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Geochronology, Geochemistry, and Tectonic Significance of Carboniferous
Andesite in the Zhongguai Uplift, Northwestern Margin of the Junggar Basin
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Abstract; To deepen our understanding in the Carboniferous tectonic background in the western Central Asian
Orogenic Belt, drill-core and samples of andesite in Jinlong 10 well area of Zhongguai uplift ( northwestern mar-
gin of Junggar basin) were studied via petrography, chronology and geochemistry. The results show that our an-
desite samples are low-K to medium-K calc-alkaline, with slightly right-inclining REE diagram and weakly
negative Eu anomaly. In the primitive mantle-normalized spider diagram, the rocks have Pb and LILE (Rb,
Ba) enrichments and HFSE (Nb, Ta, Zr) depletions, resembling those of typical subduction-related arc vol-

canic rocks. The Th/La, Th/Ce and Lu/Yb ratios of andesite are below those of the average continental crust,
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but similar to those of typical mantle-derived magmas. The andesite samples belong to the normal island arc vol-

canic rocks, which are derived from the water-rich mantle wedge and by partial melting of the fluid-metasoma-

tized mantle wedge ( produced by subducting-slab dehydration). LA-ICP-MS zircon U-Pb dating of the andesite

yielded Middle Carboniferous age of (322.4 +£1.1) Ma. Combined with regional geological background and

compared with coeval magmatism, we considered that the andesite in the Zhongguai uplift was formed in a conti-

nental arc setting, and was the subduction product of residual oceanic basin in West Junggar, which was not

completely closed at (322.4 +1.1) Ma.

Key words: northwestern margin of Junggar Basin; Zhongguai uplift; Carboniferous; andesite; chronology;

geochemistry
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Fig. 1 Tectonic unit of Junggar Basin (a) and tectonic map of Zhongguai uplift in the northwestern margin of Junggar Basin

(b) (after reference [28])
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Fig. 2 Core photos and photomicrographs of andesite rocks from the Zhongguai uplift
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Fig. 3 Representative zircon CL images and ages of andesite sample from the Zhongguai uplift

x1 HHEOERILSE LA -ICP-MS $#7 U-Pb F£RSINER
Table 1 LA-ICP-MS zircon U-Pb dating results of andesite sample from the Zhongguai uplift
- HHE/107 U [ 2 Ho £/ Ma
Pb Th U P/ Phxlo Ph/FUxle  Ph/PUzxloe P/ Pbzxle Ph/FUxle Ph/FUxle
W19 -01 6.57 51.2 108.0 0.47 0.0522+0.0046 0.3618+0.0285 0.0513 +0.0009 295 202 314 £21.2 323 £5.8
W19 -02 4.62 36.2 753 0.48 0.0557+0.0059 0.3719+0.0340 0.050 2 +0.001 3 439 +239 321 £25.2 315+8.0
W19 -03 15.65 234.0 235.0 1.00 0.0532+0.0029 0.367 8+0.0204 0.049 9 +0.000 8 345 £ 124 318 £15.1 314 £4.8
W19 -04 13.35 130.0 206.0 0.63 0.0550+0.0034 0.3933+0.0235 0.051 9 +0.000 7 413 +106 337 +17.1 326 4.4
W19 -05 4.79 48.4 73.7 0.66 0.0566+0.0050 0.3954+0.0309 0.0515+0.001 1 476 + 164 338 £22.5 324 £6.7
W19 -06 8.26 96.9 126.0 0.77 0.0542+0.0038 0.3769 +0.0239 0.050 4 +0.000 9 389 £ 159 325 +17.6 317 £5.6
W19 -07 12260 95.0 208.0 0.46 0.0519+0.0027 0.3651+0.0184 0.050 7 +0.000 8 280 =114 316 £13.7 319 4.7
W19 -08 5.73  68.1 89.2 0.76 0.0530+0.0064 0.3641+0.0421 0.049 8 +0.001 3 332 +278 315 +31.4 313 +£7.8
W19 -09 11.31 105.0 177.0 0.59 0.0528 +0.0039 0.3735+0.0263 0.051 0+0.000 9 320 + 167 322 +19.5 321 £5.4
W19 -10 5016 343 849 0.40 0.0573+0.0051 0.3874+0.0298 0.0519+0.001 1 502 +193 332 +21.8 326 £6.9
W19 - 11 5,62 56.2 90.5 0.62 0.0517=+0.0042 0.3567+0.0243 0.0505 +0.001 1 333 +192 310 +18.2 317 £6.9
W19 -12 500 39.5 78.7 0.50 0.0527+0.0049 0.3715+0.0331 0.0520=+0.0010 322 +218 321 +24.5 327 £5.9
W19 -13 8.21 61.3 130.0 0.47 0.0566+0.0037 0.4017+0.0236 0.0520+0.000 8 476 +143 343 +17. 1 327 4.9
W19 - 14 7.72  77.1 120.0 0.64 0.0530+0.0037 0.3774+0.0251 0.051 1+0.000 9 332 £161 325 +18.5 321 £5.3
W19 - 15 4.12  27.3  67.9 0.40 0.0536+0.0048 0.3678+0.0269 0.051 7 +0.001 2 354 £202 318 £20.0 325 £7.7
W19 - 16 4.27 30.6 70.3 0.44 0.0561+0.0053 0.3784+0.0303 0.051 1+0.0012 454 +213 326 £22.3 321 +£7.2
W19 -17 17.76  175.0 274.0 0.64 0.0548+0.0029 0.3875+0.0189 0.051 5 +0.000 7 406 +120 333 +13.9 324 £4. 1
W19 - 18 10.53 105.0 167.0 0.63 0.0523+0.0030 0.3667 +0.020 0 0.050 6 +0.000 7 298 +130 317 £14.9 318 4.3
W19 -19" 58.40 221.0 333.0 0.66 0.0651=+0.0019 1.2677+0.0365 0.140 1 +0.001 4 789 61 831 +£16.4 845 £7.7
W19 -20 4.54 43.5 69.0 0.63 0.0568+0.0061 0.3947+0.0390 0.0522+0.0012 487 +241 338 +28.4 328 £7.6
W19 -21 37.40 498.0 549.0 0.91 0.0537+0.0020 0.3840=+0.0141 0.0514 +0.000 6 367 +85 330 +£10.4 323 £3.6
W19 -22 14.06  56.7 239.0 0.24 0.0564+0.0033 0.3992+0.0227 0.051 7 +0.000 7 478 +130 341 £16.4 325 +4.3
W19 -23 5066 44.3 8.6 0.49 0.0557+0.0050 0.3783+0.028 8 0.051 8 +0.001 0 443 +198 326 +21.2 325 +6.1
W19 -24 4.87 47.0 759 0.62 0.0542+0.0046 0.3661+0.0263 0.050 3 +0.001 0 389 £ 194 317 £19.6 316 £6. 1
W19 -25 877 785 131.0 0.60 0.0586+0.0045 0.4131+0.0258 0.0535+0.0009 554 +167 351 +£19.0 336 £5.7
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gram of zircons from andesite in the Zhongguai uplift
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Table 2 Major element (% ) and trace element (10 -®) compositions of the andesite samples from the Zhongguai uplift

