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Fig.1a, Sketch tectonic map of Tianshan, showing location of the study area (modified after Zu Zhixin et al.,

2006)(a) and Geological section map of volcanic rocks in Shawan, northern Tianshan(b)
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Fig. 2 Microstructure of volcanic rocks from Anjihai area in northern Tianshan

a— 08Y431 andesidic crystal tuff; b—08Y434 andesidic debris crystal tuft; c—08Y437dacite welded tuff; d—08Y439

pyroxene andesite; e—08Y441 crystal— debris tuff; f—08Y443 rhyolite, innotate fine grained texture ; Cpx—Clinopyroxene;

Fel—Fine particle felsic minerals; Kf—Alkali feldspar, Qtz—Quartz; Pl—Plagioclase; Pyc—Detritus
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Table 1 EMPA data (%) of clinopyroxene and plagioclase in basaltic andesite of Anjihai, northern Tianshan

P i
08Y439-1
08Y439-2
08Y439-3
08Y4394
08Y439-12
08Y439-13
08Y440-3
08Y440-8
08Y4409
08Y440-10
08Y440-11
08Y440-15
08Y440-16
08Y440-17
08Y440-18
08Y440-23
08Y440-28
08Y440-29
08Y440-30
08Y440-31
08Y440-36
08Y439-5
08Y439-7
08Y439-8
08Y439-9
08Y439-10
08Y439-11
08Y439-19
08Y439-20
08Y439-21
08Y439-22
08Y439-23
08Y440-5
08Y440-6
08Y440-19
08Y440-21
08Y440-24
08Y440-27
08Y440-34
08Y440-38
08Y44040

(A

PESAIEA
i)
i)
i)
i)
i)
)
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT
AT

Si0,
52.296
51.934
50.129
51.332
51.025
51.183
51.036
51.631
50.803
52.190
50.278
50.841
51.845
52.256
53.660
50.170
49.166
48.894
50.777
50.722
50.643
52.089
55.299
52.299
53.041
51.381
52.309
50.900
52.170
53.032
51.784
52.796
53.133
52.522
51.317
50.601
51.936
51.679
53.410
51.848

52217

TiO,
0.434
0.499
0.718
0.594
0.615
0.631
0.610
0.522
0.600
0.281
0.661
0.625
0.300
0.337
0.210
0.968
1.159
1.223
0.884
0.830
0.849
0.029
0.047
0.045
0.034
0.000
0.032
0.025
0.030
0.059
0.007
0.059
0.045
0.055
0.024
0.032
0.033
0.072
0.042
0.017

0.021

Al,O3
2.573
3.317
4724
2.959
3.227
3.392
3.099
2.899
4.628
1.845
3.331
3.217
2514
2.633
1.477
2.970
3.504
3.686
2477
3.072
3.128
28.961
27.102
28.576
28.465
30.173
29.655
29.730
29.252
28.856
29.170
28.520
28.835
28.727
29.601
31.090
30.260
29.039
28.026
29.947

29.824

FeO"
7.642
7515
8.933
8.832
8.645
8.840
8.782
8.557
8.195
9.246
8.835
8.861
5.950
5292
5.260
10.202
11.833
12.200
12717
11.627
10.147
0.858
0.720
0.863
0.781
0.706
0.753
0.728
0.808
0.938
0.881
0.790
0.730
0.839
0.781
0.679
0.798
0.988
0.960
0.882

0.791

MnO
0.191
0.195
0.169
0.241
0.235
0.215
0.171
0.203
0.182
0.289
0.225
0.260
0.099
0.105
0.145
0.206
0.290
0.352
0.351
0.301
0.309
0.010
0.000
0.000
0.028
0.009
0.013
0.009
0.020
0.017
0.034
0.025
0.024
0.010
0.009
0.005
0.000
0.078
0.038
0.007

0.000

MgO
15.954
15.547
14.452
15.074
15.079
14.680
14.977
15.474
14.734
14.699
14.808
14.979
16.087
16.363
17.557
13.990
13.231
13.283
14.245
14.416
14.140
0.167
0.088
0.132
0.101
0.147
0.147
0.107
0.158
0.145
0.148
0.178
0.137
0.100
0.151
0.111
0.162
0.210
0.170
0.165

0.155

CaO
21.341
21.658
21.167
21.580
21.426
21.218
21.232
21.301
21.153
21.680
21.108
21.359
22,674
22.691
21.933
21.286
20.954
19.938
18516
19.264
20.638
14.070
10.579
13.410
12.422
14.468
13.620
14.200
13.789
13.347
13.815
13.088
13.822
13.152
14.266
14.920
13.723
13.791
12.339
13.948

13.341

Na,O
0.219
0.252
0.337
0.236
0.252
0.242
0.254
0.235
0.35
0.239
0.311
0.294
0.273
0.241
0.174
0.272
0.311
0.357
0.243
0.237
0.256
3.601
5.058
4.060
4.140
3.506
3.835
3421
3.613
3.975
3.672
4211
3418
4.001
3.436
3.045
3.658
3.767
4.502
3.594

3.813

K,O
0.002
0.010
0.000
0.002
0.004
0.005
0.004
0.012
0.000
0.000
0.006
0.023
0.000
0.000
0.007
0.000

0.04
0.018
0.003
0.000
0.008
0.268
0.546
0.289
0.337
0.206
0.230
0.224
0.260
0.398
0.355
0.357
0.348
0.267
0.222
0.161
0.235
0.224
0.348
0.248

0.238

Cr,03
0.059
0.051
0.007
0.042
0.075
0.005
0.046
0.063
0.022
0.000
0.000
0.068
0.092
0.076
0.077
0.079
0.032
0.058
0.000
0.072
0.110
0.014
0.032
0.011
0.000
0.000
0.000
0.004
0.006
0.024
0.012
0.015
0.000
0.007
0.000
0.000
0.000
0.032
0.008
0.000

0.014

Total
100.711
100.978
100.636
100.892
100.614
100.426
100.233
100.905
100.696
100.469
99.563
100.529
99.876
99.994
100.529
100.143

100.52
100.032
100.232
100.541
100.228
100.067
99.505
99.712
99.362
100.612
100.632
99.348
100.106
100.794
99.878
100.039
100.492
99.706
99.814
100.654
100.813
99.897
99.851
100.656

100.414
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Table 2 Cation coefficients of basaltic andesite in Anjihai, northern Tianshan
si AP AP T" R R o Mg® R M G Na'
FE i (A =
T T Ml Ml Ml Mi Ml Ml M2 M2 M2 M2
Y439-1  BE&MEA S 1913 0.087 0024 0012 0052 004 0002 087 0.142 0006 0.837 0016 4.000
Y4392 BEAMEA 1896 0.104 0038 0.014 0.055 0.045 0001 0846 0.129 0.006 0.847 0.018 4.000
Y439-3  BEAMEA 1844 0.156 0049 0.020 0.090 0.048 0000 0793 0.136 0.005 0.834 0.024 4.000
Y439-4  BEAMEA 1885 0.115 0013 0016 0.085 0.060 0001 0825 0.127 0007 0.849 0.017 4.000
Y439-12  BEAG 1.878  0.122 0017 0017 0.087 005 0002 0.827 0.130 0.007 0845 0018 4.000
Y439-13  BEAAG 1.890  0.110 0037 0018 0.054 0082 0000 0.808 0.136 0.007 0839 0017 4.000
Y440-3  BEAMEA 1886 0.114 0021 0.017 0076 0.060 0001 0825 0.136 0.005 0.841 0.018 4.000
Y440-8  BE&MEA 1892 0.108 0017 0.014 0078 0.044 0002 0845 0.140 0.006 0.836 0.017 4.000
Y440-9  BEAMEA 1864 0.136 0064 0.017 0063 005 0001 0806 0.138 0.006 0.831 0.025 4.000
Y440-10 A 1930 0.070 0011 0008 0.061 0.111 0000 0810 0.115 0.009 0859 0017 4.000
Y440-11 B AG 1869 0.131 0015 0018 0.101  0.045 0000 0.821 0.129 0.007 0841 0022 4.000
Y440-15  BEAEG 1873 0.127 0012 0017 0.100 0.046 0002 0.822 0.127 0.008 0.843 0021 4.000
Y440-16  BEMAG 1903 0.097 0012 0008 0.085 0012 0003 0.880 0.08 0.003 0892 0019 4.000
Y440-17  BEAEAG 1911 0.089 0025 0009 0.060 0012 0002 0892 0.9 0.003 0889 0017 4.000
Y440-18  BEMMEAG 1948 0.052 0012 0006 0.039 0000 0002 0942 0.21 0.004 0853 0012 3.999
Y440-23 LA 1.869  0.130 0000 0.027 0.093 0.100 0002 0777 0.124 0.007 0850 0.02  4.000
Y440-28  JEFMG 1.835  0.154 0000 0033 0.123  0.108 0001 0736 0.128 0.009 0.838 0.023 4.000
Y440-29  JEFMG 1835 0163 0.000 0035 0.121  0.100 0002 0743 0.160 0.011 0802 0.026 4.000
Y440-30  JEFUMAG 1901 0.099 0010 0025 0.056 0.113 0000 0795 0228 0011 0743 0018 3.998
Y440-31  JEFRMG 1886 0.114 0020 0023 0.062 0.093 0002 0799 0206 0.009 0767 0017 3.999
Y440-36  JERMG 1.884  0.116 0021 0024 0.062 0.105 0003 0784 0.149 0010 0.823 0018 4.000
RO 45 Wo—En—Fs Kl (& 3—-a) BRUEA T AL AR SR CRED, LR
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B
.
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Fig.3 Wo—En—Fs diagrams of clinopyroxene (after Morimoto N., 1988)(a) and Or—Ab—An diagrams(b)
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#3 ERUREBHRRLEETFETE (%) SHE . HLTREAC)DPIHER
Table 3 Major elements (%), minor and rare earth elements (10) of volcanic rocks in Anjihai
area, northern Tianshan
08Y430 08Y431 08Y432 08Y433  08Y434  08Y435 08Y437 08Y439 08Y440  08Y44l  08Y443

