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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 the Geological Survey)

1 —Quaternary ; 2 —Upper Tertiary arenite ; 3 —Lower Tertiary acid volcanics ; 4 —Cretaceous arenite intercalated with limestone ; 5 —Triassic mi-

crite intercalated with sandy slate ; 6 —Permian metaquartz sandstone intercalated with slate ; 7 —Carboniferous meta-quartz silt ; 8 —Middle- Late

Yanshaniangranites ;9 — Early Himalayan granites ;1 0 — Late Himalayan granitic porphyries ;1 1 — Porphyry- type Cu deposits ;1 2 — Plate suture

belt ; 13 —Faults ; 14 —Geological boundaries . ( Granitic porphyries in the map are some what exaggerated)
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Table 1  Major, trace and rare earth element analyses of the ore bearing porphyries in the Gangdese Cu deposit belt

W wp/ %
IM16 IM21 IM23 IM7(2) Jmy-01 Jmy-04 Jmy-07 Nmy-01 Nmy-04 Nmy-07
Sio, 68 .29 69 .51 68 .00 68 .52 68 .59 67 .09 68 .14 69 .71 68 .75 70 .07
TiO, 0.37 0.42 0.38 0.45 0.39 0.47 0.42 0.37 0.42 0.36
Al O, 14 .71 15.10 14.82 14 .91 14 .62 14.62 14 .44 15 .33 15.79 15.18
Fe, Oy 0.44 1.46 0.77 1.14 1.02 0.29 0.74 0.73 0.96 0.61
FeO 1.28 0.90 0.78 1.25 0.97 0.77 1.23 1.33 1.15 0.93
MnO 0.05 0.07 0.04 0.06 0.03 0.06 0.05 0.02 0.03 0.02
MgO 1.29 1.17 1.29 1.22 1.36 1.43 1 .41 1.15 1.34 1.09
CaO 1.30 0 .41 2.01 1.49 1.88 3.65 1.88 1.91 1.37 1.08
Na, O 3.25 3 .45 2.31 3.68 3.32 3.46 2.96 4.50 4 .84 3.95
K, O 7.43 5.73 8.56 4 .24 6.21 6.68 6.55 3.43 3.82 4.93
P, O; 0.17 0.18 0.12 0.17 0.17 0.20 0.20 0.14 0.16 0.13
H,0* 0.40 1.21 0.42 1.47 0.93 0.36 1.06 1.03 0.86 0.97
Co, 0.58 0.05 0.12 0.70 0.14 0.64 0.64 0.05 0.17 0.29
LR AL 107 % Au B 107°)
F 724 687 780 804 511 476 606 652 690 937
Ba 742 1242 701 957 823 796 930 989 884 892
Be 2.8 2.2 2.5 2.4 3.1 2.8 3.0 2.1 1.9 1.5
Sc 3.5 2.9 4.0 3.1 3.7 3.9 3.9 4.8 3.8 3.6
Ti 2106 1635 2328 1424 2374 2 845 2493 2206 2002 1 638
\% 52.7 46 .8 558 43 .1 60 .4 68 .2 63.5 70 .0 52.9 53.5
Cr 17.0 14.9 20.0 16.4 20.3 20.5 21 .6 12 .4 30.0 9.8
Co 20.8 12.3 10 .4 29 .8 12 .4 7.1 10.5 9.0 6.4 7.0
Ni 25.6 16.3 17.7 22.9 22.9 25 .8 3.11 23 .6 249 10.5
Cu 260 145 164 134 90 585 28 .2 949 590 1238
Pb 77.0 86 .8 947 98 .6 89 .4 87.5 55.9 34.0 128.9 27.9
Zn 1562 81.6 181 136 49.0 57.7 48 .4 53 .2 31.3 40 .1
Ga 14 .4 15.2 16.7 15.6 15.6 16.1 15.6 17.7 28 .3 19.6
Rb 434 291 494 218 392 424 380 97 .1 134 149
St 239 448 282 320 444 267 409 564 599 501
U 8.3 3.3 5.8 3.3 8.0 7.1 8.5 0.8 1.6 1.8
Th 24 .6 18.9 12.0 18.3 27.7 26.0 251 9.4 13.8 8.2
Nb 7.1 5.8 7.5 6.1 7.9 8.0 8.3 5.0 5.9 45
