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Abstract

The Yulekenhalasu medium-size porphyry copper-(molybdenum) deposit occurs in the diorite porphyry,

with some mineralization also observed in the porphyroid biotite quartz monzonite and volcanic rocks of the
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Beitashan Formation. Mineralization occurs as veinlets, veinlet-disseminations and stockworks. Wall-rock altera
tion is well developed, and mainly comprises K-feldspathization, biotitization, quartzification, sericitization,
magnetitization, gypsification, chloritization, and epidotization. According to cutting relationships of the ore
veins, mineral assemblages, paragenetic sequence and ore fabrics, the ore-forming process can be divided into
three metallogenic periods: porphyry, shear deformation and supergene periods. The sulfides-K-silicate stage
and the molybdenite stage in the porphyry period constituted the main stages for copper mineralization and
molybdenum mineralization, respectively. Two types of fluid inclusions, namely H,O-NaCl and H,O-CO,
( = CH4/N,)-NaCl types, have been recognized in quartz and calcite. Homogenization temperatures of fluid in-
clusions in the sulfides-K-silicate stage vary from 141°C to 500C, concentrated from 200C to 340°C . Salinity
w (NaCl,, )ranges from 2.96% to 14.97% . Ore fluid densities range from 0.60 to 0.98 g/cm’. Fluids of the
carbonate stage are characterized by medium-low temperatures (140C to 320°C ) and low salinities (2.74% to
10.61% ). S values of sulfides associated with mineralization range from —4.5%0 to —0.1%0, with the peak
being —3.5%o, indicating that sulfur was derived from deep-seated magma. 8" Ogyow values of quartz and cal-
cite range from 9.1%o to 13.2%o, with the corresponding BISOHZO values between = 2.05%0 and 6.28%o, and 3D
values of fluid inclusions vary between — 120%0 and — 97%o. The combined isotopic data imply that the ore-
forming fluids of the sulfides-K-silicate stage in the Yulekenhalasu Cu-(Mo) deposit were mainly derived from
magmatic fluids, with a minor part from the meteoric water, and the fluids of the carbonate stage were mainly
derived from the meteoric water, with a minor part from magmatic fluids. Cu-(Mo) mineralization in Yuleken-
halasu took place in Middle Devonian (373.9 £2.2) Ma , related to the diorite porphyry. The decrease of
temperature and pressure, the boiling of local ore-forming fluid; the water-rock exchange, and the compositional
variation of ore fluids played important roles in ore-forming processes of the Cu-(Mo) ore bodies.

Key words: geochemistry, porphyry copper-(molybdenum) deposit, fluid inclusion, sulfur-oxygen-hydro-

gen stable isotopes, metallogenesis, Yulekenhalasu, northern margin of Junggar, Xinjiang
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Fig. 1 Simplified geological map of the Yulekenhalasu Cu- Mo deposit modified after No. 4 Geological Party of Xinjiang
Bureau of Geology and Mineral Exploration and Development 2009
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Fig. 2 Combined geological section of the Yulekenhalasu Cu- Mo deposit after Liu et al. 2010
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Fig. 3 Wall-rock alteration and mineralization characteristics of the Yulekenhalasu Cu- Mo  deposit
A. Ore body and ore-bearing porphyries B. Porphyroid biotite quartz monzonite with K-feldspathization and epidotization C. Diorite porphyry with
potassic alteration D. Chalcopyrite-K-feldspar-quartz vein distributed in diorite porphyry E. Gypsum veinlets penetrating K-feldspar veinlets in diorite
porphyry F. Magnetite veinlets-stockwork in silicified diorite porphyry G. Diorite porphyry with pyritization magnetitization and quartzification H.
Diorite porphyry with quartzification epidotization and magnetitization I. Pyrrhotite-quartz vein J. Pyrite-calcite-quartz in diorite porphyry with my-
lonitization K. Chalcopyrite-pyrite-magnetite vein and calcite vein in diorite porphyry with mylonitization L. Chalcopyrite lump and veinlets distribut-
ed in diorite porphyry with K-feldspathization M. Chalcopyrite veinlet-disseminations distributed in diorite porphyry with K-feldspathization and
quartzification N. Diorite porphyry with pyrite and molybdenite minerals in oriented parallel arrangement O. Pyrite as lenses in diorite porphyry P.

