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INTRODUCTION

The Xihuashan mine belongs to the Dayu mining district in
the southern part of the Jiangxi province. This tungsten deposit
represents the typical wolframite-bearing quartz vein type of the
Nanling metallogenic province (Van et el., 1980), which is related
to Jurassic biotite granites (Yenshan granites). The fluid phases
asociated with the wolframite-bearing quartz veins at different
exploration levels from the Xihuashan mine were investigated
using microthermometric and Raman spectrometric analyses.
Knowledge of the bulk composition and density of the different
fluid phases encountered in quartz permite the P-V-T-X evolution
of the complex aqueous hydrothermal solutions, responsible for
tungsten mineralization in the Xihuashan, to be followed.

GEOLOGY

The Xihuashan tungsten deposit is located at the border of
a granitic stock composed of four intrusives, called chronologi
caly 'Y 2a 'Y2b 'Y2c 'Y2e which intrude arenaceous and argilla-
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ceous anchizonal Cambriam formations. The quartz-bearing
veloped mainly in 'Y 2~; .this deposit has 615 economically

valuable veins (medium grade: 1.08% in WOa) characterized by
four stages of mineralization.

SAMPLE AND ANALYTICAL TECHNIQUES

Samples
For this fluid inclusion study, the representative samples of

quartz were collected from several locations of the Xihuashan
mine. Samples were mainly taken in the veins nQ 2.99 (the big
gest vein at the mine) and nQ 62, at the levels 632,594,538 and
431; the last level corresponds to the bottom part of the vein
2.99. The quartz vein is massive, grey coloured, sometimes mil
ky and idiomorphic. Transparent to cloudy crystals of quartz can
be seen in vugs.

Analytical techniques
Microthermometry: fluid inclusions have been studied using

the Chaix-Meca stage (Poty et. al., 1976) that allows the tempe
rature of phase transitions occuring in fluid inclusions to be de
termined during heating and cooling.

Raman spectrometry: the analyses of the non-aqueous part
of the inclusions were undertaken with a Jobin-Yvon Raman mi
croprobe type M.OLE. (Delhaye and Dhamelincourt, 1975).
Three gases were identified by their Raman lines: CH4 (2914
cm-t), N2 (2330 crn-t) and CO2 (1388 crn-t). The area of each
Raman line was measured with a planimeter with a precision of
1%. The mole fraction of each gas was calculated from the for
mulae listed in Dhamelincourt et. aI., (1979); the relative cross
sections of Raman scattering used were those listed by Schrot
ter and Klot:;kner (1979): CO2 = 1.21; CH4 =9; N2 =1. The prin-
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ciple of the calculation of the composition for carbonic fluids
(H2-C02-NaCI) have been presented by Ypma (1963); Potyet.
aI., (1974), Touret (1976) and were modified for the system
H20-C02-NaCI-volatile by Ramboz (1980) and Ramboz et al.,
(1985). The calculation is based on the knowledge, at temperatu
re < 31 QC, of the compositions and densities of the aqueous fluid
and of carbonic vapour (Raman probe and microthermometric
data interpreted according to the method of Heyen et. aI., (1982).
The bulk composition has been calculated considering the
H20-C02-NaCI-CH 4 systems; the molar fraction of N2 has
been added to the molar fraction of CH4 for several reasons:

insufficient knowledge of the theorectical systems
CO2-N2-(CH4 ) and specially H20-C02-NaCI-CH4- N2 ; -CH4

and N2 have almost the same volatility and the systems
CO2-CHcN2 and CO2-CH4 are comparable (see Ramboz et.
al., (1985). Salinities were determined by clathrate melting and
by depression of freezing points due to the effect of dissolved
CO2 in the aqueous phase.