Ta <0.5 <0.5 <0.5 <0.5 0.7 0.7 0.8 <0.5 <0.5 <0.5
Zr 111 103 108 112 106 95 .4 107 150 98 .3 87.9
Hf 3.3 3.4 3.5 3.4 3.5 3.0 3.5 4.4 3.4 3.3
w 2.0 33 2.6 5.5 2.4 3.2 43 10.9 29 .2 33.2
Sn 1.3 1.5 1.3 1.3 1.6 1.4 1.6 1.1 1.5 1.5
Mo 2.9 2.0 3.4 2.4 1.4 1.1 1.8 26.0 200 643
Bi 0.51 2.20 0.94 4.29 1.35 0.42 0.36 1.34 2.25 0.94
As 30 .4 47.0 16 .8 55.1 18 .7 11.0 12.2 45 2.0 1.6
Sh 2.91 0.96 2.68 57.35 2.44 3.03 1.61 0.60 0.91 0.69
Ag 0.28 0.80 6.0 0.83 1.82 0.74 0.44 0.77 0.92 0.85
Au 1.1 5.6 2.2 26 .2 2.1 1.2 1.7 30.6 3.2 52.2
La 27 .48 19 .68 29 .50 28 .77 28 .24 31 .06 25.17 17.39 18 .40 15 .89
Ce 44 11 45 .48 52.52 50.25 48 .24 58 .63 51 .64 34 .40 34.20 28 .49
Pr 5.50 4.69 5.79 6.03 5.66 6 .45 5.77 3.93 4.06 3.18
Nd 19.16 16 .69 19 .44 21 .93 19 .86 22 .41 19.94 14.27 15.23 12.60
Sm 2.92 2.48 2.85 3.24 3.05 3.35 2.98 2.45 2.43 2.08
Eu 0.713 0.566 0.675 0.792 0.734 0.761 0.761 0.693 0.635 0.602
Gd 2.114 1.484 1.832 1.878 1.896 2.097 1.911 1.638 1.487 1.452
Tb 0.292 0.203 0.242 0.229 0.248 0.266 0.247 0.210 0.166 0.181
Dy 1.511 0.945 1.092 1.103 1.218 1.278 1.166 1.037 0.835 0.907
Ho 0.274 0.159 0.208 0.186 0.212 0.233 0.200 0.184 0.156 0.169
Er 0.746 0.420 0.530 0.475 0.565 0.613 0.560 0.475 0.398 0.461
Tm 0.114 0.065 0.087 0.070 0.090 0.094 0.091 0.076 0.060 0.072
Yh 0.693 0.379 0.549 0.418 0.537 0.574 0.539 0.467 0.414 0.452
Lu 0.115 0.056 0.087 0.070 0.086 0.094 0.090 0.077 0.065 0.070
Y 8.039 4.099 5.501 4.616 5.569 6.074 5.519 5.004 4.161 5.035
SREE 105.75 93 .29 115 .41 115 .44 110.63 127.92 111 .06 77 .30 78 .54 66 .61
(La/ Yb) , 28 .44 37.25 38.54 49 .37 37.72 38 .81 33.50 26.71 31 .88 25.22
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Table 1 ( Cont.)
W wg/ %
NG-16 NG-18 NT-03 NT-05 NT-07 NT-08 NT-10 NT-18 NT-28 NTY-05
Sio, 68 .46 68 .79 67 .90 71 .19 67.14 66 .83 64 .26 68 .30 7211 66 .94
TiO, 0.47 0.46 0.49 0.37 0.42 0.39 0.58 0.53 0.39 0.45
Al O, 15 .86 15.76 16.09 14.99 15.16 15.12 15.19 14.99 14 .32 15.94
Fe, O, 1.01 1.52 0.84 0.75 1.39 0.60 1.17 3.31 0.70 1.37
FeO 1.40 0.82 1.47 0.95 1.35 1.87 2.17 0.47 0.75 1.93
MnO 0.03 0.02 0.01 0.01 0.06 0.06 0.06 0.01 0.06 0.03
MgO 0.92 0.75 1.49 0.72 1.17 1.11 1.93 1.14 0.84 1.36
Ca0 2.88 2.73 1.53 0.90 2.91 2.86 3.38 0.61 0.64 3.06
Na, O 4.80 4.66 4 .61 3.62 4.13 433 3.94 2.77 3.99 4 .39
K, O 2.97 3.28 3.51 4.75 3.49 3.36 3.63 4.24 4.65 3.06
P, O; 0.17 0.17 0.19 0.15 0.17 0.17 0.23 0.19 0.16 0.18
H,0* 0.67 0.69 1.14 1.04 1.26 1.37 1.61 2.35 0.90 0.92
co, 0.05 0.05 0.23 0.12 1.05 1.63 1.52 0.23 0.07 0.05
LR AL 107 % Au107°)
F 553 441 1144 796 633 655 782 1565 954 1053
Ba 936 933 992 868 771 813 918 678 842 789