LR 1L i e R i IS
FEf TR=ELE WMEH
i R R jt et e b e
Si0, 54.80 54.17 56.99 5527 58.59 68.54 6538 50.63 51.42 41.42 77.33
TiO, 0.38 0.42 0.39 037 038 0.72 0.69 0.77 0.75 0.76 0.16
ALO; 16.74 16.73 15.72 15.43 1429 14.94 15.68 14.62 14.63 12.82 11.64
Fe,03 237 2.66 1.83 1.19 1.82 3.60 4.64 4.10 3.17 298 0.15
FeO 465 5.06 5.53 575 471 0.45 027 445 4.94 275 2,51
MnO 0.13 0.13 0.12 0.14 0.12 0.05 0.06 035 0.30 0.24 0.02
MgO 515 5.06 486 520 459 0.45 0.69 443 595 420 0.89
CaO 6.69 5.10 3.89 501 4.99 1.05 1.18 10.54 10.06 1512 043
Na,O 2.19 253 1.62 358 212 557 256 205 215 1.92 127
K,O 1.75 223 232 1.39 334 320 629 1.32 1.24 0.63 2.54
P05 0.30 0.33 0.30 028 028 0.16 0.18 0.18 0.18 0.24 0.02
0" 3.78 426 420 3.80 3.40 1.00 1.86 2.14 322 478 232
CO, 0.73 1.41 217 268 1.66 031 031 429 225 12.42 0.39
LOI 3.90 518 6.07 563 426 1.01 1.80 6.30 474 16.71 228
Total 99.66  100.09  99.94 100.09 100.29 100.04  99.79 99.87  100.26 100.28 99.67
Mg* 0.52 0.49 0.49 0.52 0.50 0.55 0.18 0.43 0.52 0.52 032
\/CNK 1.57 1.70 201 1.55 1.37 1.52 1.56 1.05 1.09 0.73 275
FeO" 6.78 745 7.18 6.82 6.35 3.69 445 8.14 7.79 543 264
Y 12.70 13.00 8.77 10.90 12.60 30.70 41.80 20.80 20.80 20.40 79.00
La 5.80 571 3.70 503 835 27.10 41.60 16.50 15.70 15.70 46.60
Ce 11.10 10.80 775 967 16.60 44.10 79.50 33.60 3220 34.10 93.40
Pr 1.44 1.45 1.10 1.30 2.18 7.87 10.50 4.26 4.08 4.39 13.10
Nd 6.57 6.52 498 597 9.16 31.60 4120 17.40 16.80 18.50 53.90
Sm 1.71 1.67 1.32 1.51 2.11 6.39 8.04 3.81 3.63 4.04 12.00
Eu 0.55 0.54 0.43 0.53 0.68 121 1.66 1.09 1.05 1.09 224
Gd 232 225 1.73 2.02 272 6.19 7.95 4.25 429 420 13.20
Tb 0.32 0.33 0.26 0.30 0.36 0.90 1.18 0.60 0.59 0.62 215
Dy 226 224 1.64 1.99 237 5.79 733 3.78 3.70 3.67 14.20
Ho 0.47 0.47 035 042 0.49 1.15 1.53 0.79 0.76 0.77 3.05
Er 1.47 1.50 1.05 1.27 1.42 351 4.59 227 225 223 8.95
Tm 0.20 023 0.15 0.19 021 0.51 0.68 0.34 031 0.31 1.32
Yb 1.49 1.53 1.07 1.39 1.47 345 4.56 2.17 221 2.16 9.03
Lu 0.24 0.24 0.17 021 022 0.53 0.69 0.32 031 0.32 135
Ni 21.70 2240 33.10 20.70 26.80 847 7.58 31.60 36.20 34.30 4.42
Cr 41.00 47.30 85.50 39.90 63.40 16.00 14.70 74.00 94.40 79.60 7.40
A% 301.00 348.00 302.00 304.00 235.00 44.10 44.60 194.00 198.00 152.00 5.58
Zr 16.50 14.80 15.50 14.20 3550 432.00 495.00 121.00 117.00 151.00 507.00
Rb 49.40 74.40 75.90 40.70 73.90 80.70 205.00 33.30 26.80 2270 63.80
Sr 721.00 797.00 518.00 537.00 593.00 339.00 272.00 356.00 367.00 298.00 52.30
Ba 612.00 525.00 460.00 476.00 868.00 971.00 1310.00  460.00 478.00 192.00 308.00
Th 1.70 1.69 1.76 1.58 326 13.50 18.40 527 4.89 3.19 13.90
18] 0.76 0.63 0.70 0.68 1.17 437 541 1.59 1.51 1.04 299
Pb 85.50 519 10.50 5330 13.40 19.90 23.60 14.40 10.10 6.68 18.10
Nb 1.20 1.22 1.32 1.12 237 20.80 26.10 8.08 7.95 8.69 18.40
Ta 0.11 0.10 0.13 0.10 023 1.70 2.12 0.75 0.69 0.65 1.64

Hf 0.74 0.66 0.69 0.67 1.32 11.50 1290 3.66 3.59 4.43 14.70
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Fig.6 Chondrite—normalized REE patterns and primitive mantle normalized rare elements diagrams for
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&4 MYUE G 08Y-443) B LA-ICPMS 955 A U-Pb X £E
Table 4 U-Th-Pb composition of zircons in rhylite (08Y-443) as measured by LA-ICPMS

i il Pb M5ppEy 25pp2 7y
W et unot PPmAu PP £%  TPAU % PU 19 + +
I not AF# Ma AF# Ma

1 501 906 0.55 64.64 0.06 003 049 0.58 0.06 0.06 392 4 498 11
2 156 267 0.58 15.94 0.05 006 037 0.51 0.05 0.05 315 3 354 29
3 465 421 L1 39.27 0.05 003 042 0.49 0.06 0.05 357 3 350 8
4 142 269 0.53 13.91 0.05 006 035 0.67 0.05 0.05 306 3 298 26
5 697 1037 0.67 84.86 0.06 002 055 0.65 0.07 0.09 432 5 494 1
6 476 418 1.14 50.43 0.07 008 062 0.86 0.07 0.08 428 5 783 24
7 760 799 0.95 55.89 0.05 002 036 033 0.05 0.04 308 3 322 7
8 613 365 1.68 41.36 0.05 003 036 033 0.05 0.05 311 3 300 11
9 251 265 0.95 57.00 0.20 096 222 1976 0.07 0.02 420 13 279 80
10 131 407 0.32 149.64 0.16 006 665 8.76 0.30 035 1667 18 2490 6
11 111 279 0.40 143.94 0.17 005 935 973 0.40 040 2169 19 2554 5
12 599 851 0.70 284.55 0.13 007 339 3.46 0.20 0.14 1146 8 2056 11
13 312 316 0.99 24.18 0.06 004 037 0.30 0.05 0.04 309 2 433 17
14 91 61 1.50 58.52 0.17 006 938 112 0.41 048 2202 22 2528 6
15 280 326 0.86 2191 0.05 005 037 0.46 0.05 0.04 310 3 361 23
16 477 684 0.70 52.39 0.06 002 041 0.38 0.05 0.05 337 3 454 3

