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Geochemistry and genesis of the Qunjisayi granite porphyry in the west of
Awulale area, Western Tianshan Mountains
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Abstract: The Qunjisayi porphyry granite is located in Awulale area of Western Tianshan Mountains. It intrud-
ed into the volcanic rocks of lower Permian Wulang Formation located at the northwestern end of the Qunjisayi
anticline. All samples from the pluton are characterized by porphyraceous texture, the phenocrysts are composed
of plagioclase, potassium feldspar, hornblende and biotite, and the matrix consisting mainly of plagioclase,
potassium feldspar and quartz is of granitic hypidiomorphic microcrystalline-granular texture. The porphyry
granite is geochemically characterized by high SiO,(71.17% ~72.59% )and Na,O(8.86% ~9.39% ), and low
K,O0(0.07% ~0.28% ), with A/CNK being 0.87~0.92 and A/NK 0.97~1.01. It is enriched in Th, U,
Pb, but depleted in Nb, Ta, Sr, P and Ti. It is also depleted in Rb, Ba and K relative to Th and U. The
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porphyry granite belongs to peralkaline-mataluminous fractionated I-type granite. The zircon SHRIMP U-Pb age
of the porphyry granite 302 + 4 Ma indicates its generation in the Late Carboniferous to Early Permian period. It
is suggested that the porphyry granite is similar to the lower Carboniferous basalts in the same area, as evidenced
by the following data: low initial Sr isotope ratio (Ig, =0.70512~0.70536), positive e Nd(z) = +2.1~
+2.7, fomng= —0.43~ —0.56 and the Nd model age( tpy=713~863 Ma). In association with the tectonic
background, it is inferred that the primary magma of Qunjisayi porphyry granite was most likely derived from
the partial melting of the underplating basaltic rocks under the conditions of amphibolite- or garnet-phase after
collision.

Key words: porphyry granite; petrology; I-type granite; zircon U-Pb age; magmatic origin
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309.544.7

Fig. 4 CL images of zircon crystals in Qunjisayi granite porphyry
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Table 2 Compositions of main wy % and trace wy 10~°

wy 1076

Wwg %

elements in Qunjisayi granite porphyry

QS 16 QS17 QS18 QS19 QS20 QS21
SO, 72.59 71.17 71.91 71.55 71.30 72.05
TiO, 0.23 0.19 0.19 0.22 0.20 0.21
ALO; 14.76 15.06 15.19 15.20 15.36 15.05
Fe,0; 0.260 0.805 0.325 0.495 0.295 0.340
FeO 0.80 1.55 0.75 0.55 0.65 0.80
MnO 0.017 0.036 0.024 0.024 0.020 0.023
MgO 0.68 0.68 0.68 0.79 0.74 0.71
Ca0 0.88 0.87 0.8 0.93 0.96 0.73
Na,O 9.25 8.8 9.05 9.17 9.28 9.39
&) 0.07 0.27 0.20 0.20 0.28 0.08
P,0s 0.107 0.070 0.067 0.083 0.073 0.086
Lol 0.13 0.15 0.50 0.58 0.63 0.3
NoO+K:O0 932 9.13 9.25 9.37 9.56 9.47
NoyO K,O 13214 32.81 45.25 45.85 33.14 117.38
A NCK 0.87 0.92 0.91 0.89 0.8 0.89
A NK 0.97 1.01 1.01 0.99 0.99 0.97
FeO' MO 1.2 3.34 1.53 1.26 1.24 1.56
o 2,94 2.98 2.96 3.07 3.23  3.09
Q 17.52 15.80 16.29 15.42 14.19 15.98
Or 042 1.60 1.19 1.19 1.67 0.48
An 0 0.5 023 0 0 0
Ab  75.80 75.29 77.13 77.68 78.1 77.37
DI 93.74 92.69 94.61 94.29 93.96 93.83
sI 6.15 5.5 6.18 7.05 6.58 6.27
AR 3.95 3.69 370 3.77 3.83 4.0
Ba 228 128.0 97.3 117.0 167.0 75.9
Rb .12 529 3.43 4.46 7.10 1.12
Sr 36.8 103.0 83.1 45.0 52.1 38.2
Nb 527 5.89 5.47 4.50 5.86 5.14
Ta 0.366 0.396 0.421 0.417 0.453 0.394
Y 9.22 814 7.54 8.05 9.12 6.11
I 140.0 92.2  89.1 124.0 136.0 150.0
Hf 3.9.0 2.99 2.67 3.41 3.82 3.9
Pb 40.60 15.20 3.11 14.90 8.41 1.31
Th 214 2,58 2.42 2.23 2.39 2.51
U 0.641 0.837 1.060 1.640 1.350 0.678
Se 3.08 4.50 4.12 4.58 4.68 4.28
% 51.8 69.7 48.5 44.5 75.5 112.0
Cr 10.30 12.00 9.99 13.00 14.70 15.70
Mo 1,080 1.220 0.886 0.935 0.933 1.010
Co 1,36 2.52 1.65 1.66 1.52 1.52
Ni 576 7.49 3.77 4.03 531 5.43
Cu 9.18 36.70 18.90 9.39 6.76 10.20
n 12.20 17.80 9.63 10.00 11.30 7.78
Ga 18.0 18.8 17.4 18.5 19.2 19.8
Li 9.87 11.30 15.00 12.30 12.10 14.00
Cs 0.024 0.070 0.057 0.078 0.105 0.081

