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the North Tianshan Ocean, which are important for understanding the Paleozoic evolution history of the Paleo-
Asian Ocean. In this study, we present new petrological, mineralogical, geochronological and geochemical data
on the Carboniferous Bayingou andesites in the North Tianshan belt, and discuss their petrogenesis and tectonic
implications of the andesites. The results show that: (D) the andesites belong to the calc -alkaline series that
formed in a convergent continental margin setting related to the plate subduction in this study, whereas these an-
desites have low MgO (<<3%) contents that are different from typical high-Mg andesites (> 6%), whereas the
andesites have high Mg" values (> 45), indicating mantle materials participating in the formation of the an-
desites. @ In-situ LA-ICP-MS zircon U-Pb dating on the andesites of the Bayingou Formation yielded an
weighted average age of (324.1+1.1) Ma (MSWD=L.5), representing the emplacement age of the andesites. The
Carboniferous andesites were a mixing product of the felsic and mantle-derived melts, and the felsic melts were
derived from partial melting of the mafic lower crust in the North Tianshan orogenic belt. Integrated with the
previous studies and geological data, this study holds that the Bayingou Carboniferous andesites were generated

in a subduction zone or arc-related environment, which further indicates that the North Tianshan Ocean was still

2024 4F

not closed in the late Early Carboniferous.
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Fig. 1 (a) Geological simplified map of the Carboniferous volcanic rocks in the North Tianshan belt, Xinjiang Province and

(b) geological simplified map in Bayingou area of the North Tianshan belt
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Fig. 2 Field exposures of the Bayingou andesite rocks in the North Tianshan belt

A, L 1 EE T R~ 1000 m’, FLACR AR
R M BR A N(44°05'8.14"), E(84°47738"), SR K i 2
(H)A 1799 m,

TE 75 92 B BT AR A ST 2 b XEA IO B A A
BES AT RN A BT T A A A I, JR45 A f 4R A
FAOSE I HTEE R, R B VA 1 L Ay S (1 2

e A A o SR BEIREEH, BER DL A -2 BRI

ARHC AT O 32, o 32 B R A Bl A o B B B
Yy Sy N A R =B ), AT LAY Ay i R A A O i
) o BENMER R, s i E 2 YA O RHS
BRI A AR 3), o B
IR ER R Gy 42t K R e I Paa o (M E T
A RESIA, ST WA I 1, gl anl el
WEAT . A IR AT S5 AR (740

w2 C
5 *

An. B5K A5 Chl 8tef; Ce Hfff; PLEKA; Q AZ
E3 BEAATBENMUERMBRE (a~co)MEFEHSTESKA~D

Fig. 3 (a~~c) Petrographic and (d~f) BSE pictures of the mid-acid volcanic rocks from the Bayingou Formation
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£ 1 EXRLBHFAIRLERFRS(EPMA) FHER (%)

Tab. 1  Electronic probe microanalyses (EPMA ) results of the andesite from the Bayingou in the North Tianshan belt(%)