B R 9 U A 95 I MC—1CPMS SE 56 % 52 1, T
i %% 4 Finnigan Neptune % K 5 Z B & 1Y
Newwave UP213 #OGR I R 48 WOGH b BE R 512
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U.Th & & L M127 (U=923x10"° ,Th=439x10"°,
Th/U=0.475)PN MR AT A IE | 25 R L3R 4,

AR FE L& — DU LA (08Y443) FE i I i 75
A B LA-ICPMS U—Pb M4 0 T 16 85 A,
Wb/ U AR 4 4 (10 ):1146~2202 Ma (4
1) .392~432 Ma (4 1) .337~357 Ma (2 1~ ) Fl 306~
315Ma (6 4™, H i 28 — 41 85 41 Jr X4 BE (9 7Pb/**Pb
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Table 5 Sr, Nd and Pb isotope compositions from volcanic rocks of Anjihai in northern Tianshan, Xinjiang

B 5 08Y430 08Y431 08Y434 08Y435 08Y439 08Y440 08Y441 08Y443
RbX 10" 51.23 73.28 75.63 78.12 31.84 27.81 19.75 59.92
Srx10° 730.6 802.7 603.7 3415 352.6 368.1 302.5 48.52
$Rb/*Sr 0.2075 0.2699 0.3672 0.6753 0.2475 0.2148 0.1861 3.638
St/ St 0.707823 0.707828 0.707836 0.709105 0.707825 0.707816 0.707796 0.720814

1s 6 9 10 8 7 8 6 12
€ Sr(0) 472 472 474 65.4 472 47.1 46.8 231.6
e Sr(t) 39.4 355 29.6 283 36.9 38.8 40.3 8.9
fRorsr 151 226 3.44 7.17 1.99 1.60 1.25 42.99
(&7st/*sr), 0.70691 0.70664 0.70622 0.70613 0.70673 0.70687 0.70697 0.70476
Smx 107 1.824 1702 2.308 6.402 3.914 3.502 3.995 11.85
NdX 10 6.613 6.714 10.09 32.35 18.11 1536 17.97 51.89
WSm/"Nd 0.1651 0.1567 0.1402 0.1226 0.1308 0.1425 0.1339 0.1386
WNAMMNd 0512523 0.512518 0.512516 0.512511 0.512513 0.51252 0.512516 0.512527
Is 8 7 6 9 8 7 9 8
e Nd(0) 22 23 2.4 2.5 2.4 23 2.4 22
e Nd(t) -1 0.8 0.1 0.5 0.2 0.2 0.1 0.1
fomm -0.16 -0.20 -0.29 -0.38 -0.34 -0.28 -0.32 -0.30
(Nd/M*Nd), 0.512188 0.512200 0.512231 0.512262 0.512248 0.512231 0.512244 0.512246

Ux10° 0.6927 0.6107 1.206 4219 1.634 1.498 1.116 3.116
ThXx10° 1813 1754 3.378 15.16 5.318 4.937 3.224 1455
PbX 10" 86.71 5372 14.22 2023 15.17 9.871 6.819 19.03

206pp/2¥Ph 1830125 18295427 18284423 18257426 18263+31 18224423 18.306+30 18.312425

pbMPb 15903421  15.887£24 15856425 15751428 15749426  15.881423 15841429 15857422

28pp2¥ph 3881323 3878625 38.805+24 38749420 38.703+£26 38.748+23 38.648+29 38.749+25
(%Pb/**Pb), 18272 17.884 17.977 17.505 17.875 17.676 17.715 17.7201
“Pb/**Pb), 15.902 15.865 15.840 15.711 15.729 15.852 15.810 15.8259
(*Pb/**Pb), 38.789 38.413 38.534 37.895 38.304 38.177 38.109 37.8755

(ANT14), 42.98 43.58 40.02 32.29 30.00 4451 39.86 41.40
(L\8/4), 107.11 116.42 117.19 110.45 106.61 117.99 106.40 82.49

(ASr), 69 66 62 61 67 69 70 48

2 (7St/%Sr) e =0.7045,

0.512638, Sm/"“Nd=0.1967, [AI{ & IE4F#=310 Ma,

("Rb/*Sr)qur =0.0827, 45, =.0000142Ma ™', 4 \y =0.0000654Ma ~', ""Nd/"*Nd =
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AR B R K L v 1 DX A At K L R A 2 R AR IR S 881

EHEIN N VS r i

O A A AR IR L (39244)Ma | (420£13)
Ma, (428+5)Ma #l (432+5)Ma, Th/U 1B 5514
0.55.0.95 .1.14 F 0.67, % = 20 % A1 (7 4 05 4 45 .
(337+3)Ma, (357+3)Ma , Th/U LA BT & K 1.10;
JEHE R 010, W58 X & | LA i gt a AR R
e Rt AR s A LA, Tz ER LR
R ESE R 1 392~432 Ma 1 337~357 Ma
P 45 A AR IR AR T R 5 K LA R IR A IR e ik
20— R 2 A G

55 DU ZH 85 4 AR I AL 4 . (306+3)Ma , (308+3)
Ma. (309+3)Ma. (310£3)Ma. (311+3)Ma. (315+3)
Ma, Th/U HH 43 %1 8 0.53.0.95.0.99 .0.86 .1.68 .
0.58, FIA (306~315 Ma) &5 A1 U—Pb 4145 & (&
7) WAL PPhb/AU INECE B AR S (31042)Ma
(MSWD=1.06) MM 8UA 45 AR IS, ZAF IR 54
X WA )7 B B IEBCE | TSR K S Rk
LB T8 2 45 K s 2 0 B 3 A — 3, 5 b ) 1
B RS R M ) TN KA B A 1 SHRIMP U—Pb
AFHE (308.225.4 ) Ma™ A X B, A B F P4 00 EL 4 3 g
SR (344.013.4 Ma) FIRFK I8 K &
(324.8+7.1 Ma) Y AF #4221

7 Sr.Nd #1 Pd [6{v = H54E

Rb . Sr.Sm . Nd .U, Th Fl Pd & &t S H [Ff7 % L
B AE P 5 K2 BAR 3 B O TR 67 28 5 33 3 0 3k o
B, B VG354 [a 47 2 BTk A | S8 4[R]3 A o
531K FH NBS987 Ml La Jolla, LA ¥Sr/%Sr=0.1194 4
FRUEARAE , I75 ¥Sr/%Sr =0.7102367 (brifE 0.710340+
260), LA "Nd/"Nd=0.7219 Fr#fEfL, W15 Nd/
Nd =0.511864+3, Ml NBS 981 Pb Al E bR,
2ph/2MPh =16.941 +8,Pb/™*Pb =15.487 +11,”"Pb/
2ph=36.715+9, M & (E 4 LA NBS981 #E 17 b i fL
iE, WEUA R LA-ICPMS 54 U—Pb %4 (309+
2.2)Ma, K H 310 Ma £~ Sr Nd .Pb [FIfi R H] 1H4F
i AR 5,

A IE SRR RS E S AR, &
FEXTR Y N 7472 M BRAb 22 R AR, 22 1L 5Tt IS
WA W3 T o T K S R 28 S0 5 8 I
1) (7St/%Sr), 43 Bl A 0.70664 ~0.70691,0.70622 Fl
0.70613, & Nd(t)73 51 F—1.0~—0.8,-0.1 il 0.5, X &
o E R B B (Se/%Sr), 43 BN 0.70673~