Pyrite gypsum veinlet Q. Chalcopyrite disseminations distributed in diorite porphyry R. Pyrite chalcopyrite stockwork distributed in diorite porphyry
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Fig. 4 Photomicrographs of fluid inclusions in the Yulekenhalasu Cu- Mo  deposit
A~F. Fluid inclusions in quartz A. Liquid inclusions B. Vapor inclusions C. Pure vapor inclusions D. Two-phase CO,-type inclusions

I.

E. Three-phase CO,-type inclusions coexistent with liquid inclusions F. Three-phase CO,-type inclusions G~1. Fluid inclusions in calcite

G. Liquid inclusions H. Liquid inclusions coexistent with vapor inclusions . Pure vapor inclusions



974

2012

1

Table 1 Inclusion types and characteristics of the Yulekenhalasu Cu- Mo deposit

1 4 100 %
8 3~6 50% ~—80%
82 1~6 5% ~40%
10 5% ~20%
CO, 37 CO, 3~7 CO,
CO, 10~20 5% ~80 %
CO, 22 CO, 3~6 10% ~80%
CO,
3 6~8 70 %
57 3~8 5% ~40%
10~20 10% ~20%
1 4 70 %
16 2% 3 10% ~20%
8§~10
2010 Shen et al. 2010 Yang 21 H,O-NaCl H,O-CO, =+ CH,
et al. 2009 N, -NaCl
141~500C
CO; 550°C 200~340C  200C
CO, YLKZK0807-8 300C 5
YLKZK0807-17 1~ —1.8C _
ZK08-5-16 ZK08-6-5 Bodnar 1993 w NaCly,  3.06%
95% O ~14.97% 6
CO, NaCl-H,0 t-20-0 Bodnar 1983
CO
EF Ve Le L : do, 0.60—0.98 g cm?
co, Lco, H,0 7 59 o,
10% ~ 80 % CO, o
CO Ve ‘ ?
2 co, Lco, 5 > O,
~70.5~ —60.0C -62.5C 7
H, N
4k €O, 4D 9%~ 1981C0214 CC(4) 2
100% CO, CO, urruss H
3g 4.2~8.1C Collins
pm O, 5% ~80% 1979
o, CO, w NaCl,  2.96% ~12.29%
10.5% 6 20 CO,
~1.0~19.1C 2
7C 8 219 ~ 494°C
O, 270C 37  CO,
2 ym ~16.1-27C 2 —4C 5C 8
4.2

141~322C 5
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Fig. 5 Histogram of homogenization temperatures for fluid inclusions of the Yulekenhalasu Cu- Mo deposit
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2 CO,
Table 2 Microthermometric data for CO,-types inclusions in quartz from the Yulekenhalasu Cu- Mo deposit
o QO © Q, CO, CO, t, C w NaCl, %
% % T T T
CO, -70.2~-61.7 4.2~8.1 -1.0~19.1 219~494 2.96~12.29
10~80 5~20 19 14 20 » 285 14 8.74
CO, -70.5~ —-61 -16.1~27
100 5~80 31 37 1.7
2 FIAICO, 1.3 1

EW—-RE

HICO,B % 1
SR

P AHCO, B

il

oL

Fig. 8 Histogram of homogenization temperatures of CO,-

type inclusions in the Yulekenhalasu Cu- Mo deposit
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Fig. 7 Histogram of initial melting temperatures of CO,-type S —6.3%o0
inclusions in the Yulekenhalasu copper deposit SO, 2000
34 S
—6.3% 3 oS >ots > = 5. 1%0~0. 7% 0. 5%
S 2007 2010 Shen et al. 2012
2000 27 S —6.5%0 ~
22 S — 4% ~0%  —1.6%0 ~3.5%o 2006
-3.5% 9 ~6.3% - 15 MS
—6.5%0~ —1.6%0 —0.9%0~ 1.3%0 0.3%o 2002
2006 Han et al. 2006
2010 2012 2 5**S —2.5%0 —4.5% Kolesnikov 1991
2008 10
- - S = 2.1%0 ~ 0.8%0
S 0.6%0 2010