WES TYaEK  sio, Na,0 Cr,0; K0 MgO ALO,  MnO CaO FeO TiO,  NiO Total
2 56.915  5.41 0.016  0.149 0015  27.137 0.027  9.748 0.5 0.047  0.02  99.984
13 60.359  7.042  0.001  0.284 24.648 0015  6.77 0.309  0.017 99.445
17 63.423 8101  0.001 0472 22.686 4.638 0244 0.002 0017  99.584
23 58.159  6.047 0016 0.132  0.047  26.454 8.683 0493  0.024 100.055
24 56.751 5489  0.028 0172 0018  27.013 0.041 10.027 0348  0.005 99.892
26 59.989 6461  0.009 0272 25173 0.036  7.326 034 0029 0022  99.657
40 62.344 7375 0001 0151 0002 23767 0003 5852  0.142 0014 0017  99.668
46 KA 61304 6977 0427 0015 2388  0.023 6641 0361  0.007 99.635
47 60.685  6.872  0.043  0.295 24567 0015 6.659 0.32 0.011  99.467
55 59.994 7326 0.019 0955  0.034 23977 0.003 5153 0404  0.042 0.035  97.942
61 60.494  7.136  0.028 1243  0.052 24689 0007  4.968 042 0031 003  99.098
65 59.829  7.335  0.009 0234 0012 24754 6.746 0321 0036 0011  99.287
66 58474  7.152 0.225 2507 0012 6254 0.34  0.009 97.536
76 60.631  7.286  0.018 0295  0.023  24.165 0023 6316 0324  0.002 99.083
77 57.5 5238 0012 0815  0.049 26319 8352 0533 0.014 98.832
19 67.771  10.623  0.053  0.137 0381 18761 0016  0.076 1.146  0.048 99.012
20 68.142  10.075 0071  0.165 0391  19.071  0.021  0.043 1.169 0.016  99.164
35 69.394  11.223 0.061 0019 18736 0.016  0.02 0.139 99.608
60 WA 69.1 11.565 0.117 0016 1912 0017 0051  0.193 0.007  100.186
62 68.806  11.525 0.02 0006 19.131 0.001 0156 0062  0.015 99.722
64 67.953  11.335  0.021 0221  0.029 19475 0.12 0.125  0.012 99.291
75 68.963  11.078  0.015 0.045  0.007 19.073 0.042  0.06 0.058 99.341
3 30442 0069 0251 0028 12129 14459 064 0502 29314  0.038 87.872
16 30.737  0.078 0413 0029 12365 14243 0577 0413 28525 0.051  87.431
31 62.715 8213 0.048  0.017 18.643 0036  0.113  0.104 89.889
32 60.968  7.539  0.025  0.037 19.073 0.061  0.154  0.005 87.862
42 32.093  0.86 0.08  0.048 10929 15544  0.662 0368 28306  0.047 88.937
43 s 30.764  0.032  0.138 0018 11.628 14215 0.682 0457  30.105 0.015 88.054
45 30226 0.003  0.144 0018 13302 14571 0.651 045 28593  0.056 0.049  88.063
48 29.927  0.025 023 0.009 13.847 15114 0532 0348  27.425 87.457
49 30.151 0014 0171 0018 13485 15023 0501 043  27.875 0025 0024 87717
54 30.632  0.07 0389 0015 13.683 14923 0429 0487  26.853  0.007 87.488
70 30.14  0.031 0145 0058 12597 14394 0598  0.288  30.028  0.001 88.28
72 30.632  0.075  0.035  0.144  12.825 14994 045 0454 29716  0.021 0012  89.358
5 98.789  0.037 0061 0.138  0.121 0577  0.028  0.033 0.44 100.224
8 99.054 0137  0.024  0.04 0001 0658 0019 0058  0.068 100.059
10 98.93 0074 0048 0076 0025 0571 002 0011 0181  0.002 99.938
28 98.645  0.188  0.023 0.071 0029 0803 0.0l  0.044 0348 100.161
29 . 98.374  0.042 0.09 0009 0714 001 0.103 0102  0.128 0.012  99.584
51 Gk 98.634  0.136  0.058  0.138  0.009 0749  0.008  0.059  0.109  0.046 0.039  99.985
53 99.027  0.003  0.001 0.007 0.01 0.013 0031 002 0034  99.146
58 99.417 0.028  0.019  0.005  0.023 0.006 0125  0.025 99.648
67 98.585  0.085  0.015  0.096 0352 0028 0031 0015 0045 99.252

71 99.796 0.007 0.013  0.029 0.005 0.022 0.006 0.007 0.027 0.047  0.008 99.967
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gk
WAS T¥EKE s, Na,0 Cr0; KO MgO  ALO;  MnO Ca0 FeO TiO,  NiO Total

7 2067 0405  0.644 0176  0.605  1.033 1289 47.545 118 0.03 54.974
25 0.057 0.022 0039 0022 0105 53871 0492  0.008 54.616
27 0.06 0.027 0.042  0.004  0.109 5379 0441 0.001  54.474
34 0.017 0011  0.163 0.143  54.128  0.552 55.014
39 Vil e 0.056 0.011  0.163 0014  0.176 50362  0.625 51.407
44 0.06 0.015  0.005 0.111  0.006  0.164 5408 1005  0.037 55.483
52 0.068  0.005 0.068 0018 0955 54038 0.172 0021 005 55395
57 0.622 0018 0045  0.002 026 0.08 1451 52228 0451 55.157
63 4242 0035 0012 001 1414 0201 0572 48864 1.118 0062 0018  56.548
4 60.83 7585  0.034 0084 0119 19712  0.002  0.172 0.58  0.011 89.129

60.674  10.162  0.026  0.028 20.377 0.205 91.472
9 62423 8772 0.045 0055 0004 19.111 0006  0.232 0.16 90.808
11 60.543 8485  0.022 0003 0016  19.13 0.056  0.183 88.438
15 55393 12474 0016 001 0017  21.925  0.003 0.073 0.013  89.924
18 61.957 7973 0029 005 0054 18774 0.009  0.172 0413  0.022 0.007  89.46
21 A 58.749  5.846 0.05 1413 0753  20.822  0.056  0.667 1594  0.309 90.259
36 60.719  9.445  0.018  0.049 19.801  0.017  0.107  0.139  0.028 90.323
37 57.103 11794  0.009  0.017 21.753 0.024  0.125  0.021  0.005  90.851
59 58.065 1085  0.023 0.008 21 0014  0.163 0.002  90.125
68 59.588  9.734 0.01 0056 0075  20.065 0142 0254 0.173  0.05  90.147
69 58.883  10.254 0.042  0.032  20.875  0.06 0.03 0224 0.021 90.421
74 58.608  10.42 0.047  0.047  20.652  0.029  0.068  0.245 90.116