32
2
Continued Table 2
QS-16 QS-17 QS-18 QS19 QS-20 QS-21
La 11.5 16.4 15.6 17.5 20.2 10.3
Ce 24.2  33.4 30.7 33.9 46.2 21.8
Pr 3.08 3.71 3.35 3.27 5.22 2.42
Nd 12.0 13.5 12 11.2 18.4 9.27
Sm 2.22 1.92 1.85 2.04 2.91 1.57
Eu 0.37 0.63 0.58 0.6.0 0.73 0.44
Gd 1.93 1.67 1.74 1.58 2.20 1.36
Th 0.33 0.30 0.27 0.25 0.34 0.22
Dy 1.70 1.66 1.51 1.41 1.69 1.15
Ho 0.33  0.28 0.25 0.27 0.29 0.18
Er 0.90 0.99 0.77 0.80 0.88 0.60
Tm 0.15 0.15 0.12 0.14 0.13 0.12
Yb 0.96 0.88 0.88 0.87 0.93 0.64
Lu 0.14 0.14 0.10 0.12 0.11 0.10
SREE 59.81 75.62 69.73 73.93 100.23 50.16
LREE HREE 8.30 11.48 11.34 12.63 14.24 10.49
La Yb y §.61 13.43 12.73 14.51 15.56 11.49
La Sm y 3.34  5.51 5.44  5.54 4.48 4.24
Th Lu y 1.60 1.47 1.78 1.35 2.13 1.53
oEu 0.54 1.05 0.97 0.98 0.84 0.89
oCe 0.98 1.01 0.99 1.02 1.08 1.03
S
1991
6b  La Yb y 8.61~
15.56 12.72
La Sm y=3.34~5.54 Th Lu n=1.35
~2.13 Eu 6b oCe
0.98~1.08 1.02
3.2.3 Sr-Nd
Sr-Nd 3
ISr
0.70512~0.70536 Nd Ing
0.512 360 ~0.512 390 300 Ma
e Nd ¢ +2.11~+2.70
meNd -0.43~-0.56 tpm
tpm 713~863 Ma e Nd ¢
Is Nd
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Fig. 6 Rare element spidergrams a and chondrite-normalized REE patterns b of Qunjisayi granite porphyry
3 Rb-Sr Sm-Nd
Table 3 Rb-Sr Sm-Nd isotopic analyses of Qunjisayi granite porphyry
wwp 107° 7 87a wp 1070 s 143
: éfb 8(51’ 26 I €Sr ¢t A/~ m&m 144Nd 26 Ina eSrt
Rb Sr S S Sm  Nd Nd Nd
QS16 0.873 43.2 0.0585 0.705606 11 0.70536 0.00145 2.62 14  0.1131 0.51258 7 0.51236 2.11
QS17  4.99 107 0.1349 0.705736 9 0.70516 0.00117 2.09 13.6 0.0929 0.512559 8 0.51238 2.44
QS18  3.35 83.5 0.1161 0.705618 12 0.70512 0.00111 2.18 13.8 0.0955 0.512551 6 0.51236 2.18
Qs22  7.11 102 0.2006 0.706007 9 0.70515 0.00115 2.06 12.8 0.0973 0.512581 7 0.51239 2.70
QS23  2.63 68.1  0.1117 0.705662 11 0.70519 0.00120 2.34 16.2 0.0873 0.512561 7 0.51239 2.69
I, eSr ¢t 300 Ma Apy,=1.42x10"" Ag,=6.54X 1012
I S
4 S
4.1 DI=92.7~94.6
I
1 1991 SiO, 4.2
Na,O + K,O A CNK 300
0.87—~0.92 A NK 0.97~1.01 0.99 Ma Coleman
1 1991 1989 Allen et al. 1993 Carroll et al. 1995 Gao
P,Os 0.11% QAP et al. 1998 Xia et al. 2004 2006
1 Wang Q et al. 2007 Lietal. 2011
Th U Pb 2010 Han 2010
Sr P Ti Nb Ta “ " SHRIMP U-Pb
Th U Rb Ba K 6 Nb Ta Zr 316 £ 3 Ma
Hf Ga Al A
Whalen et al. 1987 7

