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Progress in research on fluid inclusions within opaque minerals in hydrothermal
ore deposits
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Abstract

Fluid inclusions trapped in gangue minerals do not necessarily provide reasonable estimates of the depositional
conditions of the ore minerals even though they are intimately intergrown, so the ideal case is to measure inclusions
hosted by the ore minerals themselves. The applications of infrared microscope open up a new area for fluid inclu-
sion study of opaque minerals. First of all, a brief review of the infrared microscopic methodology and equipment is
given. Moreover, this paper outlines the studies of fluid inclusion petrography, microthermometry and composition
analysis, and illustrates the application of fluid inclusion study in opaque minerals with mineral deposit case stud—
ies. Finally, the existing problems and corresponding solutions, and a short lookout are pointed out.
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a. ( Wei et al. 2012) ; b. ( Liiders 1996) ; c.
( Liiders 1996) ; d. ( Richards et al. 1993) ; e. ( Kouzmanov et al. 2010) ;
f. ( Kouzmanov et al.  2010)

Fig. 1 Infrared image of growth zones in opaque mineral
a. Fluid inclusions parallel to growth zones in wolframite from Xihuashan tungsten deposit ( after Wei et al. 2012) ; b. Growth zones in wolframite
(after Liiders 1996) ; c. Fluid inclusions parallel to growth zone in pyrite ( after Liiders 1996) ; d. Growth zones in pyrite ( after Richards et al.
1993) ; e. Large fluid inclusion parallel to a growth zone in pyrite ( after Kouzmanov et al. 2010) ; f. Fluid inclusions parallel to a growth zone in

enargite ( after Kouzmanov et al.  2010)
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( Kouzmanov et al. 2010) ; e.f. R ( Kouzmanov et al. 2010) ; g.
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( Rosiere et al. 2004) ; m. ( Shimizu et al. 2003) ; n. ( Germann et al. 2003) ;
o. CO, ( Hagemann et al. 2003); p ~1. (Nietal. 2008)
V— ; L— ; S—

Fig. 2 Infrared images of fluid inclusions in opaque minerals
a & b. Liquid-rich fluid inclusion in wolframite from Xihuashan tungsten deposit; c. Liquid-rich fluid inclusion in enargite ( after Liiders et al. 2001) ;

d. Liquid—rich fluid inclusion with a solid in enargite ( after Kouzmanov et al.  2010) ; e & f. Daughter mineral-bearing pure vapor and liquid—ich fluid

inclusions in pyrite ( after Kouzmanov et al.  2010) ; g. Liquid—ich fluid inclusion in pyrargyrite ( after Rios et al. 2006) ; h. Liquid-rich fluid inclu—
sion in specularite ( after Rios et al. 2006) ; i. Daughter mineral-bearing fluid inclusion in specular hematite ( after Liiders et al. 2005) ; j. Liquid—
rich fluid inclusion in bournonite ( after Liiders 1996) ; k. Liquid—ich fluid inclusion in cassiterite ( after Campbell et al.  1990) ; 1. Liquid—ich fluid
inclusions in hematite ( after Rosiere et al. 2004) ; m. Liquid-rich fluid inclusion in dark-colored sphalerite ( after Shimizu et al. 2003) ; n. Liquid—

rich fluid inclusions in stibnite ( after Germann et al. 2003) ; o. Three-phase CO,—ich fluid inclusions in stibnite ( after Hagemann et al. 2003) ;
p ~r. Fluid inclusions in rutile ( after Ni et al. 2008) .

V—Vapor phase; L—Liquid phase; S—Daughter mineral
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Fig. 3 Microscopic features of gangue and ore minerals
a. Stibnite and quartz ( after Hagemann et al.  2003) ; b. Wolframite and quartz in the Xihuashan tungsten deposit
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1
Table 1 Microthermometric results of fluid inclusions in gangue and ore minerals
WK AL D23 FH ¥k %/ C w(Nacleg)/% SR
B 280~380 5.4~89
Victorio Moutains, New Mexico w Campbell et al., 1987
A 141~320 —
T 195~330 1.6~6.6
San Cristobal, Peru w Campbell et al., 1987
R 200~280 1.6~6.6
T 327~399 (369) 22~55 (42)
St. Michael's Mount, England W-Sn Campbell et al., 1990
A 263~374 (311) 2.1~13.5 (7.3)
S 256~380 (324) 2~6.1 (3.9
Cligga Head, England W-Sn B 292~398 (352) 3.5~7.7 (53) Campbell et al., 1990
A 243~393 (295) 37~12.3 (6)
ALy 310~330 6~7
Perda Majori, SE Sardinia, Italy W-Mo Giamello et al., 1992
A 290~320 4~5
B 304.7~344.6 (325.5) 8.1~20.3 (12.5)
Panasqueira, Portugal W-Sn Luders, 1996
PaE 209~324 (277.3) 5~10.8 (8.4)
A 231.1~288.2 (262.1) 8.1~19.9 (14.3)
Zschorlau, Germany W-Sn Luders, 1996
FYE 170.5~325.6 (243.1) 0.4~59 (2.9)
T 154~240 46~64
Au-Ag-Pb-Zn- NEE 170~281 53~21
Baia Mare district, Romania Bailly et al., 2002
Cu-W SECTN 262~318 6~12
Var 130~360 3.6~11.3
B 270~336 —
Pedra Preta, Brazil w Rios et al., 2003
#A. W 240~350 7~14
By 151~294 0.2~4.5
Lepanto, Philippines Cu-Au Mancano et al., 1995
R 177~363 —
B 235~304 9.7~10.2
Rdaka, Bulgaria Cu-Au Kouzmanov et al., 2004
e 296~323 2.7~4.6
TR 142~176 3.5~4.8
Brouzils, Nantes, France Sb Bailly et al., 2000
P 151~2159 5~72
RENFE 194~238 1~103
Toyoha, Japan Ag-Pb-Zn Shimizu et al., 2003
A 182~290 0~15
WA 239~247 (243) 16.7~17.4 (17)
Wiluna, Australia Au Hagemann et al., 2003
A 146~319 (213) 02~88 (4.5)
TR 115~145 3.4~10.1
Minas Gerais, Brazil Fe B 140~205 13.9~23.1 Rosiere et al., 2004
AYE 280~351 6~8
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RET: Sl w
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Greywacke Zone, Austria Cu Kucha et al., 2009
A 71.5~250 5~6
M 258~268.4 7.2~79
NEEY” 238~338 4~55
Sweet Home, USA Mo Luders et al., 2009
S 259.4~295.6 32~69
A 139.4~191.3 0.7~2.1
oy 320~412 4~12
YLV w HE 311~362 5.7~9.6 HAARIREE, 2011
A 168~366 1.6~79
_— R 280~390 4.6~89
VLVE S w Nietal., 2015
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YLVE5 T w Nietal., 2015
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YLPER L W Nietal., 2015
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TLPafE 5 1 w B Nietal, 2015
A 150~299 04~73
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Fig. 4 Diagrammatic sketch of the cycling technique for the determination of freezing point temperature
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