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Geochemistry and geological implications of the plutons from the Xiaotuergen
copper ore district in Altay, Xinjiang
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Abstract: Xiaotuergen is the first porphyry copper deposit discovered in Nuoerte area in recent years. Granite
porphyry, granodiorite porphyry and biotite monzonitic granite are widely developed in the ore district, and the
mineralization is closely related to the granodiorite porphyry. In order to investigate the petrogenesis of intrusive
rocks and their intrinsic relationship with copper mineralization, the authors carried out the petrographic and
geochemical studies of the widely developed intrusive rocks in the ore district. The results show that all rocks ex-
hibit high silica and alkaline, with moderate aluminum content. They belong to high-K calc-alkaline and
shoshonitic rocks. All samples are enriched in Rb, Ba and other large ion lithophile elements(LILE) and LREE,
and relatively depleted in Nb, Ta, Ti, P, Sr and HREE, indicating that they were formed by comagmatic dif-
ferentiation and evolution in a continental arc environment. Combined with regional geological background, the

authors hold that these rocks are the product of subducted oceanic crust which experienced partial melting, replacement
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of overlying mantle wedge and fractional crystallization during the rising process. A comparison with the forma-

tion conditions of typical reduced porphyry copper deposits shows that the Xiaotuergen ore district has the poten-

tial to form porphyry deposit.
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Fig. 1 Simplified regional geological map of the Altay orogen Cafter Yang Fuquan et al.» 2011)
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Fig. 2 Geological map of the Xiaotuergen cooper deposit (after No. 4 Geological Party, Xinjiang Bureau of Geology and Mineral

Exploration and Development, 2015)®
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Fig. 4 Characteristics of plutons in the Xiaotuergen ore district
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BRAT, AL A 2 A S Bl e R A 2 A i 43 2 W
B AR s & CH, 1 CO,, J& Hy,O-NaCl-CH,-CO,
R, X SRR AE 2 W /N - R ME g 3 S5 B A
RS H 55 52 AR AT AR A i B2 350 o0 4 s A 5%, | LA
h B A T R AR B AR AT I R 4 I 4% A, R Ay b s R
TR TN BEA T Cu W IR I RES e 4t 7 2
A G % (Mungall, 20025 Richards, 2003; Sun et
al.» 2004; Stern et al ., 2007). Wi /RFF7EHLAE L8
T A Bl MR8,k B2 B IR (R e 4t T
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A6 A R RIS 5, 3 RS AR R AR T K
BALTE BOE JR PR BE A Cu BUE Au BEA Cu 7K,
I, 7N R AR A X L 7t LA T BB T IR T
JSCH™ L TS5 A, A T O AT IR 9 T
6 &5k

(D) /DB 7RARA DX AR N R S Bk Pk 2R 0 F A
HRIEA, BEREFRATGRENER LR, 7
it Nb Ta- Ti MEHM Lo, 5 ia 3 AT
BRAG AR

(2) 55 B3 5% () R M 2 A2 O e A 0 kT
AR E S LS, AE BT R R T T4
53 e - =)

(3) A B ECT S AR A 5% 1 i 2 R 3 B4 458
oh 3 R R AR R AR T R AL Y L R B
FAECE Au BEEHTNTIR .

References

An Fang, Wang Juli> Zhu Yongfeng, et a/. 2015. Mineralogy and geo-
chemistry of intrusions related 1o Sayak large copper deposits Kaza-
khstan, Central Asian metallogenic belt: Magma nature and its sig-
nificance to mineralization[ J 1. Acta Petrologica Sinica, 31(2): 555
~570Cin Chinese with English abstract).

Audétat A, Pettke T and Dolej D. 2004. Magmatic anhydrite and calcite
in the ore-forming quartz-monzodiorite magma at Santa Rita, New
Mexico (USA)D : Genetic constraints on porphyry-Cu mineralization
[1]. Lithos, 72¢ 3~4): 147~161.

Cao Mingjian. 2013. Petrogenesis and Metallogenesis of Baogutu Re-
duced Porphyry Copper Deposit; West Junggar, and Its Compari-
sion with Porphyry Deposits from Balkhash (Ph. D Paper)[D].
Beijing: Institute of Geology and Geophysics, Chinese Academy of
Sciences, 1~234 (in Chinese with English abstract).