Ohmoto 1972
2000
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Table 3  Sulfur isotope composition of sulfides from the Yulekenhalasu Cu- Mo deposit
8348 "ﬂD &245 (‘/(\()
1 ZK0805-1 -1 12 ZK0806-1 -0.6
2 ZK0805-2 -3.3 13 ZK0806-4 -0.5
3 ZK0805-4 -3.9 14 ZK0806-7 -3.8
4 ZK0805-5 -1.8 15 YKZKI1202-6-2 —0.1
5 ZK0805-6 -2.2 16 YKH-24-1 -2
6 ZK0805-10 -3.1 17  YKZK0803-1 —4.5
7 ZK0805-11 -3.9 18  YKZK0804-28 -2.5
8 ZK0805-12 -2.6 19 YKZK0804-30 -2.1
9 ZK0805-14 -3.9 20 YKZKO0806-8 -0.2
10 ZK0805-18 -3.4 21 YKZK1202-6-1 -0.8
11 YKH-24-2 -2.4 22 YLKZK1605-20 -6.3
4
Table 4 Oxygen and hydrogen isotopic data from the Yulekenhalasu Cu- Mo deposit
5% 0gow %o 8Om0 %0 3D %o
1 ZK0805-15 13.2 233 3.41 -102
2 ZK0805-16 12.0 274 4.11 -114
3 ZK0805-17 11.8 235 2.11 - 120
4 ZK0806-2 11.2 260 2.71 —120
5 ZK0806-5 12.5 337 6.82 - 120
6 YLKZKO0807-3 10.4 288 3.07 -99
7 YLKZKO0807-8 10.9 323 4.79 -97
8 YLKZKO0807-17 9.9 260 1.41 - 110
9 YLKZK1605-19 10.8 300 3.82 -102
10 ZK0806-3-1 11.7 243 2.41 -119
11 ZK0806-4 11.3 254 2.54 - 118
12 ZK0806-3-2 9.1 243 2.05 - 101
1-9 - 10~12
5.2 0.60~0.98 g cm’
} B} CO,
141 CO,
~500C 200~340C 210C  270C Graupner et al. 2001
H,O
380 ~ 420C NaCl,, 2.96% ~ 25.4 mol% ~79.1 mol % 54.75 mol% CO,
14.97% 6.5% 10.5% 12.7 mol% ~73.2 mol % 40.46 mol%
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Fig. 9 Histogram of sulfur isotopes from the Yulekenhalasu and Halasu Cu- Mo deposits

data for Halasu Cu deposit after Yan et al.

N, 1.57mol% CH; 0.72 mol% C,Hy 2.24
mol % Ar H,S
Na* Ca®® K" Mg"
SOF - Cl™ F
O,
H,0O - OH CH,4
2920 cm ! N, 2334 cm !
cO, H,0
CH, N, CO,
CO,
H,0-CO, £CH; N, -
NaCl CcO,
w CO, 5% ~40% H,O
w CO, 50% ~90% CO,
CO,
H,O-NaCl
5% —40%
50% —80% CcO,
O,

2006

1993 Mao et al. 2003
CO,-CH,4
+ Nz HzO-NS.Cl
CO,-CH,; £ N,
CcO,
O, YLKZKO0807-8
YLKZKO0807-17
7ZK08-5-16 7ZK08-6-5
90 % CcO,
CO,
CO,-CH,; + N,
HZO—NaCl
- 140 ~320C 170C  230C
w NaCl,, 2.74% ~10.61%

6.5%

10



31 5 979
500 .
| PR R Y B o RAMMMAES
. v B HRCO,ME M
400 o ° 5.3
o 350 v . . o ] 9 -
= . e v T °° SISOHZ() 1.41%0 ~6.82%o
250 o K-S v
ool : Lot T v T e, o 5.5%0 ~ 9.5%0 Sheppard 1986  6Deyiow
150 °° o: o o © = 120%0~ — 97 %o = 80%o0 ~
100 - —40%0 Sheppard 1986 8D—8180H30 11
0 2 4 6 8 10 12 14 16 b
w(NaCl,))/ % 9
500
| mmsme 0 B A
. ' o SRR R 4 3 8" Or0
2.05~2.54% 3Dsviow — 119%0 ~ — 101%o
350 .
@) - oD-
:" soor .o..' 18
ol R . o OH)_O 11
. 3 .3 ®e oo
200 n.. 3 o . o -
150 y ° ‘. PN
100 L
0 2 4 6 8 10 12 14 16
w(NaCl,)/ %
10 ) 5.4
Fig. 10 Diagram of homogenization temperatures versus
salinities of fluid inclusions in the Yulekenhalasu Cu- Mo LA-ICP-MS U-Pb 5
deposit 2009
2012 382 Ma
0 o EbhnmE R SMow 2 3%Ma 3
47k R 375~374 Ma 4
® EX R RS
BEdmi 348 Ma
® %A
40 | 745 5 7K 266 Ma
jf? 382 Ma 266
g N
= & \ Ma 116 Ma 9 Re-
2 sl % 2 Os 373.9+2.2 Ma
. b e EEmEEA ]
o]
*e®D 375~374 Ma
o]
o]
120 F ed®e O 379 Ma 5 Ma
(]
® g0
| | |
20 10 0 10 20 379 Ma
3"*Omo / %o
11 8D-8"%0r10
Sheppard 1986 2008

