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Relationship bet ween Gangdese porphyry copper deposits and uplifting of
southern Tibet plateau: Evidence from multistage zircon of
ore- bearing porphyries

QU XiaoMing' , HOU ZengQian®, MO XuanXue’ , DONG GuoChen’ , XU WenYi' and XIN HongBo'

(1 Institute of Mineral Resources, CAGS, Beijing 100037, China; 2 Institute of Geology , CAGS, Beijing 100037, China; 3 China

University of Geosciences, Beijing 100083 , China)

Abstract

Cathodolu minescence imaging combined with SHRIMP U-Pb dating de monstrates that zircons from ore-

bearing porphyries of the Gangdese porphyry copper belt on the southern Tibetan plateau are composed of inher
ited, metamorphic and mag matic zircons with ages of (51.1 +4. &) Ma, (21.1 +2. 6) Ma and (14. 47 *o. 5)
Ma , respectively . LA-ICP- MS analysis shows that the inherited zircons are characterized by high concentrations

of Y (1121 ><10'6) , HREE (641 XIO'(’) and MREE (182><10'6) , and low abundances of U(207X10'(’) s
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Th (171 x10° (’) and Hf (0.96 %) . Compared with the inherited and mag matic zircons , the metamorphic zir-

cons have markedly lower Th/ U ratios (0.54 on average) . Although the three types of zircons all have obvious
negative Eu anomalies and positive Ce anomalies , the mag matic zircons show much larger variation in Ce anoma-
ly . What is of significance is that these zircon types correspond to three important tectonic events in the evolution
of the Gangdese collisional orogen, and this makes the authors advance the following tectonic model .

India- Asia collision (50 ~ 60 Ma) ,

During the
mantle- derived mafic magmas were underplated, leading to the formation of
the source of ore-bearing porphyries . Some 21 Ma ago asthenospheric upwelling resulted in partial melting of the
underplated mafic rocks under the conditions of metamorphic garnet-amphibolite facies and rapid uplifting of the
southern plateau. Concomitantly with the extensional crustal collapse after the uplift at about 15 Ma, the ore-
bearing magmas were e mplaced , forming porphyry copper deposits .

Key words: geology, zircon, porphyry copper deposit,

crustal uplifting, Gangdese orogenic belt,

Qinghai- Tibet plateau
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Fig. 1 Distribution of magmatic rocks and porphyry Cu deposits in the Gangdese collision- orogenic belt( modified after the
1: 500000 Digitalized Geological Map by Geological Survey of China)

GCT —Great reverse overthrust ;

THS —Passive epicontinental sediments ; I'YS —Indian River Yarlung Zangbo River suture ;1 — Middle- Late

Yanshanian granite ;2 —Early Himalayan granite ; 3 —Miocene s mall granite ; 4 —Ore- bearing porphyry ; 5 —Fault ; 6 —Overthrust ;7 —Copper deposit
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Fig. 2 U Pb concordia diagrams of zircons from ore-bearing porphyries of the Gangdese copper belt
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CL images of zircons from the ore-bearing porphyries
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F1 NEHSETHSFHETEAR UTh Pb SHRIMP 4R
Table 1 U Th Pb SHRI MP analyses of zircon from ore bearing porphyries of the Gangdese copper belt