CaoM ], QnKZ, LiGM, et al. 2014. Baogutu: An example of re-
duced porphyry Cu deposit in western Junggarl ] 1. Ore Geology Re-
views, 56: 159~180.

Carroll M R and Rutherford M J. 1985. Sulfide and sulfate saturation in
hydrous silicate melts[J ]. Journal of Geophysical Research, 90
(S02): 601~612.

Dong Yongguan, Rui Xingjian, Zhou Gang, et al. 2010. Characteristics

of regional geochemical exploration abnormity and mineralization in

the Nurt area » Altay » Xinjiang[]]. Geological Review, 56(2):
215~223(in Chinese with English abstract).

Golovanov I Ms Seltmann R and Kremenetsky A A. 2005. The por-
phyry Cu-Au/Mo deposits of Central Eurasia: 2. The Almalyk
(Kal” makyr-Dalnee ) and Saukbulak Cu-Au porphyry systems,
Uzbekistanl A]. Porter T M. Super Porphyry Copper & Gold De-
posits: A Global Perspectivel CJ. Adelaide: PGC Publishing, 2:
513~523.

Gorton M P and Schandl E S. 2000. From continents to island area: A
geochemical index of tectonic setting for arc-related and within-plate
felsic to intermediate voleanic rockl ] ]. Canadian Mineralogist, 38:
1065~1073.

Guo Zhenglin, Li Jinxiang, Qin Kezhang, e a/. 2010. Zircon U-Pb
geochronology and geochemistry of Hanzheganeng Cu-Au deposit in
West Junggar, Xinjiang implications for magma source and metallo-
genic tectonic settingl ] 1. Acta Petrologoca Sinicas 26(12): 3 563
~3578Cin Chinese with English abstract).

Gustafson L B and Hunt J P. 1975. The porphyry copper deposit at El
Salvador, ChilelJ]. Economic Geology, 70(5): 857~912

Han C M, Xiao W J, Zhao G C, et al. 2006. Geological characteristics
and genesis of the Tuwu porphyry copper deposit, Hami,» Xinjiang,
Central Asial ] ]. Ore Geology Reviews, 29: 77~94.

He Guogi» Cheng Shoude, Xu Xin, et al. 2004. An Introduction to the
Explanatory Text of the Map of Tectonics of Xinjiang and Its
Neighbouring Areas(1:250 000 000 [MJ. Beijing: Geological Pub-
lishing Houses 1~65Cin Chinese with English abstract).

Hou Zenggian and Yang Zhiming. 2009. Porphyry deposits in continen-
tal settings of China: Geological characteristicss magmatic-
hydrothermal system, and metallogenic modell ] ]. Acta Geologica
Sinica, 83(12): 1779~1 817(in Chinese with English abstract).

Jahn BM, Wu F 'Y and Hong D W. 2000. Important crustal growth in
the Phanerozoic: Isotopic evidence of granitoids from east-central
Asial J]. Proc. Indian Acad. Sci. (Earth Planet Science), 109
(1): 5~20.

Kudryavtsev Y K. 1996. The Co-Mo deposits of Central Kazakhstan
[A]. Shatov V, Seltmann R, Kremenetsky A, er al. Granite-re-
lated Ore Deposits of Central Kazakhstan and Adjacent Areas[ CJ.
St. Petersburg: Glagol Publishing House, 119~ 144.

Lee CTA, Luffi P, Chin E J, et al. 2012. Copper systematics in arc
magmas and implications for Crust-Mantle differentiation[ J]. Sci-
ences 336 (6077): 64~68.

Li Dong. 2013. Metallogenic regularity and prospecting marks of nurt



210 EER S TR |

2,

%35 %

Ju ok
b2 ST

basin of northern zone of Taishan, Xinjiang[J]. Xinjiang Nonfer-
rous Metals, Supp.: 48~50Cin Chinese with English abstract).

Li Guangming, Qin Kezhang, Li Jinxiang, et al. 2008. Geological fea-
tures and tectonic setting of porphyry copper deposits rounding the
Balkhash region, Central Kazakhstan, Central Asial ] ]. Acta Petro-
logica Sinica, 24(12): 2679 ~2 700Cin Chinese with English ab-
stract).

