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Fig. 1 Distribution of Cenozoic structure and porphyries in eastern Tibet, the eastern Indo—Asian collision zone
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a—Tectonic framework of the eastern Indo—Asian collision zone, eastern Tibet>”*!; b—Structural features and porphyry distribution in

the Yulong porphyry copper belt, eastern Tibet™* c—Distribution of porphyry intrusions in the Dali area”
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Fig. 2 A simplified geological showing distribution of various
porphyry—type deposits in the eastern Indo—Asian collision zone

1=Yulong Cu deposit;2—Malasongduo Cu deposit; 3—Duoxiasongduo
Cu deposit;4—Mangzong Cu deposit; 5—Bengge Cu—Au deposit;
6—Xiaolongtan Cu deposit;7—Xifanping Cu—Au deposit;
8—Yao an Au—Pb—Zn—Ag deposit; 9—Beiya Au—Cu deposit;
10—Machangqing Cu—Mo and Au deposit;
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Table 1 Major and trace element results of the representative porphyry samples
from the eastern Indo—Asian collision zone

XY & Ba A

8

9

10

11

12

13

19

20

Si0,
TiO.
ALO;
Fe 05
FeO
MnO
MgO
Ca0
Na0
K0
P05
H.0"
Total
La
Ce

Nd
Sm

Gd

64.8
0.52
16.4
1.23
1.76
0.06
247
2.94
3.77
4.27
0.03
0.6

98.9
82.2

162

65.9
10.4
1.9
7.44
0.54
39
0.69
1.89
0.29
1.52
0.28
16.8
8.02
237
1220
440

159
19
27

67.6
0.39
15.2
1.37
1.67
0.06
1.42
2.34
3.67
433
0.07
0.67
98.9
67

123

45.8
7.08
1.49
5.19
0.49
2.82
0.51
1.37
0.22
1.18
0.29
12.4
5.12
217
995
939

113
8
29

68.9
0.35

1.16
1.44
0.07
0.79
2.83
3.32
4.52
0.11
0.54
99
63

119

459
7.36
1.52
5.45
0.4
2.99
0.59
1.46
0.22
1.31
0.3
13.7

225
878
636

124
8
27

71
0.31
14.2
0.54

1.5
0.05
1.23
1.27
2.87
6.04
0.05
0.53
99.5
51.9

96.4

34.4
5.25
1.06
3.81
0.16
2.11
0.39
1.07
0.14
0.94
0.19
9.33
42
246
631
362

115
9
28

63.1
0.34
18
1.87
1.03
0.05
1.45
2.76
4.39
4.89
0.4
1.21
99.5
97.4

175

72.4
10.7
2.28
6.36
0.85
3.85
0.68
1.87
0.24
1.5
0.23
19.7

224
899
760
72
0.95
288
7
20

69.42

14.12
1.09

0.15
0.83
1.86
3.67
4.85
0.1
0.5
98.38
45.3

87.09

33.51
5.56
0.97
4.41
0.39
298
0.58
1.61
0.26
1.62

0.3

15.94
4.84
229
559
571

13

114

38

67.04
0.3
14.14
0.94

0.06
1.22
1.48
3.27
5.79
0.11
0.76
96.21
82.11

158.7

55.28
8.26
0.94

6.2
0.65
3.89
0.77
2.07
0.35
1.92
0.36
19.31

268

491

754
17

148
15
37

68.94 68.21 68.16

0.27
14.26
1.59
1.23
0.08
1.01
1.3
3.12
6.25
0.1
1.04
99.19
48.85

86.59

29.7
477
0.88
3.76
0.45
2.54
0.54
1.42
0.26
1.5
0.36
13.88
3.53
236
550
580
15

101

36

0.27
13.04
1.01
271
0.12
0.99
1.67
2.01
5.57
0.11
1.32
97.03
325

55.5

20
3.6
0.78
42
0.78
1.9
0.62
0.74
0.24
1.1
0.54
12.8
3.84
240
480
740

138

28

0.28
14.3
1.02
0.43
0.06
0.96
2.29
2.82
4.76
0.13
1.27
96.48
72.76

