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Abstract: The Hutouya Pb—Zn polymetallic ore deposit is located in Qimantag, East Kunlun. Intermediate—acid intrusive rocks
occur widely in this area, and are closely related to iron polymetallic mineralization. The results of LA—ICP—MS zircon U—Pb

isotope dating reval that the granodiorite in the periphery of No. V ore belt was formed at (224.3+0.6) Ma and the orthoclase granite
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in No. VIl ore belt was formed at (239.7+0.8) Ma. Petrogeochemistry shows that the granodiorite is rich in K and poor in Na, with no
strong negative Eu anomalies (6Eu=0.68—1.06), and is enriched in Rb, Th, U, K, but depleted in Nb, P, Ti, thus belonging probably

to I-type granite series. The orthoclase granite is characterized by high SiO,, high alkali, low TFeO, MgO, CaO, P,Os and TiO.,

strong negative Eu anomalies (6Eu 0.08—0.26), enrichment of Rb, Th, U, K, and depletion of P, Ti, Ba, Sr, belonging probably to

highly fractionated I—type granite series. Both of them were formed at the post—collision stage. Variable Hf isotopic compositions of

zircon indicate that it experienced magma mixing, which provided large quantities of ore— forming meterials for large— scale

polymetallic mineralization.
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Fig.1 Regional tectonic sketch map (a) and geological map of the Hutouya Pb—Zn polymetallic ore deposit (b)
1—Quaternary; 2—Upper Triassic Elashan Formation; 3—Upper Carboniferous Di” aosu Formation; 4—Lower Carboniferous Dagangou Formation;

5—Ordovician-Silurian Tanjianshan Group; 6—Langyashan Formation of Jixian System; 7—Mozonitic granite; 8—Moyite; 9—Granodiorite;

10—Diorite; 11—Granite-porphyry; 12—Diabase vein; 13—Skarn ore belt; 14—Fault; 15—Sampling location
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Table 1 Compositions of main elements of the granodiorite/orthoclase granite in Hutouya (%)
H FEY5 SiO, TiO, AlLO5 Fe,0; FeO MnO MgO CaO
AE RN HTN-01 66.72 0.28 13.93 0.46 3.01 027 0.99 3.64
HT11-23 71.30 0.27 14.18 0.81 1.68 0.12 0.78 3.13
IEKAERS HT11-24 70.72 0.29 14.74 0.04 1.63 0.05 0.93 298
HT11-26 75.84 0.07 12.53 1.11 0.45 0.12 0.11 1.17
HT11-29 76.48 0.08 12.73 0.42 0.40 0.02 0.09 1.13
HT11-30 76.35 0.08 12.62 0.15 0.34 0.01 0.12 158
Hi B Na,O K,O P,0s LOI Total K,0/Na,O FeO" A/CNK
16 B A HTN-01 1.70 481 0.08 2.18 98.07 283 3.42 0.95
HT11-23 1.86 3.84 0.08 2.09 100.14 2.06 241 1.10
HT11-24 1.73 498 0.07 1.77 99.93 2.88 1.67 1.08
1 KAE R HT11-26 3.76 4.08 0.01 0.75 100.00 1.09 1.45 0.98
HT11-29 3.61 4.49 0.01 0.54 100.00 1.24 0.78 0.99
HT11-30 3.34 4.40 0.01 0.99 99.99 132 0.47 0.96
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Fig. 2 Diagram of K,O—SiO,and A/NK—A/CNK of the granodiorite/ orthoclase granite
(base map (a) after reference [14]; (b) after reference [15])
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Table 2 Compositions of rare elements of the granodiorite/ adamellite granite in Hutouya (10 °)

Pl Frg La Ce Pr Nd Sm Eu Gd Tb Dy  Ho Er Tm Yb Lu Y
TEI N K HTN-01 28.60 53.10 5.67 1930 347 073 298 047 291 061 1.71 030 192 032 1820
HT11-23  24.60 47.60 507 1820 330 1.10 295 046 270 060 172 026 174 029 17.00
HT11-24  31.60 5740 602 2150 381 083 332 052 308 068 194 029 19 031 1920
IEKAE 7 HT11-26  28.10 6250 775 2670 6.05 0.17 655 100 706 138 367 061 428 066 4170
HT11-29  33.90 73.00 9.10 3200 726 024 710 106 804 161 412 070 512 0.76 4690
HT11-30 13.70 2940 3.65 1320 324 029 344 059 443 091 259 048 353 059 3250

A F%  SREE % I{;‘_bi OFu o6Ce Rb Ba Tu U Ta Nb S Zr Hf Ga

fe BN HTN-01  140.29 9.88 10.68 0.68 0.96 243 794 208 809 154 912 242 146 422 151

HT11-23  127.59 932 10.14 1.06 099 168 2420 176 738 146 9.18 199 112 38 16

HT11-24 15246 10.01  11.56 0.70 095 291 1150 224 933 149 873 309 943 335 165

IERAE 2 HT11-26 198.18 521 471 0.08 1.02 251 119 322 106 208 203 115 815 324 191
HT11-29 230091 545 475 0.10 1.00 286 161 393 13.6 331 27 133 104 463 203