0.70687 F1 0.70476, ¢ Nd(t)7 3120 0.2 F1 0.1, & Sr(t)
HER I EBCE Hy 8.9 Fb, HAMMESL T 28.3~40.3 Z [H]
Wit BUA 1 (TSt/%Sr), F e Sr(o)1H 5 HAh A A U] B A
A, R BEAE Rb A Se & 1 iy 22 1) 1, A RE 5 i AR A
A R R e BGR ER 858 | Se A AN TG L H Rb
HIEIE R P s T Rb & = W TS ik AR
B R R A R B 45 Bk K e, i1 T
PARBESR A JCINRE S A s T R E R SR A
T 58 A B A A G, K I T (PNd/MING),, E
UGS EE IR A F i i o 0.512262, % 15T JE
BE KA K, M 0.512188~0.512231, Z ik % 1
M 0.512231~0.512248 , L 80 % N 0.512246,Sr \Nd
[A) 37 ZE ) 4 e AE 20T T Parana b X K [ 68 i &
B (YSr/%Sr=0.70468~0.71391, "*Nd/"Nd=0.51221~
0.51278)1 ) BRILEUA (FSr/*Sr), 1H. (0.70476 ) /NI
PR M T PR JCILA 1 Se Nd ) 6 18 2 B AR 4 1Y
—FPE | SO T AR XKLL A SR TR T | TR
AT S BRI GRE T 3R s v A ik 19 14
(K 6) T LAIA M i 8CH B LILE (Ba ., Sr) Hi £k [R] H A
HAMIAE X, H s & ARG, BLW B 32 B
Rk R AL T Sr fERBUE iR Bl T i, 5 IR F]
ARDXCKIAR ¢ Nd@HE T 0,Nd Sm 52 it {4 5%
AR/ DRI U SO 1 (7Se/%S), B0 R AR T oAt A
R RE R TAAAE AR, ¢ Nd(©)— (Sr/*Sr)e Kl fi
F(FSr/%Sr),— (Nd/“Nd), EIg T BRISCE Sb A X
Jl A #% #) DM HIMU BSE FTEM T #% 24k I
(K8) Jf#arm T EMIL, —MetEoLT | w At S 10
VR G EMIT 5 B3R bl b5 A SR 406 R P

A X KA (Pb/2Pb), =17.505 ~18.272,
("Pb/*Pb), =15.711 ~15.902, (**Pb/**Pb), =37.876 ~
38.789, Z B LI | e oM 45 B I e I B0 1Y
(“Pb/™Pb),. ("Pb/*Pb), Fl (*Pb/*Pb), 7 Il K
17.676 ~17.875.17.505 #l 17.720;15.729 ~15.852
15.711 F1 15.0826;38.177~38.304 .37.895 Fl 37.876,
FR Y% Hart(1984) 3 i3 — 41 5040 b 35 B I 25 2 IR
FE 2"Pb/*4Pb *®Pb/™Pb Fl USr/¥Sr S H , I 4l A
AT7/4, A8/4 FIASr Ron o (A7/4).. (A8/4), Fl
(AS), 77 3MCER 310 Ma B (7Pb/2*Pb), . ®Pb/>Pb),
U (7Sr/%Sr), B R HAH , (A7/4)=[C"Pb/*Pb)—(*"Pb/
24Pb), X100 ; (A 8/4)=["Pb/>™Pb)t—(*Pb/**Pb), * | X
100 1 (ASH)=[(7Sr/*Sr),—0.7] X10000, H H1 (*7Pb/
2Mpb),* =0.1084 (*Pb/*Pb)t+13.491, *Pb/**Pb)t * =
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0.5126 [

B8 bR (7Sr/%Sr),— & Nd(e)HH & & (R 45 Zindler and Hert, 1986 )(a) 1 (7Sr/%Sr)— (“*Nd/"*“Nd), &l fi# (HR I Hugt
R.R.,1994)(b)

DM— 77 i i1 ; PREMA—J5IG M i, BSE—HIBR G 7 EMI— 1 B 5T R Habdd; EMIT— I 2L S b, HIMU— 539 55 >U/2Pb M iéd
Fig.8 Plot of initial (*Sr/*Sr),— & Nd(t) of volcanic rocks in northern Tianshan (after Zindler and Hert, 1986)(a) and (*Sr/*Sr),—~
("*Nd/"Nd), diagram (after Hugt R. R., 1994)(b)

DM~Depleted mantle; PREMA—Primitive mantle; BSE— Bulk Silicate Earth; EMI— | —enriched mantle;

EMII- Il —enriched mantle; HIMU:—exceptional high 238U/204Pb mantle

1.209 (*Pb/>Pb),+15.627 (t N 310Ma I 1Y{H )7 15
BRI BUA (ASr) =48 Fb , HoAb SIS 1 (A7/4), R
30.0~44.51, (A8/4), N 82.49~117.99, (ASr), N 61~
70, 2 DUPAL # & F#1E . ¥Sr/*Sr>0.7050, A8/4>
60, A7/4 f =

8 I

8.1 ARBELURBERMR

Z %A MgO=4.4%~5.6% (Mg#=0.52~
0.59) , Cr=74.0x107~94.4x107°,Ni=31.6X10"~36.2X
1070, V=194x10"~198x 107, B 1% T~ Mty & AT 75 AH
ST (0 A6 IR 1B R R L R R R
S THE R EAER L, IR R K B
SiO, &I, kol 5 4 R (K,O+Na,0) & i 8
WM, CaO \MgO \FeO™ W 18 /0 |, TiO, 5 FE AR FE
IRy % 5 Nb Ta  Ti fl P, % K Rb.U.Th,
Zr A Hf, & Nd@ofEE T—2, K& A # Lo R
P AL 1 e i T 28 ik X T il Ze A B AT, R W
KO TP BUE R KB L IR A R
Yy, 1L 0T b i I e RN L T T o T B I
T ICE AR MEA I LA B AT, AR RIS AR K
S b SR R (AR R AR KL A O T
F IR MEAL IR 1 R on R M4 5 a4
W sE W4 HT# W LILE (K \Rb.Sr.Ba) & Pb
) 7 & B & & F J5 &  HFSE (Nb ., Ta . Zr Hf REE)
&N E#, TRER M T AL E S PR A

S s 20K AR 45

S Ll 1 b R Ak 2% RN )0 3R b Bk Ak 2
BE, BE X Hl A R DM AR A A R, HE R
P A 7 b i ) AR TR e s SR A1 AR 25 5 el A2
A 9 [ 2R 2H B0 s G SCAE (2003)HA R A 7
b2 5T, e Nd (0 >0; 2k A Hi 5280 4R AL
MR YR, e Nd()TE<0; ¢ Nd(oEHZE T 0, %W
Yok A BRORL B A R A S 1 SRR g AR XK R
L PR TR AR KCE IR SUE 1 ¢ Nd(o) T3
E 5028 0.2.0.5 F10.1, % 115 b JiE 58 K A A 1L
B BB ST e Nd (0 FYIE 58 -0.9
F—0.1, KL A e KT 0, RBAS X K 1L 4 0K
AT RER A BRORLBR A K 7 5 19 J 4 b

22 B A A B Mg IR Y 1 K b X A B Ny
La<1,T15—fk & Nd 8 (<+2) F1H 51 9Sr/%Sr [
18 (0.704~0.707 ) , J5 fy Hbu 88 A o 4K 19 (Th/Nb) B K
T 1SRRI A2 M ST TR e F R KB X A B
B 1 (Th/Nb)y fH (>>1) , 8K & Nd fH (<0) Fl
BRI TSr/%Se LA (>0.706)0, AR X Z 2 7
("St/%Sr), =0.70673 ~0.70687, ¢ Nd =0.2,Nb/La =
0.49~0.51, (Th/Nb)x=5.09~5.40, FA X LRIl
EWIUR A H A2 B T Mo F A Tl b iy o (TR e
LR Z WM Zr/Nb=14.7~15.0,La/Nb=1.97~2.04,
Th/Nb=0.62~0.65, Th/La=0.31~0.32 , #% it F K fifi H
FEHPE B (16.2.2.2.,0.44 F1 0.204) 69 [F]FE 1R
Rl 7 ) Joe R G AE T
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PR SUR AN, LA 1 B A 2R ) 4R A (TSe/
%Sr), N 0.70613~0.70697 , ("Sr/*Sr), — & Nd (t) Fl (“Sr/
%Sr), —("*Nd/"Nd), Elfig (K 8) th, kil i T
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("Nd/NA), P K T T EMI AT EM TR & /Y
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WA 4% 3] DUPAL M5 5(A7/4), 1 30.0~44.51,
(A8/4)t H 82.49~117.99, (ASn)t N 61~70, H A
DUPAL 5 % FEAE  (YSr/*Sr>0.7050, A8/4Pb>60,
A7/4Pb i) —3, DUPAL 5% /& H Hart(1984)
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Fig.9 (*Pb/*Pb)—("Sr/*Sr), and (*Pb/*Pb)—("*Nd/"Nd), diagrams of volcanic rocks (after Zindler and Hart,1986)

16.1T
(a)
2159
o)
[a W
S 157
3 DR BN )55 © 087430, 431
R :1) SIS o |B 08434
Q ;‘l g “PREMA O 08Y435
~ L A 087439, 440
13 o © 087443
15.1 : . . . )
15 16 17 18 19 20 21 22
206
°°pb/2%%b) «
10

Fig.10

(b)