. 2011."



148 32
1000 1000 1000
a b c
A A
o 100 A 100
<
9
) 8 100 2
’;f FG
% 10 AA A 10t
Z 'Y
= A
" Aty
OGT 1&S A 1&S
1 10 1
10 100 1000 10000 1 10 1 10
ZeNb+CetY 10000Ga/AL 10000Ga/AL
1000 10000
€
d A f a
9
A
100 1000 ¢ A
8
10} 1&S " 100 | o
A 1&S !
1 10 6 A, ; . . . .
1 10
10000Ga/AL ! 10000Ga/Al 1} 2z 3 R“b s 67 8
7
Fig. 7 Geochemical discriminant diagrams of the rock series in Qunjisayi granite porphyry
302 +4 Ma 1992 2011 Rb 30 - Hf -3
Ta 8a R1 - Rz
8b
Rb/30
a b
2000 | @
1500 - ®
[EEnizes !
1000 ®
@
T e
500
®
0 . X . . . .
e T 0 500 1000 1500 2000 2500 3000
Rl

8§ Rb30-Hf-3Ta R R

Fig. 8 Discrimination diagrams of Rb 30 ~ Hf =3 Ta and R; - R,

O— @— ®— @— O—

©—

®_
(D—mantle differentiation @—pre-collision (@—rpost-collisional uplift @D—Ilate orogenic @—non-orogenic (©—syn-collisional (@D—post-orogenic



2 149

6a 6b
Nb Ta Ti
Nd ¢ I
Ryerson and Watson 1987 e Nd ¢ Si0,
4.3 I, SiO, Rb Ba
Sr Nd e Nd ¢ SiO,
I, 0.70512 ~ Ig, SiO,
0.705 36 e Nd ¢ +2.1—+2.7 Rb Nb=0.21~1.21
f‘Sm Nd —-0.43~-0.56 Lpm
tpm 713—~863 Ma Nb Ta
Jahn
et al. 2000b 2000c 2000 9
Sr Nd
Eu
2006
Sr  Nd Eu
9
Eu
Green et al . Sr CaO 0Eu Sr Ba  SiO,
1980 Defant and Drummond 1990
HREE Y
Y HREE Sr Y
HREE HREE +
-H,O 5%
Green 1982 —
TR UEA Bt R B GRS, 2006) 1
L GPa  650C Green 1982
< 2r H,O
5 o0 ’
H,O
Rapp 1995 Sen  Dunn 1994
1.2 GPa 40
: NS) /N(&‘Sr)‘]‘ km 1000~1 100C
9 eNd ¢t —
T 87¢ T 86Q
N ®'Sr N *°Sr H,0

Fig. 9 Plotof eNd ¢ versus N ¥Sr N %s¢ .
of Qunjisayi granite porphyry



150

32

2001
2000 P
46~48 km

2001

A CNK 0.87-0.92 A NK 0.97~1.01
Th U Pb Nb Ta Sr P Ti Th U
Rb Ba K - |

SHRIMP U-Pb
302*+4 Ma —
Sr Nd

References

Allen M B Windley B F and Zhang C. 1993. Palaeozoic collisional tec-
tonics and magmarism of the Chinese TianShan central Asia J .
89~115.