HT11-30 112.54 3.83 278 0.26 1.00 275 293 212 871 346 219 173 66.1 3.06 168
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Fig.3 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spidergrams (b) of the granodiorite/
orthoclase granite (normalization values after reference [16])
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TERAG R A A4 4E S 4 (239.7+0.8 )Ma, 43K
RTAWIE AR, —F B Trh— =&, 517
NFTRAE B A AR A — 20, JE A B S X 32
B PR A 2R S
52 #ERERBESSZE

A8 5 TN A A i v T ma I 15 (e 4 % ik ik 4R
T4, A M ER AL 27 I Si0, & i R 5 (66.72%~
71.30%) , 7% (Na,0+K,0) & &8 4% | A/ICNK<1(*F-
7 1.04), 7 B BAK (127.59%107°~152.46x10°°)
HICH W11 Bu 5% , i I 50 % Sr.Ba AHX) & #38
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Table 4 Zircon in situ Hf isotopic data of the granitic rocks in the Hutouya deposit

l76LU/l77Hf 176Hf/177Hf
IRrWEY g /Ma fs enr(0) enf(f) Trpm/Ma
i 20 i 20

LEi N7 (HTN-01)

HTN-01-1  0.000786  0.000004  0.282587  0.000018 2243 -0.98 -6.5 -1.73 1368
HTN-01-2  0.001387  0.000015 0282560  0.000020 2243 -0.96 -15 278 1434
HTN-01-3  0.001866  0.000033  0.282550  0.000024 2243 -0.94 -79 -3.20 1461
HTN-01-4  0.000825  0.000009  0.282542  0.000020 2243 -0.98 -8.1 -3.33 1470
HTN-01-5  0.001493  0.000080  0.282586  0.000022 2243 -0.96 -6.6 -1.87 1377
HTN-01-6  0.002640  0.000088  0.282583  0.000030 2243 -0.92 -6.7 215 1394
HTN-01-7  0.001525  0.000009  0.282569  0.000024 2243 -0.95 72 248 1415
HTN-01-9  0.002759  0.000022  0.282578  0.000031 2243 -0.92 6.9 -2.34 1407
HTN-0I1-10  0.001904  0.000013  0.282584  0.000017 2243 -0.94 6.6 —2.00 1385
HTN-01-11 0001543 0.000021 0282615  0.000018 2243 -0.95 -5.6 -0.85 1312
HTN-01-12  0.001654  0.000030  0.282594  0.000016 2243 -0.95 63 -1.61 1360
HTN-01-13  0.001717  0.000042  0.282597  0.000017 2243 -0.95 6.2 -1.52 1354
HTN-01-14  0.001061  0.000011  0.282548  0.000023 2243 -0.97 -79 -3.15 1458
HTN-01-15  0.002516  0.000034  0.282656  0.000023 2243 -0.92 4.1 0.45 1229
HTN-01-16  0.001764  0.000007 ~ 0.282618  0.000021 2243 -0.95 54 -0.78 1307
HTN-01-17 ~ 0.001602  0.000022  0.282640  0.000021 2243 -0.95 4.7 0.02 1256
HTN-01-18  0.001723  0.000010  0.282575  0.000019 2243 -0.95 -7.0 230 1404
HTN-01-19  0.001778  0.000017  0.282597  0.000020 2243 -0.95 62 -1.53 1355
HTN-01-20  0.001655  0.000025  0.282650  0.000017 2243 -0.95 43 0.37 1234
HTN-01-21  0.002082  0.000028  0.282664  0.000022 2243 —-0.94 38 0.80 1207
HTN-01-23  0.000660  0.000007  0.282593  0.000018 2243 098 6.3 -1.50 1353
HTN-01-24  0.001971  0.000056  0.282604  0.000017 2243 -0.95 -56 091 1316
HTN-01-25  0.000975  0.000016  0.282638  0.000019 2243 -0.94 -59 -131 1341
HTN-01-26  0.001784  0.000024 0282640  0.000015 2243 -0.97 4.7 0.04 1255
I KAE 7 (HT11-28)