Li] Y, Xiao W J, Wang K Z, et al. 2003. Neoproterozoic-Paleozoic
tectonostratigraphy, magmatic activities and tectonic evolution of
castern Xinjiang, NW Chinal A]. Mao ] W, Goldfarb R J, Seltman
R, et al. Tectonic Evolution and Metallogeny of the Chinese Altay
and Tianshan[ C]. IAGOD Guidebook Series 10: CERCAMS/
NHM Londons 31~74.

LuY L, GuwoLSs Lius YD, et al. 2009. Geochronology of Baogutu
porphyry copper deposit in Western Junggar area, Xinjiang of China
[J]. Science in China Series D: Earth Sciences, 52 (10): 1 543~
1 549.

Liu Jiangtao, Yang Ligiang and Lii Liang. 2013. Pulang reduced por-
phyry copper deposit in the Zzhongdian area; Southwest China:
Constrains by the mineral assemblages and the ore-forming fluid
compositions. J ]. Acta Petrologica Sinicas 29(11): 3914~ 3924
(in Chinese with English abstract).

Long Lingli> Wang Yuwang, Du Andao, ez al. 2011. Molybdenite Re-
Os age ol Xilekuduke Cu-Mo deposit in Xinjiang and its geological
significancel ] ]. Mineral Deposits, 30(4): 635~ 644 (in Chinese
with English abstract).

Maniar P D and Piccoli P M. 1989. Tectonic discrimination of granitoids
[J]. The Geological Society of America Bulletin, 101(5): 635~
643.

Mao Jingwen, Luo Maocheng, Xie Guiqing, et al. 2014. Basic charac-
teristics and new advances in research and exploration on porphyry
copper deposits[]]. Acta Geologica Sinica, 88(12): 2153~2 175
(in Chinese with English abstract).

Mungall J E. 2002. Roasting the mantle: Slab melting and the genesis of
major Au and Au-rich Cu depositsL ] ]. Geology, 30(10): 915~
918.

Oyarzun R, Marquez A and Lillo Javier. 2001 . Giant versus small por-
phyry copper deposit s of Cenozoi ¢ age in north Chile: Adakiti ¢
versus normal calc-alkaline magmatism[ ] ]. Mineralium Depositas
36: 794~798.

Peccerillo R and Taylor SR. 1976. Geochemistry of Eocene calc-alkaline

volcanic rocks from the Kastamonu area, northern Tuekey. Contrib

[J]. Mineral Petrology, 58: 63—~81.

Plank T and Langmuir C. 1998 . The chemical com position of subduct-
ing sediment and its consequences for the crust and mantle[ ] ].
Chemical Geology, 145(3~4): 325~394.

Qin Jihua, Geng Xinxia; Wen Chaoquan, et a/. 2016. Zircon LA-ICP-
MS U-Pb age of intrusion from Xiaotuergen copper deposit in Al-
tay, Xinjiang and its geological significance[ ] 1. Mineral Geology,
35(1): 18~32(in Chinese with English abstract).

Rapp H P and Walsom E B. 1995. Dehydration melting of metabasalt at
8 ~ 32 kbar: implications for continental growth and crust-mentle
recyclingl J 1. Journal Pelrologys 36: 891 ~931.

Richards ] P. 2003. Tectono-magmatic precursors for porphyry Cu-
(Mo-Aw) deposit formation[ J]. Economic Geology, 98¢ 8): 1515
~1533.

Rowins S M. 2000. Reduced porphyry copper-gold deposit: A new vari-
ation on an old themel J 1. Geology, 28: 491~494.

Rui Xingjian. 1993. Prinary Gold Deposits in Alaty, Xinjiang{ M. Bei-
jing: Geological Publishing House, 1~276(in Chinese with English
abstract).

Seltmann R, Porter T M and Pirajno F. 2013. Geodynamics and metal-
logeny of the central Eurasian porphyry and related epithermal min-
eral systems: a review[ J 1. Journal of Asian Earth Sciences, 3: 30.

Sengér A M C, Natal’in B A and Burtman V' S. 1993. Evolution of the
Altaid tectonic collage and Paleozoic crustal growth in Asial J]. Na-
tures 364: 299~307.

Shen P> Shen Y C, Pan H D» et al. 2010. Baogutu porphyry Cu-Mo-
Au deposit, West Junggar, Northwest China: petrology, alter-
ation» and mineralization[ J]. Economic Geology, 105: 947~970.