ANALYTICAL DATA

Microthermometry: Inclusion types: Five main types of in
clusions were identified based on microscopic, microthermome
tric and Raman spectrometric characteristics: CO2 Type (Type
I), CO2-H20 Type (Types IIA, liB, IIC), H20 Type (Type IliA,
IIIB), multiphase solid inclusions (Type IV) and H20-C02 (Type
V). The microthermometric characteristics of these different ty
pes of inclusions are listed in Table 1.

Raman spectrometry: analyses of the gaseous part of the
inclusion Types I, IIA, liB and V, revealed that the main consti
tuent is CO2 with minor amounts of N2 and CH4 . Unmeasurable
traces of CO2 were detected in type IIIB. The bulk composition
of these fluids is reported in Table 2.

RESLlLTS AND DISCUSSION

Qualitative and quantitative variations of the bulk composi
tion of the fluids.
+ H20-C02-CHcN2 inclusions

The diagram Th-Tmi (Fig. 1) shows that the domain of Type
V inclusions is quite different from that of Type IIA inclusions. Type
V inclusions in idiomorphic drusy quartz have similar morpholo
gies and microthermometric features (TmC02 , TmC, THC02 )

to Type ·IIA but they differ by their scattered degree of infilling
(2C%<DF<'70% volume of the inclusion), their higher salinity
and their homogenization to the liquid; they apparently characte
rize the circulation of a different CO2-bearing aqueous solutions
and are not considered as contemporaneous with Type IIA in
clusions.

The determination of the pressure and the PVTX evolution
for these carbonic fluids (C02-CHcN2-H20-NaCI) is difficult.
Considering the inclusion Type IIA as containing 25% moles
CO2 , the equilibrium L + V~V is reached for 300QC at 550 bars
(Takenouchy and Kennedy, 1964); this value fixes the thermo
metric conditions of the equilibrium L + V~ V and so, the mini
mum P.T conditions of trapping for Type IIA inclusions. This va
lue should be considered as approximate because the amounts
of salts calculated are over-estimated and the effects of CH4

and N2 were not taken in account.
+ H20-NaCI inclusions

- homogenization temperatures: the Th-Tmi diagram (Fig.
1) shows the complex evolution of Xihuashan fluid inclusions.

• TH<270QC: this range of temperature is mainly found for
Types IIIB and IV which are late aqueous inclusions. The scatte
red values for Type IIIB illustrate clearly the complexity of the
hydrothermal evolution, affected by successive fracturing and
associated fluid circulation. The diagram Th-Tmi (Fig. 1) shows a
negative correlation for Type IV: this fluctuation of salinity related
to a small temperature interval is typical of a dilution process.

COJI ~~.

I~~Q\~"t1~ co- v s /

INCLUSION 'C02 V ~
Q;l B {j/!-v1' s ,1~./ 9 muscovite 'LVIQc~ C02' l

5? S
cC7~1TYPES >:S?I! --.J.-lB

.£ 1ype III type IV type¥.type Ico
2 '

~ type I I

IIA 118 lie III A III 8 S
SUB TVPES

12 to15 10 \0 50 10 to 20 20 to 30 10 to 55 5 to 60 25 to 15 25 10 180SIZE ~m

DEGREE OF
50 to 100 50 to 70 40 to 70 50 to 70 40 to 70 <30 10 to 30 20 to 70INCLUSION FILLING

AT 25' C <-
-56.6 to_58.0 - 56.7 to-515 - 56910.58.5 -56.6 to 57.1Tm CO 2 ·c

'c + fiOto+M + 9.5 10+10.0 't 7.810+9.0 +310+&5Tm C

+21410+29.0 in .15.510.27.2in vepcr
TH CO2 'c Liq . t 16,8

phaseVap:.28 to.30 VaDOr phase
_1010_25 _1.3 10 _5.0 0,5to _6.5 _0.1 10-7.0 _0.5to_6.5 J,10_8.9Tmi ·c -1.410.4.0

~260 10..323 +22010.420 .. 27010.400 +100 to ...280 ..15010.210 ..180 10;3'10TH 'c .. 30010.370

VAPOR AND LIQUID LIQUID VAPOR LIQUID SOMET IMES LIQUID SOMETIMES LIQUID LIQUID LIQUIDHOMOGENIZATION -
CRITICAL VAPOR VAPORPHASE

~.

