1000-0569/2011/027( 09) 2694-08 Acta Petrologica Sinica

1 ek 2 1 1 1 1
ZHU WeiGuang' ZHONG Hong' ™ WANG LiQuan® HE DeFeng' REN Tao' FAN HongPeng' and BAI Zhong]ie'

550002
610081

1
2.
1. State Key Laboratory of Ore Deposit Geochemistry Institute of Geochemistry Chinese Academy of Sciences Guiyang 550002 China
2. Chengdu Institute of Geology and Mineral Resource Chengdu 610081 China

20110401 2011-07-08

Zhu WG Zhong H Wang LQ He DF Ren T Fan HP and Bai ZJ. 2011. Petrogenesis of the basalts and rhyolite
porphyries of the Minle copper deposit Yunnan: Geochronological and geochemical constraints. Acta Petrologica Sinica 27
(9) :2694 —2708

Abstract SIMS U-Pb zircon ages for rhyolite porphyries and geochemical and Nd isotopic data are reported for rhyolite porphyries
and the related basalts from the Songjiapo Formation of the Minle copper deposit of Yunnan Province SW China. The aims are to
constrain the origin and petrogenesis of these rocks. The basalts are commonly high in Fe,0; Al,O; and Na, O contents. In the Harker
diagrams MgO CaO and P,0; contents of the basalts decrease with increasing SiO, contents. These rocks with high gy,( ) values
( +2.9 ~ +3.5) are characterized by relatively low total REE contents (50.1 x 10™® ~60.6 x 10°°) with relatively flat REE
patterns in the chondrite-normalized diagram and with slightly negative Nb-Ta and positive Sr anomalies in the primitive-normalized
spidergram. The parental magma for the basalts exhibits affinity with a sub-alkaline basaltic magma generated by melting of a depleted

plagioclase—rich and garnet+ree mantle source in the spinel field. It is suggested that the basalts originated by fractional crystallization
of the parental magma plus varying degrees of crustal contamination. Cameca SIMS zircon U-Pb dating indicates that the rhyolite
porphyries were emplaced at 234. 8 +2.4Ma. These rocks have high SiO, ( Na,O + K,0) and Al,O; contents compared with the
normal rhyolites and are enriched in LREE and show relatively flat HREE patterns with slightly negative Eu anomalies in the
chondrite-normalized diagram and significantly negative Nb-Ta Sr P and Ti anomalies in the primitive mantle-normalized spidergrams.
The rhyolite porphyries display geochemical characteristics of I-type granites and exhibit variably initial gy, (¢) values ranging from
-1.9 to —0.51. The parental magma for these rocks exhibits affinity with a mildly alkaline intermediate to felsic magma which was