Sillitoe R H. 1998. Major regional factors favoring large size, high hypo-
gene grade; elevated gold content and supergene oxidation and en-
richment of porphyry copper depositsL Al. Porter T M. Porphyry
and Hydrothermal Copper and Gold Deposits: A Global Perspective
[C]. Perth Conference Proceedings: Glensides South Australia,
Australian Mineral Foundation, 21~34.

Sillitoe R H. 2010. Porphyry copper systems[ ] 1. Economic Geologys
105C1): 3~41.

Smith C M, Canil D; Rowins S M, et al. 2012. Reduced granitic mag-
mas in an arc setting: The Catface porohyry Cu-Mo deposit of the
Paleogene Cascade Arc[J]. Lithos, 154: 361~373.

Stern C R, Funk J A, Skewes M A, et al. 2007. Magmatic anhydrite in
plutonic rocks at the El Teniente Cu-Mo deposits chile; and the role

of sulfur- and copper-rich magmas in its formation[ ] J. Economic



5% 2 3] Za P

BT SEBAT R 2R L KRR D PR M ER A 2 S b R SC 211

Geology, 102(7): 1335~1 344.

Sun S S and McDonough W F. 1989. Chemical and isotopic systematics
of oceanic basalts: implications for mantle composition and processes
[J]. Geological Society Special Publication, 42: 313~345.

Sun W D; Arculus ] R and Kamenetsky S V. 2004. Release of gold-
bearing fluids in convergent margin magmas prompted by magnetite
crystallization[ ] . Natures 431 (7011): 975~978.

Taylor S R and Mclennan S M. 1985. The Continental Crust: Its Com-
position and EvolutionlMJ. Oxford: Blackwell, 312.

Tong Ying. 2006. Geochronology, Origin of the Late Paleozoic Grani-
toids from theAltai Orogen in China and Their Geological Signifi-
cance(Ph. D Paper) [D]. Beijing: Institute of Geology, CAGS, 1
~145Cin Chinese with English abstract).

Tong Ying, Wang Tao, Kovach V P, et al. 2006. Age and origin of
the Takeshiken postorogenic alkali-rich intrusive rocks in southern
Altai>» near the Mongolian border in China and its implications for
continental growth[ ] J. Acta Petrologica Sinica, 22(5): 1267 ~
1 278(Cin Chinese with English abstract).

Wainwright A J, Tosdal R M> Wooden J L» et al. 2011. U-Ph (zir-
con) and geochemical constraints on the age, origin, and evolution
of Paleozoic arc magmas in the Oyu Tolgoi porphyry Cu-Au district,
southern Mongolia[ 1. Gondwana Research, 19: 764~787.

Wang Denghongs Chen Yuchuan: Xu Zhigang, et al. 2002. Metallo-
genic Series and Metallogenic Regularity of Altai Provincel M. Bei-
jing: Atomic Energy Press, 1~498(in Chinese).

Wang Tao» Hong Dawei» Tong Yings et al. 2005. Zircon U-Pb age and
origin of post-orogenic LLamazhao granltic pluton from Altai orogen:
its implications for vertical continental growth[ J]. Acta Petrologica
Sinica, 21(3): 640~ 650Cin Chinese with English abstract).

Wang Tao, Tong Ying, Li Shan, et al. 2010. Spatial and temporal
variations of granitoid in the Aalaty orogen and their implications for
tectonic setting and crustal growth: perspectives from Chinese Altay
[J]. Acta Petrologica et Mineralogica, 29(6): 595~ 618Cin Chi-
nese with English abstract).

Wen Chaoquan, Guo Jianxin, Qin Jihua, ez al. 2015. Geological char-
acteristics and genetic type of Xiaotuergen copper deposit; Chinese
Altay, XinjianglJ]. Xinjiang Geology, 33(4): 469 ~474(in Chi-
nese with English abstract).

Whalen ] B, Currie K L and Chappell B W. 1987. A-type granites geo-
chemical characteristicss discrimination and petrogenesis[ J ]. Con-
tribution to Mineralogy and Petrology, 95: 407~419.