B 2 Si0, Ti0, Al,O;  TFe,0;  MnO MgO Ca0 Na, 0 K,0 P05 FeRE M
JL10 -2 62.2 0. 63 14.90 7.09 0.13 2.92 1. 86 2.52 2.19 0.13 5.14 94.55
JLI01 -1 62.5 1.02 14. 40 6. 48 0.15 2.09 2.97 4.94 1.12 0.38 2.76 96. 06
JL102 -1 58.2 1.32 14. 61 8. 67 0.23 2.58 3.40 5.07 0.51 0.35 4.30 94.94
JL102 -2 58.8 1.24 14. 05 8.33 0.23 2.52 3.64 4.99 0. 40 0.33 5.18 94. 54
JL103 -3 54.3 0.99 16.78 8.79 0.20 5.02 5.24 3.63 0.62 0.18 4.48 95.71
JL104 -1 56.2 1. 48 15.75 9.30 0.22 2.24 3.00 5.51 1. 18 0.35 3.64 95.27
FEM S K, 0/Na, O Li Be Sc v Cr Co Cu Zn Ga Rb Sr
JL10 -2 0. 87 26.6 1. 080 18. 1 116.0 34.5 11.9 7.11 74. 8 15.1 36.6 322
JL101 -1 0.23 16.2 0.922 19.4 47.4 65.2 7.0 12.7 70.3 18.7 25.0 235
JL102 -1 0.10 20.5 0.989 27.3 99.6 89.1 12.9 19.8 115.0 20.0 12.5 185
JL102 -2 0.08 19.6 0. 834 25.1 91.2 91.7 12.0 15.1 112.0 18.7 9.3 180
JL103 -3 0.17 19.8 0.552 31.7 226.0 137.0 30.7 112.0 86.8 20.2 10.6 370
JL104 -1 0.21 28.6 1. 050 32.3 98.7 66.7 12.8 13.7 125.0 22.8 23.5 333
s Y Cs Ba Pb Th U Nb Ta Zr Hf La Ce
JL10 -2 36.4 0.983 604 3.95 1.43 0.512 2.75 0.238 106.0 3.64 11.6 26.8
JLI01 -1 42.3 0. 348 419 3.30 1.32 0. 469 3.37 0.223 95.0 3.06 11.7 27.1
JL102 -1 42.9 0.276 123 4.23 1.16 0. 455 2.89 0.212 94. 4 3.25 11.9 28.7
JL102 -2 37.8 0.192 108 3.97 1.05 0.402 2.73 0. 194 84.2 2.94 11.0 26.4
JL103 -3 26.7 0.359 349 3.63 1.13 0. 381 2.37 0.218 96.2 2.99 8.0 18.2
JL104 -1 47.9 0.791 338 4.26 1.41 0.473 3.24 0.221 148.0 4.52 12.2 30. 1
[Ene= Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
JL10 -2 3.89 18.8 4.94 1.20 4.59 0.95 5.94 1.27 3.5 0. 642 3.96 0. 580
JL101 -1 4.23 21.6 5.86 1.79 5. 67 1.17 7.34 1.53 4.19 0.728 4.38 0.587
JL102 -1 4.57 23.5 6.31 1.83 6. 07 1.26 7.69 1.59 4.09 0. 669 4.05 0.537
JL102 -2 4.15 21.2 5.62 1.68 5.42 1.12 6. 81 1.39 3.57 0.622 3.58 0. 497
JL103 -3 2.74 13.7 3.70 1.10 3.39 0.70 4.46 0.97 2.58 0. 463 2.90 0. 427
JL104 -1 4.71 24. 1 6.52 1.95 6.24 1.31 8.27 1.73 4. 61 0. 815 4.96 0.709
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(Continued) Table 2 Major element (% ) and trace element (10 °) compositions of the andesite samples