HT11-28-1  0.002401  0.000025 0282584  0.000021 239.7 -0.93 -6.7 -1.77 1382
HT11-28-2  0.001568  0.000018 0282615  0.000023 239.7 -0.95 -56 —0.54 1304
HT11-28-3  0.001787  0.000015 0282611  0.000019 239.7 -0.95 -57 -0.72 1315
HT11-28-4  0.000730  0.000019  0.282597  0.000019 239.7 098 62 -1.04 1335
HT11-28-5  0.001257  0.000007  0.282604  0.000019 239.7 -0.96 -6.0 -0.89 1326
HT11-28-6  0.001503  0.000029 0282625  0.000020 239.7 -0.95 -52 -0.18 1281
HT11-28-7  0.002011  0.000029 0282587  0.000022 239.7 -0.94 -6.5 -1.58 1370
HT11-28-8  0.001377  0.000010  0.282676  0.000019 239.7 -0.96 34 1.64 1165
HT11-28-9  0.001679  0.000026 0282595  0.000023 239.7 -0.95 6.3 -1.26 1350
HT11-28-10  0.003963  0.000047  0.282657  0.000015 239.7 -0.88 4.1 0.56 1233
HT11-28-12  0.001716  0.000024  0.282598  0.000014 239.7 -0.95 62 -1.16 1343
HT11-28-13  0.003006  0.000015  0.282688  0.000019 239.7 -091 -3.0 1.83 1153
HT11-28-14  0.001610  0.000017  0.282612  0.000020 239.7 -0.95 -57 -0.66 1312
HT11-28-15  0.004446  0.000040  0.282679  0.000021 239.7 -0.87 -33 127 1188
HT11-28-16  0.000888  0.000015  0.282574  0.000021 239.7 -0.97 -7.0 -1.87 1388
HT11-28-17  0.001311  0.000022  0.282601  0.000018 239.7 -0.96 6.1 -0.99 1333

T : i(£)=10000% {[("HE " HE)s—("Lu/ " HEx (eX'= D J/[("HE " Hb ) enona—( "L/ Hf (€A —1)]~ 1} 5

Ton=1/AIn { TH[(HE " HE)s—(HE HE o )/ [(“HE " HE)s—("Lu/ "Hb)ow]} s Toov=Tou—(Tou—8) X[(— fou)].

fme:(176Lu/'77Hf)s/(”6Lu/l77Hf)cmm—1 ,/H\:EP :A=1.867x% 107”/3( %F?)‘L@k[l'”) ;(”6LU/I77HﬂS*u(lme/mHDsj‘]#Flﬁ"limIJ%{ﬁ 5 (170LU/177Hf) CHUR™
0.0332, ("HE/ "HF) cnne=0.282772 (HESCHRT18]) 5 (Lu/ "HE)on=0.0384, ("HE/ "HE)on=0.28325 (HESCHR[19]) 5 L/ "HE) 510:=0.015 ;
fu=[(I76LU/‘77Hf)7njmfc/(mLU/l77Hf)CHUR]_1 ,fs=f|_u'Hf; DM=[(‘76LU/177Hf)DM/(I76Lu/‘77Hf)CHUR]_1 5
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Fig.6 Granite tectonic discrimination diagrams of the Hutouya deposit

AR PR LLE [T B 2t ki A S o A 1)
B SIS A bR Rt AR A Ll e
[m (14 285 BB A6 3 P — B S LU (R () T 4R U8 4
9 — B AR R BN TR i K B 2T
SR BT MBI BRYEZ, & B I A
JB A R TR L A A (KTl Gl IR T 4598
4 ) s ARBLR b 3 H—B A e T I, TR —i S
FHE =S EEAM G L, T2 R E SRR
03 Bl R I 120 R R AR LA IR Ll 25
AL B i 2095 v — I = & Sy lf 8 — s Al 4
B, WA, Jo R VR P e S e
FWECN KT, ZH0GE LA I 5 R AR R 25 L
T — S RS M TR B A 32 A R e 2 L
AHEEAS R, B THZXERINT, RLEVE
AL I DN A S S S i — 30 20 R 90, Il
IE KA B A oh E A A B v 2R 81, 25 S R E A
I ZIE R 1 LU 5T A JE Rt B B
54 BEXMHR

B ELA R A HE 5 i T L (4 75 5 ORI,

PR, B A0 7RI U AR A BH 5 04 i P i PR 1
FFR B2, BRI S () TCHE THE FAEFEAC R T HIE K
I R Y HE R R A (RIS 1 55 v 1 245 T iR
JIE R R AR PR A D A7 J5 IR B =R SRk
YERI R, PRt A A B AT b7 i AL FR
ERA AR X A E TP AR RS A 3 A
(1) "HEHE A RN (KRZ 80N T 0.002) , 2 B 85
A BUR R R HEFL R+ E R, e N
FERA T B AR Toov N 1207~1470 Ma, ¥
1352 Ma; IE K AE 5 5 Toow M 1153~1388 Ma, -
1299 Ma, ¥JL K T HA5 MAERS , R 2 &
e T SIS TE 5 Toon B8 M 23 (18] 7—a) , B 7R HL
AAEFR Y ORI . LR NS 5 IR AL A S
A endt) AL I 5K (B 7-b) , B[R &R AR
— PR AR R T LR R R HE Y RN A D
ST R PR HE B 5 R X PR B g s 22 (8] 4 A A
H, R B A I AR M A S RAR TG o,
Bll 48— 5 A T S T MR A SRR IS AR 17 &t & il
FEENE VR B BOBE AR I AT AR 2 0 IR T4 0