Be 1.7 1.5 2.6 2.0 2.5 2.5 2.6 2.2 2.5 1.5
Sc 4.1 3.6 4.6 3.3 3.8 3.8 5.8 5.1 3.8 3.9
Ti 2778 2533 2345 1325 2388 2012 3197 2218 1670 1954
\% 64 .6 60 .2 69 .8 42.0 51.0 49 2 69 .2 67 .4 36 .8 62 .4
Cr 5.9 3.8 5.6 4.6 9.4 8.8 37.1 6.5 12.6 12.3
Co 8.4 5.8 4.5 5.5 6.8 6.8 9.8 2.4 4.1 8.5
Ni 9.8 8.6 11.0 5.2 7.7 7.9 26 .4 4.8 7.6 1.8
Cu 13 .4 28 .9 1880 1635 202 61 .2 69 .3 96 .2 1586 138
Pb 15.3 14.2 47 2 46 .8 247 31.5 103.9 43 2 79 .1 17.6
Zn 41 8 28 .7 57.2 70 .2 103 106 73 .3 29 .7 87.5 39 .4
Ga 21.0 17.6 21.6 20 .4 16.5 17.6 19.5 23 .4 23.0 22.6
Rb 61 .2 72.0 140 148 144 138 137 191 194 137
St 818 838 686 538 640 586 637 390 357 903
U 1.6 2.2 2.8 2.7 5.3 4.6 4.7 1.8 3.8 0.8
Th 6.1 10.0 14.5 12 .4 22.8 21 .4 19.9 29 .7 24.5 9.5
Nb 3.4 3.3 7.4 7.2 7.7 7.7 9.7 6.7 7.8 45
Ta <0.5 <0.5 <0.5 <0.5 <0.5 0.7 1.0 <0.5 0.5 <0.5
Zr 138 123 164 134 148 150 164 148 157 115
Hf 43 3.6 4.4 4.0 4.4 4.4 4.9 4.2 5.0 3.9
W 0.9 1.6 14.9 8.9 1.5 2.6 2.9 38.5 13 .8 10.5
Sn 1.0 1.1 2.6 2.1 1.5 1.2 1.4 43 2.3 1.2
Mo 0.5 1.0 24 .1 110.1 16.8 1.9 3.0 75 .1 16.0 4.0
Bi 0.22 0.30 0.38 0.43 0.31 0.38 0.56 1.63 1.26 0.87
As 0.5 0.80 1.0 1.4 1.3 1.2 1.9 2.0 5.6 2.5
Sbh 0.12 0.15 0.97 2.30 0.92 1.11 0.91 0.84 3.01 0.26
Ag 0.04 0.05 1.48 0.79 0.13 0.08 0.18 1.19 1.59 0.15
Au 1.0 1.0 18.5 8.2 46 .4 1.2 1.8 3.9 1.9 1.6
La 18 .87 16.95 19.93 18 .98 27.70 25 .64 29.77 29 .97 29 .74 19.18
Ce 40 .48 33.50 53 .46 43 82 58 .27 51.00 67 .47 64.99 56.53 40 .42
Pr 4 .67 4.29 6.77 5.56 6.26 5.58 7.10 6.29 5.78 4 .89
Nd 16 .64 14.99 25.59 21.02 22 .51 19.75 25.90 16 .88 20 .34 18 .58
Sm 2.61 2.35 4.49 3.45 3.57 3.17 4.09 1.98 3.08 3.06
Eu 0.741 0.688 1.045 0.753 0.866 0.804 1.037 0.375 0.740 0.844
Gd 1.643 1 .444 2.913 2.188 2.250 2.024 2.553 1.067 1.900 2.032
Tb 0.212 0.180 0.388 0.313 0.313 0.267 0.335 0.141 0.232 0.242
Dy 0.982 0.841 1.676 1.426 1.397 1.185 1.558 0.709 0.957 1.194
Ho 0.167 0.144 0.319 0.250 0.233 0.211 0.265 0.131 0.180 0.226
Er 0.361 0.318 0.812 0.654 0.592 0.540 0.656 0.374 0.457 0.573
Tm 0.054 0.049 0.124 0.096 0.087 0.083 0.097 0.061 0.069 0.092
Yb 0.326 0.284 0.718 0.552 0.502 0.461 0.542 0.404 0.432 0.532
Lu 0.053 0.048 0.105 0.086 0.078 0.070 0.085 0.070 0.070 0.084
Y 4.066 3.468 7.990 6.610 6.050 6.163 6.838 2.989 5.187 5.918
SREE 87 .80 76 .06 118 .34 99 .14 124 .63 110.79 141 .46 123 .45 120 .50 91 .95
(La/ Yb) , 41 .52 42 .81 19.91 24 .66 39.58 39.89 39.40 53.21 49 .38 25 .86
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Trace ele ment and rare earth ele ment distribution patterns of the ore-bearing porphyries in the Gangdese Cu belt

