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Metamorphic Overprints on the Talate Pb-Zn Depositin Altay:

Evidences from Geology and Fluid Inclusions’
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Geological Setting

During the early to middle Devonian the southern margin of the Altai Mountains was in a NW extensional continental margin environment, resulting in a series of NW striking rifts and four volcanic sedimentary
basins from northwest to southeast (Wang et al., 2000; Dong et al., 2002); these are the Ashele, the Chonghuer, the Kelan, and the Maize basins. Intense volcanic activity during these periods formed a series of
volcanogenic massive sulfide (VMS) deposits.The Talate Pb-Zn deposit, located on the southeast

limb of the Kelan vocanic-sedmentary basin in the Altaides, occurs in the metamorphic rocks of the ‘ ) Y
lower Kangbutiebao formation of lower Devonian (D1k:2) (Wang et al., 2000; Xu et al. 2005) . ) .4 Altai |~ \’j

The depositis recognized as VMS by many ore geologists (Wan et al., 2010), but metamorphic N \? T i A
overprints of late sulfide-quartz veins can be found in the area. Deformed and metasomatic textures ‘o \\f\w//t e
of ores in the Talate deposit can be seen in outcrop and under microscope. Two mineralizing periods '7// \ @ Q/ﬁ/
of ore growth can be identified: 1) a primary depositional sea-floor volcanic-hydrothermal Q/ \ :5 . i
characterized by disseminated, banded and brecciaed sphalerite-galena ores; and 2) metamorphic \ .. China \i
overprints that include early foliated sulfide-quartz veins (Q1) related to synorogenic metamorphic (o) \MN i
event and late pyrite-chalcopyrite quartz veins (Q2) cutting the schist related to a younger event. (//) S ” ‘f’“’j .
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Fig.2 Geological sketch map of Talate Pb-Znd
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Fig. 1 Regional Sketch Map of the Southern Altaides, China (Modified from Xiao et al., 2006;
Dongetal., 2002)
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Fig. 3 Geological profile of the Talate Pb-Zn deposit (144 line)

Fig.4 Field outcrops of the Talate Pb-Zn deposit

A-Pyrite layer (Py) occurring in beded sphalerite-galena (Sp-Gn) ore body, 1040m level , 30m east of the 128
line; B-Stripped sphalerite-galena ore (Sp-Gn), 990m level; C-Brecced ore occurring at footwall of stripped
sphalerite-galena ore (Sp-Gn), with grey tufaceous volcanic breccia, 1040m level; D-Bedding quartz vein(Q1)
occurring in banded sphalerite-galena (B-SpGn) and massive sphalerite-galena(M-SpGn), 1040m level; E-
Bedding quartz vein(Q1) occurring as lenses between banded Sphalerite-galena(Sp-Gn) and chlorite schist (
Chl), 1040m level; F-Pyrite-quartz vein(Q2)cutting sphalerite-galena layer (Sp-Gn), 1040m level, 30m east of
the 128 line
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Ore Textures

Fig. 5 Textural characteristics of ores from the Talate Pb-Zn deposit

A-Pyrite porphyroblast (Py, oxidized) and perforate quartz(white) occurring in the colloidal sphalerite(Sp), TL334, plane
polarized light; B- Fractured and directional pyrite (Py, oxidized) in the colloidal sphalerite(Sp), TL334, reflected light; C—
Same as B, TL334, plane polarized light; D- Sphalerite(Sp) and galena(Gn) in banding Pb-Zn ore, AB1114, reflected light; E-
Sphalerite(Sp) replaced by biotite(Bi, local chloritization), AB1103, plane polarized light; F-Same as E, AB1103, reflected
light; G- Long stripped pyrite distributed along the schistosity in the mica-quartzose schist, TP08, reflected light; H-
Tremolite(Tr)(the boundary is straight) cutting galena(Gn)-sphalerite(Sp), the cleavage and fracture replaced by
Sphalerite(Sp)-galena(Gn) by pressure solution, AB1103, reflected light; I-Same as H, AB1103, plane polarized light

Fluid Inclusions
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Primary L-V fluid inclusions in sphalerite (Sp) of VMS ores were mostly
fractured, but a few are remained, which have Thot=267~334°C. Secondary
L-Vinclusions and H20-COz2 inclusions trapped in tiny fissures can be found
in Sp, which have Tmco2=-61.2C and Thco2=10.7~11.0C. Alarge number of
H20-COz2 inclusions and carbonic (CO24+CH4) inclusions existin early
foliated sulfide-quartz veins of metamorphic period. H20-CO2 inclusions have
Thror 0f 294~368°C, with salinities of 5.5%~18.3% NaCleqv.

A great many H20-COz2 inclusions and carbonic inclusions are also found
in late pyrite-chalcopyrite quartz veins. H20-COz inclusions have 275~331°C
of Thtor, and 3.3%~16.5%NaCleqv of salinities. Carbonic inclusions have -
61.5~-58.0C of Tmcoy, and have two groups of Thco, (-27~-20.6°C and
28~28.7°C, respectively). The P-T trapping conditions of COz2-rich fluids are
coincided with those of late or post regional metamorphism.COz2-rich fluids
might come from phase separation or unmixing of original metamorphic fluids
during orogenic process of the Altaides. Water in these fluids was used up in
wall rock alteration and metasomatism of ores.
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Fig 6 The characteristics of fluid
inclusions from the Talate Pb-Zn
deposit

A-Primary L-V inclusions in sphalerite from
banding Pb-Zn ore, TL1102; B-Primary L-V
inclusions (partially destroyed) in a light
color sphalerite from dense disseminated
Pb-Zn ore,, TP05; C-Secondary CO2-H20
inclusions in a fracture of banding
sphalerite, TL1102; D-Primary CO2-rich
inclusions (partially destroyed) in quartz
vein cutting brecciated Pb-Zn ore, TL331;
E- Primary CO2-rich inclusions within
quartz grains of the bedding quartz vein,
TL339; F- Primary CO2-rich inclusions and
associated carbonic inclusions within
quartz grains of the bedding quartz vein,
TL339; F- Carbonic inclusions in the quartz
vein (QID cutting the brecciated Pb-Zn
ore,, TI331
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Fig. 7 Microthermometry of COz-rich fluid inclusions from the Talate
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Two obvious mineralization periods in the Talate Zn-Pb deposit can be identified: a
submarine volcanic sedimentary exhalation mineralization in early Devonian and a
metamorphic hydrothermal mineralization from Carboniferous to late Permian.
Metamorphic overprints could be divided into two stages: early bedding lentoid quartz
veins (Q1) and late pyrite-chalcopyrite quartz veins (Q2) cutting massive Pb-Zn ores.
Fluid-inclusions in Q1 consist of a great number of H20-CO: inclusions and carbonic
(CO2x£CHea4) inclusions. H20-CO:z inclusions have 294~368°C of Thtotal. Fluid-
inclusions in Q2 also consist of a great number of H20-COzinclusions and CO2+=CHa4
inclusions, and with 275~331°C of Thtotal for H20-CO: inclusions. The P-T trapping

conditions of CO2-rich fluids coincide with those of late or post regional

metamorphism.
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