Wu Chus Liu Yan, Cao Mingjian, et al. 2015. Characteristics and for-

mation mechanism of reduced porphyry Cu and Mo-Cu deposits[] 1.
Acta Petrologica Sinica, 31( 2): 617~638Cin Chinese with English
abstract).

Xiao W J, Windley B F» Badarch G, ez al. 2004. Palacozoic accre-
tionary and convergent tectonics of the southern Altaids: implica-
tions for the growth of Central Asial J]. Journal of the Geological
Societys London, 161: 339~342.

Yang Fuquan, Liu Feng, Chai Fengmeis et al. 2011. Iron deposits in
Altay, Xinjiang: Geological characteristicss time-space distribution
and metallogenesis[ J ]. Mineral Deposits, 30(4): 575 ~ 598 Cin
Chinese with English abstract).

Yang F Q> Mao ] W, Pirajno F» et al. 2012. A review of the geological
characteristics and geodynamic setting of l.ate Paleozoic porphyry
copper deposits in the Junggar region, Xinjiang Uygur Autonomous
Region, Northwest Chinal ] ]. Journal of Asian Earth Sciencess 49:
80~98.

Yang Fuquan, Zhang Zhixin; Liu Guoren, et al. 2012. Geochronology
of Yulekenhalasu porphyry copper deposit in northern Junggar area,
Xinjiang> Chinal ] ]. Acta Petrologica Sinica, 28(7): 2 029~2 042
(in Chinese with English abstract).

Yang F Q, Chai F M, Zhang Z X, et al. 2014. Zircon U-Pb
geochronology, geochemistry, and Sr-Nd-Hf isotopes of granitoids
in the Yulekenhalasu copper ore district, northern Junggar, China:
Petrogenesis and tectonic implications[ ] ]. Lithos, 190~191: 85~
103.

Yuan Feng, Zhou Taofa and Yue Shucang. 2001a. The ages and the ge-
netic types of the granites in the Nurt area, Altayl ]J]. Xinjiang Ge-
ology, 19(4): 292~296(in Chinese with English abstract).

Yuan Feng, Zhou Taofa and Yue Shucang. 2001b. Geochemical charac-
teristics and tectonic setting of the volcanic rocks in the Nurt area of
Altay[]]. Geology Geochemistry, 29(2): 31~35(in Chinese with
English abstract).

Zhang Lianchang, Qin Kezhang, Ying Jifeng, et al. 2004. The rela-
tionship between ore-forming processes and adakltic rock in Tuwu-
Yandong porphyry copper metallogenic belt; eastern Tianshan
mountaingl J J. Acta Petrologica Sinica, 20(2): 259 ~268Cin Chi-
nese with English abstract).

Zhang Qi» Qin Kezhang, Wang Yunlong, et al. 2004. Study on adakite
broadened to challenge the Cu and Au exploration in Chinal J]. Ac-
ta Petrologica Sinica, 20(2): 195~ 204 (in Chinese with English
abstract).

Zhang Z C; Yang SH, Chen B L, et al. 2006. The SHRIMP Age of



212 EER S TR |

%35 %

¥4 &

subduction granite in the north of eastern Junggar, Xinjiang[ ] ].
Science Bulletin, 51: 1565~1 574(in Chinese).

Zhou Taofa, Yuan Feng and Yue Shucang. 2002. Volcanism and genesis
of Carboniferous volcanic rocks in the Nurt faulted volcanic basin
[J]. Journal of Hefei Univwesity of Technology, 25(4): 481 ~486
(in Chinese with English abstract).

Zhu Y F» Zeng Y S and Gu L B. 2006. Geochemistry of the rare metal-
bearing pegmatite No. 3 vein and related granites in the Keketuohai
regions Altay Mountains, northwest Chinal J]. Journal of Asian

Earth Sciences, 27: 61~77.

Mt o 32 £ 3% Tk

% 0%, TR, gk, 45 2015, VRS S S AT
FRBERAL S 8RO S O R LT, A AR, 3102):
555~570.

BN 2013, PUHEQL T A SR A A AT s o AR R S EUR
WEATBEA R RO L (8 30OID]. dbst: SR ERE B bR 5
B BFTT, 1234,

HOOW, PATHE, JE W, 5. 2010, H0sE i R R X AL R AE
L] TR VE, 56(2): 215223,

RIEAR, ZR4kE, ZRoaEE, A0, 2010. 0 s v ks 2 2 T A 8 Cu-Au
IR A A1 U-Ph 4 A2 R SR AL 22 R AR e S0 I DX R0 B A4 i
BRI ] A5k, 26012): 3563~3 578.