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



642 el 5] b J 20154F
14
a
i O %Rk
B EKEKSE
10
g sl
]
K |
4_
o ERNKE
| =29 o EKEME
0 | . -30 . . . . ——
4.0 3.0 2.0 -1.0 00 10 20 0 250 500 750 1000 1250 1500
8Hf(t) t/Ma

B 7 Bk B XA R EE A7 el )53 0 BT B (2) Flend ) — 55 A AR A I (b)

Fig.7 Histogram of eyu(?) for zircon (a) and end#) versus U—Pb age diagram for zircon (b) of granitic rock in the Hutouya deposit

NI G iR A IR A AR .
55 BRIEASRY

KIS T2 BEAK Ml X — 1 = B P R PR R A AR
T2 RE 5 ERA A 2R S ALK N K
#19(242 Ma) , 522 B3R LAE K BE A (215.1 Ma) ,
g - 95 K AE B BEA5(224.0 Ma) , 524 K K
A6 (218 Ma) , ZMA% A7 0 K IV R e
TREY(228.3 Ma . 234.4 Ma) , B T S A A B
KINK A IEKAERA(219 Ma 213 Ma) | B il A
DAL B 7 (227.7 Ma) , £ LB AR 5 45 (219.9
Ma) 55, Ut B X AE Ep S W h—1f — S AU &
A R M AE B A AR AT B, T ELIA = A s B Y
L& @ 1R

B3k EEAT PR V07 7Y SR A P Y 7 75 4 4H
Z 4 @ A Re—0s 5 I 2 AF % (225+4.0 ) Ma, VI~
W VH B R B T A Re—Os &F B 26 4F i
(230.1+4.7)Ma", 5 5 ATE U EEAAH [F] , BUA
WA ERP R AfE T — =&t gk 2T
HR AR AR 5 12 422 flk B o7 B B JZ et v
H R B s DN BT 1 Zn/Cd<300(135~198) ,
DT T Ag & R 33x107°~302x10°°, HLAG A3 44
VRGP RAIE 5 3t P A AR X2 B Rl S AR LA 25 3K
KN F A DR RAEKIRAS T A HA Bk
A1) B I il AR 45 34 B R Y R A LT R 1Y
Mo W S Pb A Z 588 Wos iRk B X T )
JI RV TR AKX, Pb oAy b e A g 1R A
SRAF s AR — 5 R T ST e A SRR T A A

Fe— A SRS IR RRA R TR 1l o
X PRI AT BT

6 zt i

(1)if 1t LA-ICP-MS £ 41 U—Pb [r] {37 2 4 #50
FE L RR VA AMEE K N A BT 2447 1% R
(224.3+0.6) Ma, II'5- 45 5 44 &5 1E K AL 5 5
BEFIAER 4 (239.7+0.8) Ma, S ARTE AR Hh
—Hp =it

ERINE S A TEE R A, IER A= Ho
O35 TR i R, 8 BIE T4 RS Ll
G vl A AR e A A T T ) T [ 174 il 2 — i il
g B, HE RS R EE R A K AT R 1
el A RIR A E

() PRI 2B = 5 R IR, 1 ) ot
FERBEFHRESARED . RECT Z0mn
HR PR A R TR X AT E AR 1 o

Bt BN THEMA AR T EES S T
FHMERTEARNA DB S 29 &2 T
WL FORE T O FH R R H #4835 A
RERTHERRAAFERETEEHRTRNRR
HEh X BEFRARBT EHEXENL, &
e — FF B LR G B R

£ 2 3k (References) :

[1] SRIEIF, XA, 8 5E, 45 B mUR B el A UK —rp AU
PR SO S Bl PN Ll RR (D], B MRS, 1998, 12(3): 344-352.

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(3)



FA2E 3

POLAE RE AR RS Rk BV 2 B B X AR R A AR BBk S 1 [ 37 ZR RRAIE 643

Guo Zhengfu, Deng Jinfu, Xu Zhiqin, et al. Late palacozoic—
Mesozoic intracontinental orogenic process and intermedate—
acidic igneous rocks from the Eastern Kunlun Mountains of
Northwestern China[J]. Geology in China, 1998, 12(3): 344—352
(in Chinese with English abstract).

[2] XURAR, BE 7, B IRAR, 55 RO LA AL 528 Pb—Sr—Nd—

O [FISL R AFIE[T]. HiBR2FH2, 2003, 24(6): 584—588.
Liu Chengdong, Mo Xuanxue, Luo Zhaohua, et al. Pb—Sr—Nd—O
isotope characteristics of granitoids in East Kunlun orogenic
belt[J]. Acta Geoscientica Sinica, 2003, 24(6): 584— 588 (in
Chinese with English abstract).

[3] KUSAR, AN, B, 45, AR BTG LA o R REAL B A0 BBk

AL A/ Ar TR R AR AR ). SR AR M B Be 2447, 2003,
26(4) : 301-305.
Liu Chengdong, Zhou Su, Mo Xuanxue, et al. Constraints of
Petrochemistry and “Ar/”Ar aging of post— collision granites in
Eastern Kunlun Orogenic Belt[J]. Journal of East China Geological
Institute, 2003, 26(4): 301-305 (in Chinese with English abstract).