232 206 * 206 * 207 * 206 *
TG 2 Pb % 1([;_/6 ITOIT/G MTS/ lgl_)ﬁ/ ;(x U)P/bM; Eith Z_ZbU/ /% zibU/ /% KRIERE
€l09-6.1  9.21 682 574 0.87 119  11.92+0.88 I  0.148 0.333
CJ09-5.1  18.69 491 332 0.7 1.15 14.3%1 .1 M 0.0045 76  0.00223 5.2 0.069
C109-5.2  12.18 749 6l 0.91 132 11.57%0.89 I 0.0088 42  0.00180 5.2  0.125
C109-4.1  12.87 584 495 0.88 112 12.58%0.97 I 0.0088 78  0.00196 5.2 0.066
CI09-4.2  6.96 1092 929 0.88 2.21 14.11£0.93 I 0.0155 4 0.00219 5 0.123
Cl09-4.3  14.65 586 548 0.97 1.28 14.0%1 2 Ol 0.0098 75  0.00218 5.2  0.069
Cl09-4.4  11.35 787 851 1.12 1.61 13.57+0.99 I  0.0136 36  0.00211 5 0.138
CI09-3.1  2.68 1478 684 0.48 4.51 223412 I 0.0232 7.3  0.00346 5 0.681
C109-3.2  19.24 451 447 1.02 0.954 12.8%1 3 Il 0.0045 200  0.0020 5.3  0.026
C109-3.3  19.01 438 327 0.77 0.99 13,7413 I 0.015 8  0.00214 5.3  0.064
CJ09-2.1  2.08 822 931 1.17 1.6 14.59%0.56 I 0.00227 2.9
C109-2.2  8.32 738 359 0.5 2.1 19.53%0.76  1I 0.00303 2.9
€J09-2.3  5.01 1014 428 0.44 252 17.69%0.71 1L 0.0185 11 0.00275 3.4 0.311
CJ09-1.1  5.59 296 174 0.61 1.95 46 .4 %1 .6 I 0.0478 11 0.00722 2.8  0.26
C109-1.2  9.28 954 622 0.67 1.86  13.25%0.80 Il 0.00206 4.3
CI09-1.3 9.6 1092  8II 0.77 237 14.73%0.55 I 0.0112 32 0.02287 2.7  0.085
Cl09-1.4  8.77 1706 685 1 133 12.84%0.61 Il  0.0123 24  0.00199 3.3  0.138
CI09-1.5  4.09 961 864 0.93 3.56 26.60+0.86 Il 0.0246 19  0.00413 2.6  0.136
NMYO04-1.1 2.34 806 824 1.06 1.63  14.83%0.92 I  0.0157 9 0.0023 5 0.552
NMY04-2.1 8.9 135 166 1.27 0.911 46.1 %3 .6 I 0.0234 29 0.00719 5.3  0.185
NMY04-2.2 4.68 527 54 0.1 1.21 16.45%£0.90 I  0.0174 11 0.00256 5.1 0.447
NMY04-3.1 7.0l 299 318 1.1 2.24 522435 I 0.016 110  0.00814 4.9  0.046
NMY04-3.2 17.31 270 244 0.93 0.738 17.0%1 .5 I 0.0039 100  0.00264 5.4  0.053
NMY04-3.3  5.05 547 466 0.88 3.31 42.9%2.8 I 0.0345 14  0.00669 5.2  0.336
NMY04-3.4 5.9 528 343 0.67 3.19 2.5%25 I 0.0287 27 0.00663 4.8  0.181
NMY04-4.1 8.6 766 785 1.06 1.64 14.7%1.0 m  o.0101 51 0.00229 5 0.098
NMY044.2 3.44 435 136 0.32 3.05 50.5%2.7 I 0.0527 12 0.00787 4.8  0.408
NMY04-4.3 2.76 525 448 0.88 4.17 57.6%3.5 I 0.0422 8.5  0.00899 5 0.592
NMY044.4 11.8 821 609 0.77 1.79  14.44%0.99 I 0.0129 21 0.00225 0.244
NMY04-4.5 5.46 930 426 0.47 2.62 20.0+1 .2 I 0.018 22 0.00311 0.227
NMYO04-5.1 14.95 368 250 0.7 0.849 14.7%1 .1 m 0.0l 61 0.00229 0.090
NMY04-5.2 13.14 429 37 0.09 1.09 16.6 1.1 Il 0.0173 48  0.00259 5.3  0.110
NMY04-6.1 29.09 151 195 1.33 0.487 17.1%2.5 I 0.006 360  0.00268 0.016
NMY04-7.1  6.79 785 537 0.71 1.68  14.93%0.92 I  0.0116 14  0.00232 5 0.361
NMY04-7.2 5.38 1016 873 0.89 2.01 14.0620.87 1  0.0138 20  0.00219 4.9  0.248
NMY04-7.3 25.62 187 262 1.45 0.498 14.9%1.9 m  -0.00 50  0.00232 5.6 -0.111
NMY04-7.4 631 294 263 0.92 2.38 56.5%3 .6 I 0.0353 13 0.00882 4.9  0.374
NMY04-9.1 6.97 895 871 1 2 15.6%1.0 Ol 0.0131 42 0.00242 4.9  0.116
NMY049.2 4.31 508 343 0.7 1.18 16.6%1.0 m - o0.011 21 0.00258 5.1  0.246
NMYO411.1 8.22 752 647 0.89 1.68 15.4%1.0 o 0.0158 21 0.00239 5 0.234
NMYO04-11.2 18.87 284 246 0.89 0.749 16.0%1 .5 I 0.0012 760  0.0025 5.4  0.007
DZLO6-4.1 12.76 1005 581 0.6 227 14.79%0.94 I 0.011 31 0.0023 4.6  0.148
DZLO6-4.2  9.76 1494 1277 0.88 3.3 14.94%0.64 I  0.0108 14  0.00232 2.7  0.195
DZL06-5.1 16.57 1020 1342 1.36 1.93  11.82%0.72 I 0.00184 2.9
DZL06-5.2 32.46 111 44 0.41 1.2 54.5%4.8 I 0.012 290  0.0085 3.6  0.013
DZL06-5.3 15.9 142 118 0.86 1.42 62.5%4.5 I 0.103 39  0.00975 3.6  0.092
DZLO6-3.1 7.6 2579 10127  4.06 6.41 17.2%1 .6 I 0.0076 35  0.00267 2.4  0.069
DZL06-3.2 16.77 764 949 1.28 1.84  15.03%0.84 I  0.0124 61 0.00233 2.8  0.046
DZL06-3.3 12.65 1202 666 0.57 276 15.05%0.60 I  0.013 40  0.00234 2.7  0.067
DZL06-2.1 8.0l 1653 2592 1.62 3.49  14.55%0.62 I 0.83 19  0.00226 2.5  0.131
DZL06-2.2 17.63 620 636 1.06 2.09 20 .8 %1 .3 I 0.0211 37  0.00323 3.3  0.087
DZLO6-1.1  24.65 372 222 0.62 1.39 21.0%1.3 1 0.01 85 0.00327 3.2 0.037
DZLO6-1.2  7.74 2178 932 0.44 425  13.48%0.44 I 0.0137 21 0.00209 2.6  0.124
DZLO6-1.3 18.48 803 427 0.55 1.5 11.3940.63 I 0.006l 100  0.00177 3.1  0.031
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Fig. 6