a: N- MORB normalized trace ele ment patterns; b: C; —Chondrite normalized rare earth ele ment patterns. ® —Jiama Cu deposit

area; V —Nanmu Cu deposit area; <& —Tinggong Cu deposit area
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Fig. 5 Geological sketch map of the Nanmu Cu, Mo deposit
area in the middle segment of the Gangdese Cu deposit belt
I —Rhyolitic porphyries ; 2 —Quartz diorite ; 3 —Biotite granite; 4 —
Ore-bearing granodioritic porphyries; 5 —Cu, Mo orebodies; 6 —

Phyllic alternation zone; 7 —Propylitization alternation zone; 8 —

Fault ; 9 —Boundaries of alternation zone ; 10 —Geological boundaries
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Fig. 6

Simplified geological map of the Jiama Cu-poly metallic deposit in the eastern segment of the Gangdese Cu deposit belt

( modified after No. 6 Geological Party of Xizang Bureau of Geology and Mineral Resources)

1 —Sandy slate of Lower Cretaceous- Upper Jurassic Linbuzong Formation; 2 —Carbonate rock of Upper Jurassic Duodigou Formation; 3 —Felsic

dykes ; 4 —Adamellitic porphyries ; 5 —Cu- poly metallic orebodies ; 6 — Anticline axis ; 7 —Syncline axis ; 8 —Thrust ; 9 —Strike fault; 10 —Inferred

fault ; 11 —Geological boundaries
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Table 2 S, Pb isotope compositions of the ore bearing porphyries and sulphides in the Gangdese Cu deposit belt

X FEf 5 FE it 44 F 84S/ %o 206 pyy/ 204 pyy 207 pyy/ 204 pyy 208 pyy/ 204 pyy

Hi IM-03 il -0.9 18.725 %1 15.615 %1 38.987 +2
IM-03 7 2.7 18.728 £3 15.608 £3 38 .961 8
IM17 S 1.0 18.752 4 15.638 £3 39.058 £8
IM17 TR -2.4 18.752 %3 15.633 %3 39.047 8
IM19 Te R BEA 0.2 18.765 %2 15.622 %1 38.997 4
IM21 16 i B2 0.7 18.753 £2 15.616 £2 38.966 5

BA NMY-01 T N KB - 0. 18.569 £4 15.618 £3 38.717 7
NMY-02 EOR - 0. 18 .535 2 15.590 £2 38 .637 T4
NMY-05 TN - 1.4 18 .532 £3 15.572 £2 38 .596 5
NMY-07 M 18 .535 %3 15.591 3 38.637 £7
NMY-10 MEHT 1. 18 .544 =2 15.578 £1 38 .615 %3
NMY-11 TN 0.0 18.694 £2 15.592+2 38 .880 5

TE NT-08 L N KBS -0.9 18 .583 %1 15.619 %1 38.804 =3

Tt 737 5% ey o [T b 5B 7 e ™ 7 B IR S0 9T 1) (02 3% 3 PR 5 ) 67 3% by o [T b B 22 I SO 90 T [ (00 2 MK . Y[R (2 3R 48 %0 18 220 20,