136.9

47.03
6.97
1.32
4.87
0.34
2.74

0.5
1.45
0.24

1.3
0.26

12.73
3.16
257
493
498

109
4
47

69.3
0.28
14
1.49
0.74
0.07
1.27
0.76
2.84
5.52
0.12
1.08
97.5
77.3

143

50.5
7.53
1.46
5.15
0.57
2.83
0.52
1.43
0.19
1.31
0.24
12.9
3.65
315
638
682

101
4
48

71.9
0.23
13.1
1.43
1.36
0.12
0.63
0.65
2.44
5.6
0.13
0.78
98.4
60.3

112

38.2
5.51
0.88
3.98
0.31
227
0.4
1.2
0.18
1.16
0.28

291
203
486
379
12

104

48

73.5
0.21
133
0.66
1.38
0.13
0.59
0.62
2.95
5.32
0.14
0.73
99.6
86.3

149

43.4
5.35
0.66
3.83
0.31
2.3
0.41
1.27
0.19

0.2
10.6
1.97
287
298
255
13

119

54

66.4
0.22
14.8
1.46

0.09
1.38
0.7
3.11
5.23
0.19

94.6
60.5

108

43.3
6.21
1.36
3.74
0.51
2.42
0.44
0.32
0.18
1.26
0.2
14.2

178
276
562

1.37
242
6
32

68.31
0.33
15.15
1.5
0.82
0.1
0.99
0.99
3.8
5.45
0.12
0.7
98.26
57.45

99.14

33.05
5.32
0.95
421
0.43

25
0.43
1.21

0.2

0.19

10.56
4.12
269
306
678

146
6
34

67.4
0.33
15
1.22
1.33
0.11
1.19
1.81
3.31
5.8
0.14
0.97
98.6
68.7

122

43.1
6.58
1.36
4.81
0.53
2.73
0.49
1.37
0.25
1.2
0.32
12.7
3.94
287
735
583
10

114
6
45

67.29
0.42
14.58
1.68
1.68
0.07
1.47
2.82
3.72
5.01
0.23
0.71
99.68
62.01

120.1

45.68
7.24
1.53
5.33

0.5
2.93
0.56
1.44
0.25
1.24
0.21

13.15
5.09
227
1068
835

94
9
38

65.47
0.42
15.3
1.89
1.69
0.17
1.52
2.19
5.16
4.37
0.28
1.22

99.68

70.66

126.9

46.8
8.18
1.75
4.84
0.58
2.73
0.51
1.21
0.18

0.16
12.61

134
708
1787

306
5.3
28.17
2.6
111
36

65.04
0.39
15.57
1.88
1.44
0.07
1.59
2.29
4.85
4.36
0.21
1.61
99.3

81.76
127.4

51.31
7.2
1.63
4.48
0.59
2.43
0.46
1.12
0.17
1.08
0.17
11.36

137
1332
2148

0.56
349
6.5

28.41
3.4
150
30

69.72
0.32
15.18
1.12
1.18
0.05
0.8
1.6
4.03
4.1
0.13
0.9
99.13
47.85

84.88
29.79
49
1.03
3.48
0.46
2.07
0.41

0.15
0.94
0.14
14.2

158

616
1368
10.7

40.8

26.3
133
39.8
21.6




%31 % PR TR . 77 B D AR % B ) 4 A A 17 ) 3 A X 5
&R
fEY— Ba BEH B Y—75 Ba IEKBEE fREREREK
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Si0, 66.94 68.63 62.73 66.24 7074 67.32 68.64 [60.95 60.56 62  60.07 57.36 71.23 739  67.7 | 45.54 46.38 51.55 39.08
TiO. 029 0.19 071 0.34 0.3 0.39 027 |0.77 065 0.62 047 059 027 022 022|072 054 097 3.13
ALO, 1494 1616 1404 155 148 1571 1494 [1424 1426 1453 1418 1431 1354 13 156 | 1393 1381 17.89 16.15
Fe:0, 122 137 272 1.68 1.36 2.11 1.15 | 2.1 192 184 234 238 1.18 063 171 | 43 406 436 3.61
FeO 1.18 035 4381 1.6 0.98 0.88 047 | 27 259 232 177 282 103 106 113 | 7.13 7.77 433 10.58
MnO 0.07 003 1.09 0.07 0.04 0.06 0.04 |009 0.1 009 0.1 011 047 007 0.07 | 024 032 029 0.11
MgO 1 0.18 023 1.67 0.54 1.08 036 |251 265 246 23 277 132 007 177 |11.26 1032 396 129
Ca0 29 114 048 28 1.93 2.43 194 1476 477 401 3.69 441 198 097 0.65 | 106 11.02 6.54 1.83
Na,0 3.08 495 026 4.56 4.58 480 496 |333 391 419 387 334 422 236 268 | 224 206 436 095