[4] XURAR, S5, B Iate, S5 KRR - ARG AR Ok A
1 SHRIMP AEAR2# (1 TEHE [J]. B8 iz, 2004, 47(6): 596—602.
Liu Chengdong, Mo Xuanxue, Luo Zhaohua, et al. Mixing events
between the crust— and mantle— derived magmas in Eastern
Kunlun: Evidence from zircon SHRIMP II chronology[J]. Chinese
Science Bulletin, 2004, 49(8): 828—834 (in Chinese).

[5] R mte, BUE 2, Wi, 55 AR R OB B AU DR AL R A B AT

SHRIMP U—Pb & 45 K H b i 7 L[], %5 A1 24k, 2006, 22(10):
2457-2463.
Liu Yunhua, Mo Xuanxue, Yu Xuehui, et al. Zircon SHEIMP U—
Pb dating of the Jingren granite, Yemaquan region of the East
Kunlun and its geological significance[J]. Acta Petrologica Sinica,
2006, 22(10): 2457-2463 (in Chinese with English abstract).

[6] A, M, FTHEIE, S5 TR IR Rk AV 2 &m0

DARARAA AT M 3 (0], 5 AR 2 AR (R ), 2011,
41(6): 1806—1816.
Feng Chengyou, Wang Xueping, Shu Xiaofeng, et al. Isotopic
chronology of the Hutouya skarn lead— zinc polymetallic ore
district in Qimantage area of Qinghai Province and its geological
significance[J]. Journal of Jilin University (Earth Science Edition),
2011, 41(6): 1806—1816 (in Chinese with English abstract).

[71 sk 2E, XD, Ak, 55 WA 8k 2 SRy KRBk
FRAE L — 15 PR WFSE 0], B R LT, 2013, 21(1): 94—108.
Zhang Aikui, Liu Guanglian, Feng Chengyou, et al. Geochemical
characteristics and ore—controlling factors of Hutouya polymetallic
deposit, Qinghai Province[J]. Mineral Deposits, 2013, 21(1): 94—
108 (in Chinese with English abstract).

[8] o, TH3Ak, ik . B Il B AR X M R [M]. Jbat: HT i i
1, 2008: 1-400.

Li Rongshe, Ji Wenhua, Yang Yongcheng. The Geology in Kunlun
and its Adjacent Region [M]. Beijing: Geological Publishing

House, 2008: 1-400 (in Chinese).

[9] Slama J, Kosler J, Condon D J, et al. Plesovice zircon: A new
natural reference material for U— Pb and Hf isotopic
microanalysis[J]. Chemical Geology, 2008, 249(1/2): 1-35.

[10] Liu YS, Gao S, Hu ZC.,et al. Continental and oceanic crust
recycling— induced melt— peridotite interactions in the Trans—
North China Orogen: U— Pb dating, Hf isotopes and trace
elements in zircons from mantle xenoliths[J]. Journal of
Petrology, 2010, 51(1/2): 537-571.

[11] &R %2, 25 4E0], F A5 %%, LA-MC—ICP—MS %5 77 i X J5 A3 U—

Pb s AEH R[], 0 RHLET, 2009, 28(4): 481-492.
Hou Kejun, Li Yanhe, Tian Yourong. In situ U—Pb zircon dating
using laser ablation— multi ion counting— ICP— MS[J]. Mineral
Deposits, 2009, 28(4): 481— 492 (in Chinese with English
abstract).

[12] AT 22, 24k, 48K N, 45, LA-MC—ICP-MS #% {1 Hf [il{; %
B 5T ik S BON H D). & 414K, 2007, 23(10): 2595-2604.
Hou Kejun, Li Yanhe, Zou Tianren, et al. Laser ablation— MC—
ICP—MS technique for Hf isotope microanalysis of zircon and its
geological applications[J]. Acta Petrologica Sinica, 2007, 23(10):
2595-2604 (in Chinese with English abstract).

[13] Elhlou S, Belousova E, Griffin W L, et al. Trace element and
isotopic composition of GJ— red zircon standard by laser
ablation[J]. Geochim et Cosmochim. Acta, 2006, 70(18 s): A158.

[14] Castro A, Ptaino Douce A E, Corretge L C, et al. Origin of
peraluminous granites and granodiortes, Iberian massif, Spain: an
experimental test of granite petrogenesis[J]. Contributions to
Mineralogy and Petrology, 1999, 135: 255-273.

[15] Maniar P D, Piccoli P M. Tectonic discrimination of granitoids[J].
Geological Society of America Bulletin,1989, 101: 635—643.

[16] Sun S S, McDonough W F. Chemical and isotopic systematic of
oceanic basalts: Implications for mantle composition and
processes[C]//Saunders A D, Norry M J (eds.). Magmatism in the
Ocean Basins. London: Geological Soc. Spec. Pub.,1989, 42(1):
313-345.

