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Ore-forming fluids and metallogenesis of Nanyangtian tungsten deposit
in Laojunshan, southeastern Yunnan Province
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Abstract

The Nanyangtian tungsten deposit is located in the tungsten-tin polymetallic ore-forming area in Laojun-
shan, southeastern Yunnan Province. Ore bodies, fairly simple in shape, are largely concordant with the bed-
ding of the strata, and the distribution of the ore bodies is spatially related to skarn. The formation of tungsten
deposit experienced a period composed of skarn phase and quartz sulfide phase. The skarn phase is divided into
skarn stage and retrogressive alteration stage, whereas the quartz sulfide phase consists of two stages called re-
spectively quartz-sulfide stage and calcite-sulfide stage. Tungsten mineralization probably occurred at the retro-
gressive alteration stage. There are three dominant types of fluid inclusions, as evidenced by petrographic
characteristics of fluid inclusions of garnet, epidote, quartz, fluorite and calcite formed at different ore-forming

stages in the Nanyangtian tungsten deposit; they are liquid-rich inclusions, gas-rich two-phase inclusions and
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daughter-minerals bearing polyphase inclusions. Systemmatic measurement of homogeneous and freezing
temperatures as well as salinities and laser Raman spectroscopic analysis of fluid inclusions were conducted. The
gas compositions of ore-forming fluids in the Nanyangtian tungsten deposit are mostly H,O, CH,; and N,, with a
small amount of CO,, whereas the liquid composition is primarily H,O. Fluid inclusions in the skarn phase show
homogenization temperatures and salinities w(NaCl,,) from 260C to 420C and from 6.45% to 53.26% re-
spectively, with the densities ranging from 0.83 g/cm’ to 1.15 g/cm®. Homogenization temperatures and salini-
ties w(NaCl,,) of fluid inclusions in the quartz-sulfide phase mainly vary from 160C to 300C and from 4 %
to 8% respectively, and the densities of the fluids are 0.67~0.96 g/cm®, which are obviously lower than the
data of the fluid inclusions in the skarn phase. The & ®¥Ogqyow values of garnet, quartz and calcite range from

3.78%0 to 16.23%o0, with the corresponding o 180[—[2() values between 4.52%0 and 10.28%0, and 8D values of

fluid inclusions between —83%0 and — 59%o0. The combined isotopic data imply that the ore-forming fluids in the
Nanyangtian tungsten deposit were mainly derived from magmatic fluids. The § S values of pyrite from the
Nanyangtian tungsten deposit vary in a narrow range of 4.2%0~8.1%o, reflecting the derivation of sulfur from
deep magma source. Tungsten mineralization in the Nanyangtian ore deposit took place in Late Triassic, with its
metallogenesis related to the magmatic activity during the Indosinian period.

Key words: geochemistry, tungsten deposit, skarn, fluid inclusion,” oxygen-hydrogen-sulfur stable iso-

topes, metallogenesis, Nanyangtian, Southeastern Yunnan
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Fig. 1 Geological map of Laojunshan area in southeast Yunnan Province
after No 306 Geological Party of Southwest Geological Exploration Burecau 1988
I—Sandstone shale-bearing tuff and basaltic lava in Middle Triassic Falang Formation 2—Siliceous rock and mudstone in Upper Permian
Wujiaping Formation 3—Upper Cambrian dolomitic limestone 4—Dolomitic marble in Middle Cambrian Longha Formation 5—Quartz-schist and
gneiss in Middle Cambrian Tianpeng Formation 6—Lower Cambrian plagioclase gneiss and quartz-mica schist 7—Granitic gneiss 8—Medium-
coarse-grained two mica monzogranite 9—Medium-fine-grained two-mica granite 10—Granite porphyry 11—Unconformity 12—Tensional

fracture 13—Compressive fracture 14—Ambiguous fracture 15—Inferred fracture 16—Anticline 17—Syncline 18—Stratigraphic boundary
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Fig. 2 Geological map of the Nanyangtian tungsten deposit after No. 317 Geological Party of Yunnan 1984
1—Quaternary 2—Muscovite plagioclase gneiss in Taiyangping Member of Lower Cambrian Chongzhuang Formation 3—Marble schist and
gneiss in Nanyangtian Member of Lower Cambrian Chongzhuang Formation 4—Hornblende-granulitite and gneiss in Geling Member of Lower
Cambrian Chongzhuang Formation 5—Granite gneiss in Geling Member of Lower Cambrian Chongzhuang Formation 6—Quartz-tourmaline in
Nanyangtian Member of Lower Cambrian Chongzhuang Formation 7—Fault 8—Two mica monzogranite 9—Granite porphyry vein 10—Skarn

