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Fig. 1 Tectonic sketch map of the West Tianshan orogenic belt (modified from the 1:1 500 000 Geological Map of Xinjiang).
NTF—North Tianshan fault; NCTF—Northern Central Tianshan marginal fault
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Fig. 2 Schematic stratigraphic columns of Carboniferous strata in
the north of the Ili block, Xinjiang (stratigraphic thickness after
the 1:200,000 Geological Map of Xinjiang)

P,¢t—Middle Permian Tomorlog Formation; P;—Lower Permian;
Paw—Lower Permian Wuliang Formation ; C;,o—Upper Carboniferous
Oyiman Bulak Formation ; C;n—Upper Carboniferous Naogaitu
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C,d—Upper Carboniferous Dongtujinhe Formation ; C,ak—Lower
Carboniferous Akeshake Formation ; C,d—Lower Carboniferous
Dahalajunshan Formation ; Cym—Lower Carboniferous Meiluoka
Formation ; C;y—Lower Carboniferous Yamansu Formation;

S—Silurian; Pz,—Lower Paleozoic
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Table 1 Bulk geochemical analysis of Carboniferous volcanic rocks in the north of the Ili block
S XJ-174 XJ-174-1 XJ-174-2  XJ-174-6  XJ-325  XJ-326  XJ-327  XJ-328  XJ-329  XJ-335

