Type la B Type la
6 - 151
] Type Ila ] Type Ila
4 10 4
2 7‘ - 54 r
100 140 180 220 260 300 340 380 420 460 500 540 580 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
30 50
We 1 - 5 B BEW-Mofi™ f& W i - % By BEW-Mofi™ 1k
% CHEAT R A0 04 CHLA R A0
- B Type Ia W Type 1a
] Type Ila 1 ] Type Ia
164

X] Type IIb

100 140 180 220 260 300 340 380 420 460 500 540 580

X Type IIb

201

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

12 T
i AL 42 Mot 1k, 6 i 16 7 WMot 14
10 (1 9%) S
W Type 1a 5 W Type [a
8
] Type Ib i ] Type Ib
6 = Type Il E Type 11
4l
4
2
2
/ "
s - BV R S ‘
100 140 180 220 260 300 340 380 420 460 500 540 580 0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
30 14
124
2 i AL 4 WIZn-P ol 16 it A P 1Zn-Poir 1k
(A7) 10 | (%2 f1)
20
W Type la W Type la

0
100 140 180 220 260 300 340 380 420 460 500 540 580

mE CC)H

0

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46

1% (%NaCleqv)

Histograms of homogenization temperature and salinity of fluid inclusions from different stages

29( 12)



FRF: ORISR R ERBTL

co, CH,( 5c d)
o Zn-Pb
Type la o
Type Ia S~ -5.3%C
1.91% ~ 8.28% NaCleqv 134.6 ~
234.5C. Typela CO, 4.5 ~
-1.1C 9.74% ~ 16.49% NaCleqv
167.3 ~313.2°C. Type Ia  CO,
0.2 ~3C 11.89% ~15.31%
NaCleqv 202 ~274.5C .
-0.5~ -8C 0.88% ~ 11.7% NaCleqv
148 ~306.7°C. Type Ib
5
5.1
(
6) - . Type
ITa 528°C 40% ~42.7% NaCleqv.
Type b 600°C 3.06% ~
4.65% NaCleqv. Type Ila 600°C

43.1% ~45.5% NaCleqv.

528C 40% ~45.5% NaCleqv

w Type
[la Type Ib Type

la o Type lla 346.6 ~487.9C

37.2% ~44.6% NaCleqv. Type la

366.4 ~484.6C 8.4% ~9.3% NaCleqv.

W 400 ~460°C

40% ~45% NaCleqv. W-Mo
\Type Ib
150. 3 ~380.9C

Type la
Type 1Ib
5.11% ~16.49% NaCleqv.
283.5 ~404.7°C
W-Mo
6% ~18% NaCleqv.

Type la
9.21% ~
23.18% NaCleqv.

180 ~320C

Mo
Type la Type Ib
Type 1II CO, o 227.6 ~
435.4C 300 ~ 340°C, 5.86% ~17.34%
NaCleqv 12% ~14% NaCleqv. Mo
Zn-Pb
134.6 ~313.2C
0.88% ~16.58% NaCleqv
14% ~18% NaCleqv.

Type la
160 ~240C
4% ~10% NaCleqv

4241

5.2

3 (1)
1(2) 1 (3)
( Baker and Lang 2003) ,

Type Ib
Type Ib

Type Ila

Type Ila

o 600°C

. (2011)

Heinrich (2007) ( 7 ) Type
la

Driesner and

270bars/km '
2.2 ~3kmo,
200 ~ 400bar

600 ~ 800bar o

Type lla
o 270bars /km ™'
0.7 ~1.5km. W-Mo
100 ~ 250bar
o Type 1lb Beck et
al. (2008) 1500 ~
2000bar( 7 ) o
Type Ib
o 100 ~ 150bar o

100bars /km ™' 1 ~1.5km.

Type la

5.3

. ( Shinohara and
Hedenquist 1997, 2003 2005; Heinrich

2005; Klemm et al.

Meinert et al.

2007) .

1979) .

