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inclusions in coexisting quartz, wolframite and other minerals: A case study of Xihuashan quartz-vein tungsten deposit,
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Abstract Xihuashan tungsten deposit with more than one hundred years’ mining history, is a large vein-type deposit hosted in the
Yanshanian granite. However, the metallogenic conditions and the properties of ore-forming fluids of the deposit are still under
debated. By using infrared microscopy and the related equipments, a detailed and comparative study on the fluid inclusions in various
minerals was made in twelve samples from various levels of the mine, such as wolframite, cassiterite, beryl, pyrite, sphalerite, quartz
and fluorite. The results show that only secondary fluid inclusions occurred in granite-forming quartz and only primary fluid inclusions
occurred in miarolitic quartz, while primary fluid inclusions and secondary fluid inclusions are both developed in greisen quartz. The
wolframite mainly contains primary fluid inclusions and many silicate melt inclusions in the early crystallization wolframite. There are
only primary fluid inclusions in miarolitic wolframite. In addition to silicate melt inclusions, the fluid inclusions in beryl are mainly
secondary. In other minerals such as cassiterite, pyrite, sphalerite and fluorite, only fluid inclusions are observed. Studies show that
the initial ore-forming fluid of the Xihuashan tungsten deposit is a magmatic-hydrothermal transition fluid, then evolved into single hot
aqueous solution. The wolframite, pyrite, sphalerite, fluorite and quartz, and so on, crystallized during all the stages. The
mineralization temperatures are about 700 ~200°C , and the mineralization pressures are about 160 ~200MPa. The salinity of the gas-
liquid inclusions is about 5. 0% ~10% NaCleqv. Furthermore, the geological significance of these data and some problems of the data
interpretation are discussed deeply.

Key words Large vein-type wolframite deposit; Infrared microscopy; Melt inclusions; Fluid inclusions; Magma-hydrothermal
transition stage; Microthermometry; Xihuashan, Jiangxi
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1-Quatemary ; 2-Cambrian; 3-Late Yanshanian medium-fine-grained

Sketch geologic map of the Xihuashan tungsten ore

biotite-granite; 4-Early Yanshanian porpyritic medium-fine-grained
biotite granite; 5-biotite-plagioclass-hornfes zone ( I ); 6-biotite-
muscovite-quartz-hornfes zone ( I ) ; 7-spotted slate zone (Il ) ; 8-
ore veins; 9-faults
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Fig.2 Synthetical section plan of Xihuashan tungsten deposit ( after Guo, 1983)
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andinvisible area ofred (altitude) feldspathization; 5-area of albitization
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Fig.3 Correlation of sulfides, wolframite and quartz

(a) wolframite-quartz veins occurred in granite; (b) molybdenite-
pyrite-Wolframite-quartz vines; ( ¢ ) pyrite was filled in the
microfractures of wolframite; (d) wolframite and quartz were mosaic
together, contacting by edges
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Fig.4 Pictures of fluid inclusions in different minerals of Xihuashan tungsten deposit

(a) gas-liquid inclusions in wolframite (139-V5,); (b) gas-liquid inclusions in wolframite (560-Vsqy) ; (¢) melting inclusions in wolframite (564-
V411, room temperature) ; (d) fluid-melt inclusions in wolframite; Quenching at the temperature of 680°C, S-solid residuers, G-glass, V-gas bubble
(378-V,59) 5 (e) fluid-melt inclusions in wolframite (room temperature, 564-Vs, ) ; (f) when heating to 440 ~450°C in Fig.4e, there was a little
gas bubble in the inclusion of number (Dthe gas bubble in the inclusion of number (2) have vanished (S-solid, V-gas bubble) (564-Vsy,); (g) gas-
liquid inclusions in pyrite (215-V,,); (h) gas-liquid inclusions in sphalerite (564-V,3,); (1) gas-liquid inclusions in cassiterite (139-V,,); (j)
gas-liquid inclusions in cassiterite; (k) melt inclusions of silicate in Beryl (483-V,q , at room temperature) ; (1) inclusions in Fig. 4k were heated to
720°C , It could be clearly observed that at least two inclusions had been melted (483-V,99 ); (m) contains CO, three-phase inclusions in quartz
(139-V,,) 5 (n) primary gas-liquid inclusions in quartz (564-Vsy ); (o) secondary gas-liquid inclusions in quartz (378-V,); (p) gas-liquid