38

37

206
(

Pb/%%%Pb) ¢

(*Pb/Pb),—("Pb/**Pb), Fl (**Pb/™*Pb)—(*Pb/**Pb), [Fl {i 2 #H ¢ M1 £k (A4 Wilson,1989) NHRL
FRALF RS I A B (R Hart,1984)5 DUPAL 57 51 H (Xia,2005 )2
(**Pb/*Pb)—(*7Pb/**Pb), and(**Pb/*Pb)t—(**Pb/*"Pb)t diagrams of volcanic rocks(after Wilson, 1989)



884

Hi J 2011 4F

N

-
or

i ES

R A ZE b BR b 2% 34 3R IR [R) VR 5 3K 45 o A S+
R, R AW iR 5 K T2 ok B 30 Rl b e (S,
WA ) A KT R IR A2 5T A A P b T
PR/
82 KIIFEMHEETSMMRENX

G X KIS LA B e B IR g S E
K E (08Y —430~433) Fll 77 )& i JB & K F (08Y —
434) 1 SO, Bt B AR A S F 2 0 35 fin im 3 oK
P JE B 65% L b AR A A R A 4]
B, A T Si0, B A3 A T L L (]
4), ARATBEH T2k A W —AN 59 5 0 O S 1 1) it Js
A5 R 1 2 T e O & i A v AN SR A
TR 5 AR LR T R | i AR 7 KL
F2 5 S A0 7 R A O R A0 R v i o L 2R (3R
B IEEEEEIK G — LR B WA MBUH—> X% 1
) AR RN T Y O e S L Ay 5 g
v HEVE RN R T o o B ALY A3 R AIE

A AF (2000) 48 HOBUEE KL S S — A
SR Sio, T B A mAE WA X ], ]
FEAE—E AT R KA R, AT R REUE - X
RAHG WA U X — s s 8Ca - ik
HUA MR BE T KRR PR KGR
IG5k 3 LS hrk N DR R I IR B 4
7 RO R R 1 R4 R A XKLL Y R AR T
HAR B X R A RS M B mmscs, HA M
HRARE A SR EREDNZE PiE
FLA MU T 2R I Nd R 7 R FRAES AR Xk
1N B (TN S DR R4 G a2 s A A v = ) QI
arhmaraE ML R Z A S E YA iR
AR+ TR R Nd R BRI E 455
FEITE BRI (K 5) PR ME S Skl
EAEAE A S0 B0 (B T AT R S U R
WRZ AR E % K Rb Zr Fl LREE, Zr/Nb=14.7~
15.0,Z1/Y=5.6~5.8, ¢ Nd(t)=0.2,Nb HA A [ & 1
TP, SR TR BB 0 PR B Y SRR

KM A5 (2007 )N Ry K 2 HOEVERE 1) Nb |
Ta F Ti 550 & 762 B M 5T IR YL it 2 A 02 | Ze
Ay W& EWEA ZKsgm, B F A& A
Nb Ta Fl Ti JC % (9 % 2K F A4 i 0 358 4] 5 14 i | A
AR AR b DX I 2 3K 2 1 32 K i b 56 580 1 Pl
YR Y KB 2 i T Ze S A Ze/y HOAE D AT
DI, FFR T B RAE Sk LR

=

R Zr &1 (<130x107°), Zr/Y HAE (<4) FERAE
T A Bl 2 3 AN A R 5 A2 3] Ml e o A P b i VR
o HAE®ENE Zr 8 (>70x109)F Z/Y b
H (>3), AXZRZUAMN Zr T 117X10 7~
121%107, Zr/Y HAE K 5.63~5.82, n T 77 T4
PR EREE T 1) KB 2 2 R

FANARE R UL | M 0B 7R B 335 LR 23 1l b 5 31X
Rttt kA RS TIRME (ATFER a4 ALK
FIHT A 5 R B ) 52 )32 1 A BB e ke
R AR R AR R S AR B R R
ANEES 2N 8 il AR B PA EE RR A=, HEWT
AR AL G N ) FE R A R A A R
JAGREAET I IZ 2R MR R SR T A
X Wkl (IR PLEE B PR kR AT R L
B JR & RORI T 10 — S W RE A 45 ) PO RO S 5 1
AR ) WaA S LR S HZE B R g SR
FE O R RS YAr—CAr IS T R
it AT U DAY B B Y L BRI g S AR
HR A5 U 5 V) e 2 v e i M SO AR B MR A
<3 5 I 4 A0 AF I8 43 0 (344£3.4) Ma Fll 324.8+7.1
Ma, TA Ry DA 78 e 2 o AR 3R A A R L g 2
o BT R et e R A O TR M A K
(autochthonous ), WEZRZ H I FEPEIE 75 4 2ok H K
Uit Rl A b o A i A AR A L, AGER T KRR Y
PR ARSIV RE e I (NI L 5 o e 1 i)
— R R SR A P R BOR R B I —1l 2
PSS I WS LR 2l a0 A, S s i ok mlik
TPAT R PR OE JIUAE I D A B OR AR 4R
<5, 424.5+2.6Ma) PV E) L 2 E (2 B S% 1L A
AR, 28547Ma) P A 7 ) H b bk B A B A
it R P A ) 7 T e A A R ) e R Y
BN EE Mo BR Y FE G RL 0 | 38 B 23 b v s A4 A
YHEVES R 4 b =y AR A3 ) b 1) R IR ep R 1L R L
WZN, PSR AT AR R g | P RBAE 250
km PLFIEATE—# 8 [ pig JRF e 1 e 34K 1] g2
Wty A AR A RIS AR R 1R AR

HR A A XKLL A TE i T R Bl Al 9 A R 85 | B
TEUA A LA—ICPMS U—-Pb E# 8 (310+2)
Ma, 275 £ 1 K Ll b FB e vy A= 4 T Rl 14 44 125 i A A5
3 B A AR PE Z Gl N ) [l i R o | A
G, FEd R I b S W A fHE & & — 450 ik AR
PO A Bt AR AR T R S T 5 H TR bR e R



ERTEGN W

A B R K L v 1 DX A At K L R A 2 R AR 3 B R S 885

PRUL, B0 Bl P ot i L3, = S5OR L AL R HICHT 3 X F
e ik 475 I LA B 5 A g e O AR Y £ L
PNITE 5 e = WP/ 31N W NE S DE N
B DR L g ek s e SR A kK b
WEL I T G — IR, B A P el Ao £
FECT VI K LA IR,

9 45 i

(1) B AL R Vb il F 2l & ik il
PR B A A OIS AL, KL & TP i 8CA fr L
Gl By e T REA R LA A X K L
2 [R5 IR 45 f o S 00 =

(2)TMBCHNES A1 LA—ICPMS 1 U—Pb %0
(310£2)Ma, Z R A B S @A, AN EE R
KA B A A kA, DK A,
T A7 BAE it 4 0L B2 R0 7 43 301 R 1176.4°C ,4.13 kpa,
24T 16.7 km WIIRE

(3R XK IZETE BT A NP oA | X e
TG A RO Ok H RO B T I R b R
FI) 5 A VB s AR i 1 T M TR Y W A B 2
i T 17 km 2247, SO TR YL 0 KB % B A KA
b b TE SR8 B Y R AR A BE A S B R S
Pk PRI FE R R,

Bt . v [ b SRR B b T A 5 T R TR A
B Y EMPA 3 [ 5 0 0 5 Bk
I EME TR, R A A A G [
BT A 52K Sr Nd Pb R K, o R
B 7S BRI MC—ICPMS 256 28 I3t 58 085 A1
LA—ICPMS U—Pb E4 FEM S 5 E B TSY
B SR 2R IR R A A AT T A 2R
T, v b 5 R 2 (b ) 1 g G O T A A
it 35 B A AR FR 03 SCHRBERE, SR AR5 51 Ak i
BRI B AR B T R SR E R L, TR
— IR

S % ik (References) :

(1] B e, VAMEDE, 036 B, 5. BT SIIL 3 B 3L4B I KM ).
AU M RRAE, 1992:1-171.
Xiao Xuchang, Tang Yaoqing, Feng Yimin, et al. Tectonics in the
North and Nearby Area in Xinjiang [J]. Beijing: Geological
Publishing House, 1992:1—171(in Chinese).

[2] BEAYr, BHLAR, e X, 55 RIDA LR KBCE S 51 AE]).
HTE 4R, 2004, 23(9/10):903-910.