( Burnham

o 528 ~ 600°C 2.2 ~
3km
Type Ib

( 8).

o Type Ila



4242

600

— %

g00bars x

—
600085
Sgobaﬁ

500 A AQQ‘QB(S/

300bars

200bars |

o 100bars —|

R CC)
E
3
<
°

" 300

v__FS
200-%W ¢ o
v %Og 0

BHRENE O
W 1Y 5 B B
W1

T A4 4 39
Mo#™ fb

B b ¥ B B
v z;‘Pbﬁrﬂﬂc

e 15 o B B
o W-Moli"
100 T T T T T
0 10 20 30 40 50 60
EhE (% NaCl eqv)
450 /
el /
N4
400 S
= S
o & Y
. 3
N\
= 3507 §§
*
2 3001 /
r \ofb‘e
< ,,JQQQ
<
250 1 o
o
200 T T T T T
200 250 300 350 400 450 500
AT EIERRE CC)
7 (
2011; Becker et al. 2008)
Fig.7  Trapping pressure estimates for fluid inclusions of
Huangshaping deposit ( upper figure after Shu et al. 2011;
lower figure modified after Becker et al.  2008)
>528C
( Meinert 1997; Meinert et al. 2003) o
( Soloviev 2011) .
400 ~ 460°C 200 ~
400bar 0.7 ~ 1. 5km
o W Type Ila.
Type Ib.Type la w
o W-Mo
co,
CO, Type 1la CO,
WMo  W-Mo—Cu ( Kwak
1986; Soloviev 2011) , .

ELFIR 2013 29(12)

Acta Petrologica Sinica

o 400°C

( Fournier 1991) . W-Mo Type Ilb

( over pressuring) ( Fournier

1999) 1500 ~2000bar.
o Type IIb
NaCl
Type 11 0
Mo Type la.Type Ib  Type
1 300 ~340°C
(5.86% ~17.34% NaCleqv)
o CO,
CH, o
( Baker and Lang 2003)
340°C 1. Skm
150bar
( 8-
o Zn-Pb
Type la
700
600 xx
500
“ 4001
= S
28300+

A7 MBI AR R B

M B it B
Wil {k

200-% @
v WL 2 B
W-Mofi" {k
ki AL
- WAL En-PhE 1k
0 - ; , : i )
0 10 20 30 40 50 &0 74
& fF (%NaCleqv)
8 -
Fig. 8  Homogenization temperatures vs salinities of fluid

inclusions



FRF: ORISR R ERBTL

Type Ib  Type Ila
( >528C) ( 600 ~ 800bar)
o W

400 ~460°C
40% ~45% NaCleqv. 200 ~ 400bar,
Mo 300 ~ 340C

12% ~14% NaCleqv 100 ~ 200 o Zn-Pb
160 ~240°C 4%
~10% NaCleqv  14% ~18% NaCleqv.
Type 11
(2)
(3) WMo Pb~Zn-Cu
Cu-Mo-W
References

Baker T and Lang JR. 2003. Reconciling fluid inclusion types fluid
processes and fluid sources in skarns: An example from the Bismark
Deposit  Mexico. Mineralium Deposita 38(4) : 474 —495

Becker SP Fall A and Bodnar RJ. 2008. Synthetic Fluid Inclusions.
XVIL 1 PVTX properties of high salinity H,O-NaCl solutions
( >30% NaCl) : Application to fluid inclusions that homogenize by
halite disappearance from porphyry copper and other hydrothermal
ore deposits. Economic Geology 103(3): 539 -554

Bodnar RJ. 1983. A method of calculating fluid inclusion volumes based
on vapor bubble diameters and P-V-T=X properties of inclusion
fluids. Economic Geology 78(3): 535 -542

Bodnar RJ. 1993. Revised equation and table for determining the freezing
point  depression of H,O0-NaCl solutions.
Cosmochimica Acta 57(3): 683 -684

Burnham CW. 1979. Magmas and hydrothermal fluids. In: Barnes HL
(ed. ). Geochemistry of Hydrothermal Ore Deposits. 2™ Edition.
New York: John Wiley and Sons 71 -136

Geochimica et

4243

Chen XW Wu JB and Xi CZ. 2008. Geological characteristics and
genesis of Huangshaping lead—zinc polymetalic deposit in Hunan.
Land & Resources Herald 5(4): 45 —48( in Chinese)

Collins PLF. 1979. Gas hydrates in CO,-bearing fluid inclusions and the
use of freezing data for estimation of salinity. Economic Geology 74
(6): 1435 - 1444

Driesner T and Heinrich CA. 2007. The System H,O-NaCl. Part I
Correlation formulae for phase relations in temperature-pressure—
composition space from 0 to 1000 degrees C 0 to 5000 bar and 0 to
1 X-NaCl. Geochimica et Cosmochimica Acta 71 (20): 4880
-4901