Biske Y S and Seltmann R. 2010. Paleozoic Tian-Shan as a transitional

Tectonophysics 220 1~4

region between the Rheic and Urals-Turkestan oceans J . Gondwana

Res. 17 602~613.

Carroll AR Graham S A Hendrix M'S ez al/. 1995. Late Paleozoic
tectonic amalgamation of northwestern China Sedimentary record of

and southern Junggar
107 5 571~

the northern Tarim northwestern Turnan
basins J . Geological Society of America Bulletin
594.

Charvet ] Laurent-Charvet S Shu L S ez al. 2004. Paleozoic geody-
namic evolution of Tianshan orogenic belt NW China ~ Welding of
Tarim and Junngar continental blocks A . Symposium G05-09
Tethys Reconstruction Abstract C . 155.

Charvet ] Shu L S and Laurent-Charvet S. 2007. Paleozoic structural
Welding
of the Tarim and Junngar plates J . Episodes 30 162~186.

Che Zicheng and Liu Liang. 1996. Review on the Ancient Yili Rift
478 ~ 490

and geodynamic evolution of eastern Tianshan NW China

Xingjiang China ] . Acta Petrologica Sinnica 12 3
in Chinese with English abstract .

ChenCM LuHF JiaD etal. 1999. Closing history of the southern
Tianshan oceanic basin  Western China An oblique collisional oroge-
ny J . Tectonophysics 302 23~40.

Coleman R C. 1989. Continental growth of Northwest China J . Tec-

621-—635.

Defant M ] and Drunimond M S. 1990. Derivation of some modern arc

tonies 8 3

magmas by melting of young subducted Lithosphere ] . Nature
347 662~665.

Gao Bingzhang Hong Dawei Zhen Jijian ez a/. 2010. A Guide to the
Method of the 1 50 000 Regional Geological Survey in Igneous Gran-
ite Area M . Xinjiang Geology 28 1~15 in Chinese with English
abstract .

GaoJ] LiMS Xiao X X et al. 1998. Paleozoic tectonic evolution of
the Tianshan Orogen northwestern China J . Tectonophysics 287

I~4 213~231.

Gao Jun Long Longli Qian Qing

Late Paleozoic or a Triassic orogen
5 1049~1061
Gao ] John T Klemd R et al. 2007. Mobilization of Ti-Nb-Ta during

et al. 2006. South Tianshan A
J . Acta Petrologica Sinica 22

in Chinese with English abstract .

subduction Evidence from rutile-bearing dehydration segregations

and veins hosted in eclogite Tianshan NW China J . Geochim.
Cosmochim. Acta 71 4974~4996.

Green T H. 1980. Island arc and continent-building magmatism-A re-
view of petrogenetic models based on experimental petrology and geo-
chemistry J . Tectonophysics 63 367~385.

Green T H. 1982. Anatexis of mafic crust and high pressure crystalliza-
tion of andesite A . Thorpe R S. Andesite-Orogenic Andesite and
Related Rocks C . New York John Wiley 465~487.

Green T H and Pearson N J. 1986. Rare-earth element partitioning be-
tween sphene and coexisting silicate liquid at high pressure and tem-
perature ] . Chemical Geology 55 1~2 105~119.

Gu Lianxing Hu Shouxi Yu Chunshui et a/. 2000. Carboniferous

volcanites in the Bogda orogenic belt of eastern Tianshan Their tec-

tonic implications J . Acta Petrologica Sinica 16 3 305~316 in

Chinese with English abstract .

Han Baofu He Guogi Wu Tairan et al. 2004. Zircon U-Pb ages



151

geochemical characteristics and tectonic implications of the early Pale-

ozoic granitic Tianshan J . Xinjiang Geology 22 1 4~11 in
Chinese with English abstract .