probably generated by partial melting of the regional Mesoproterozoic to Neoproterozoic mafic to intermediate lower crust and thereafter
mixed with small amounts of the Middle Triassic basaltic magmas. The rhyolite porphyries were then formed by extensive crystal
fractionation of the mildly alkaline magma. The basalts and the rhyolite porphyries from the Minle copper deposit display the
characteristics of arc volcanic rocks which possibly formed in a late—collisonal to post-collisional environment.
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1 ( SJP0901)  Cameca SIMS U-Pb
Table 1  Cameca SIMS zircon U-Pb isotopic analyses for rhyolite porphyry ( sample SJP0901) from the Minle copper deposit of Yunnan
Province
206 p}, ) Isotopic ratio Age( Ma)
U Th 204 Jave 207 py, * 207 py, * 206 py, * 206 py, *
Spot 6 _ey Th/U Pb Pb 1o Pb tlo Pb tlo Pb
(x107°%) ( x107°) (%) e+ 5 s —m— tlo
measured Pb (%) 35 (%) 28 (%) EEpY
1 553 373 0.674 19542 0.03 0.05201 2.09 0. 26558 2.88 0.0370 1.98 234.4 £4.6
2 476 222 0.467 2202 0.03 0.05012 3.56 0. 24892 3.89 0. 0360 1.57 228.1 3.5
3 554 447 0. 806 28142 0.00 0.05087 2.25 0.26856 2.71 0. 0383 1.52 242.2 £3.6
4 507 427 0. 843 9030 0.00 0.04890 2.49 0.24537 2.92 0. 0364 1.51 230.4 £3.4
5 600 256 0.427 22926 0.00 0.05138 2.19 0. 27533 2. 66 0.0389 1.50 245.8 £3.6
6 556 504 0. 906 9215 0.00 0.05127 2.33 0.25792 2.77 0. 0365 1.50 231.0+3.4
7 241 198 0. 820 2695 0.00 0.04819 5.71 0.23679 6. 06 0. 0356 2.03 225.7 £4.5
8 972 1037 1. 066 24926 0.14  0.05023 1.61 0.25318 2.21 0. 0366 1.51 231.4 +£3.4
9 567 417 0. 736 9907 0.00 0.05055 2.28 0. 25494 2.74 0. 0366 1.51 231.6 £3.4
10 447 317 0.708 11169 0.00 0.05042 2. 60 0.25663 3.01 0. 0369 1.51 233.7 3.5
11 677 418 0.617 4704 0.03  0.04887 3.52 0.24935 3.94 0.0370 1.78 234.2 £4.1
12 341 156 0. 457 19233 0.10 0.05140 2.41 0. 26908 2.84 0. 0380 1.51 240.2 £3.6
13 416 239 0.574 10596 0.00 0.05045 2.85 0.26110 3.22 0. 0375 1.50 237.5 3.5
14 906 668 0.738 10781 0.00 0.05117 1. 60 0.26198 2.21 0. 0371 1.52 235.0£3.5
15 384 169 0. 440 36723 0.00 0.05170 2.33 0.26381 2.77 0.0370 1.50 234.3 £3.5
16 566 399 0. 705 9685 0.18 0.05016 2.28 0.25315 2.73 0. 0366 1.50 231.7 3.4
17 829 730 0. 880 45512 0.04 0.05039 1. 56 0.26051 2.16 0. 0375 1.50 237.3 +£3.5
18 418 218 0.522 40597 0.00 0.05161 2.15 0.26271 2.63 0. 0369 1.50 233.7 3.5
Lo fas B e U ; Ph *®Ph
0.040 - SJP0901 "","
= 0.038
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2 (wt%) (x107%)
Table 2 Major element ( wt%) and trace element ( x 10 ~°) data for basalts and rhyolite porphyries from the Minle copper deposit of