[17] RBOF, FAGYE, I Hr. ATUE R AT IAR SR )], A

WHIFF4E, 2007, 26(1): 57-66.
Wu Suoping, Wang Meiying, Qi Kaijing. Present situation of
researches on A—type granites: A review[J]. Acta Petrologica et
Mineralogica, 2007, 26(1): 57— 66 (in Chinese with English
abstract).

[18] Sdderlund U, Patchett P J, Vervoort J D, et al. The ""Lu decay
constant determined by Lu—Hf and U—Pb isotope systematics of
Precambrian mafic intrusions[J]. Earth and Planetary Science
Letters, 2004, 219(3/4): 311-324.

[19] Blichert—Toft J, Albarede F. The Lu—Hf isotope geochemistry of
chondrites and the evolution of the mantle—crust system[J]. Earth
and Planetary Science Letters, 1997, 148(1/2): 243-258.

[20] Griffin W L, Pearson N J, Belousova E, et al. The Hf isotope

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



644 h |

b J 20154F

composition of cratonic mantle: LAM—MC—ICPMS analysis of

zircon — megacrysts in  kimberlites[J].

Cosmochimica Acta, 2000, 64(1): 133—147.
[21] Wolf M B, London D. Apatite dissolution into peraluminous

Geochimica et

haplogranitic melts: an experimental study of solubilities and
mechanism[J]. Geochim Cosmochim Acta, 1994, 58: 4127—-4145.

[22] Euik, BIRAE, AE/VKR. HIAI— R 1t e L0 0] A BUAE

BYERE[T]. AT 2424, 2000, 19(4): 297-306.
Wang Qiang, Zhao Zhenhua, Xiong Xiaolin. The ascertainment of
Late— Yanshanian A— type granite in Tongbai— Dabie orogenic
belt[J]. Acta Petrologica et Mineralogica, 2000, 19(4): 297—-306
(in Chinese with English abstract).

[23] ARSI, BLE A, FAr 4, 5. VUK T AR Al 5 3 5 1AL

B I 55 47 U=-Pb 4EAR24 Bk L2 FI Sr—Nd—Hf [l i R
UH[T). hERLE(D ), 2009, 39(7): 833—848.
Zhu Dicheng, Mo Xuanxue, Wang Liquan, et al. Pterogenesis of
highly fractionated I—type granites in the Chayu area of Eastern
Gangdese, Tibet: Constraints from zircon U—Pb geochronology,
geochemistry and Sr—Nd—Hf isotopes[J]. Science in China(Series
D), 2009, 39(7): 833—848 (in Chinese with English abstract).

[24] Li X H, Li Z X, Li W X, et al. U-Pb zircon, geochemical and Sr—
Nd—Hf isotopic constraints on age and origin of Jurassic - and
A—type granites from central Guangdong, SE China: a major
igneous event in response to foundering of a subducted flat—
slab?[J]. Lithos, 2007, 96: 186—204.

[25] Pearce J A, Harris N B W, Tindle A G. Trace element
discrimination diagrams for the tectonic interpretation of granitic
rocks[J]. J petrol, 1984, 25: 56—983.

[26] BUINE, 38, T A BIFE R AR TEUE R B ). Kk

i 5, 2009, 33(3): 465-480.
Jia Xiaohui, Wang Qiang, Tang Gongjian. A— type granites:
research  progress and Geotectonica et
Metalloginia, 2009, 33(3): 465— 480 (in Chinese with English
abstract).

[27] Whalen J B, CurrieK L, Chappe 1l B W. A— type granites:

implications[J].

Geochemical characteristics, discrimination and petrogenesis[J].
Contrib. Mineral. Petrol., 1987, 95: 407—419.

[28] Brown G C, Thorpe R S, Webb P C. The geochemical
characteristics of granitoids in contrasting arc and comments on
magma arcs[J]. J. Geol. Soc. London, 1984, 141: 411-426.

[29] Pearce J A. Source and settings of granitic rocks[J]. Episodes,
1996, 19: 120—125.

[30] fR4ksE, 228, skIEHN, 45, b [E Kbl i L fb M. b st
Bl i, 1980: 1-124.

Ren Jishun, Jiang Chunfa, Zhang Zhengkun, et al. Tectonics and
Evolution of China[M]. Beijing: Science Press, 1980: 1—124 (in
Chinese with English abstract).

[31] B A, sk vwfs. e 3 Ly o 1k M2 U Re s, IR,

1998, 23(5): 437-442.

Yin Hongfu, Zhang Kexin. Evolution and characteristics of the
Central Orogenic Belt[J]. Earth Science, 23(5): 437— 442 (in
Chinese with English abstract).

[32] & Mk, XREAR, Wk, 45 HEH AR R CHX I A AA—5

oA AR LT Bl 5 SR 2 AR (] BRAR BT, 1999, 13(1):
51-56.
Luo Zhaohua, Deng Jinfu, Cao Yongqing, et al. On late
Paleozoic— early Mesozoic volcanism and regional tectonic
evolution of Eastern Kunlun, Qinghai peovince[J]. Geoscience,
1999,13(1) : 51—56 (in Chinese with English abstract).