RIS T BRGITH B 4G k) T RGN AL(C)
Wl &0 2 BT 75

Si0, x 107 49.70 50.61 46.52 66.54 53.42 54.04 53.18 55.19 59.21 68.81
TiO, 0.99 0.93 1.91 0.71 0.84 0.85 0.94 1.21 0.90 0.44
ALOs 19.60 19.02 17.95 15.86 16.54 16.78 17.20 16.55 16.32 15.71
Fe 05 10.26 9.74 10.46 4.30 8.21 7.21 7.94 7.52 5.58 3.12
MnO 0.40 0.22 0.24 0.14 0.12 0.13 0.13 0.12 0.10 0.13
MgO 4.33 3.94 6.69 1.29 3.13 3.40 5.98 4.43 3.30 0.36
Ca0O 4.92 7.19 8.89 1.16 6.83 7.99 3.32 6.97 3.51 1.46
Na,0 4.80 4.12 3.38 5.36 3.05 2.80 5.21 3.21 3.32 3.88
K-0 0.99 1.22 0.24 4.01 0.60 0.52 0.22 2.24 2.97 4.12
P.0s 0.25 0.24 0.36 0.16 0.16 0.16 0.18 0.25 0.18 0.12
LOI 4.52 2.72 4.27 1.21 8.39 7.79 5.96 2.23 4.42 2.09
Total 100.75 99.95 100.90 100.72 101.29 101.67 100.26 99.91 99.79 100.23
ANKC 1.10 0.90 0.82 1.04 0.91 0.85 1.16 0.81 1.09 1.17
Mg# 0.49 0.48 0.59 0.40 0.46 0.51 0.63 0.57 0.57 0.21
o 5.00 3.74 3.73 3.73 1.28 1.00 2.90 2.44 2.43 2.48
Sex 107 31.2 30.46 26.83 12.84 23.49 24.05 27.27 22.58 16.74 3.552
Ti 5655.1 5459.4 13942.3 4134.3 4746.1 5096.7 5484.9 8417 5237.1 2756.1
v 253.5 243.2 182.7 45.46 130.4 180.3 229.6 197.3 129.8 18.59
Cr 33.8 30.53 119.8 5.416 62 65.07 95.27 62.18 74.07 3.014
Mn 2865.6 1704.8 1833.2 989.7 866.8 937.8 975.8 920.9 738 939.9
Co 28.47 26.94 46.94 5.944 18.69 20.47 26.23 21.56 16.95 4.174
Ni 18.44 18.97 107.7 3.471 21.45 22.84 33.06 41.01 32.13 2.519
Cu 22.58 84.56 47.31 11.31 20.78 71.54 174.2 60.34 70.41 5.416
Zn 254.5 90.27 104.4 153.6 64.45 56.89 69.08 71.22 57.55 70.74
Ga 17.36 18.36 17.58 15.63 17.07 18.26 23 19.09 19.01 18.83
Ge 0.983 1.25 1.248 1.155 0.879 0.957 1.271 1.245 0.966 1.09
Rb 21.87 27.52 4.135 118.2 24.08 22.9 5.84 86.8 126 142.2
Sr 457.2 613.1 575.3 105.4 194.8 201.9 124.4 463.3 194.2 145.5
Y 18.78 19.55 30.76 34.7 19.29 21.09 23.3 30.77 26.19 26.9
Zr 62.81 78.11 192.6 261.8 124.7 134.5 165.2 220.2 209 208.8
Nb 3.158 3.16 5.297 13.33 5.976 6.396 8.115 10.35 11.11 34.39
Ba 197 339.7 124.6 933.2 575.6 180.4 26.37 353.8 538.4 638.4
La 10.23 10.18 10.67 36.72 14.73 15.17 18.67 23.11 27.55 49.49
Ce 22.99 22.28 31.3 73.64 32.35 34.03 41.36 50.95 58.06 93.61
Pr 3.109 2.979 4.694 8.309 3.938 4.202 5.078 6.22 6.757 10.19
Nd 13.96 13.48 21.97 32.66 15.99 17.42 20.14 25.38 26.29 35.51
Sm 3.237 3.257 5.353 6.592 3.7 3.878 4.389 5.507 5.571 6.021
Eu 1.189 1.13 1.984 1.52 0.99 1.053 1.232 1.307 1.169 1.181
Gd 3.757 3.653 6.306 6.897 3.874 3.998 4.641 5.682 5.267 4.922
Th 0.573 0.559 0.95 1.051 0.62 0.642 0.707 0.904 0.839 0.807
Dy 3.441 3.346 5.457 6.177 3.551 3.769 4.176 5.268 4.875 4.623
Ho 0.695 0.674 1.097 1.27 0.709 0.746 0.858 1.06 0.988 0.916
Er 1.904 1.863 2.825 3.62 2.04 2.086 2.339 2.922 2.685 2.609
Tm 0.277 0.294 0.431 0.573 0.316 0.322 0.364 0.437 0.417 0.4
Yb 1.869 1.9 2.868 3.879 2.108 2.212 2.403 2.951 2.639 2.813
Lu 0.308 0.311 0.46 0.663 0.335 0.366 0.394 0.481 0.426 0.475
SREE 67.539 65.906 96.365 183.571 85.251 89.894 106.751 132.179 143.533 213.567
LREE/HR  4.267 4.231 3.725 6.608 5.290 5.357 5.722 5.708 6.914 11.159
(La/Yb)x 3.926 3.843 2.669 6.790 5.012 4.919 5.573 5.617 7.488 12.620
3 Eu 1.040 0.997 1.042 0.684 0.793 0.810 0.829 0.708 0.650 0.643
Hf 1.673 1.951 4.176 7.012 3.437 3.521 4.16 5.405 5.744 5.825
Ta 0.183 0.194 0.276 0.866 0.437 0.446 0.567 0.701 0.874 2.34
Th 1.272 1.217 0.502 11.12 4.016 4.128 5.895 7.989 10.87 23.85