Fournier RO. 1991. The transition from hydrostatic to greater than
hydrostatic fluid pressure in presently active continental hydrothermal
systems in crystalline rock. Geophysical Research Letters 18( 5) :
955 - 958

Fournier RO. 1999. Hydrothermal processes related to movement of fluid
from plastic into brittle rock in the magmatic-epithermal
environment. Economic Geology 94: 1193 —1211

Gu L. 1997. On the genesis of the lead — zinc polymetallic deposit in
Huangshaping. Hunan Geology 16(4): 661 — 669 ( in Chinese
with English abstract)

Hall DL Sterner SM and Bodnar RJ. 1988. Freezing point depression of
NaCl-KCl-H, O solutions. Economic Geology 83(1): 197 —202

Heinrich CA. 2005. The physical and chemical evolution of low-salinity
magmatic fluids at the porphyry to epithermal transition: A
thermodynamic study. Mineralium Deposita 39( 8) : 864 —889

Huang GF. 1999.
orientation of Huangshaping style Pb-Zn deposit in southern Hunan.
Hunan Geology 18(2): 84 =90 115 ( in Chinese with English
abstract)

Klemm LM Pettke T Heinrich CA and Campos E. 2007. Hydrothermal
evolution of the El Teniente deposit Chile: Porphyry Cu-Mo ore

Geological characteristics and seeking mineral

deposition from low-salinity magmatic fluids. Economic Geology 102
(6): 1021 —1045

Kwak TAP. 1986. Fluid inclusions in skarns ( carbonate replacement
deposits) . Journal of Metamorphic Geology 4(4): 363 —384

Lei ZH Chen FW Chen ZH Xu YM Gong SQ Li HQ Mei YP Qu
WJ and Wang DH. 2010. Petrogenetic and metallogenic age
determination of the Huangshaping lead—zinc polymetallic deposit and
its geological significance. Acta Geoscientica Sinica 31(4) : 532 -
540( in Chinese with English abstract)

Li XF and Sasaki M. 2007. Hydrothermal alteration and mineralization of
middle Jurassic Dexing porphyry Cu-Mo deposit Southeast China.
Resource Geology 57(4): 409 -426

Li XF Watanabe Y Mao JW and Yi XK. 2007. SHRIMP [ U-Pb zircon
and ** Ar®? Ar muscovite ages of the Yinshan deposit in the Northeast
Jiangxi Province South China. Resource Geology 57 (3): 325
—-337

Li XF Watanabe Y Hua RM and Mao JW. 2008. Mesozoic Cu-Mo-W-
Sn mineralization and ridge/triple subduction in South China. Acta
Geologica Sinica 82 (5): 625 — 640 ( in Chinese with English
abstract)

Li XF Watanabe Y and Yi XK. 2013a. Ages and sources of ore—related
porphyries at Yongping Cu-Mo deposit in Jiangxi Province Southeast
China. Resource Geology 63(3): 288 —312

Li XF Hu RZ Rusk B Xiao R Wang CY and Yang F. 2013b. U-Pb
and Ar-Ar geochronology of the Fujiawu porphyry Cu-Mo deposit
Dexing district  Southeast China: Implications for magmatism
hydrothermal alteration and mineralization. Journal of Asia Earth
Sciences 74: 330 -342

Li YZ. 1986. On the genesis of the Huangshaping Pb—Zn deposit
Guiyang Hunan in special reference to fluid inclusion studies of its
minerals. Acta Mineralogica Sinica 6( 1): 77 — 85 ( in Chinese
with English abstract)

Liu WH. 2007. Mineralization mechanism of the Huangshaping lead-zinc
polymetallic deposit and its application in ore prospecting. Ph. D.

Changsha:  Graduate School of Central South

University 1 —146 (in Chinese with English summary)

Dissertation.



4244

Ma LY Lu YF Qu WJ and Fu JM. 2007. Re-Os isotopic chronology of

molybdenites in Huangshaping lead—=zinc deposit southeast Hunan
and its geological implications. Mineral Deposits 26(4) : 425 —431
(in Chinese with English abstract)

Meinert LD. 1997. Application of skarn deposit zonation models to
mineral exploration. Exploration and Mining Geology 6(2): 185 -
208

Meinert LD  Hedenquist JW Satoh H and Matsuhisa Y. 2003. Formation
of anhydrous and hydrous skarn in Cu-Au ore deposits by magmatic
fluids. Economic Geology 98(1): 147 - 156