B, BT, R OB, S 2004, i R R AT XK A I (1
2500 0000 UL HEMI. dbnt: b RRAL, 1~65.

B, #EW]. 2009, B RRE PR 5 B BURT IR BE A M SRR AE |
EHBBARGER BN MBI T]. IR, 83C12): 1779~
1817.

2R 2013, HEEET R ZE b AS T R A B R R b A
HRL)D. P ), W, 48~50.

I, Ry, B, S5 2008, WEEE T IHIR LR A BEA A
BB B SEE R0 . A AR, 24(12): 2.679~2 700.

XTH, Mok, B 35, 2013, W NG L SEE R B
HEGRAREBRART]. HAM, 29(11): 3914~3924.

JeRA), FRAE, Fhazil, 55 2011, HiamA )2 vl 8 S RO 4H
™ Re-Os 4F# S IR LT 1. BRI, 3004): 635~644.

BRI, DIRR, WHEETT, 55, 2014, BEAMH PR HE AR ERGE ST
BhArpr L], HpeAaR, 88(12): 2153~2175.

Zudde, WORTEE, WAL 2. 2016, HEETRZE D LR X A

& LA-ICP-MS #5471 U-Pb &4 KMy 5 LY 1 97 R HL 5T, 35
(1D: 18~32.

PIATAE. 1993, BB /RZEE G0 IRIMD. Jbat: M RAE, 1~
12.

92006, IR ZEIE LA AR ARTE B A AR AR L R B

XA 3O0CT. dbnt: o [ 5Bk B sUE 5887, 1~

145.

%, T %, Kovach V P, 5§, 2006. FI/RZ &AM EE 52415

LR 0 L AR N 2 AR 1 T BT AR e R R G M e AR K X

L)1 B %R, 22(5): 1267~1278.

TEHL, BRI RAER, 2. 2002, BRI M8 R 41 Kk
FRARIMD. dbnt: TR R AL, 1—498.

%, PR, EO9E, &L 2005, P EIR AR A% L S I v v
WAL b4 25 PR A1 SHRIMP 48 3% 1 N R ol 58 28 17 AR 8 LT D,
HAAR, 21(3): 640~650.

B, AL L 2010, BTURZRAE A T8 KA I 28
AL G I L2 Mo A L —— A B R AN BT . a A
W92 5i, 29(6): 595~618.

MABRL, BEF, RAME, %2015, FroEBTRE N FRARE R
JFRFIE P2 )3 K2R AL T 1. Bl 5T, 33(4): 469~474.

SO, ) WE B, %2015, RHESEE R Cu 5 Mo-Cu B
FAESTERALHEIL) ], A AR, 31(2): 617—638.

M Az, X B, SeRME, S 2011, HTEEBTRZRERET: HSURRAE L I
AR ERIL ], BRHBT, 30(4): 575~598.

BrE A, akE, EAZ, &L 2012, B sE kR /K A6 2 K B e I
PEAY RAERAIITL) ] B A4, 28(7): 2029~2 042,
OV, IR, BT 2001a. BTR 2V KK L X A A T

ARB RN ZEAIL ], Fram T, 19(4): 292~296.

WU, RER, A4, 2001b. BTIRZE B REEHLIX KL A
FRAL AR AE BT 50 ], MU ERAL 2, 29(2): 31~36.
IKER, Frie, S, 2% 2004, KRR ERBEA W
Bk v RILE R IR G R ], 5 f 24k, 2002): 259~

268.

iKOME, R, £, 55 2004, INSRBRE TOA WS, FE A b
Cu~Au S H™ TAERGE R ], A 4224, 20(2): 195~204.

WKAESE, ETHLR, BRAIRR, 45, 2006. B A< HENES SR AL 0 ph AE B2
I SHRIMP U-Pb #i415E4E[] ], Rl2alai, 51: 1565~1574.

JdE R, W, EPA. 2002, WREERTR QLG RAK LS
R B LA HLERL S ], A0 Tk 2240 CEH AR B2 RO, 25
(4): 481~486.

i

EE