U 0.39 0.337 0.26 2.846 1.043 1.139 1.558 1.994 3.119 4.147
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i XJ-335-1 XJ-336 XJ-363 XJ-365 XJ-388 XJ-389  XJ-390  XJ-354  XJ-357  XJ-358
Bf AR TARGEREHIENH ARG IREEE (Cat) T ARG AL (Cup) ARG IR (Cad)
) i - T AP i
Si0, x10° 6742 68.83 57.43 68.71 46.63 46.56 50.05 56.15 55.93 36.55
TiO, 0.38 0.43 0.98 0.89 0.94 0.90 1.11 0.85 222 1.80
ALO; 14.15 15.62 17.51 13.00 18.44 17.28 18.60 17.63 13.86 26.61
Fe;05 1.91 252 7.33 4.18 8.32 8.96 9.65 8.49 10.48 24.62
MnO 0.19 0.11 0.19 0.13 0.70 1.18 0.30 0.20 0.36 0.15
MgO 0.41 0.36 1.56 0.69 3.57 2.67 2.94 1.95 2.82 0.02
Ca0 5.06 1.75 2.63 1.12 8.83 6.55 452 1.81 3.97 0.26
Na:0 1.55 424 3.68 2.82 2.81 2.66 6.13 3.11 443 0.10
K:0 3.49 3.16 6.53 6.58 3.77 6.27 1.59 7.05 3.40 0.22
P:0s 0.11 0.10 0.60 0.19 0.28 0.23 0.22 0.54 0.92 0.58
LOI 5.98 2.51 1.45 0.89 5.88 6.45 5.36 1.73 1.41 9.44
Total 100.64 99.63 99.88 99.20  100.18 99.69 100.46 99.50 99.80 100.36
ANKC 0.91 1.15 0.98 0.94 0.74 0.75 0.93 1.10 0.76 30.34
Mg# 0.32 0.24 0.32 0.27 0.49 0.40 0.41 0.34 0.38 0.00
o 1.04 2.12 7.22 3.43 11.93 22.39 8.45 7.84 474 -0.02
Sex 107 2.978 3.022 13.86 26.52 247 16.64 11.25 27.81 28.36 22.29
Ti 2351.7 2557.1 4924.2 15014.2  10796.9 5405.7 4987.2 5444.6 4921.4 5844.7
v 21.31 15.8 102.4 169.6 572.9 105.4 12.17 278.6 241.8 231.4
Cr 2.759 5.727 10.58 2.697 50.92 5.476 10.77 85.73 16.89 10.82
Mn 1410.8 801.3 1502.7 2534 1029.5 1366.7 870.5 5174.8 6698.6 2034.2
Co 222 3.538 12.66 17.33 13.02 23.52 2.124 28.56 14.45 32.86
Ni 4616 4754 7.678 2.95 16.96 13.73 6.644 59.24 11.36 21.67
Cu 16.06 5.83 156.8 9.101 22.39 295.8 5.357 21.95 50 3476
7n 74.71 110 135.4 172.6 46.38 101.7 147.6 667.1 398 158.7
Ga 174 18.75 17.72 18.46 32.86 17.75 13.75 18.68 16 17.71
Ge 1.471 1.258 1.434 1.677 22 1.174 1.251 1.311 1.394 0.855
Rb 141.2 111.4 262.6 162.9 9.573 252.5 196.3 144.7 2954 84.55
Sr 86.66 128.5 221.6 3384 4382 344.2 19.96 486.8 509.3 306.7
Y 25.31 29.24 28.36 54.52 22.94 30.9 59.77 22.13 19.8 27.84
7r 189.8 210.8 2222 237.5 2122 198.4 352.8 79.16 61.46 113.4
Nb 31.53 32.51 10.3 9.415 9.828 10.97 13.49 3.524 2.445 4.302
Ba 99.68 4415 928.3 772.3 141.7 682.5 183.4 883.5 2234.9 108.2
La 41.37 50.25 29.06 26.29 38.68 37.54 25.54 19.29 12.6 10.73
Ce 81.05 95.04 68.6 62.48 164.6 79.44 62.73 37.59 26.94 25.06
Pr 8.941 10.63 8.586 8.559 39.01 10.51 8.941 4793 3.529 3.541
Nd 31.35 36.66 34.45 39.06 213.2 42,66 39.34 20.68 16.06 15.63
Sm 5.839 6.225 7.41 9.726 36.19 8.467 9.875 4.86 3.835 4.046
Eu 1.422 1.164 1.462 2.719 5.207 1.72 2317 1.297 0.953 1.335
Gd 5.164 5.132 6.581 11.17 7.621 7.151 11.03 4.89 4202 4.921
Th 0.817 0.834 0.961 1.664 0.782 1.025 1.729 0.72 0.614 0.776
Dy 431 4.694 5.204 9.904 3.867 5.476 10.37 4113 3.555 4787
Ho 0.816 0.952 1.025 1.974 0.842 1.091 2.115 0.815 0.728 0.995
Er 2.336 2.685 2.843 5.419 2.631 3.073 6.183 2.175 2.013 2.801
Tm 0.353 0.426 0.447 0.802 0.458 0.454 0.946 0.336 0.303 0.447
Yb 2393 2.941 2.892 5309 3.422 3.07 6.316 222 2 2.898
Lu 0.388 0.493 0.486 0.857 0.569 0.498 1.035 0.362 0.325 0.477
SREE 186.549 218.126 170.007 185.933  517.079  202.175  188.467  104.141 77.657 78.444
LREE/HREE 10.254 11.013 7318 4012 24.608 8.258 3.744 5.662 4.652 3.333
(La/Yb)w 12.401 12.256 7.208 3.552 8.108 8.771 2.901 6.233 4519 2.656
3 Eu 0.775 0.611 0.627 0.796 0.656 0.658 0.676 0.805 0.722 0.914
Hf 5.012 5.577 4.807 5.962 4.996 4.989 9.168 2.066 1.692 2.804
Ta 2.087 2.193 0.666 0.611 0.558 0.686 0.845 0.204 0.146 0.261
Th 20.69 2223 16.07 6.425 10.78 17.55 10.06 4351 2.883 1.97
U 4922 4513 2.996 1.979 3.061 4.297 2.811 1.124 1.059 0.551
WL ANKC (BRI )= ALOY/ ( NLO+K,0+CaO)mol; o (HFEZFEE0)=(Na,O+K.0)>/(Si0,—43) ;