Xia Lingi, Xia Zuchun, Xu Xueyi, et al. Carboniferous Tianshan
igneous megaprovince and mantle plume [J]. Geological Bulletin of
China, 2004, 23(9/10):903—910(in Chinese with English abstract).
[3] RNz, 220 S0, BT, A5 LR L AR BE B Ay Ll 20 g i ek
2 R AE BB A1 1 U—Pb 4RI )], & A1 53R, 2009, 25(04):901—
915(in Chinese with English abstract).
Su Chungian, Jiang Changyi, Xia Mingzhe, et al. Geochemistry and
zircons SHRIMP U —Pb age of volcanic rocks of Agishan
Formation in the eastern area of north Tianshan, China [J]. Acta
Petrologica Sinca,2009, 25 (04):901-915 (in Chinese with English
abstract).
[4] 2R, BOARYT, EAHAE, A5, ARG LR Sl i bR A 2 45 A A
T 38 R[], P AL R 2= A 4R (A R B ERR), 2007, 37(1):134-139.
Li Xiangmin, Xia Lingi, Xia Zuchun, et al. Geochemical
characteristics and tectonic environment of Qieshan Group volcanic
rock [J]. Journal of Northwest University (Natural Science Edition),
2007, 37(1):134—139(in Chinese with English abstract).
[5] AR, Laxog, Wb ar, 45, B A ab (R BOR A s ik s
HbERIE 2 B AR 3 38 S0 ). MR (AARBLE), 2010,
46(4):30—41.
Tian Liping, Wang Jinrong, Tang Zhongli, et al. Geochemical
characteristics and tectonic significance of early Carboniferous
volcanic rocks in eastern Bogda mountains of Xinjiang region [J].
Journal of Northwest University (Natural Science Edition), 2010, 46
(4):30—41(in Chinese with English abstract).
T, BUEN, KD, A AR I R4 WU K A H B AR A
255 Sr—Nd—Pb R4 2R H R Ak 2= RFAE )] 6 A 22412, 2006, 22(05) ;
1215—1224.

[6

Wang Yinxi, Gu Lianxing, Zhang Zunzhong, et al. Geochronology
and Nd —Sr —Pb isotops of the bimodal volcanic rocks of the
Bogda rift[J]. Acta Petrologica Sinca, 2006, 22(05):1215—1224 (in
Chinese with English abstract).

FRE, WU, KB, R R A7 et R A SK BRI SUA
Sr—Nd—Pb [A] iz R M BR AL 22 WF 58 []). 5 4 F 4, 2007, 23(7):
1749-1755.

[7

Wang Yinxi, Gu Lianxing, Zhang Zunzhong, et al. St —Nd —Pb
isotope geochemistry of Rhyolite of the Late Carboniferous
Dashitou group in eastern Tianshan [J]. Acta Petrologica Sinica,
2007, 23(7):1749—1755(in Chinese with English abstract).

EOMIr, sk, ZALAR, 2 Ko AR | A IR
AR —of AR ELAL A 540 K Ll I E A (7). S5 4
2002, 21(2):55-62.

=

Xia Lingi, Zhang Guowei, Xia Zuchun, et al. Constraints on the
timing of opening and closing of the Tianshan Pa leozoic oceanic
basin: Evidence from Sinian and Carboniferous vol canic rocks [J].
Geological Bulletin of China, 2002, 21 (2):55—62 (in Chinese with
English abstract).

[9] #2F SC, EOMRHT, sk IEfh, 45, N A7 540 T Mot 28 76 % 1Lk 3 i A
R[], BT, 2002, 20(4) :338—341.

Xu Xueyi, Xia Lingi, Zhang Guowei, et al. Maangiao formation of



886 T E i Jit 2011 4F
Lower Carboniferous and its tectonic evolution of Tianshan [17] mA Ak, FEATEE, R — A, 55 Kol e i i 5 38 b 4 o).
mountains [J]]. Xinjiang Geology, 2002, 20 (4):338 =341 (in Chinese At M A, 1995 1-284.

with English abstract). Gao Changlin, Cui Kerui, Qian Yixiong, et al. Tectonics of

[10] £, & RF, Cluzel D, 55, Bt B84 e 4l k1l A s ek ik Tianshan Microplate and Northern Tarim Basin [M]. Beijing:
2R B o BT (). R LT, 2006, 33(3) :498—508. Geological Publishing House, 1995:1—284(in Chinese with English
Wang Bo, Shu Liangshu, Cluzel D, et al. Geochemical abstract).
characteristics and tectonic significance of Carboniferous volcanic [18] Tang G J, Wang Q, Wyman D A, et al. Geochronology and
rocks in the northern part of the Ili Block, Xinjiang[J]. Geology in geochemistry of Late Paleozoic magmatic rocks in the Lamasu -
China, 2006, 33(3) :498—508(in Chinese with English abstract). Dabate area, northwestern Tianshan (west China):Evidence for a

[11] SBHE, A 7K W BT 5507 U5 EL 3 me A 2k 40 K L A A 2E RT R M tectonic transition from arc to post —collisional setting [J]. Lithos.
BRACSAWRSE ). B T 241, 2006, 12(1) :62—73. 2010, 119:393—411(in Chinese with English abstract).

Guo Xuan, Zhu Yongfeng. Petrological and geochemical [19] BBAk Sy, ) A, BT AL K i I Vg g o 0 b BT AR AR )], A A
characteristics of the carboniferous volcanic rocks, south of the 2241, 1989, 2.76—88.

Xinyuan County, Xinjiang [J]. Geological Journal of China Wu Jiyi, Liu Chende. Geologcial feature of Bayingol ophiolitic
Universities, 2006, 12(1):62—73(in Chinese with English abstract). suite of North Tianshan, Xinjiang[J]. Acta Petrologica Sinca, 1989,

[12] IMARAE, 236 05 25, B sy v 0 45 g R 75 I 21 2 ik 2:76-88(in Chinese with English abstract).

L M BR AR A R AIE . 2 A PR R 38 15 SR | R & 5 R [20] Xia L Q, Li X M, Xu X Y, et al. Petrogenetic evolution of the
W2, 2007, 31(3):372—379. Bayan Gol ophiolite —Geological record of an Early Carboniferous
Sun Linhua, Peng Touping, Wang Yuejun. Geochemical “Red Sea Type” ocean basin in the Tianshan Mountains,
characteristics of basaltic andesites from Dahalajunshan formation, Northwestern China[J]. Acta Geologica Sinica, 2005, 79(2):174—
southeastern Tekesi  (Xinjiang) : Petrogenesis and its Tectonic 192.

significance(]]. Geotectonica et Metallogenia, 2007, 31(3):372—379 [21] T 3, B ZbRr, A JER B g gk R AR R
(in Chinese with English abstract). AT SHRIMP I 4F J b T 58 (). M BT i8 3F, 2005, 51(5):523—

[13] XU, 25K 25, E/NRI, A PH KB 5 1 8l — il A 2k L v 4 527.

Je 1l M BR AR 2 RRAE S K i 0 Ul B Hh ST, 2006, 24(2): Xu Xueyi, Ma Zhongping, Xia Lingi, et al. SHRIMP dating of
105—108. plagiogranite from Bayingou Ophiolite in the Northern Tianshan
Liu Jing, Li Yongjun, Wang Xiaogang, et al. Geochemical Mountains [J]. Geological Review, 2005, 51 (5):523 =527 (in
characteristics and tectonic environment of the Yishijike formation Chinese with English abstract).

volcanic rocks in the Awulale area of western Tianshan[]]. Xinjiang [22] T 3, AEm R, Sy, A QBRI iR g g a I R T R
Geology, 2006, 24(2):105—108(in Chinese with English abstract). ettt ok AR S LA— ICP MS #5471 U—Pb 4FE IR A UESR []]. b 5T

[14] EAAYT, A, Ry X % RIDRABX A rL—F &t 41,2006, 80(8):1168—1176.

%\’J(LU%%EEE[EU] PadbHb T, 2008, 41 (4):1-68. Xu Xueyi, Li Xiangmin, Ma Zhongping, et al. LA —ICP MS
Xia Linqi, Xia Zuchun, Xu Xueyi, et al. Petrogenesis of zircon U—Pb dating of gabbro from the Bayingou Ophiolite in the
Caboniferous —Early permian rift —related volcanic rocks in the Northern Tianshan Mountains [J]. Acta Geologica Sinica, 2006, 80
Tianshan and its neighboring areas, Northwestern China [J]. (8):1168—1176(in Chinese with English abstract).