Yunnan Province

BKHO0901 BKH0902 BKH0903 BKH0904 BKH0905 BKH0906 SJP0901 SJP0902 SJP0903
Si0, 51. 14 44.82 46. 14 47.34 45.38 42.65 66. 29 68. 81 68. 45
TiO, 0.90 0.98 0. 96 0.98 1.01 0.85 0.49 0.45 0.47
Al 04 17.07 16. 64 16. 94 17. 12 16. 92 16. 04 16. 41 15.51 15. 84
Fe, 05 11.17 11.97 10. 86 11.65 11. 39 10. 86 4.42 3.93 3.75
MnO 0.24 0.39 0. 40 0.33 0.38 0.26 0.02 0.03 0.02
MgO 3.67 5.91 5.81 5.08 4.83 3.02 0.28 0.22 0.12
CaO 4.20 4.74 6.53 5.41 8.30 12.83 0.28 0.25 0.30
Na, O 6.18 8.81 5.22 5.57 4.97 4.36 4.71 4.98 5.87
K,0 1.07 0.55 0.50 0. 46 0. 46 0.14 6.07 4. 64 4.17
P, 0 0.14 0.16 0.15 0.16 0.18 0.16 0.12 0.11 0.11
LOI 4.43 5.78 6. 80 6.21 6.53 9.51 0.74 0.90 0.76
Total 100. 22 100. 76 100. 31 100. 30 100. 35 100. 69 99. 82 99. 82 99. 87
Mg* 39.4 49.5 51.4 46.3 45.7 35.6 11.1 10.0 6.1
Se 28.3 28.5 27.3 29.8 30.7 28.0 9. 84 8.63 9.57
v 181 198 166 235 192 248 24.7 24.6 27.0
Cr 165 174 159 179 176 159 — — —
Co 28.9 44.0 44.7 45.0 48.2 28.0 0.99 1.41 1.07
Ni 117 110 106 108 115 72.8 3.50 2.83 3.15
Cu 15.5 15.1 10. 1 18.6 14.6 15.9 101 217 112
Zn 167 272 214 210 230 175 27.0 42.1 42.9
Ga 14.6 14.2 13.4 13.9 15. 30 15.70 13.9 14. 8 14.3
Rb 48.2 22.8 21.5 18.8 19.40 4. 60 89.3 99.5 84.7
Sr 600 333 349 254 344 183 180 377 180
Y 19.1 19. 4 18.6 18.8 20.5 19.2 22.3 27.5 21.1
Zr 71.7 80.6 69.2 79.8 90.0 74.0 266 262 264
Nb 4.27 4.63 3.85 4.54 5.10 4.15 16.0 16.0 15.8
Cs 16. 1 9.37 9.24 9.22 7.34 11.3 3.02 4.27 2.91
Ba 246 118 110 107 128 66.3 1170 1300 1130
La 8.83 8.04 6.76 7.75 9.27 6.72 30.7 43.1 27.8
Ce 19.7 18.2 15.5 17.4 19.8 15.8 65.9 69.7 52.7
Pr 2.63 2.43 2.25 2.27 2.58 2. 11 7.07 9.73 6. 14
Nd 11.5 11.0 10.0 10.2 11.2 9.49 25.5 36.6 21.7
Sm 3.01 2.79 2.66 2.65 2. 84 2.41 5.10 7.06 4. 66
Eu 1.09 0.95 0.94 1.00 1.09 0.93 1. 17 1. 65 0.99
Gd 3.18 3.07 2.80 3.02 3.35 2.98 4.24 5.55 3.78
Th 0. 62 0. 60 0.56 0.53 0.57 0.51 0.72 0.94 0.67
Dy 3.51 3.53 3.49 3.24 3.51 3.29 3.80 4.88 3.80
Ho 0.79 0. 84 0. 80 0.79 0.85 0.79 0. 86 1. 09 0.89
Er 2.25 2.47 2.19 2.17 2.47 2.20 2.59 3.20 2.60
Tm 0.31 0.34 0.32 0.33 0.35 0.32 0.39 0.47 0.38
Yb 2.13 2.31 2.19 2.18 2.32 2.18 2.81 3.26 2.88
Lu 0.31 0.36 0.32 0.32 0.36 0.32 0.45 0.50 0.46
Hf 2.01 2.16 1.82 1.87 2.33 1.85 6.80 6.79 6.78
Ta 0.29 0.34 0.28 0.31 0.35 0.29 1.22 1. 19 1.21
Pb 57.1 67.1 54.3 70.8 67.7 85.1 19.0 35.3 20.1
Th 1. 05 0.76 0.67 0.72 1.28 0. 66 18.1 19.1 18.3
U 1.88 1.09 0.72 1.18 1.24 1.17 3.53 3.65 3.50