Han BF GuoZ] ZhangZ C et al. 2010a. Age geochemistry and
tectonic implications of a late Paleozoic stitching plution in the North

Western China J . Geological Society of

American Bulletin 122 627 ~640.

Tian Shan suture zone

Han Gang. 2010. Analysis the geological characteristics and metallogenic
regularity of the copper-bearing cryptoexplosion breccia in Qunjisayi
copper deposit in Nileke county Xinjiang ] . Xinjiang Non-ferrous
Metal 4 26~30 in Chinese with English abstract .

Huang Xuan and Wu Liren. 1990. Nd-Sr isotopes of granitiods from
Shanxi province and their significance for tectonic evolution ] . Acta
Petrologica Sinica 2 1~11 in Chinese with English abstract .

Hong Dawei Wang Shiguang Xie Xilin ez al. 2000. Genesis of posi-
tive ¢ Nd t granitoids in the Da Hing Gan MTS. Mongolia orogenic
belt and growth continental crust J . Earth Science Frontiers 7

2 441~456 in Chinese with English abstract .

Shu Liangshu
2011. Palaeozoic tectonic evolution of the Tianshan belt NW China

J . Sci. China Earth Sci. 2 54 166~184.
Jahn BM Wu F Y and Chen B. 2000a. Granitoids of the Central Asian

Jacques Charvet Sébastien Laurent Charvet et al.

Orogenic Belt and continental growth in the Phanerozoic | . Trans-

actions of the Royal Society of Edinburgh-Earth Sciences 91 181~
193.

Jahn BM Wu F and Chen B. 2000b. Massive granitoid generation in
central Asia Nd isotopic evidence and implication for continental
growth in the Phanerozoic J . Episodes 23 82~92.

Jahn BM  Wu F and Hong D. 2000c. Important crustal growth in the
Phanarozoic  Isotopic evidence of granitoids from east-central Asia

J . Proc. Indian Acad. Sci. Earth Planet Sei. 109 1 5~20.

Jian Ping Liu Dunyi and Sun Xiaomeng. 2003. SHRIMP dating of Car-
boniferous Jinshajiang opilolite in wester Yunnan and Suchuan
geochronological constraints on the evolution of the Paleo-Tethys o-
ceanic crust J . Acta Geologica Sinica 77 2 217~277 in Chi-
nese with English abstract .

Jiang Changyi Wu Wenkui Zhang Xueren ez al. 1992. Magma action
and tectonic evolution in A Wulale district  Western Tianshan Moun-
tain J . Acta Xi’ an Geological Institute 2 18 18~24 in Chinese
with English abstract .

Khain E' V' Bibikova E V' Salnikova E B et a/. 2003. The Palaco-
Asian ocean in the Neoproterozoic and early Palacozoic New
geochronologic data and palaeotectonic reconstructions ] . Precam-
brian Research 122 1~4  329~358.

Kréner A Windley BF Badarch G ez al. 2007. Accretionary growth
and crust formation in the Central Asian Orogenic Belt and compari-
son with the ArabianNubian shield A . Hatcher RD Carlson M P
McBride ] H et al. 4-D Framework of Continental Crust C . Geo-
logical Society of America Memoir 200 181 ~209.

Li Hong Zhou Jibing Hu Keliang et a/. 2011. Geochemical charac-

teristics and tectonic environment of the Wulang Formation volcanic

rocks in the Awulale area of Western Tianshan J . Xinjiang Geolo-
gy 429 381~384 in Chinese .

Li Huaqin Zhou Su and Cai Hong. 1997. Chronology of mineralization
of the Nileike copper deposit in northern Xinjiang J . Acta Geoscien-
tia Sinica 18 185~187 in Chinese with English abstract .

Li Jilei SuWen Zhang Xi et al. 2009. Zircon Cameca U-Pb dating
and its significance for granulite-facies gneisses from the western
Awulale Mountain West Tianshan China J . Geological Bulletin of
China 28 12 1852~1 862 in Chinese with English abstract .