inclusions in fluorite (483-V,y9)
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BT R g b FAE] 680°C A I /N LA _FS B K
R B ) ST TR ARG £ P O T A0 B A A, R B
Hh im0k A T AUE AL . B IR B d R A
ER R B R AR (PR S 728 TS0 W ) B3 ) R/ i R A [ A
Py I LA K 81T A 2R (P 4d) o 8 73 3 B I O — T g
PR AR A A0 B AR EL IR hy R R R AR, A R R F
A7 R RN By By 2 A i T A e B, T G e i 4 R
308 T A A il JEE T iR o AR 680°C I b AT B 2 [ (A
B R AR AL

4.2 $HBA

PRAR L840 57 L , 200 A £ B A S ik i S 2= 3
A BT RERE, A RIS . R R B A 3
SR WA IR B AR A i R K W B 2 1 S R B A
LR (CO, M1 CH,) o WEAARAN/IN(Z 0 8 ~ 15pm) ; WILS &
AT 1] R R AT B IR A (44, ) A A
D) B S U A T B S ORI T
A P AL AR IE RS AP IESE : (1) —Fh& NaCl-H, 0
KZER(Te= =21 ~ =22°C),Th =310 ~341°C Z[a];(2) Te =
-49 ~ -S2C(FABZM M ET),Th =308 ~326C.
WA ALZER Te = —20.8 ~ =21°C,Th =205 ~215°C,
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Table 1  The infrared microthermometric results of gas-liquid inclusions in various minerals of Xihuashan tungsten deposit