Mg# =Mg/(Mg+FEeT )mol ; #f it B o7 IR} 22 Bt ) M BR A6 27 B 5% r 4317
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Fig. 3 TAS (SiO,—ALK) diagram for Carboniferous volcanic

rocks in the northern Ili block
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Geochemical characteristics and tectonic significance of Carboniferous volcanic

rocks in the northern part of the Ili Block, Xinjiang

WANG Bo'?, SHU Liang-shu', D. CLUZEL?,
M. FAURE? J. CHARVET? MA Qian'

(1. Department of Earth Sciences, Nanjing University, Nanjing 210093, Jiangsu, China;
2. ISTO UMR 6113, University of Orléans, F45067, Orléans, Cedex 2, France)

Abstract ; Carboniferous volcanic rocks are widespread at peripheries of the Ili block of the West Tianshan. They
are complex in lithology and mostly are associated or alternate with terrigenous clastic rocks. Geochemical study
of volcanic rocks from the Axi, Nileke and Nalati sections in Yining suggests that these rocks belong to the calc—
alkaline series composed of basalt, trachybasalt, basaltic andesite, basaltic trachyandesite andesite, rhyolite, dacite
and trachyte. They have relatively high REE concentrations and are enriched in LREE relative to HREE, and in
addition, they display a pronounced enrichment of LILE such as Th and Rb relative to HFSE such as Nb, Ta and
Zr. Therefore the formation of these rocks is related to plate subduction. the trace element geochemical diagram
further indicates that these rocks formed in a continental island—arc environment. The Early—Mid Carboniferous
neritic—littoral sediments associated with them and the existence of the Late Devonian—Early Carboniferous Bayan
Gol—Motuoshala ophiolite belt suggest that the Carboniferous calc—alkaline volcanic rocks on the northern mar-
gin of the Ili block are likely to have erupted in an active continental—margin environment and probably resulted
from the subduction of the North Tianshan oceanic basin southward beneath the Ili block during the Late De-
vonian—Mid Carboniferous.

Key words: volcanic rocks;geochemistry ; tectonic environment; Carboniferous; West Tianshan ;Ili
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