KO 63 581 645 4.02 3.69 4.13 56 639 634 584 628 656 357 629 675 | 156 123 3.64 8.21
P.Os 011 0.07 024 0.19 0.14 0.18 0.09 |042 039 039 03 039 018 0.1 022 | 0.12 0.14 0.27 1.06
H0" 0.76 123 0.59 0.04 1.27 0.46 1.09
Total 99.31 99.69 99.52 99.46 99.52 99.96 99.27 |99.55 99.51 99.46 99.75 99.5 99.49 99.13 99.6 | 99.98 99.48 99.47 99.69
La 533 1628 30.68 27.28 16.16 42.06 45.69 |33.44 35.81 32.83 51.75 49.43 53.03 79.75 61 |1191 115 265 73
Ce 737 2679 52.88 50.37 3549 7859 83.12 |61.94 66.88 61.97 9491 97.37 943 152.09 117 | 16.74 12.02 69.48 182.8
Nd 334 1135 19.84 2237 1442 2995 30.72 |26.52 26.95 25.47 36.97 41.36 3471 6493 474 | 9.68 8.46 48.58 82.72
Sm 52 237 366 431 2.75 5.9 547 | 5.1 541 482 734 867 572 1032 736 | 258 2.03 13.79 16.28
Eu 104 093 124 122 0.86 1.61 179 | 1.5 175 171 221 263 1.89 232 184|092 083 279 32
Gd 344 249 314 355 2.23 526 484 | 44 459 52 636 893 511 676 526 | 256 252 12.26 15.08
Th 044 029 046 046 0.28 0.62 052 |061 071 071 085 1.12 064 093 071 | 04 045 221 2.04
Dy 194 157 244 233 1.36 297 265 [3.19 3.69 355 48 59 292 441 353|233 3.09 127 9.19
Ho 047 032 048 045 0.25 0.5 053 [0.63 0.64 075 087 108 048 0.79 0.67 | 049 0.68 253 1.5
Er 102 076 123 1.18 0.65 1.32 132 |1.666 1.86 205 154 279 126 226 191 | 1.33 156 7.68 3.58
Tm 026 0.13 0.18 0.18 0.1 0.16 0.17 |0.26 023 027 034 04 015 03 026 | 0.17 0.18 1.11 041
Yb 085 083 111 1.18 0.65 1.18 098 |1.64 156 188 231 259 094 193 1.72 | 121 138 6.14 1.82
Lu 029 0.16 0.19 0.11 0.25 0.25 0.19 029 027 | 0.19 0.21 097 0.27
Y 125 10 1321 1452 848 15.18 13.82 [19.96 18.23 20.35 25.15 28.45 12.16 23.85 20.8 | 12.58 15.78 63.09 32.35
Se 33 213 5.23 1.81 10.6
Rb 218 2414 3254 10571 89.71 1348 253.6 |211.4 2205 211.3 270.8 231.8 131.2 124.62 293 |49.43 34.64 70.14 302
Sr 590 805.6 70.51 1231  983.8 1266 943.8 |831.4 641.6 646.7 1285 1517 1059 1002 628 |346.1 311.1 124 2247
Ba 2130 1848 592.6 1637.1 1352.8 1980 1796 | 2303 2969 2069 1884 2267 2194 524 893 | 568 444.6 2294 2006
Nb 144 1221 2463 8.93 7 13.54 10.57 | 128 11.71 15 16.78 15.99 10.5 17 15 201 1.28 13.47 12.06
Ta 071 141 0.63 0.5 1.04 056 | 0.7 048 074 108 1.08 067 133 122 0.11 0.08 071 7.92
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Fig. 3 Discrimination diagram of alkali—rich porphyries on the
eastern margin of the Qinghai—Tibet Plateau
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Fig. 5 Sr—Nb—Pb isotopic systematics for alkali—rich porphyries
on the eastern margin of the Qinghai-Tibet Plateau
a—Nd and Sr isotopic compositions of alkali-rich porphyries and lower—
crustal xenoliths ;h—Pb isotopic composition of alkali-rich porphyries
and lower—crustal xenoliths. The east and west porphyry metallogenic