B E VKL Hiz P — 3l FE PRy —

BTk CRZESE Te(C) Tm(C) (wt% NaCleqv) Th(C) IR Th(C) ik
1 -22~-35 -4.8~-7.0 7.6 ~10.5 280 ~380 342.6
-20.9 -3.1~-3.5 5.1~5.7 160 ~230 209. 2
-22~-23 -5.3~-5.9 8.3~9.1 246 ~250 248. 8
564 1B V500 VaE: O -22~-23 -3.5~-4.2 5.7~6.7 150 ~ 166 158. 8
-42 ~ -49 -9.0~ -12 12.9 ~16.0 140 ~ 170 159.7
-21~-23 -0.8~-2.1 2.5~3.5 261 ~310 293
K -20.8 ~ =21 -0.8~-1.0 1.4~1.7 210 ~215 212
-26 ~ =35 -4.1~-6.5 6.6~9.9 175 ~201 189. 1
N =21~ -22 -3.1~-3.5 5.0~5.7 240 ~260 250.7
N
564 S V432 -20.8 ~ =21 -2.5~-2.8 4.2 ~4.6 160 ~ 186 172.1
. -26~ -33 -4.2~ -4.8 6.7~7.6 285 ~295 290
wh =21~ =22 -2.1~-2.4 3.5~4.0 180 ~205 190
1 4 =21~ =22 -2.6~-3.3 4.3~5.4 268 ~290 276.7
560 1 V590 21~ =22 -2.8~-3.2 4.7~5.3 215 ~244 231.36
K -20.8 ~ =21 -0.2~-1.2 0.4~2.1 210 ~230 221
-21~-22 -3.0~-3.8 5.0~6.2 230 ~240 236.3
et=chos -21~-23 -3.6~-4.2 5.9~6.7 330 ~380 348.2
. -21 -2.2~-2.6 3.7~4.3 160 ~230 203. 1
GES -21~-23 -3.9~-4.6 6.3~7.3 236 ~248 242
483 B V299 =21~ =22 -2.6~-4.2 4.3~6.7 135 ~152 145.2
-21~23 -2.85~-3.9 4.7~6.3 190 ~250 233.4
aSita
-21~-23 -2.8~ -4.1 6.3~6.6 260 ~301 269.3
680 ~ 720 (Wi Rl A) 700 K
=21 -2.2~-2.8 3.6~4.6 190 ~210 198.4
- N -21 -3.1 5.0 250 ~251 250.5
Sl =21~ =22 -3.0~ -4.1 6.2~6.6 325 ~350 337.5
378 HBL V279 > 680 (MRl LA >680 ek
-23~-26 -3.0~-6.6 9.2~10.0 178 ~240 194.9
par -21 -2.4~-3.1 4.0~5.1 220 ~240 230
-60 ~ -59 +8.0~ +9.0 2.0 330 ~330 330 % CO,
-21 -3.4~-3.6 5.6~5.9 225 ~225 225
Rakcy =21~ -22 -3.7~ -3.98 6.0~6.4 268 ~280 272.6
-21~-23 -3.8~-4.3 6.2~6.9 330 ~380 353.5
-20.8 ~ =21 -2.9 ~ -3.1 4.9 ~5.1 146 ~ 170 158.7
290 H1B: V248 -20.8 ~ =21 -0.2~-0.5 0.35~0.5 180 ~209 187.3
. -22~-23 -5.1~-6.2 8.0~9.5 215 ~233 223.7
f =21~ =22 -3.0~-3.8 5.9~6.3 188 ~245 262.5
-21~-23 -2.99 ~ -3.8 4.9~6.2 250 ~270 246.7
-21~-23 -3.05 5.0 305 305
290 1 V208 %%EL 21 ~ =23 -3.1~-3.5 5.1~5.7 330 ~355 341.5
f1 9 -21~-23 -3.2~-4.2 5.3~6.7 130 ~170 153
1 -32~-35 -6.9~ -8.2 10.4 ~12.0 310 ~350 326.7
270 HB V248 -49 ~ -52 -13.0 17.0 370 ~420 395.6
Yo -26~ =32 -6.8~-7.8 10.2 ~11.5 310 ~340 325
v -21 -3.5~-3.8 5.4~6.2 296 ~ 360 336.3
- GRB =21 -4.1 6.6 300 ~310 305
-23~ =26 -5.4~-6.7 8.4 ~10.1 160 ~235 200. 8
215 JrE% V248 paE -21 -5.8~-6.1 9.0~9.3 270 ~298 281.3
-21 -2.7~-3.6 4.4 ~5.8 303 ~400 359
» -20.9 -2.1~-2.2 3.5~3.7 140 ~ 150 145
st -21 -3.5~-4.9 5.7~7.7 201 ~232 216.5
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R 2 ob R B AT VOB T —— VAT 0 7 4Ly G S BRAG B R A 451 933

. X W) Hs T B VK L h 5 — 1 B V1 [ S5y — "
RERARK TR %);f 3“552 %\E{%r); (W% Nf(zneqv) S ﬂ{qu?%()a ﬁgﬁzf("c) ik
185 HhEE V248 R -21~-22 -4.8 7.6 350 ~ 380 365
ik -21~22 4.1~ -4.8 6.6~7.6 210 ~248 229.2
—49 ~ -52 -17.5~ -18  20.8~21.2 308 ~325 317.8
#a -21~-22 4.5~ -5.8 7.2~9.0 330 ~341 333.9
-20.8~-21 -2.5~-2.8 4.2 ~4.6 205 ~215 210
139 B V22 par -21 0.5~ -4.1 0.9~1.7 162 ~ 179 172.2
-22 ~3.9~ -4.7 6.3~7.5 180 ~ 192 186.6
- -20.8 0.8~ -2.1 1.4~2.0 143 ~ 165 152.3
A -21 1.5~ -1.6  2.5~3.5 170 ~ 187 178.4
-20.8 2.2~ -2.4 2.0~2.6 112 ~122 118.6
100 _— -20.8~-21 -2.7~-3.9 4.0 ~4.6 167 ~195 180
-22 -3.1~-3.9 5.0~6.3 185 ~230 211
-21 2.4~ -3.0 4.1~5.0 310 ~328 319
1 500 gk, Sl e/ oK i, oA, ArE K M
4.3 EHHH FEIRI) Th AR BEAE AR | 5304 1 SR 58 A0 R (3 W