Fig. 11 8D versus 8'*OH,0O diagram of the
Yulekenhalasu Cu- Mo deposit data of primary
magmatic water after Sheppard 1986

Windley et al. 2002



980

2012
2004 2005 -
382~374 Ma 6
1
382 Ma -
379 Ma _
2
CcO, CO, -
F 141~500C
200~ 340°C 380 ~ 420C
w  NaClg 2.96% ~ 14.97%
6.5% 10.5% 0.60~0.98 g cm’®
COZ*CH4 HZO—NaCl - -
140 ~ 320C w  NaClg,
2.74% ~10.61%
- 3 S —4.5%0 ~0.1%0
-3.5%
374 4 5D — 120%0 ~
Ma —97%0 & ®¥Osviow 9.1%~13.2%0 & 18on0
—2.05~6.82%0
375~374 Ma
373.9+2.2 Ma
348 Ma CO,-CH, *+
N2 NHCI-HQO
NW

266 Ma
2010



31 5

981

References

2007. M .
. 156-171.
. 2004.
J . 31 11 1059-
1065.
. 2004.
1:2 500 000 M . . 1-
65.
. 2010.
31 3 289-
306.
. 2008.
J. 24 12 2679-2700.

. 2010.
I 28 4 377-384.
. 2004.

83-94.

. 2007.
] 23 8 1981-1988.
. 2006.

] 33 3 618-625.

. 2008.
M . . 345

. 2010. -

17 2 53-82.

OAr¥ Ar J .
25 3 292-301.

2010. I
J. 17 2 359-374.

. 2012.
I 28 7 2029-2042.
. 2005.

321 107-114.
. 1993. M .
. 240
. 2005.

J. 30 3 298-297.
. 2010.

J. 26 3 707-716.
. 2009.
] 25 6
1310-1318.
. 2009.
U-Pb ]
28 4 425-433.
. 2000. M .
. 218-247.

Bodnar R J. 1983. A method of calculateing fluid inclusion volumes
based on vapor bubble diameters and PVTX properties of inclusion
fluids J . Econ. Geol. 78 535-542.

Bodnar R'J. 1993. Reviced equation and table for determining the freez-
ing point depression of HyO-NaCl solutions J . Geochim. Cos-
mochim. Acta 57 683-684.

Burruss R C. 1981. Analysis of phase equilibria in C-O-H-S fluid inclu-
sions A . In Hollister L S and Crawford M L eds. Short course
handbook C . Mineralogical Association of canada. 6 39-74.

Clayton R N and Mayeda T K. 1963. The use of bromine pentafluoride
in the extraction of oxygen from oxides and silicates for isotopic
analysis J . Geochim. Cosmochim. Acta 27 43-52.

Clayton R N O’ Neil ] R and Mayeda T K. 1972. Oxygen isotope ex-
change between quartz and water J . Journal of Geophysical Re-
search 77 3057-3067.

Coleman M L. Sheppard T J Durham ] J] Rouse ] E and Moore G R.
1982. Reduction of water with zinc for hydrogen isotope analysis
] . Analytical Chemistry 54 993-995.

Collins P L F. 1979. Gas hydrates in CO,-bearing fluid inclusions and
the use of freezing data for estimation of salinity J . Econ. Geol.
74 1435-1444.

Friedman I and O' Neil J R. 1977. Complication of stable isotope frac-
tionation factors of geochemical interest in data of geochemistry A .
In Fleischer M ed. Geological professional paper. U. S. Geologi-
cal Survey C . 6th ed. 440.