Northwestern Geology, 2008, 41(4):1—-68(in Chinese with English [23] Lo, BPRAE, Vrakide, & RINAEHS A 5 28 50k vl s — s BE L
abstract). Fr—E Nb S IL R T 6 3 Ll 2R i M 5E 3 2 5 5 4

[15] bk, VG b 5T s 7 it 43 Jm 55— 3t I3 R B K L 201 G kL Rl BT B X)) A AR, 2006, 022(01):11-30.

e B AR — 3 2 e R R Al M R 2 A R (R, 1963:1-99. Wang Qiang, Zhao Zhenhua, Xu Jifeng, et al. Carboniferous
Zhong Lin, Tianshan Group of the Third Geological Brigade adakite—high Mg andesite— Nb—enriched basaltic rock suites in the
Xinjiang Substation Westnorth Bureau. General Geological Record Northern Tianshan area: Implications for Phanerozoic crustal
of Mote River —Manasi River Ultramafic Rocks Belts in north growth in the Central Asia Orogenic Belt and Cu —Au
Slope of Northern Tianshan, Xinjiang [R]. 1963:1 =99 (in mineralization[J]. Acta Petrologica Sinica, 2006, 022(01):11-30 (in
Chinese). Chinese with English abstract).

[16] &F KA, SBA M, AR, 5. K1l b X fif 5 J5 #4355 25 101 [24] Wang B, Shu L S, Cluzel D, et al. Geochemical constraints on
). @R B 2R, 2004, 10(3):393—404. Carboniferous volcanic rocks of the Yili Block (Xinjiang, N'W
Shu Liangshu, Guo Zhaojie, Zhu Wenbin, et al. Post —Collision China) : Implication for the tectonic evolution of Western Tianshan
tectonism and basin —range evolution in the Tianshan Belt [J]. [J]. Journal of Asian Earth Sciences, 2007, 29:148—159.

Geological Journal of China Universities, 2004, 10 (3):393—404(in [25] AREB, Eroel fRik, S HGEM R ARIA RO A B A

Chinese with English abstract).

SHRIMP U—Pb Wl 4F K ot 53 &5 S [7]. 3538 4K, 2006, 25(8):



ERTEGN W

AR B R K L v 1 DX A At K L R A 2 R AR 3 B R S 887

986—991.

Zhu Zhixin, Wang Kezhuo, Xu Da, et al. SHRIMP U—Pb dating
of zircons from Carboniferous instrusive rocks on the active
continental margin of Eren Habirga, western Tianshan, Xinjiang,
China, and its geological implications [J]. Geological Bulletin of
China, 2006, 25(8):986—991(in Chinese with English abstract).

[26] #R2F X, S p ) BA AR, S R g B AR IR B S TIMS

R A U—Pb [8 {33 28 4F B 4 M BR AL 4 FR AE IF 52 (7). 76 4L Hb
52,2006, 39(1) :50—75.
Xu Xueyi, Ma Zhongping, Xia Zuchun, et al. TIMS U —Pb
isotopic dating and geochemical characteristics of Paleozoic granitic
rocks from the middle —western section of Tianshan [J].
Northwestern Geology, 2006, 39 (1):50 =75 (in Chinese with
English abstract).

[27] Dong Y P, Zhang G W, Neubauer F, et al. Syn — and post—
collisional granitoids in the Central Tianshan orogen: Geochemistry,
Geochronology and implications for tectonic evolution [J].
Gondwana Research, 2011, 606:1—14.

(28] E I, #F B, Cluzel D, %, (VR ¥ IS 55 U4 G 2 A0 4

BRAL 25T S H R b M 1 5 3L ). A A A=A, 2007, 23(8):1885—
1900.
Wang Bo, Shu Liangshu, Cluzel D, et al. Geochronological and
geochemical studies on the Borohoro plutons,north of Yili, NW
Tianshan and their Tectonic implication[J]. Acta Petrologica Sinica,
2007, 23(8):1885—1900(in Chinese with English abstract).

[29] ZEAIi~F, b SC, WO, S5 TS RE S LA #8 BT I 0 L 0

AE B L BTARRAE )] VE 3 BT Be Be AR, 1995, 17(1) :43—49.

Li Wuping, Jiang Changyi, Xie Guangcheng, et al. Geologic

features for granites of thevariscian early period on the Beluohonu

Caledonina fold belt [J]. Journal of Xi’an Engineer University,

1995, 17(1) :43—49(in Chinese with English abstract).

AL, Z20 X, RO, SFL VYR IV R AE e Y B R

AIE R L AR 5 PRI (7). VU & b T 2= BE BE AR, 1995, 17(4): 1—6.

Li Wuping, Jiang Changyi, Wu Wenkui, et al. Geologic features

[30

and tectonic environments of granites at the Variscian middle
period in the west Tianshan mountain[J]. Journal of Xi’an Egineer
University, 1995, 17(4): 1—6(in Chinese with English abstract).
[31] Wenjiao Xiao, Chunming Han, Chao Yuan, et al. Middle
Cambrian to Permian subduction—related accretionary orogenesis of
Northern Xinjiang, NW China:Implications for the tectonic
evolution of central Asia [J]. Journal of Asian Earth Sciences, 2008,
32:102-117.
Bl TR AR T L L A AR LR [,
BREFE 1997, 22(1):27-32.

[32

Gao Jun, He Guogqi, Li Maosong. Paleozoic orogenic processes of
western Tianshan orogen[J]. Earth Science, 1997, 22(1):27—32(in
Chinese with English abstract).

[33

Kushiro I. Si_Al relation in clinopyroxenes from igneous rocks [J].
Amercian Journal of Science, 1960, 258:518—551.
[34] Thompson R N. Some high—pressure pyroxenes [J]. Miner. Mag.,

1974, 39:768—787.

[35] SR HE, BEAE 22, op B ACHRH AR AR K i P BRI 4 A I

AR R RAE B ). A AT A, 1987, 6(1):56—64.
Qiu Jiaxiang, Liao Qun’an. The main characteristics and genetic
information of clinopyroxene megacrysts in Cenozoic basalt of
Eastern China[]]. Acta Petrologica et Mineralogica, 1987, 6(1):56—
64(in Chinese with English abstract).

[36] W22, ST WA, 45 257 T O M OB A AR 3 o

e f AR 9], A A R, 2006, 22(03) :621-630.
Yu Xuehui, Mo Xuanxue, Zeng Pusheng, et al. A study on the
mantle xenoliths in the Cenozoic volcanic rocks from Maguan
Area,Yunnan Province [J]. Acta Petrologica Sinca, 2006, 22(03):
621—630(in Chinese with English abstract).

[37] Morimoto N. Nomenclature of pyroxenes [J]. Mineralogical
Magazine, 1988, 52:535—550.

[38] Muller D, Rock M N S, Groves D 1. Geochemical discrimination
between shoshonitic and potassic volcanic rocks from different
tectonic settings: A pilot study(J]. Mineral. Petrol., 1992, 46:59—289.

[39] Carr P F. Subduction related late Permian shoshonites of the
Sydney basin, Australia [J]. Mineralogy and Petrology, 1998, 63:
49-71.

[40] Scarrow J H, Leat P T, Warecham C D, et al. Geochemistry of

mafic dikes in the Antarctic Peninsula continental —margin
batholith: A record of Arc evolusition[J]. Contrib. Mineral. Petrol.,
1998, 131:289-305.

[41] Le Maitre R W, Bateman P, Dudek A, et al. A classification of
igneous rocks and glossary of terms [C]//Recommendation of the
IUGS Subcommission on the Systematics of Igneous Rocks.
Oxford: Blackwell, 1989.

[42] Winchester J A, Floyd P A. Geochemical discrimination of different
magma series and their differentiation products using immobile
emelents[]]. Chem. Geol.1977, 20:325—-343.

[43] Miyashiro A. Classification, characteristics and origin of ophiolites
[M]. Geol.1975, 83:249-281.

[44] Mckenzie D, Bickle M J. The volume and composition of melt

generated by extension of the lithosphere [J]. J. Petrol. 1988, 29:
625—679.

SKME, R PR, E R gs (M) dbat, B R, 2001109—
110.

Zhang Qi, Zhou Guoging. Opbhiolites in China [M]. Beijing:
Science Press, 2001:109—110(in Chinese).

McDonough W F, Sun S S. The composition of the Earth [J].
Chemical Geology, 1995, 120:223—253.

[45

[46

[47] Norman M D, Garcia M O. Primitive magmas and source
characteristics of the Hawaiian plume: petrology and geochemistry
of shield picrites[J]. Earth Planet. Sci. Lett. 1999, 168:27—41.

[48] Xia L Q, Xu X Y, Xia Z C, et al. Petrogenesis of Carboniferous
rift—related volcanic rocks in the Tianshan northwestern Chinal]].
Geological Bulletin of China, 2004.

[49] Faure G. Princples of Isotope Geology (2nd edition, 589pp) [M].