11—Albite-pegmatite vein 12—Scheelite ore body

(1] 317 . 1984.
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Fig. 3 Photographs of ore and ore vein from the Nanyangtian tungsten deposit

a. Spotted scheelite in quartz vein: b. Shell-like scheelite in skarn: c. Blue light of scheelite under fluorescent lamp: d. Ore vein
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Fig. 4 Microphotographs showing characteristics of different types of fluid inclusions in the Nanyangtian tungsten deposit 1
a. Liquid-rich fluid inclusion in garnet b. Daughter minerals-bearing polyphase inclusion in garnet c. Liquid-rich fluid inclusion in epidote
d. Daughter minerals-bearing polyphase inclusion in epidote L—Liquid V—Gas S—Daughter mineral
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2 ]
3.3
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2004 1l 0.82~0.85 g em’® 22 ~26
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1999 171~525 C
310~440C 245~450 C
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Fig. 5 Microphotographs showing characteristics of different types of fluid inclusions in the Nanyangtian tungsten deposit 2
a. Liquid-rich fluid inclusion in quartz b. Gas-rich fluid inclusion in quartz c. Liquid-rich fluid inclusion in fluorite

d. Liquid-rich fluid inclusion in calcite L—Liquid V—Gas

1

Table 1 Microthermometic measurements and calculated parameters of fluid inclusions in the Nanyangtian tungsten deposit

ty C T w NaCl, %

tm C s

g e
1 16 228~475 365 -10.1~-4.0 6.45—~14.04 10.09 0.87~0.92
Il 6 171~525 423 245~450 355 34.28~53.26 44.24 1.02~1.15
1 243~357 285 -6.8~—-4.4 7.05~10.22 7.43 0.83~0.89
Il 227~335 283 247~389 318 34.32~46.36 40.19 0.98~1.05
1 99 153~400 324 -6.6——-1.9 2.91-9.98 6.21 0.68~0.95
Il 6 258~270 264 -5.2~-3.1 5.10—8.21 6.32 0.82~0.85
1 4 262~279 270 -5.1—--4.4 7.02~8.00 7.58 0.82~0.87
[ 22 170~372 214 -60.0~—-2.4 4.03—~9.21 5.68 0.67~0.96

3.4
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Fig. 6 Laser Raman spectra of fluid inclusions in the Nanyangtian tungsten deposit
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SDV-SM()W = —84.55%0
50
mg 1:10
99 % 200 2.0x10 % Pa
BrFs  Clayton et al. 1963 980T
10 3Pa
BrFs  500~680 C MAT253
14 0O, SiF, BrF; CDT 3 H*Sv.cor
02 700 C + 0.2%0 GBW-
CO, 04414 GBW-04415 5 S
CO, MAT253 -0.07+0.13 % 22.15+0.14 %o
0O SMOW 4.2
3 BOv.svow +0.2%0
GBW-04409 GBW-04410 2 2 ODv_smow
B0 11.11 £0.06 %o —1.75%  —82% ~ — 76% & 8Oy svow 3.78%0 ~
0.08 %o 4. 47%0 - 1 000 lna =
40~60 1.22x10°T72—4.88 Taylor 1976
5~10 mg  105C
4 5180 4.52%0~15.21%o
Flash EA 3 ODv.smow
H, 1 400CT 50 1 —81%0~ — 59%0 3 18 Oyvsvow 13.55%0 ~
mv 16.21%o0 - 1 000 lna = 3.38
HO0 H, H X10°T 2—3.40 Clayton et al. 1972
H,O
H H, H, 5180 5.44% ~10.28%o
MAT253 2 3Dv-svow
V-SMOW — 83% — — 78%0 & ¥ Ov.syow
BDV»SMOW i 1 /00 15 . 83 (%) - 16 . 23%0 - 1 000
2-4709 Dy.gvow = — 64.8%o lna=2.78X10°T 2-3.39 O Neil et al. 1969
2
Table 2 Oxygen hydrogen and sulfur isotopic data of the Nanyangtian tungsten deposit
3 HSv.cor Yo ODv.svow Yoo 3 80v.svow %o tn C 310 %o
1 NYT-11 -82 4.47 265 5.21
2 NYT-11 -76 3.78 265 4.52
3 NYT3-1 - 81 16.21 324 10.28
4 NYT3-2 -59 13.55 264 5.44
5 NYT3-3 - 64 15.64 326 9.78
[ NYT5-6 -83 16.23 211 7.99
7 NYT5-8 —78 15.83 232 8.53
8 NYT1 6.6
9 NYT2 5.6
10 NYT4 4.2
11 NYT6 7.4
12 NYT7 8.1
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Fig. 7 Histogram showing homogenization temperature a and salinity b of inclusions in the Nanyangtian tungsten deposit
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3 Re-Os
Table 3 Re-Os isotopic data of molybdenites from Nanyangtian tungsten deposit
m g w Re 107° w Os 1077 w ¥Re 107° w ®0s 1077 Ma
100423-17 NYT-2 0.10113 151.274 1.0749 95.079 338 213.0+4.3
100510-1 NYT-2 0.00583 163.319 1.1490 102.649 367 214.1+£3.1
100510-2 NYT-3 0.00542 174.214 0.2540 109.497 382 209.1+£3.3
2006
Re-Os
224.0+1.9 Ma 2008 - - 2008
231.4+2.4 Ma 2009
Ar Ar
214 Ma
2006
226 Ma
227
~357.C
1999 2003 2005a
1999 2007 2008 2009
160~ 150 Ma
140 Ma Hua et al. 2005b
2008
CO,
Wood et al. 2000
CO,
2007 R
2008 2009 O:
83.3+1.5 — €O,
92.9+1.9 Ma 2007 2010 2007
1984 1988 CcO,
Re-Os
2008
CO, Kelly et al. 1979 Bussink
et al. 1984 Noronha et al. 1992 Graupner et al.
5.4 1999 Rios et al. 2003 CO, Zaw
250~230 Ma 1984 Vallance et al. 2001

1993

CcO, Benchat et al.
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2004
CO,
Campbell et al. 1987 1990 Bailly et al.
2002
cO, Rios et al. 2006
CO,
5.5
1
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