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Fluid inclusions and stable isotopes of Qiushuwan copper-molybdenum deposit
in East Qinling orogenic belt and their geological implications

QIN Zhen'?, DAI XueLing' and DENG XiangWei!
(1 School of Geoscience and Info Physics, Central South University, Changsha 410083, Hunan, China; 2 No.3 Geological
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Abstract

The Qiushuwan copper-molybdenum deposit in the East Qinling molybdenum belt is atypical skarn-por-
phyry breccia pipe controlled by the porphyry. Ore bodies occur in the biotite granite porphyry, skarn and brec-

cia pipes. According to mineral paragenesis, ore fabrics, wall-rock alteration and intersecting relationship of the

veins, the formation of the ore deposit can be divided into three periods, i.e., high-temperature alteration-skarn

period ( I ), sulfide precipitation period ( [l ) and low-temperature mineral-free period ([l ), composed of six
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ore-forming stages: dry skarn -K-feldspar-quartz stage ( I ), explosion breccia stage ( 1 ,), wet skarn stage
( I3), magnetite stage ( | 4), porphyry copper (molybdenum) ore stage (Il ) and quartz sulfide mineralization
(II,), and calcite, barite, quartz stage (Il ). Mineral-forming fluids in quartz, garnet and calcite can be divided
into five types, i.e., S-type multi-phase inclusions containing daughter minerals, L-type pure liquid inclusions,
C-type three-phase CO,-bearing inclusions, W-type gas-liquid two-phase inclusions, and G type pure gas inclu-
sions. Ore-forming fluid temperature, salinity and redox environment are characterized by regular evolution:
homogenization temperature values of [ period, I period and [l period are 222 ~406C, 152~315C, and
119~189C respectively, whereas salinities w (NaCl,,) of 1 period, Il period and [l period are 4.2% ~
36.5%, 3.3% ~34.8% and 4.2% ~11.9%, respectively; Raman spectroscopy and analysis of group inclu-
sions show that the fluid compositions are mainly H,O, CO,, CH;, H,S in [ period, implying a reduction envi-
ronment, H,O, CO,, N,, Oy, SO;~, Cl7, F~ in I period, suggesting an oxidation environment and the
derivation of fluid from the magma. Inclusions petrography and thermometry shows that the fluid was originally
high temperature, high salinity, CO,-bearing H,O-NaCl-CO, system magmatic fluid, and experienced boiling
and phase separation in | period, accompanied by fluid boiling, CO, escaping, temperature drop, addition of
atmospheric water, and decrease of salinity, which led to the precipitation of large quantities of metal sulfides.
In Il and [l period, the ore-forming system tended to become open, and meteoric water infiltrated into the flu-
id, leading to the evolution into the late low-salinity, low temperature, poor CO, fluid system. H, O, S isotopes
show that mantle materials participated in the ore-forming process.

Key words: geochemistry, copper-molybdenum deposit, fluid inclusion, isotopes, Qiushuwan, East Qinling
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Fig. 1  Geological map of Qiaushuwan area
1—Quaternary 2—Upper Yanlinggou Formation 3—Lower Yanlinggou Formation 4—Guozhuang Formation 5—Skarn 6—Granite

7—Granite porphyry 8—Quartz porphyry 9—Fault 10—Syncline 11—Study area
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Fig. 2 Geological section from Nanshan molybdenum ore block to Beishan copper segment after Zhang et al. 2008
I—Archean Guozhuang Formation schist 2—Archean Yanlinggou Formation marble 3—Qiushuwan pluton 4—Shattered breccia

5—Molybdenum ore body 6—Copper ore body 7—Boundaries of skarn breccia and shattered breccia 8—Fault
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Fig. 3 . Mineralization and alteration features of the Qiushuwan ore deposit

A. Contact zone between granite (yr) and garnet-diopside skarn (SK), granite veins penetrating skarn; B-Breccia, breccia mixed with potassium-

alteration rounded granite ('yr) soluble cement: C. Diopside skarn veins interspersed in granite fissures: D. Tremolite (T1) aggregates produced in

radial cracks in the granite; E. Magnetite ( Fe) veins penetrating early breccia and quartz (Qz), potassium-alteration granite porphyry breccias F.

Disseminated chalcopyrite (Cep? and molybdenite {Mo)» late molybdenite quartz penetrating early garnet skarn: G. Carbonate (Cal) interspersed

with early quartz vein (Q) and molybdenite; H. Chalcopyrite {Cep?» sphalerite (Sp) replacing early skarn minerals, sphalerite replacing early chal-

copyrites 1. Calcite veins along tensile cracks penetrating early ore body
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Fig. 4 Microphotographs of representative fluid inclusions from the Qiushuwan Cul Mo deposit

A B. Stype fluid inclusion: C. L-type fluid inclusion: D. C-type fluid inclusion: E,F. WL-type and WG-type fluid inclusion:
G. WL-type fluid inclusion: H. G-type inclusion; L—liquid phase: V—Vapor phase: S—Daughter minerals
Cl—Liquid phase CO,: Cv—Vapor phase C0,: Agq—/Aqueous solution
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1