Table 1
Microthermometric characteristics of the different types of inclusions. S: multi
phase solid inclusions; Tm: temperature of final melting (DC) of: CO2=
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C02solid; C = clathrate; i = ice; Th: temperature of homogenization (DC) of:
CO2 =CO2 liquid (Liq) or vapor (Vap).



Type of Salinities Xeq, CH4 v ds XH2O XCO2 XCH4 XN2 XNaCI
ilcluson XNaCI
and sample (moles %) x 10-2 moles %

X594-12 0.8 96.9 0.3 2.8
BI-11
X594-12 0.3 98.9 0.1 1.0
BI-15

X632-3B 0.75 2.18 130 0.53 73.3 26.2 0.5
AI-1
X632-3B 1.72 0.47 120 0.55 71.7 27.8 0.5
A5-2

IIA X594-12 1.60 0.18 110 0.64 77.8 21.7 0.5
BI-7
X594-12 1.33 0.00 90 0.59 54.2 45.6 0.2
BI-21

X431-6 0.64 6.36 240 0.42 83.2 15.9 0.6 0.3
Cl

liB X431-6 1.12 6.24 220 0.52 86.7 12.3 0.3 0.4 0.3
C2

X594-12 2.81 3.68 195 0.54 84.9 13.3 0.1 0.3 1.4
HI

V X594-12 2.53 4.0 225 0.53 86.2 11.9 0.6 0.3 1.4
GI
X594-12 2.62 2.42 225 0.69 91.6 6.8 0.6 1.5
FI

Table 2
Bulk composition for types I, IIA, liB, V inclusions from Xihuashan quartz
veins. Xeq.CH4 =XCH4 + XN2; v =molar volume (cm3 mole-1); ds =bulk

• TH >2709C: Type iliA homogenize to liquid or to vapor
between 2709 and 420oC; Raman spectrometry has detected no
traces of CO2 or other volatile phases. The fluids are typically
aqueous and of low density (2 to 3 wt % eq, NaC!); these obser
vations indicate the presence of an early fluid that probably cor
responds to a specific hydrothermal event. The inclusions which
homogenize in the vapor phase are contemporaneous with those
that homogenize into liquid (homogenization between 3109 and
3809C). These observations can indicate unmixing of the fluid.
Furthermore, the respective salinities of these inclusions are
close to each other and so, the unmixing phenomena must ha
ve heen quite limited. Unmixing of the fluid appears evident at
3809C (100 to 200 bar) and it is characterized by the existence
of an aqueous solution richer in salts and a vapor of lower sali
nity (Fig. 1).
+ Fluidcompositions.

• During the whole hydrothermal process, the chemical
composition and the amounts of CO2 , CH4 , N2 do not change
significantly except in the case of the Type V inclusions which
have higher salinity and lower carbonic content.

density of the inclusion (g cm-3); XH20, XC02, XCH4• XN2• XNaCI = bulk
composition (mole %).

• Presence of nitrogen: the Raman microprobe demons
trates the presence of small amounts of nitrogen in Xihuashan
fluid inclusions. Roedder (1972) summarized data on nitrogen in
fluid inclusions, but the recent use of Raman technique shows
very often the presence of this gas in inclusions from various
environments: metamorphic rocks (Dhamelincourt et al., 1979;
Kreulen and Schuiling, 1981), olivine crystals (Massare et. aI.,
1980), dolomite and quartz from Tunisia (Guilhaumou et. aI.,
1981) and also hydrothermal tungsten-bearing quartz veins from
Central Morocco (Cheilletz, 1984; Giuliani, 1984). In these latter
tungsten deposits, the amount of nitrogen can reach 5 mole %
(Giuliani, 1984) and its source is not well explained. Kreulen and
Schuiling (1981) considered three possibilities:

- breakdown of organic matters.
- breakdown of a K-silicate mineral (biolite, K-feldspar) in

which NH~substitutes K+.
- deep origin by concentration of N2 in the gaseous phase.
Bastoul (1983) described N2-rich inclusions in three cases of
black schists, from France and Morocco, affected by contact
metamorphism. The amount of N2 was relatedeither directly to or-
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CONCLUSIONS

Figure 1

Th-Tmi diagramof fluid inclusionfromXihuashan quartzveins. Th(OC): tem
perature of homogenization; Tmi (OC): meltngtemperature of ice.

The fluid inclusion study from the Xihuashan tungsten de
posit shows that the hydrothermal quartz veins contain aqueous
and CO2 - bearing inclusions which homogenize in the liquid or

vapor phase between +150QC and 4209C with salinities of 1 to
10 wt%, eqliivalent NaC\. These results agree with the work of
Lu et. al., (1982) who have found the same microthermometric
features in 10 hydrothermal veins from tungsten ore deposits in
southern China.

The hydrothermal evolution results from an active fluid cir
culation corresponding to the succession of specific events such
as opening and heating of fractures. The different peaks of tem
perature and ice melting record a number of discontinuous
events during a continuous hydrothermal evolution of the system
during cooling. The changes in the thermodynamic properties of
the fluid phase are marked by a continuous evolution from the
earlier to the late fluids. The earlier fluids are of two kinds: -Iow
density and salinity, CO2-bearing aqueous solutions circulating
at temperatures up to 4209C, - low salinity (2 to 3 wt% eq.NaCI)
aqueous solutions, lacking of CO2 , circulating at high temperatu
res (2809C up to 4009C) that correspond to a specific hydro
thermal fracturing event; limited unmixing occurs at 3800C,
200 to 100 bar, probably in response to a sudden pressure drop.

The fluids related to the idiomorphic drusy quartz are typical
CO2-bearing aqueous solutions with low salinity (2.5 wt%
eq.NaCI) homogenizing at low to moderate temperatures (180QC

to 340gC).

The Xihuashan hydrothermal evolution ends with cooler
fluids characterized by variable salinities and homogenizing in
the liquid phase between 100gC to 175gC.

Many fluid inclusion studies from vein tungsten deposits
show that complex carbonic f1Liids might play an important role in
the transport and deposition of tungsten in hydrothermal systems
(Naumov and Ivanova, 1971; Higgins, 1980; Ramboz, 1980;
Ramboz et al., 1985). The precipitation of the tungsten is favou
red by different mechanisms such unmixing of an homogeneous
solution into two different fluids (Higgins, 1980, Ramboz et. aI.,
1982) or by mixing of two fluids with different compositions (Giu
liani, 1984; Ramboz et. aI., 1985). In other tungsten deposits,
fluid inclusion studies indicate only the presence of aqueous
fluids enriched in chloride (Jackson et. al., 1979; Charoy, 1979).

So, the fluid inclusions present in quartz vein tungsten de
posits vary in complexity and for Xihuashan many questions re
main: - complexity of the hydrothermal evolution and the conse
quent difficulty in correlating the various types of fluid inclusions
each other; - the supposed importance of the carbonic aqueous
fluid inclusions in other deposits which form the least important
type found here in the quartz, and importance of the role played
by these CO2-rich fluids in the transport of tungsten. In the case
of Xihuashan, there is no evidence available to decide whether
tungsten was transported by the early carbonic aqueous fluid or
by the aqueous fluid circulating at high temperatures.

L liquid homoganiut ion
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ganic matter from the black schists or to the breakdown of micas
that acquired N2 during the increase of the thermal gradient. The
geological environment of Xihuashan is comparable and such
possible sources for nitrogen can be considered.
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