BN K TR B AR A 1 —TRLBE 5 300 ~310°C , %
JE8 6.6% NaCleqv,

4.4 H{ZHE

Gy ik e 5 SRAS T B SRR R BOIRAT B R T Y
Kl CAR S RAESET) B R SMU 2= T 55 (B ) Ty 9
L BARAER A (M) 38 S IR IR TS, 2%

SrRE
4.4.1 ZHHE T IEMRAIRBIE(L BT A, EAA
H )

A5 HORAUBA e il A RV AR SR B AR B
CO, 7KV WAL R AR 1 3 — Ul BE — AR ARG (130 ~280°C) , IE
U 5 R PR A SR EL AR Th {5 (160 ~280°C) —24, Lk
S SR A SR AL AR Th (A 100 ~ 160°C L1, Hubk A3
AR MR BETE 0. 4% ~16% NaCleqv( %4 5% ~
10% NaCleqv $%) . fEX N HUR A5k, 206 W4l 4
B (TR R RERR SR - AW B Bl A X AE B P B,
11 564-V500 , 483-V299 F1 290-V248 ) 1) Wi 1 2 /& Th <
300°C (FHEJBIAEMERT) » HAR=ZHAR(FEE T
s SR B B AT S 1 40 5, W 378-V279,270-V248 Fl1 215-
V248)  GR AT A AN 5 22 1 i AR RO B2 A (Th = 300 ~
400°C) o % —TRLBE (5 2 A PR A o JE A SO 2R 1R — 3K
SUE TR, AR R REAAAE K AR Th {8
4.4.2 R ¥R

XA Ei P K AT TR, BRI BA
25t o — AR AL T P AR L E MR AL G PR B R Y 560
B 590 ik, i dii R4 24 500m, 5844 20 ~30cm,  FhiF HK
SRSy . 53— SR T IR LA ES 564 Bt

E5) o XIS 2 (1987) HF5E, 1% 25 5 7K & o i
ALFEAR N b A 0 5 4 (ERAR B ) AR R AR L 23 4 (BR
T I — IR 320°C B #il 5 150°C £ AR Hh 7. 5%
NaCleqv £ 2 0.9% NaCleqv, B ARFEAR KN 2 H BE T 5
K B 34—l BE AR B AT A R 2 S (H ERAE X 52 55 T ¥
5L (1987 ) XA IR E 25 R E Z N, HER FESH
DI 7 2 SRR P RIS A 56 OF — il ) J A 2 1
Th =210 ~310°C , .7 X1 5 55 % 384~ i 1 ) A 2 (A 5 45 1R
JERIN . ARSI & T — H W AR (Th =175 ~
201°C, Te= -35~ -26°C) . 7¢fb il SN 5 MR 0 2L 2E 1)
Yok g 2R 1 Th (1 — B MIARK (Th<250C, S0
E6). I HIFEBRTIREHREM _MHETF.
4.4.3 B EEE T LR

AWK T (— M < 10pm) , HTE R 5T Y
A3 RPN AR (15 ~40pm) , HATFEIREAISZ I, 5
A/ AR B )E R REEX 4 . RECH R LR 224k O
& Lo, ZHAERS L) CO, 00 EE MW E CO LK, H Te
= =60 ~ ~59°C, Th =240 ~330°C , Th,, =27 ~30°C (L1
— 8 Lo, IV — 8 Vo, ) s B EE R TE 21— If FRZ 1 —
BUKER, DRAE CO, Y —E R B A —, QBIHIKIER
AR (TR IR B 80% ) . A4 KBk H, O-NaCl {£
Z,Te= -21 ~ —20.8C, Th =210 ~ 311°C; Th = 168 ~
185C ; i DR BER S — BRI MM BB F (Te =
-32~ -26C),Th =217 ~220C, QHELEH KL HIK
R R i B AASUREEA(CH,) .