from the Zhongguai uplift

s REE LREE HREE SEu Th/La Th/Ce Lu/Yb Nb/La Ta/Yb La/Sm Th/Yb T
JLI0 -2 88.7 67.2 21.4 0.76 0.12 0.05 0.15 0.24 0. 06 2.35 0.36 19.73
JLI01 -1 97.9 72.3 25.6 0.94 0.11 0.05 0.13 0.29 0.05 2.00 0. 30 9.31
JL102 -1 102. 8 76.8 26.0 0. 89 0.10 0.04 0.13 0.24 0.05 1.89 0.29 7.23
JL102 -2 93. 1 70. 1 23.0 0.92 0.10 0.04 0. 14 0.25 0.05 1.96 0.29 7.32
JL103 -3 63.3 47.4 15.9 0.93 0. 14 0. 06 0.15 0.30 0. 08 2.16 0. 39 13.26
JL104 -1 108. 0 79.6 28.6 0.92 0.12 0. 05 0. 14 0.27 0.04 1. 87 0.28 6.93
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Fig.5 TAS diagram of andesite in the Zhongguai uplift (base

map after reference [35])
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in the Zhongguai uplift

&7

EHESCHR [39], Jalh bR AL (s SRk [40])

HRH T AR 22 L B G ER BRORE B PR E AR IE S0 i 2K (a) AN D0 3R M ik M b ALk I BT (b ) (BRI £ e e

Fig. 7 Chondrite-normalized REE distribution patterns (a) and primitive mantle-normalized multi-element spider diagram (b)

of andesite in the Zhongguai uplift (normalizing values of chondrite affer reference [39], and primitive mantle affer

reference [40])

T 50107 b 0 A2 2 A 8 4 s Rl g 7 2 R IR
a KRR A e R R K R e
BiEsimtZE Nb, Ta, Ti, P4, RAIMMIE
WEICKILAP S HBEEM Nb, Ta, Ti fi 53
W, Rl TR TE R AR A B R R
(<) Fr B LS 5, TS eI R R P 23 i
RPN R TR, FEmAKLSEgHEEE RS
SERAH G & SEAE B, & ffi Nb, Ta, Ti, P 4§
B, SEOVEMSINJLEE T N B IE 5 5
FASFE T METEMT R e R K, I
REGAHXT B RB T RO LR, THETRICE;
MU 8 o AL ik R (PR 7 (b)) sl B Rb

U, Th 25U EMIESHF, 1M Nb, Ta 5] # 7
S, X R ENE TR X Z IS e ST S R
PR G 1Y s B A T I A e AR DG s AR . 25
B, HEBR T EIRICER AR (1) L (3) kK, B
INAIIFFE X2 1L R T 6 K AR, 2 e O Al
J 7K 77 A 04 i A 52 AR b g A R A 3 4l T T
B
5.2 MIEIE

FLERE 2R A RS A DU s o R, T
AT KRS & i S IS I IX
i pee R B 1 e i BRI I, 2 1L A A
MR FHRIEE (7 = (AL 0, —Na,0)/TiO,) W1



553 4]

A e KAE: WEME /R AU AL G b B R A I R U EE AR | BRI IR S 3 T L 9

P8 vprag i 2 L R X R s PR 5 e
Fig. 8 Magma source and process discrimination plots of andesite in the Zhongguai uplift

(a)Y -S/Y Ffif, JREESCHR (4975 (b)Th/Zr - Nb/Zr FIfif, RIEIHESCHK [50]

B9 rp i 22 L b R85 0 ) el i

Fig. 9 Tectonic discrimination diagrams of andesite in the Zhongguai uplift
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