888 h [

Hi J 2011 4F

New York: Wiley.

[50] Nasdala L, Hofmeister W, Norberg, et al. Zircon M257: A
homogeneous natural reference material for the ion microprobe U—
Pb analysis of zircon [J]. Geostandards and Geoanalytical Research,
2008, 32:247-265.

[51] Vavra G, Gebauer D, Schimid R, et al. Multiple zircon growth and
recrystallization during polyphase Late Carboniferous to Triassic
metamorphism in granulites of the Ivrea Zone (Southern Alps): An
ion microprobe (SHRIMP) study [J]. Contrib. Mineral. Petrol.
1996, 122:337-358.

[52] Rubatto D. Zircon trace element geochemistry: partitioning with
garnet and the link between U —Pb ages and metamorphism [J].
Chemical Geology, 2002, 184:123—138.

[53] XUMSC, SEAA, TR, A Kl AR B 2 A0 AL B B Y

PR b AT A 27 R A T o 3K b Bk A 2= R 29 SR ). o RS (D
i), 2004, 34(5):395—403.
Liu Shuwen, Guo Zhaojie, Zhang Zhicheng, et al. The nature of
Precambrian metamorphic block: Constrains from geochronology
and Nd isotope geochemistry [J]. Science in China (Ser. D), 2004,
34(5):395—403(in Chinese).

[54] BB, SKEHT, SKRETEE, A5 K Ll Ly R i AR M 5e 1 A=

1Y Nd A2 2 )] 5 E R (D $8), 1999, 29(2):104—112.
Hu Aiqin, Zhang Guoxin, Zhang Qianfeng, et al. The basement
ageing of Tianshan orogenic belt and crust accretion: constrains
from Nd isotope[J]. Science in China(Ser. D), 1999, 29(2):104—
112(in Chinese).

[55] % %t A oh R 1L R (25 ) A AT 2R % MO o 7). 97 b
1989, 7(4):24-34.

Luo Fazuo. On Precambrian in Mid—Tianshan uplift (metamorphic)
zone [J].Xinjiang Geology, 1989, 7 (4):24—34 (in Chinese with
English abstract).

[56] #°F W], B T5, BROWLE, 1 (Hugh R Rollison, ). # A Bk L
M) AL . b R E R K A, 2000:1-275.

Yang Xueming, Yang Xiaoyong, Chen Shuangxi, (translator).
Hugh R. Rollison. Rock Geochemistry [M]. Hefei: University of
Science and Technology of China Press, 2000:1—275(in Chinese).

[57] Hart S. R. A large —scale isotope anomaly in the Southern
Hemisphere mantle[J]. Nature, 1984, 309:753—757.

[58] Zindler A, Hart S R. Chemical geodynamics[J]. Annual Rev. Earth
Planet. Sci. 1986, 14:493—-571.

[59] Hugh R, R. Using Geochemical Data Singapore: Longman Singa—
pore Publishers[J]. 1993 :234—240.

[60] Cox K G. A model for flood basalt volcanism [J]. J. Petral., 1980,
21:629-650.

KR, I, B, AF L DR T AR R UK L A R AL 2 A0
St—Nd—Pb [al i 3 . B 5 KOLAE 5 0 IR X R 2 ).
1274, 2006, 22(4) :761-774.

[61

Gao Yongfeng, Hou Zenggian, Wei Ruihua, et al. The
geochemistry and Sr—Nd—Pb isotopes of basaltic subvolcanics from
the Gangdese: Constraints on depleted mantle source for post —
collisional volcanisms in the Tibetan plateau [J]. Acta Petrologica
Sinica, 2006, 22(4):761—774(in Chinese with English abstract).

[62] HN43C, ThiRAR. HbERAE M), b st MR Rk, 2003:213-231.

Han Yinwen, Ma

Geological Publishing House, 2003:213—231(in Chinese).

Saunders A D, Storey M, Kent R W, et al. Consequences of

[C]//Storey B C, Alabaster T,
Pankhurst R J. Magmatism and the Causes of Continental Break —
up. Geol. Soc. Spec. Pub., London, 1992, 68:41-60.

[64] Wilson M. Igneous Petrogenesis [M].
1989, 464.

[65] EHa, B, XUR, A, A A A4 3G PR 05 v 000 3Kl A 3 B
TE[). A 2=, 2000, 16(02):169—173.

Zhendong. Geochemistry [M]. Beijing:

[63

plume —lithosphere interaction

London:Unwin Hyman,

Wang Yan, Qian Qing, Liu Liang, et al. Major gecchemical
characteristics of bimodal volcanic rocks in different geochemical
environments[J]. Acta Petrologica Sinlva, 2000, 16(02):169—173(in
Chinese with English abstract).

[66] EAIr, BAMAE, tRaf S, &5, A Bk Al 22 05 1 0 50 KBl 2 58
FREINX R ). A AT YRR, 2007, 26(1):77-89.
Xia Lingi, Xia Zuchun, Xu Xueyi, et al. The discrimination
between continental basalt and island arc basalt based on
geochemical method[J]. Acta Petrologica et Mineralogica, 2007, 26
(1):77—89(in Chinese with English abstract).

(67) FBE 15, AL, A TR I A — K 1L P VM R
MZRAR ()], HoBTE AR, 2002, 21(1):11-18.
Gao Rui, Xiao Xuchang, Gao Hong, et al. Summary of deep
seismic probing of the lithospheric structure across the West
Kunlun—Tarim—Tianshan [J]. Geological Bulletin of China, 2002,
21(1):11—18(in Chinese with English abstract).

[68] Zhao ] M, Liu G D, Lu Z X, et al. Crust—mantle transitional zone
of Tianshan orogenic belt and Junggar Basin and its geodynamic

implication|J]. Science in China(Series D), 2001, 44(9): 824—837.



538 & 4 4 ] AR B R K L v 1 DX A At K L R A 2 R AR 3 B R S 889

Geochemical characteristics of Late Carboniferous volcanic rocks in northern
Tianshan, Xinjiang, and their geological significance

LIU Fei, YANG Jing—sui, LI Tian—fu, CHEN Song—yong,
XU Xiang—zhen, LI Jin—yang, JIA Y1

(State Key Laboratory of Continental Tectonics and Dynamics, Institute of Geology, Chinese Academy of Geological Sciences, Beijing, 100037, China)

Abstract ; Anjihai volcanic rocks in northern Tianshan are composed of pyroclastic rocks and lavas, which include
andesite crystal tuff, andesite detritus crystal tuff, dacite welded tuff, basaltic andesite and rhyolite, thus being of
calc— alkaline series. Major and rare earth element compositions of basaltic andesite and rhyolite are as follows:
Si0,=51.03%,77.33%, Ti0,=0.76%,0.16%, CaO=10.30%,0.43%, MgO=5.19%,0.89%, Na,0=2.10%,1.27%, K,O=
1.28%,2.54%, > REE=369.1ppm,729.0ppm, (La/Yb)x=5.0,3.5, (La/Sm)y=2.7,2.4 and & Eu=0.82,0.54. The
primitive mantle normalized spider diagrams of volcanic rocks are characterized by depletion of HFSE (Nb, Ta,
Ti and P) and enrichment of K, Rb, U, Th, Zr and Hf. One significant difference is that Sr and Ba display
insignificant positive anomalies in basaltic andesite and distinct negative anomalies in rhyolite. Isotope geochemical
characteristics of basaltic andesite and rhyolite show the following values: & Nd (t) =0.2,0.1, (¥Sr/¥Sr)t =
0.70680,0.70476, (“*Nd/"Nd), =0.52224,0.51225, (**Pb/**Pb),=17.775,17.720, (*"Pb/*Pb),=15.790,15.826 and
("Pb/*Pb),=38.240,38.876. LA—ICPMS zircon U—Pb dating of rhyolite yielded the age of 310+2 Ma. Rhyolite
was fractionated from the magma of basaltic andesite. The primary magma of volcanic rocks occurred in
continental intraplate stretching setting, derived from asthenosphere (or plume)—generated continental basaltic
magma, which was contaminated by lithosphere as well as upper and lower continental crust. Crystal temperature
and pressure of phenocryst clinopyroxene are 1176.4°C and 4.13 kpa respectively, equivalent to the depth of
16.7km. It is thus inferred that pyroxene phenocrysts were crystallized slowly from contaminated continental
basaltic magma in middle —upper crust, and subsequently moved quickly to the surface of the earth, due to
continental crust stretching.

Key words:volcanic rock; intraplate stretching setting;Sr —Nd —Pb isotope ;geochemistry ; northern Tianshan;
Xinjiang.
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