18.765 ;27 Pb/ 2™ Pb i 15.616 ~ 15.622;%% pb/ 2™ pb Jhy  1iivich Bt (W) B 52 AE 44 ( Molnar et al., 1978 ; England et al .,

38.717 ~ 38 .967 .G 4L )% Pb/ 2% Pb N 18.532 ~ 18.252;
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Fig. 7 Pb isotopic diagrams of ore-bearing porphyries

and sulphides in the Gangdese Cu deposit belt
O—Ore—bearing porphyries of Jiama deposit area; ® —Sulphides of
Jiama deposit area; V —Ore-bearing porphyries of Nanmu deposit
area ; ¥ — Sulphides of Nanmu depositarea ; & — Ore- bearing por-

phyries of Tinggong deposit area
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Is Gangdese Porphyry Copper Belt the Second “ Yulong” Copper Belt ?

Qu Xiaomingl , Hou Zengqianl , Huang Wei?
(1 Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 2 No.6 Geological
Party of Xizang Bureau of Geology and Mineral Resources, Lasa 851400, Tibet, China)

Abstract

Based on extensive geological field investigation and comprehensive researches on petro-geoche mistry , geolo-
gy and Re-Os, S, Pb isotope data of the ore deposits, the authors syste matically elucidate petro-geoche mical
characteristics of the ore-bearing porphyries and the alternation- mineralization features of the copper poly metallic
ore deposits in the Gangdese porphyry copper belt along the northern side of the Yarlung Zangbo River, clarify
the ore-forming epoch and the ore sources , and discuss the relationship of the Cu ( Mo, Au) poly metallic miner-
alization to the evolution of Gangdese collision- orogenic belt . Comparing it with the Yulong porphyry copper
belt, the paper points out that the Gangdese porphyry copper belt located on the northern side of the Yarlung
Zangbo River is most likely to become the second “Yulong" copper belt in Xizang Region . Its ore-forming poten-
tial is expected to form one of the greatest copper belt in the world. Researches indicate that the ore-bearing por-
phyries in the Gangdese copper belt are characterized petroche mically by high K content ( K,0=2.97 % ~
8 .56 %) and can be classified bet ween shoshonite and high-k calc-alkaline series. In geoche mistry they show
high enrichment of Rb, Ba, Th, Sr and obvious depletion of Nb, Ta and Yb. Their rare earth ele ments assume
clear fractionation of LREE from HREE [ ( La/ Yb), =19 .91 ~ 53 .21 ] and smooth right-dipping C-chondrite
normalized patterns without any Eu anomaly . All these features are in high consistency with those of the Yulong
ore-bearing porphyries. The orebodies occur in both endo- and exo- contact zones between porphyries and wall
rocks and have the essential alternation- mineralization characteristics of porphyry Cu deposits. The alternation
zonation can be established in sequence of potassic alternation ( k-feldsparization and biotitization) to silicification
+ sericitization to propylitization from the inner part of ore- bearing porphyries to outer granites . The mineraliza-
tion is dominated by veinlet , net work and vein- disse minated ores formed in post- mag ma hydrothermal stages and
has a simple ore mineral association consisting of pyrite , chalcopyrite , bornite , sphalerite and molybdenite . In
oxidation zone the primary ores form the secondary enrich ment zone through weathering and leaching , which of-
ten contain rich industrial orebodies . The S, Pb isotopic analyses of the ore- bearing porphyries and sulphides from
Jama, Nanmu and Tinggong deposit areas de monstrate that the orebodies and the porphyries have identical S,
Pb isotopic compositions . Their 8*S ( %) values are in the range of - 2.7 ~1 .2 and assume mantle sulfur sig-
nature . In addition, their Pb isotopic compositions are not different from each other and vary from 18 .532 to
18.765 for ***Pb/***Pb, from 15 .572 to 15 .683 for **’Pb/***Pb, and from 38 .596 to 39 .058 for *** Pb/***Ph.
In Pb isotopic diagrams they are all plotted on or near the orogenic belt evolution line and obliquely intersect it ,
consistent with the tectonic environment of their formation. Five molybdenite samples from the Nanmu Cu, Mo
deposit area yield a Re- Os isochon age of (14.67 £0.20) Ma, suggesting a close relationship of the Cu, Mo
mineralization to porphyry intrusions (20 ~14 Ma) .

Key words : gangdese , collision- orogenic belt , granitic porphyries , porphyry Cu belt