[33] =T WL, S, M e I, A5 AR B B S X U 36 7 S A 4E

A IC S [T]. MBS TE, 2000, 46(2): 203-211.
Yuan Wanming, Mo Xuanxue, Yu Xuehui, et al. The record of
indosinian tectonic setting from the granotoid of Eastern Kunlun
Mountains[J]. Geological Review, 2000, 46(2): 203— 211 (in
Chinese with English abstract).

[34] L& 2%, B HRAR, XS4, 5. R BBl (i 78 i i S b 7e B

K9], B HL T AR, 2007, 13(3): 403—414.
Mo Xuanxue, Luo Zhaohua, Deng Jinfu, et al. Granitoids and
crustal growth in the East— Kunlun orogenic belt[J]. Geological
Journal of China Universities, 2007, 13(3): 403—414 (in Chinese
with English abstract).

[35] Mehner, mell, W 24, A5, BT /R & — AR B P oA iy i ot

HARDIE M. ALt HBT A, 2014: 1-261.
Xiao Peixi, Gao Xiaofeng, Hu Yunxu, et al. The Geology
Background Research in Western Segment of Altun—East Kunlun
Metallogenic Belt[M]. Beijing: Geological Publishing House,
2014: 1-261 (in Chinese).

[36] Liegeois G P, Navez J, Hertongen J, et al. Contrasting origin of
post— collisional high— K calc— alkaline and shoshonitic versus
alkaline and peralkaline granitoids: the wuse of sliding
normalization[J]. Lithos, 1998, 45: 1-28.

[37] AR Jim M 8 A6 b 5 2 A 22 A 1k B A3 0 352 1 ol ) 52 23
PE[I]. HZERTZE, 2007, 14(3): 64—72.

Han Baofu. Diverse postt—collisional granitoids and their tectonic
setting discrimination[J]. Earth Science Frontiers, 2007, 14(3):
64—72(in Chinese with English abstract).

[38] RAIC, ZkAE, Kk K, 45 Lu—HF R0 2R iR R XA A0
JHIIN. HAE7, 2007, 23(2): 185-220.

Wu Fuyuan, Li Xianhua, Zheng Yongfei, et al. Lu— Hf isotopic
systematic and their applications in petrology[J]. Acta Petrologica
Sinica, 2007, 23(2): 185-220(in Chinese with English abstract).

[39] Amelin Y, Lee D C, Halliday A N, et al. Nature of the Earth’ s
earliest crust from hafnium isotopes in single detrital zircons[J].
Nature, 1999, 399: 252-255.

[40] Amelin Y, Lee D C, Halliday A N. Early—Middle Archean crustal
evolution deduced from Lu— Hf and U— Pb isotopic studies of
single zircon grains[J]. Geochimica et Cosmochimica Acta, 2000,
64: 4205-4225.

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



FA2E 3

LA AR CARIBIEAR Tk BT 2 R X AL R e AR

HuBR AR K HE (R 24 E 645

[41] Griffin W L, Wang X, Jackson S E, et al. Zircon geochemistry and
magma mixing, SE China: In situ analysis of Hf isotopes, Tonglu
and Pingtan igneous complexes[J]. Lithos, 2002, 61: 237-269.

[42] Bolhar R, Weaver S D, Whitehouse M J, et al. Source and
evolution of arc magmas inferred from coupled O and Hf isotope
systematic of plutonic zircons from the Cretaceous Separation
Point Suite(New Zealand)[J]. Earth Planet Sci., 2008, 268: 312—
324.

[43] 2 HRAE, FTH, AN, A5, AR O BN ST I IR KGR S (1],

Fim R, 2002, 21(6): 292-297.
Luo Zhaohua, Ke Shan, Cao Yonggqing, et al. Late Indosinian
mantle— derived magmatism in the East Kunlun [J]. Geological
Bulletin of China, 2002, 21(6): 292—297 (in Chinese with English
abstract).

[44] XNLL T, AR 1S SEAS BEAR L7 B LR i b e 2% B S0 3ok

Rl G A=A, A A2, 2001, 17(3): 337-351.
Liu Hongtao. Qimantag terrestrial volcanics: petrologic evidence
of active continental margin of Tarim Plate during late Indo—
China epoch[J]. Acta Petrologica Sinica, 2001,17(3): 337-351 (in
Chinese with English abstract).

[45] XUBEHR, TR ICHE, SEE 2, A5 AR B G 2R B A TR I G ok 2 ik

FHIE B A (0] # BT, 2002, 21(11): 739-744,
Liu Chengdong, Zhang Wenqin, Mo Xuanxue, et al. Features and
origin of mafic microgranular enclaves in the Yuegelu granite in
the Eastern Kunlun[J]. Geological Bulletin of China, 2002, 21
(11): 739—744 (in Chinese with English abstract).