Li Jinyi Gao Liming Sun Guihua ef a/. 2007. Shuangjingzi middle
Triassic syn-collisional crust-derived granite in the east Inner Mongo-
lia and its constraint on the timing of collision between Siberian and
Sino-Korean paleo-plates ] . Acta Petrologica Sinica 23 3 565~
582 in Chinese with English abstract .

Li Yongjun Yang Gaoxue LiHong et a/. 2012. Confirmation of De-
vonian volcanic rocks from Yining block Xinjiang and its geological
signification ] . Acta Petrologica Sinica 28 4  1225~1237 in
Chinese with English abstract .

Lian Xiaoping. 2004. Geological characteristics and petrogenesis of the
Qunjisayi copper deposit Xinjiang ] . Xinjiang Non-ferrous Metal
5~7 in Chinese with English abstract .

[Liu Fengming. 2008. Geological characteristics and petrogenesis of the
Qunjisayi copper deposit in Nileke county Xinjiang J . Xinjiang
Non-ferrous Metal 15~20 in Chinese with English abstract .

Liu W and Fei P X. 2006. Methane-rich fluid inclusions from ophiolitic
dunite and post-collisional mafic-ultramafic intrusion The mantle dy-
namics underneath the Palaco-Asian ocean through to the post- colli-
sional period J . Earth and Planeary Science Letters 242 3~4
286~301.

Ludwig K R. 2003. ISOPLOT 3.0 A geochronological toolkit for Mi-
crosoft excel ] . Berkeley Geochronology Center Special Publication
4 70.

Mo Jiangping Huang Mingyang Qin Longfang et al. 1996. Genesis
of continental volcanic type copper deposits in Awulale XinJiang J .
Mineral Resources and Geology 10 4 217~223 in Chinese with
English abstract

Peng Cong and Gao Rui. 2000. Lithosphere Structure and Vertical Vari-
ation of Chinese Continent and Near Oceanic Area M . Beijing
Seismic Publishing House 83 ~ 85 in Chinese with English ab-
stract .

Pirajno F Mao ] W Zhang Z C et al. 2008. The Association of mafic-
ultramafic intrusions and A-type magmatism in the Tian Shan and Al-
tay orogens NW China Implications for geodynamic evolution and
potential for the discovery of new ore deposits J . Journal of Asian
Earth Seiences 32 2~4  165~183.

Qian Q Gao] Klemd R et al. 2008. Early Paleozoic tectonic evolu-
tion Of the Chinese South Tianshan Orogen Constraints from

SHRIMP zircon U-Pb geochronology and geochemistry of basaltic

and dioritic rocks from Xiate  NW China ] . International Jounal of

Earth Sciences DOI 10. 1007 s00531-007-0268-x.
Qiu Jiaxiang. 1991. Applied Magma Petrology M . Wuhan China U-



152

32

niversity of Geoscience Publishing House 225~248 in Chinese with
English abstract .

Rapp R P. 1995. Amphibole-out phase boundary in partially melted
metabasalt its control over liquid fraction and composition and source
permeability J . J. Geophys. Res. 100 15601~15610.

Ryerson F J and Watson E B. 1987. Rutile saturation in magmas impli-
cations for Ti-Nb-Ta depletion in island-arc basalts ] . Earth Planet.

86 225~239.

Sen C and Dunn T. 1994. Dehydration melting of a basaltic composition
amphibolite at 1.5 and 2.0 GPa Implication for the origin of
adakites J . Contrib. Mineral. Petrol. 117 394~409.

Sengér A M C Natalin B A and Burtman V' S. 1993. Evolution of the

Sci. Lett.

Altaid tectonic collage and Palaeozoic crustal growth in Eurasia J .
Nature 364 6435 299~307.

Shi Y S LuHF and Jia D. 1994. Paleozoic plate-tectonic evolution of
the Tarim and western Tianshan regions western China J . Interna-
tional Geology Review 36 11 1058~1 066.

Song Biao Zhang Yuhai Wan Yusheng et al. 2002. Mount marking
and procedure of the SHRIMP dating J .

