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Abstract

The Hutouya Pb-Zn polymetallic deposit, located in the Qimantag magmatic arc of the western section of
Eastern Kunlun, is a typical skarn deposit associated with beneficial elements such as Fe and Cu. The orebodies
are hosted in the contact zone between Triassic granodiorite and monzonite and surrounding rock. Petrographic

studies of fluid inclusions in garnet, diopside of skarn stage, epidote of degradation alteration stage, calcite,
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quartz, and fluorite of quartz sulfide stage show that the inclusions related to mineralization include mainly vapor-
rich liquid inclusions, liquid-rich liquid inclusions, and daughter mineral-bearing inclusions. Laser Raman spec-
trum studies of fluid inclusions indicate that components of fluid inclusions are mostly H,O, with a small amount
of HCO,. Solid components of fluid inclusions are mainly composed of NaCl, with a small amount of ZnS,
Fe, .S and CaSO,. Microthermometric studies of fluid inclusions show that homogenization temperatures of skarn
stage, retrograde alteration stage, and quartz-sulfide stage are (430~490°C, 550~580°C), 340~370°C and 190~
340°C, respectively, whereas corresponding salinities are 39%~48%, 9%~12% and (0.18%~4%, 15%~24%) re-
spectively. The ore-forming fluid should be H,O+NaCl system. H and O isotopic geochemistry shows that ore-
forming fluids were mainly derived from magmatic water, whereas the late ore-forming fluids were mixed with
the meteoric water in varying degrees. In the quartz-sulfide stage, daughter mineral-bearing inclusions coexisted
with gas-liquid inclusions (gas-liquid ratio change becoming larger). Their homogenization temperatures are simi-

lar but salinity difference is large, indicating that ore-forming fluid experienced the immiscible process (boiling)

that may have caused the precipitation and concentration of Pb, Zn, Fe and Cu.

Key words: geology, fluid inclusions, ore-forming fluids, lead-zinc skarn deposit, Hutouya, Qimantag, Qinghai
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Sketch map of geology and polymetallic deposit distribution in the Qimantag area (modified after Feng et al., 2012)

Fig. 1

1—Quaternary; 2—Triassic; 3—Carboniferous; 4—Devonian; 5S—Ordovician to Silurian; 6—Proterozoic; 7—Indosinian granite; 8—Variscan

granite; 9—Caledonian granite; 10—Fault; 11—Provincial boundaries
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Fig. 2 Geological sketch map of the Hutouya lead-zinc polymetallic ore deposit (modified after Feng et al., 2011)

1—Quaternary; 2—Upper Triassic Elashan Formation; 3—Upper Carboniferous Di’ aosu Formation; 4—Lower Carboniferous Dagangou Formation;

5—Ordovician to Silurian Tanjianshan Formation; 6—Mesoproterozoic Jixianian Langyashan Formation; 7—Moyite; 8—Monzonitic granite;

9—Granodiorite; 10—Diorite; 11—Skarnization zone; 12—Ore belt and its serial number; 13—Fault
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Fig.3 Geological section along No. 0 exploration line in the VI ore belt of the Hutouya lead-zinc polymetallic ore deposit (after
Zhaoet al., 2013)

1—Marble; 2—Silicalite; 3—Monzogranite; 4—Tectonic breccia; 5S—Skarnized marble; 6—Copper-lead-zinc orebody; 7—Drill hole

7.0.75%~8.32% (°F-12.14%) .
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Fig. 4 Typical mineral and ore characteristics of the Hutouya deposit at skarn stage and retrograde alteration stage

a. Zonal texture garnet (plainlight); b. Garnet coexistence with diopside (crossed nicols); c. Zonal texture epidote (crossed nicols); d. Garnet replaced
epidote (plainlight); e. Vein structure, veined magnetite distributed in marble and skarn; f. Garnet magnetite ore, spotted structure; g. Garnet replaced
by magnetite (reflected light); h, i. Phlogopite magnetite ore and its microscopic characteristics, disseminated structure; j. Diopside coexistence
with magnetite (crossed nicols); k. Magnetite ore, massive structure; . Epidote coexistence with hematite (reflected light)

Mt—Magnetite; Hem—Hematite; Phl—Phlogopite; Gt—Garnet; Di—Diopside; Ep—Epidote
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Fig. 5 Typical mineral characteristics and ore structures of the Hutouya deposit at quartz-sulfide stage

a. Sphalerite ore; b, c. Copper-lead-zinc ore and its microscopic characteristics; d, e. Epidote replaced by chalcopyrite (crossed nicols

and reflected light); f. Phlogite replaced by sphalerite (plainlight); g. Garnet replaced by calcite along the ring (crossed nicols);

h, i. Brecciated structure, including ore breccia, skarn breccia, siliceous rock breccia

Gn—Galena; Sp—Sphalerite; Ccp—Chalcopyrite; Mt—Magnetite; Phl—Phlogopite; Gt—Garnet; Ep—Epidote; Cal—Calcite
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Fig. 6 Typical metallic minerals and textures characteristics of the Hutouya deposit

BB LA

a. Cataclastic texture in pyrite; b. Hypidiomorphic granular pyrite; c. Idiomorphic-hypidiomorphic granular magnetite; d. chalcopyrite replaced by

hypidiomorphic granular pyrite; e. Hypidiomorphic-allotriomorphic granular chalcopyrite replaced by radial hematite; f. Galena with black

delthyrium coexistence with sphalerite; g. Radiating texture hematite; h. Sphalerite contains with allotriomorphic granular chalcopyrite;

i. Oolitic texture magnetite

Mt—Magnetite; Hem—Hematite; Gn—Galena; Sp—Sphalerite; Py—Pyrite; Ccp—Chalcopyrite; Gt—Garnet; Ep—Epidote;
Fl—Fluorite; Qz—Quartz
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Fig. 7 Characteristics of fluid inclusions in different stages from the Hutouya deposit

a. Type I inclusions of garnet; b. Type lll inclusions of garnet; ¢. Type Il and V inclusions of diopside; d. Type Il and IV inclusions of diopside;
e. Type Il inclusions of epidote; f. Type I and Il inclusions of epidote; g. Type Il inclusions of fluorite; h. Type I inclusions of fluorite;
i. Type Il inclusions of fluorite; j. Type Il inclusions of quartz; k. Type Il and Il inclusions of quartz; 1. Type Il inclusions of calcite;

V—Vapor phase; L—Liquid phase; S—Daughter mineral
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Table 1 The microthermometric results of fluid inclusions from the Hutouya deposit
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Fig.8 Homogenization temperature (a, ¢, €) and salinity histogram (b, d, f) of fluid inclusions in different stages of the Hutouya deposit
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Fig. 9 Laser Raman spectra of inclusions in skarn stage (a~c) and quartz-sulfide stage (d) from the Hutouya deposit
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Table 2 H-O isotopic compositions from the Hutouya deposit
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HTY1-12 L 4 BTS04 AR AT 4.5 - 338 5.15
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Fig. 10 Comparison diagram of natural H-O isotope composition and H-O isotope composition from the Hutouya deposit (a, after

Rollinson, 1993) and diagram ofSD-B”‘OHZO from the Hutouya deposit (b, base map after Craig, 1961; Taylor, 1974; Sheppard, 1986),

the data of calcite inclusion water after Su (2011)
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