belts show two separate variation trends. Data from Ref .[17].
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deposits on the eastern margin of the Qinghai—Tibet Plateau
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A tectonic model for porphyry copper—molybdenum—gold

metallogenic belts on the eastern margin of the Qinghai—Tibet Plateau

HOU Zeng-gian', ZHONG Da-lai’, DENG Wan-ming’

(1. Institute of Mineral Resources ,Chinese Academy of Geological Sciences, Beijing 100037, China;
2. Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract : Accompanied by hypabyssal emplacement of high—potassic alkali—rich porphyries, “paired” Cenozoic
intracontinental porphyry copper—molybdenum—gold belts, controlled by large strike—slip faults, occurred on the
eastern margin of the Qinghai—Tibet Plateau formed by India—Asia collision. Of the two metallogenic belts, the
west belt is the Jomda —Markam —Xiangyun copper —molybdenum belt and the east belt is the Zhongdian —
Yanyuan—Yao an porphyry copper—gold—lead—silver belt. The rock types of ore—bearing porphyry include gran-
ite porphyry, monzogranite porphyry and monzonite porphyry with small amount of syenite porphyry. They are
distinguished from barren porphyry by their higher SiO, (>63%) and lower Y (<20X107) and their adakitic mag-
ma affinity. Alkali—rich porphyry is relatively enriched in large—ion lithophile elements (K, Rb and Ba) and de-
pleted in high—field strength elements (Nb, Ta, Ti and P) with a wider range of Nb/Y ratios and shows strong
REE fractionation but no pronounced negative Eu anomaly—all these suggest that the magma source region un-

derwent metasomatism and concentration of ancient subducted oceanic slab fluids and was injected by small
streams of melts from the asthenosphere. Ore—bearing adakite —like porphyry might originate from the basaltic
lower crust. The latter underwent high —pressure (>40 km) low amphibolite —eclogite facies metamorphism and
slab fluid metasomatism and occurs as lower—crustal amphibolite xenoliths in alkali—rich porphyry. Barren syenite
porphyry might originate from the hydrated phologopite peridotite—enriched mantle. Its trace element and Su—
Nd—Pb isotope systematics indicate that their source region was subjected to much stronger slab fluid metasoma-
tism and mixing of asthenospheric material. Available data of deep geophysical exploration suggest that since 50
Ma BP the Yangtze continental slab was subducted westwards and collided with the subducted Indian continental
slab, thus inducing upwelling, thermal erosion and underplating of asthenospheric melts and giving rise to partial
melting of the crust—mantle transition zone. The magma of adakite—like porphyry is characterized by the presence
of relatively rich water, rich sulfur and higher oxygen fugacity (fo,). It was an important metal and sulfur carrier
and formed porphyry copper—gold—lead—silver deposits in a shallow—level closed system.

Key words: porphyry deposit; Cu—Mo—Au metallogenic belt;tectonic model;eastern margin of the Qinghai—Ti-
bet Plateau