Suppl.  26~30 in Chinese with English abstract .
Tang G] Wang Q Wyman DA et al. 2010. Geochronology and geo-

Geological Review 48

chemistry of Late Paleozoic magmatic rocks in the Lamasu-Dabate

area northwestern Tian shan west China  Evidence for a tectonic
transition from arc to post-collisional setting ] . Lithos 119 393~
411.

Wang B. 2006. ion géodynamique du Bloc de Yili nord-ouest Chine au
Paléozoique PhD Dissertation D . Universities of Nanjing and Or-
leans 1~231.

Wang B Faure M Shu . S et al. 2008. Paleozoic tectonic evolution
of the Yili Block. Wester Chinese Tianshan J . Bull. Soc. Géol.
France 179 483~490.

Wang B Shu L' S Faure M et al. 2007. Geochemical constraints on
Carboniferous volcanic rocks of Yili Block Xinnjiang NW China
Implication on tectonic evolution of Wester Tianshan ] . J. Asian
Earth Sci. 29 148~159.

Wang ] B Wang Y W and Wang I J. 2004a. The Junggar immature
continental crust province and its mineralization J . Acta Geologica
Sinica 78 2 337~344 in Chinese with English abstract .

Wang Jingbin and Xu Xin. 2006. Post-collisional tectonic evolution and
metallogenesis in northern Xinjiang China J . Acta Geologica Sini-
ca 80 1 23~31 in Chinese with English abstract .

Wang Q Wyman D A Zhao Z H et al. 2007b. Petrogenesis of Car-
boniferous adakites and Nb-enriched arc basalts in the Alataw area
northernTianshan Range western China  Implications for Phanero-
zoic crustal growth in the Central Asia orogenic belt J . Chemical
Geology 236 1~2  42~64.

Wang Qiang Zhao Zhenhua Xu Jifeng et al/. 2006. Carboniferous

adakite-high-Mg  andesite-Nb-enriched basaltic rock suites in the

Northern Tianshan area Implications for Phanarozoic crustal growth

in the Central Asia Orogenic Belt and Cu-Au mineralization J . Acta

11~30

Petrologica Sinica 22 1 in Chinese with English ab-

stract .

Whalen ] B Currie K L and Chappell B W. 1987. A-Type granites
Geochemical characteristics discrimination and petrogenesis J . Con-
trib. Mineral. Petrol 95 407~419.

Windley BF Allen MB Zhang C et al. 1990. Paleozoic accretion and
Cenozoic redeformation of the Chinese Tian Shan Range Central Asia

J . Geology 18 2 128~131.

Winter ] D. 2001. An Introduction to Igneous and Metamorphic Petrol-
ogy M . New Jersey Prince Hall 1~697.

XiaLQ XiaZC XuXY etal. 2008. Relative contributions of crust
and mantle to the generation of the Tianshan Carhoniferous rift-relat-
ed basic lavas northwestern China J . Journal of Asian Earth Sci-
ences 31 4—6 357—378.

Xia Lingi Xia Zuchun Xu Xueyi et al. 2004. Carboniferous Tianshan
igneous megaprovice and mantle plume ] . Geological Bulletin of
China 23 9  903~910 in Chinese with English abstract .

XiaLQ XuXY XiaZC etal. 2004. Petrogenesis of Carboniferous
rift-related volcanic rocks in the Tianshan northwestern China J .
Geol. Soc. Am. Bull. 116 3~4 419~433.

Xiao W] Huang BC Han CM et al. 2010. A review of the western
part of the Altaid A key to understanding the architecture of accre-
tionary orogens ] . Gondwana Research 18 253~273.

Xiao W J Windley B F Badarch G

tionary and convergent tectonics of the southern Altaids Implications

et al. 2004a. Palaeozoic accre-

for the growth of Central Asla J . Journal of the Geological Society
161 3 339~342.

Xiao Xiaolin Lou Fasheng and Wu Xinhua. 2008. Metallogenic condi-
tions and prospecting for copper deposits in Nileke region of the west-
ern Tianshan Xinjiang ] . Xinjiang Geology 26 2 142~146 in
Chinese with English abstract .

Xiong X L ZhaoZH Bai ZH et al. 2001. Adakite-type sodium-rich
rocks in Awulale Mountain of west Tianshan Significance for the ver-
tical growth of continental crust ] . Chinese Science Bulletin 46
811~817 in Chinese with English abstract .