B2, BICE AT I AL ARRRIE 55 Tk oy BUtk A EAR A
o FITE A LRSI b 32 B 2 1 A B 2 A b i
5 CO, B, ¥—iREF E4 K ZE <250°C (260 ~
3B30CHAR ) o & CO, ZHIMERN CO, RFUA 4 L AE
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Fig.5 The distribution range of fluid inclusion homogenization temperatures in different minerals of Xihuashan tungsten deposit

The Th value of gas-liquid inclusions by pressure correction can represent the true temperature,, but the homogenization temperatures of melt inclusions

can be regarded as the forming temperature. In this figure, symbol 4 stands for melt inclusions; And the solid lines represent the primary gas-liquid

inclusions; While the dotted lines could be either the secondary inclusions or which had been measured or predict exist; Temperature values marked

show the temperature range with this measurement; Shadow line Th = 350 is demarcation line may distinguish between speculation magmatic

hydrothermal transition stage and magmatic hydrothermal stage
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BEI410-1) 55 RE E 22 (2002) (5545 (2007 ) 1Y
SRS RIEA—B, XIFKFTHHE 155 (1987 ) B8 3R45 [ ke
i A A IR A R Y 38— IR g 240 ~ 340°C 5 i B
H{ 2245 (2006) AEZAE G a A A P R AR SR AR 3 — R
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i, AT AT AZE SBT3 28 1 3 B 2 [R) — f A, BRI
ANTRIH X T 32 I B 3k A el s R 7 7 1 FH 58 B AS [ T 4 EL
R BB R S AR R 220 . BN —H AR Y
4mm 75 TE GA A A g ml A B A IAE & A P R



REZF: RALBT 5 BRF ST W T iRAR QAR L IP AR B X AT L —— AL G G 4L B S RREL 5 R A 1) 935
i ik
20 564-V500 6F  290-v208 7
15 4 =
1of 2F B |
I B 0 —— T — T 1
Sk — | 4T
== 270-V248
0 by -
18 L =
[ s64-vase 2 %
12
0 , , 2 -
6 12-
215-V248
0 T T T 1 ] ol
16 560-v590 |
12 I 4 =
L = =
8 b 0 T 1 1 1
oF :&: 6 185-v24s
30F 483-vaog ok
[ 30
10f= 139-V22
[ 20
0 L]
2 378-v2719 10k
8- O T | T 1
4= 8r
0 T T @W‘ T 1 6 5 100 — E
12 290-v248 — = B
=EE [ 4P | —
8 _ | £ E
E ) 9L ERNE
4r == §§§ =EEEE
0 : SR L= 1 Th(C) 0 - —— yTh(C)
100 200 300 400 500 100 200 300 400 500

Bear Brx Oks Bes B %6 BWas [asn sk
Bl 6 PEA LD RAS IR 4 v A e S A8 — T3 1 ) (sl (o A 1 38— TR AR 3R )

Fig. 6 Histogram of homogenization temperature of gas-liquid inclusions in various minerals from the Xihuashan tungsten deposit

(not including melt inclusions)
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The relationship between homogenization temperatures
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Vityk, 1994)
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Table 2 Compiled research results of Yaogangxian tungsten deposit by different authors
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Fig.8 Frequency distribution of the salinity and density of
fluid inclusions in the different mineral from the Xihuashan

tungsten deposit
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