T7,(C) 881 884 881
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SJP0904 SJP0905 SJP0906 SJP0907 SJP0908 SJP0909 SJP0910 SJP0911 SJP0912
Si0, 70. 00 65.26 68.20 68. 36 66. 39 73. 16 70.73 68. 85 63.49
TiO, 0.43 0.51 0.45 0.43 0.51 0.35 0.32 0.45 0.73
Al 04 15.27 14. 88 15. 96 15. 10 15.93 12. 94 14. 36 15.78 15. 16
Fe, 05 1.91 4.88 3.83 2.46 3.92 3.12 3.38 3.57 6.35
MnO 0.04 0. 06 0.02 0. 05 0.10 0.03 0.03 0.02 0.04
MgO 0.17 0.30 0.20 0.29 0.47 0.24 0.22 0.13 0.45
CaO 1.15 2.10 0.27 1. 60 0.76 0.13 0.18 0.27 1.73
Na, O 4.81 4.18 5.77 4.49 4.71 1.97 3.21 5.70 5.11
K,0 4.38 5.17 4.40 4.84 4.89 6.52 6.32 4.17 4.40
P, 05 0.10 0.13 0.12 0.11 0.13 0. 06 0. 06 0.11 0.20
LOI 1. 50 2.35 0. 68 2.06 2.03 1.02 0. 86 0.82 2.22
Total 99.75 99. 81 99. 89 99.78 99. 83 99. 54 99. 66 99. 87 99. 90
Mg* 15.0 10.9 9.2 18.7 19.1 13.0 11.2 6.7 12.2
Sc 8.22 3.23 10. 4 9.42 11.4 6.90 7.79 9.71 14.9
Vv 12. 4 29.6 19.5 20.8 40.7 16.2 13.8 38.6 126
Cr — 3.33 3.51 1.33 4.04 — 2.21 — 6. 10
Co 2.27 2.86 1.44 9.38 10. 90 1.37 1.24 1.75 3.94
Ni 5.84 4.50 4.78 6.46 7.20 3.12 4.41 3.45 5.40
Cu 2030 18.7 82.7 1210 18.6 128 83.2 166 296
Zn 51.1 44.1 54.0 54.3 122 56.8 52.5 42.1 58.8
Ga 16.5 14.4 17.1 14.5 17.8 10. 6 8.2 17.3 21.2
Rb 101 94.4 113 106 124 162 131 141 157
Sr 258 123 207 257 205 324 150 285 248
Y 23.1 15.8 23.7 23.1 21.8 27.1 21.6 23.1 21.9
Zr 250 229 263 229 248 234 219 266 190
Nb 14.8 14.0 15.7 14.2 14.5 14.4 13.5 17.3 12.7
Cs 4.35 8.41 6.37 5.12 7.82 6.01 3.76 6.42 19.7
Ba 1050 1350 1080 1470 1520 2270 1850 1830 1120
La 23.2 17.7 46. 1 20.7 19.6 16.3 45.1 33.8 37.0
Ce 49.2 39.4 78.7 45.4 41.8 34.6 70.0 64.0 72.6
Pr 6.21 4.52 8.94 5.65 5.34 4.97 8.30 8. 61 8.36
Nd 24.1 17.9 32.1 22.0 20.9 20.8 30.4 34.5 31.1
Sm 5.17 3.93 6. 06 4.64 4.49 5.42 5. 68 7.12 6.11
Eu 1.25 0.99 1.47 1. 06 1.13 1.10 1.16 1. 86 1.23
Gd 3.91 3.44 5.05 3.75 3.52 4.44 4.28 5.69 4.95
Th 0.70 0. 60 0. 84 0.68 0. 64 0.81 0.73 0.95 0.81
Dy 3.95 3.22 4.22 3.69 3.70 4.70 3.75 4.56 4.22
Ho 0.90 0.71 0.95 0.89 0.89 1. 06 0.85 0.94 0.89
Er 2.69 2.04 2.72 2.62 2.76 3.12 2.60 2.72 2.49
Tm 0.41 0.29 0.42 0.42 0.41 0. 46 0.41 0.42 0.34
Yb 3.01 2.10 2.89 2.88 2.98 3.22 2. 84 2.97 2.41
Lu 0.47 0.35 0.48 0.45 0.46 0.51 0.44 0.47 0.38
Hf 6.52 6.19 7.23 6.22 6.52 6. 68 6.08 7.26 5.22
Ta 1.17 1.08 1.25 1. 16 1.10 1.13 1. 09 1.34 0.91
Pb 105 30. 4 35.3 42.9 105 43.5 22.0 35.6 41.0
Th 18.0 10. 8 18.5 16. 8 18.1 18.3 16. 4 19.7 12.3
U 5.83 3.52 3.63 3.50 3.86 3.72 3.30 3.16 4.28
T7.(C) 875 852 881 860 875 881 869 883 833
:Mg* =100% molar MgO/( Mg + FeO) FeO' =0.9 x Fe,05. T, ( Watson and Harrison 1983). LOI
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3 Nd
Table 3 Nd isotopic data for the gabbros of for basalts and rhyolite porphyries from the Minle copper deposit of Yunnan Province
Sample No. Sm( x107°) Nd( x10~%) Nd/"™Nd (20) Nd/™Nd (1) ena( 1) tpy( Ga) topu ( Ga)
BKH0902 2.79 11. 00 0.512741 0. 5125051 3.3
BKH0903 2. 66 10. 00 0.512733 0. 5124857 2.9
BKH0904 2.65 10. 20 0.512738 0. 5124964 3.1
BKH0906 2.41 9.49 0.512753 0.5125169 3.5
SJP0901 5.10 25.50 0. 512448 0. 5122620 -1.4 1.15 1.12
SJP0904 5.17 24.10 0. 512440 0. 5122405 -1.9 1.29 1.15
SJP0905 3.93 17.90 0.512483 0.5122789 -1.1 1.25 1.09
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