Xu Xueyi Ma Zhongping Xia Zuchun ez al. 2005. Discussion of the
sources and characteristics on Sr Nd Pb isotopes of the Carbonifer-
ous to Permian post-collision granites from Tianshan J . North

Western Geology 38 2 1~8 in Chinese with English abstract .

Yakubehuk A. 2004. Architecture and mineral deposit settings of the
Altaid orogenic collage A revised model J . Journal of Asian Earih
Sciences 23 5 761~779.

Yin Yigiu Chen Weimin Mo Jiangping et al. 2005. Discovery of cop-
per-bearing cryptoexplosion breccia pipe in Qunjisayi copper deposit
in Nileke county Xinjiang and its significance ] . Mineral Resources
and Geology 19 3 246~252 in Chinese with English abstract .

ZhaiW Sun XM Sun WD eral. 2009. Geology geochemistry and
genesis of Axi A Palezoic low-sulfidation type epithemal gold deposit
in Xinjiang China J . Ore Geology Review 36 265~281.

Zhang DY ZhangZ C Xue CJ etal. 2010. Geochronology and geo-

chemistry of the ore-forming porphyries in the Lailisig’ er-Lamasu

Region of the Western Tianshan Mountains Xinjiang NW China



2 153
Implication for petrogenesis metallogenesis and tectonic setting J . J. 4 29
Journal of Geology 118 543~563. 381~384.

Zhang L. C Xiao W] Qin KZ et al. 2006a. The adakite connection . 1997.
of the Tuwu-Yandong copper porphyry belt eastern Tianshan NW ] . 18 185~187.
China Traee element and Sr-Nd-Pb isotope geochemistry J . Min- . 2009.
eralium Deposita 41 2 188~200. Cameca U-Pb 7. 28
Zhang Qi Wang Yan Xiong Xiaolin ez al. 2008. Adakite and Gran- 12 1852~1862.
ite  Challenge and Oportunity M . Beijing China Land Press 1~ 2007,
344 in Chinese with English abstract .
Zhao Zhenhua Bai Zhenghua Xiong Xiaolin ez al. 2003. “Ar ¥Ar B 233 565580,
chronological study of late Palezoic volcanic-hypabyssal igneous rocks 012
in western Tianshan Xinjiang ] . Geochimica 32 4 317 ~ 327
in Chinese with English abstract . I 4 el
. 2004. J.
ZhuY F Zhang L F Gu L B et al. 2005. The zircon SHRIMP
chronology and trace element geochemistry of the Carboniferous vol- ST
canic rocks in western Tianshan Mountains ] . Chinese Science Bul- - 2008
letin 50 19 2201~2212. I 15=20.
Zhu Yongfeng Zhou Jing and Guo Xuan. 2006. Petrology and Sr-Nd - 1996.
isotopic geochemistry of the Carboniferous volcanic rocks in the west- U 10 4~=217~223.
ern Tianshan Mountains N W China J . Acta Petrologica Sinica - 2000.
225 1341~1350 in Chinese with English abstract . M\ 83~85.
. 1991. M .
225~248.
. 2002. SHRIMP
. 199. I 123 478~ ! o 2630
490. . 2006. ]
155 80 1 23~31.
M 1991. - 2006. -
. 2006. - Nb
J. 225 1049—1061. U 21 11~30.
. 2000. . 2004.
I 16 3 305~316. ] 239 903~910.
. 2004. U-Pb . 2008.
J. 22 ] . 26 2 142~146.
1 4~11. . 2001. adakite
. 2010. 1. 46 4 281~287.
] 4 26~30. . 2005. —
. 1990. Nd Sr Sr Nd Pb 1. 382 1~18.
] 2 1~11. . 2005.
. 2000. € Nd ]
J. 72  441~456. 19 3 246~252.
. 2003. . 2008.
SHRIMP ] M . 1~344.
77 2 217~227. . 2003. -
. 1992. “Ar ¥Ar J. 324 317~327.
I 2 18 18~24. . 2006. Sr -
. 2011. Nd J. 22 5 1341~1 350.