Graupner T Kempe U Spooner E T C Bray C ] Kremenetsky A A
and Irmer G. 2001. Microthermometric Laser Raman spectro-
scopic and volatile-ion chromatographic analysis of hydrothermal
fluids in the Paleozoic Muruntau Au-bearing quartz vein ore field
Uzbekistan J . Econ. Geol. 96 1-23.

Han CM XiaoW ] ZhaoGC Mao] W Yang]JM WangZL Yan



982

2012

Z and Mao Q G. 2006. Geological characteristics and genesis of the
Tuwu porphyry copper deposit Hami Xinjiang Central Asia J .
Ore Geology Reviews 29 77-94.

Hezarkhani A. 2005. Mineralogy and fluid inclusion investigations in the
Reagan porphyry system Iran the path to an uneconomic porphyry
copper deposit J . Journal of Asian Earth Sciences 27 598-612.

Hoefs J. 1997. Stable isotope geochemistry M . 3rd edition. Berlin
Springer-Verlag. 250p.

Kolesnikov V' V. 1991. Nonferrrous metals deposits A . Series The
Balkhash Segment M . Alma- Ata Gylym. 192p in Russian .

Mao J W LiY Goldfarb R] He Y and Zaw K. 2003. Fluid inclusion
and noble gas studies of the Dongping gold deposit Hebei province
China A mantle connection for mineralization ] . Economic Ge-
ology 98 517-534.

Mao J W Wang YT Ding TP ChenY Wei] X and Yin J. 2002.
Dashuiguo tellurium deposit in Sichuan Province China S C O
and H isotope data and their implications on hydrothermal mineral-
ization J . Resource Geology 52 15-23.

Mao J M PirajnoF ZhangZH ChaiFM WuH Chen SP Chen L
S Yang ] M and Zhang C Q. 2008a. A review of the Cu-Ni sul-
phide deposits in the Chinese Tianshan and Altay orogens Xinjiang

N W China

Autonomous Region Principal characteristics and

oreforming processes J . Journal of Asian Earth Sciences 32
184-203.

MaoJ W Wang Y T Li H Pirajno F Zhang C Q and Wang R T.
2008b. The relationship of mantle-derived fluids to gold metallogen-
esis in the Jiaodong Peninsula Evidence from D-O-C-S isotope sys-

tematics ] . Ore Geology Reviews 33 361-381.

McCrea M. 1950. The isotopic chemistry of carbonates and a paleotem-
perature scale J . J. Chem. Phys. 18 849-857.

O’ Neil J R Clayton R N and Mayeda T K. 1969. Oxygen isotope frac-
tionation in divalent metal carbonates J . Chemistry Geophysics
51 5547-5558.

Ohmoto H. 1972. Systematics of sulfur and carbon isotopes in hy-
drothermal ore deposits J . Econ. Geol. 67 551-578.

Shen P Shen YC PanHD Li XH Wang J B Zhu H P and Dai H
W. 2012. Geochronology and isotope geochemistry of the Baogutu
porphyry copper deposit in the West Junggar Region Xinjiang
China J . Journal of Asian Earth Sciences doi 10.1016 j. Jseaes.
2011.11.025.

Shen P Shen YC WangJ B ZhuHP Wang L ] and Meng L. 2010.
Methane-rich fluid evolution of ‘the Baogutu porphyry Cu-Mo-Au
deposit  Xinjiang NW China J . Chem. Geol. 275 78-98.

Sheppard S M F. 1986. Characterization and isotopic variations in natu-
ral waters ] . Reviews in Mineralogy 16 165-183.

Windley F B Kroner’A GaoJ QuJ LiY and Zhang C. 2002. Neo-
proterozoic to Paleozoic geology of the Altai orogen NW China
New zircon age data and tectonic evolution ] . Journal of Geology
1107 719-737.

Yang Z M "HouZ Q White NC ChangZS LiZ Q and Song Y C.
2009. Geology of the post-collisional porphyry copper-molybdenum
deposit at Qulong Tibet J . Ore Geology Reviews 36 133-159.

Zhang ZC Yan SH ChenBL ZhouG HeYK ChaiFM HeL X
and Wan Y S. 2006. SHRIMP zircon U-Pb dating for subduction-
related granitic rocks in the northern part of east Junggar Xinjiang

J . Chinese Science Bulletin 51 8  952-962.