Meinert LD Dipple GM and Nicolescu S. 2005. World skarn deposit In:
Hedenquist JW Thompson JFH and Goldfarb RJ ( eds. ) .
Geology. Littleton Colorado: Society of Economic Geologists Inc.
229 -336

Peng JT Zhou MF Hu RZ Sheng NP Yuan SD Bi XW Duan AD
and Qu WJ. 2006. Precise molybdenite Re-Os and mica Ar-Ar
dating of the Mesozoic Yaogangxian tungsten deposit central Nanling
district  South China. Mineralium Deposita 41: 661 —669

Qi FY Zhang Z Zhu XY Li YS Zhen SM Gong FY Gong XD and
He P. 2012. Skarn geochemistry of the Huangshaping W-Mo
polymetallic deposit in Hunan and its geological significance.
Geology in China 39 (2): 338 —348( in Chinese with English
abstract)

Roedder E. 1984. Fluid Inclusions: Reviews in Mineralogy. Chantilly:
Mineralogical Society of America 12: 644

Economic

Shinohara H and Hedenquist JW. 1997. Constraints on magma degassing
beneath the Far Southeast porphyry Cu-Au deposit
Journal of Petrology 38( 12): 1741 -1752

Shu QH Lai Y Wei LM Sun Y and Wang C. 2011. Fluid inclusion
study of the Baiyinnuo’ er Zn-Pb deposit south segment of the Great

Philippines.

Xing” an Mountain northeastern China. Acta Petrologica Sinica 27
(5): 1467 — 1482 ( in Chinese with English abstract)

Soloviev SG. 2011. Geology mineralization and fluid Inclusion
characteristics of the Kensu W-Mo skarn and Mo-W-Cu-Au alkalic
porphyry deposit Tien Shan Kyrgyzstan. Economic Geology 106
(2): 193 -222

Wang LY Zhu XY Wang LJ Li ST Guo NN and Han Y. 2010.
Preliminary study on fluid characteristics of Huangshaping lead—zinc
deposit Hunan Province. Mineral Deposits 29: 609 — 610 ( in
Chinese)

Wei DG He L. Pang BC Hu YH Yang XF Cao XC and An ZH.
2007. Joints characteristics and their geological significance of the
Huangshaping Pb—~Zn ore field in Guiyang County Hunan Province.
Mineral Resources and Geology 21(5): 555 —559( in Chinese with
English abstract)

Yao JM Hua RM and Lin JF. 2005. Zircon LAACPMS U-Pb dating and
geochemical characteristics of Huangshaping granite in Southeast
Hunan Province China. Acta Petrologica Sinica 21(3) : 688 — 696
(in Chinese with English abstract)

Yao JM Hua RM Qu WJ Qi HW Lin JF and Du AD. 2007. Re-Os
isotope dating of molybdenites in the Huangshaping Pb-Zn-W-Mo

South China and its

50(4): 519

polymetallic deposit ~ Hunan Province
geological significance. Science in China ( Series D)
-526

Zhu XY Wang JB Zhang Z Wang YL and Jiang YC. 2010.
Identification of the NNW trending ore-controlling structure in the
Huangshaping lead—zinc deposit  Hunan Province and its significance
to exploration. Geology and Exploration 46 (4): 609 - 615 ( in

Chinese with English abstract)

ELFIR 2013 29(12)

Acta Petrologica Sinica

Zhu XY Wang JB Wang YL Cheng XY and Fu QB. 2012. Sulfur and
lead isotope constraints on ore formation of the Huangshaping W-Mo—
Bi-Pb—Zn polymetallic ore deposit Hunan Province South China.
Acta Petrologica Sinica 28( 12): 3809 — 3822 ( in Chinese with
English abstract)

. 2008.
5(4): 45 -48
. 1997. . 16
(4): 232 -238
. 1999 “ ”
18(2): 84-90 115

. 2010.
31(4): 532 -540
Watanabe Y . 2008. Cu-
( Mo) -W-Sn /
82(5): 625 -640
. 1986.
6(1): 77 -85
. 2007.
1-146
. 2007.
Re-Os . 26
(4): 425 -431
2012.
39(2): 338 -348
. 2011.
27(5): 1467 - 1482
. 2010.
29: 609 -610
. 2007.
21(5): 555 -559
. 2005. LACPMS
U-Pb . 21(3): 688
-696
. 2010.
NNW . 46(4): 609 -
615
. 2012. W-
Mo-Bi-Pb~Zn

28(12) : 3809 —3822