porphyries of the Gangdese copper belt

Y- HREE(a) , U- Th(b) , Hf Th(c) , and Ce/ Ce” - Eu/ Eu” (d) diagrams of different zircons from ore-bearing
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Table 3 Variation ranges and average values of some indicative elements and parameters of zircons from ore- bearing
porphyries of the Gangdese copper belt
1 5k B (T B 8) 128 B8 A (43 i LB 7) A A (T UL 31)
(51.1 £4.8) Ma (21.1 £2.6) Ma (14.47 £0.5) Ma
Y/10°° 694.23 ~139266 (1121.5) 289.88 ~728.14 (471.4) 292.46 ~820. 04 (558.9)
Hf/ % 0.73~1.181 (0.96) 0.88 ~1 .41 (1.2) 0.82~1.32(1.2)
Th/10° ¢ 62 .11 ~278.94 (171 .1) 218 .05 ~528 .76 (348 .5) 77 .69 ~900 .54 (4459 .5)
u/10-° 78 .89 ~372.92 (207 .6) 261 .78 ~1203 .37 (718 .9) 123 .38 ~1576 .35 (574 .7)
MREE/10"° 100 .49 ~ 266 .29 (182.3) 39.95~127 .41 (70.6) 44 .28 ~131 .22 (83 .0)
HREE/10"° 456 .01 ~ 769 .47 (641 .7) 203 .8 ~ 425 .68 (306.3) 210.31 ~577 .58 (381 .8)
Th/ U 0.44~1.68 (0.91) 0.31 ~0.83(0.54) 0.31 ~1.67 (0.89)
Ce/ Ce” 1.25~30.11 (9.07) 4.82~59 .85 (30.95) 1.44 ~230.09 (47.12)
Eu/ Eu’ 0.12~0.59(0.30) 0.38~0.63 (0.50) 0.29~0.66 (0.50)

7. MREE f4#% Sm, Eu, Gd, Tb, Dy Ml Ho;HREE &Hi Er, Tm, Yb Fl Lu;Ce/ Ce” =2 x Cey/( Lay+ Pry) ;Eu/ Eu’ =2 x Euy/(Smy+

Gdy) ;FHIPEL AR

30.95 75 H 4.82 ~59.85) ML A ATLL ce S
ALK J R S (Ce/Ce” X 47,12 VB 1. 44 ~
230.09)( & 6c) .
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Yinet al., 1994) —%([f] SHRIMP U-Pb fE#S (41.5
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ER (R Rp IS8 R TRARE Syt Faw 8 O NEI Nt = (]
() m) 22 BEMI) HREE FC 73 840 i) v & &A1 Thy
U OB R Z AR Bu 5 IS T IE Ce 5 #B BoR
HE B 1 R o) R ﬁE( Hoskin et al., 2000 ;
2003) ,JF H 5 Ml B A RF i 5 152 B e s A —
#( Hoskin et al ., 2003) . 73— 7 1H , &0 BEA A G
HATRIR e AR  HREE 3 F 5 81 R 452
Y5 DX A% A T 7 RS PR A — AR 5k v )
HREE 58T A1 A e U X )5 B ( De-
fant et al ., 1990 ; Peacock et al ., 1994) . Binde mann
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