Table 1 Temperature salinity and density of fluid inclusions in the Qiushuwan ore deposit

I ice tm clath tm CO w NaClg
“ et 2 tms C th, C “ o g em?
pm % T T T %
QYT-1 1, S 111 7~13 10~25 195~278 271~283 L. 31.6~36.5 1.15~1.20
QYT-2 1 w 13 5~14 10~90 —16.5~ 3.6 222~369 L 5.8~19.8 0.97~1.05
QYT-3 [ C 7~39 25~55 2.3~5.8-58.8~—-56.3 295~312 LV 7.7~12.8 0.74~0.88
QSI-15 1, w 13 7~20 10~55 -10.1~-2.6 307~345 L 4.2~14.1 0.77~0.97
CK304-5 1> w 12 5~17 12~60 —7.5~—4.1 282~406 L 6.5~11.1 0.77~0.96
QS1-19 I3 w 16 7~18 10~45 -7.1—--2.6 189~325 L 4.2~10.6 0.77~0.99
QS2-6 I w 14 7~18 7~28 -5.3~-1.9 229~297 L 3.1—-8.2 0.77~0.99
QS2-8 Iy W 45 7~26 10~35 -3.5~-2.0 152~315 L 3.3~5.6 0.71~0.95
QS2-10 Iy S 16 5~12 10~30 202~252  185~312 32.0~34.8 1.09~1.18
Q2-11 Qs1-7 1 w 48 4~21 12~50 =10.1~-3.9 158~289 L 6.2~14.1 0.84~0.97
QS2-10 1 W 89 9~26 6~26 —5.4—-2.6 119~189 L 4.2~8.4 0.94~0.98
Q4-3 Il L 5 9~10 -8.2~-1.2 2.0~11.9
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Fig. 5 Laser Raman spectra of fluid inclusions of the Qiushuwan Cu Mo  deposit
A. Gas composition of C-type inclusions of 1 period B. Gas composition in quartz sulfide period C. Pure gas inclusions of 1 period

D. Gas composition of W-type inclusions of quartz of the late [lI period
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Table 2 Gas components of fluid inclusions in the Qiushuwan Cu-Mo deposit

wB 10°°
H,O N, O, CO, CcO GH, + GHy CH, G Hg
Ql1-15 1; 342.33 56.90 12.22 115.95 0.09 0.52
Q1-20 I 132.61 258.42 54.96 732.22 53.35 0.11 0.36
QL-7 II', 156.54 42.25 7.74 142.77 29.69 0.24 0.51 0.03
Q1-19 I, 213.13 89.11 19.21 161.21 31.04 0.40 0.26 0.04
3
Table 3 Aqueous components of fluid inclusions in the Qiushuwan Cu-Mo deposit
wB 1076
F- Cl™ SO;”  NO;  NOy Br~ Na* K* Mgt Ca®t Li* Na'" K'F Cl°
Ql1-15 1; 0.21 10.37 248.44 0.09 0 0 14.63 3.99 7.50 265.39 0 3.67 0.02
Q1-20 I, 1.05 2.34  13.34 0.16 0 0 4.07 6.97 0.73 6.35 0 0.59 0.45
Ql1-7 I, 1.60 2.02 4.43 0.08 0 0 3.27 6.29 0.40 2.28 0 0.52 0.79
Q1-19 Iy, 0.85 7.16 3.40 0.41 0 0 4.82 5.65 0.90 11.09 0 0.86 0.12
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Table 4 H and O isotopic ratios in the Qiushuwan Cu-Mo deposit
3D %o 8150 %o 8 *Or,0 %o C
Q1-19 -76 9.2 2.0 305
QI1-20 — 88 9.7 2.3 300
Q1-7 —94 9.8 2.9 315
Q6-1 —68.58 9.88 2.5 300 2007
Q9 —40.19 10.21 2.8 300 2007
Q2 —46.94 9.51 1.6 285 2007
Q3 —54.59 10.59 2.6 285 2007
Q8 —45.24 6.61 350 2008
Ql1 —58.61 7.12 350 2008
1000 na ' =3.38%10° 2—2.90 Clayton et al. 1972
5 HO CO, CH; LS N, O,
Table 5 S isotopic ratios il? the Qiushuwan NaCl
Cu-Mo deposit
33 %o H0
Q9-2 -0.1 COZ 0
CK304-5 +1.52
CK304-6 +1.52
CK304-7 +0.83 2007
CK31510-1 +1.97 2007
CK31510-12 +1.63 2007
Q3 +6.22 2007 155 ~ 406°C
Q +3.36 2007 . .
Ql +0.25 2007 315C 150 ~300C 256C 119
@ T0.85 2007 ~189C 100 ~200°C 165
Q2-1 +1.56 2007

w NaCl,  4.2% ~36.5%
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