[46] LR A, B AR, SE R, G RRAATE I = A0 m R A

RIAE B & SR R AE LRI, P [E #2005, 32(3): 386
395.
Chen Hongwei, Luo Zhaohua, Mo Xuanxue, et al. Underplating
mechanism of Triassic granite of magma mixing origin in the East
Kunlun orogenic belt [J]. Geology in China, 2005, 32(3): 386—
395 (in Chinese with English abstract).

[47] A, B AR, BEE A A R B R bE R B AR T A R Y

SHRIMP 4 K Fob 57 738 SL[T]. 5 A 092 2%k, 2006, 25(1):
25-32.
Chen Hongwei, Luo Zhaohua, Mo Xuanxue, et al. SHRIMP ages
of Kayakedengtage complex in the East Kunlun Mountains and
their geological implications[J]. Acta Petrologica et Mineralogica,
2006, 25(1): 25—32(in Chinese with English abstract).

[48] w7k 5, A3, THIBEOL, 4. 7R B ARMR Bk PR i PR A1 AR A
KAL) 2 M2 4 (AR, 2012, 48(2):
36—-47.
Gao Yongbao, Li Wenyuan, Ma Xiaoguang, et al. Genesis,
geochronology and Hf isotopic compositions of the magmatic
rocks in Galinge iron deposit, Eastern Kunlun[J]. Journal of
Lanzhou University (Natural Sciences), 2012, 48(2): 36—47 (in
Chinese with English abstract).

[49] w7k, 200, BRAT, 45 KR O 5 B A DG AL B B 1A

AR RS B HE TR AR [J]. 51 244, 2014, 30(6):
1647-1665.

Gao Yongbao, Li Wenyuan, Qian Bing, et al. Geochronology,
geochemistry and Hf isotopic compositions of the granitic rocks
related with iron mineralization in Yemaquan deposit, East
Kunlun, NW China [J]. Acta Petrologica Sinica, 2014, 30(6):
16471665 (in Chinese with English abstract).

[50] Flk, 0, FE EE, 45 FFIAR IR IR i =S AL & 4R
o7 RS RO R SLT). A A 21, 2012, 28(2): 665—678.
Feng Chengyou, Wang Song, Li Guochen, et al. Middle to late
Triassic granitoids in the Qimantag area, Qinghai Province,
China: Chronology,
significances[J]. Acta Petrologica Sinica, 2012, 28(2): 665— 678
(in Chinese with English abstract).

[51] A4, ka4, St P, 45, P14 5 22 5 BROR BES A 07 R
JFAEAES A [T]. P E M, 2007, 34(2): 306—314.

She Hongquan, Zhang Dequan, Jing Xiangyang, et al. Geological

geochemistry  and  metallogenic

characteristics and genesis of the Ulan Uzhur porphyry copper
deposit in Qinghai[J]. Geology in China, 2007, 34(2): 306—314(in
Chinese with English abstract).
[52] 2, PNEST, FuAL 45 TR R G T L &m0
WARAREERT T[], HuBE24R, 2008, 82(7): 949-955.
Li Shijin, Sun Fengyue, Feng Chengyou, et al. Geochronological
study on Yazigou polymetallic deposit in Eastern Kunlun, Qinghai
Province[J]. Acta Geologica Sinica, 2008, 82(7): 949— 955(in
Chinese with English abstract).
SRR, dn B, VR, G5, 35 IR AR IS B AR D S ORUG — & 114
B A AR AR R AL 2 T Nd—HE [R 07 2 4L [0, 6 A1 24 41,
2011, 27(11): 3380—3394.
Wu Xiangke, Meng Fancong, Xu Hong, et al. Zircon U— Pb

[53

—

dating, geochemistry and Nd— Hf isotopic compositions of the
Maxingdaban Late Triassic granitic pluton from Qimantag in the
Eastern Kunlun [J]. Acta Petrologica Sinica, 2011, 27(11): 3380—
3394 (in Chinese with English abstract).

KR, 2SO, R, A AR IR AR IR Sk AV IR AR
A TR 57 28 TR AL 2 R PR G IAL [0]. 5 41, 2013, 32
(10): 1631—1642.

Gao Yongbao, Li Wenyuan, Li Kan, et al. Fluid inclusions,

[54

=

isotopic geochemistry and genesis of the Hutouya Zn—Pb deposit
in Qimantag, Qinghai Province[J]. Geological Bulletin of China,
2013, 32(10):1631—-1642(in Chinese with English abstract).

[55] Sh28b, FulA, R, 55, 5802 BV 2 48 1 R |

Y [) A2 2R 210 R W PR R ST b BT 5 IR, 2012, 48(2): 321-
331.
Ma Shengchao, Feng Chengyou, Li Guochen, et al. Sulfur and
lead isotope compositions of the Hutouya copper— lead— zinc
polymetallic deposit in Qinghai Province and their genetic
significance[J]. Geology and Exploration, 2012, 48(2): 321—-331
(in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2015, 42(3)