SR, I A B O ALk 2 1 i 3 45 R i AT B
g, TR PR TR, FEEALHE Sr. Nb,
V. Ni, Cr, Zr, Hf, Th, Ba, U %% % K XRF Fl#iR
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FH ICP-MS 5 58 B I 2 o S5 5% ok 72 v, [6] B 58 A
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ARG 2 1L B B A i TAEAE R L 48 Hh
T 7= 5 I K Je JER 7 X35 b 5 A BA S 58 5 58 o
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A7 I, B P AN () 265 1 o 4R ety s A SR T
P BN B A7 ORI B I o 2 — 22 A, ELAAR A i HE O
T R T S I DA 56 SR CRIE 45, 2002) . T — T

VB SR 41 5 G 1 s A AT PR 0 285 4 R AR 8 1 4 A, ¢
SO R 37 S O BEAE . B A B B AR O CL R Y
SR AR AE v [ Ml SR 2 B b 5t B A D SE L. CL
FFAR &' 32 22 A B S A 1 DRl . R, S ik R
I T I AR R R Y 2 TEXT RS AT
Y H CL BHMR B i L L, R R 8 A 1
JE A U-Pb [ 437 28 4F % 43 B 78 1 SR 9% 558 v ) s J 78
A Ry I b IR A PO TR S BT R0 SE . AR IR A
A 5E AF FIr ok A B9 #5 %454 Finnigan Neptune % LA-
ICP-MS DL & 5 Z B £ 19 0O New wave UP 193 3t
RS, WOCHI PR ERBER AR 35 pm, FOGRI R 5
TR B 240 20~30 pum, SR 4 8~ 10Hz. A UK 5L 5K
R, SR BRFR HEES A7 91500 1F S AR E 4T B0HE o
(ARSI, B8 A1 i JC 3R B it AR N TG ke R R 3
18 NIST SRM610 1 Ry S kA7 Wi 45, Si 1 AR T
RIEATROE o BdE ik BER H #F ICPMSDataCal 10.0
T2 56 B, ELAR A B A0 B AR L Liv %5 (2008) o #
Je, Xk B9 B 8 47 35 8 47 % 1E (Andersen, 2002),
AR TH A M IRl 2 )R B A Excel H 1) 1SO-
PLOT &% 5¢ i ( Ludwig, 2003) .
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TP FEREF BT 45 R UL 1. s pr gl SRR
LA TR AR A S 8K A, BHC A An (1
S EEEALE 30~50, KA A A, B K
FR, TAE, B FAALD, 88w KRB A
SRR FURAR 43 A
42 FETEHWER

IS ERICEMIE R WL 2, SOhITH
FE b 19 32 5 0 3R AR 2E B AR R B R R R
43 (LOD JG IH— R 25 8 . AR HTRE L Y Si0, & it
H 57.15%~65.94%, B 1 SRR AN, Hd s A Sio, &
HBUNT 65%, & Tt s, 78 Ol wE o EA M

9 AN FE il BB A3 AT A 1L O, B A UL SR R
TIRE T RANAT o BT R 0 A s, AR RE
ANKKRE, nTaE T B A Sio, & & THE, 5 0
TR A KB A FE S AT Trvine 26 LR (B PE
FW P20 A48, 8 T Ak &5 . eabh, Fril ik
1 FE i LA 3R ALO, & 1 A8 b, Ak E LA
12.57%~16.15%, V-4 15.15%, 7~ H 5 Al i ER
A2 HRE 5 Fe,0," & i 4.74%~9.60%, 2K 6.24%;
MgO % & 8K (<3%, “FHIh 2.20%) . [RIEF, #E 5 1)
TiO,. CaO il PO & & Ik, V- 18 53 71 2 0.89%.
3.69% Fl 0.17%. 4= Bl (K,0+Na,0) & & N 5.22%~
6.46%, H Na,0 K F K,0, K,0/Na,0 {H 7£ 0.17~0.76,
S-S5 H S 0.40, ELAA §h 5T A Bk AL 22 R AE 5 BLAY 2 4
oo N 1.51~229F14 1.98<3.3), J& TH5 i IE £ 5.
1E Si0, vs. K,O F | [ figg v (] 4b), Z2 800 i o i

TP b (] 4a), BRI RE 31 D8 200 XN, i

£2 ERLBFARLETETTMKULEZSITER (%)

Tab.2 Major (%) elemental compositions of the andesite from the Bayingou in the North Tianshan belt

Hh R B 2R B A St R AL A AR AR, — R i A

FE b 924-1 924-2 924-4 924-9 925-2 925-5 925-7 926-1 926-6 926-7 926-9
Sio, 62.80 62.84 63.68 65.94 62.69 62.29 61.08 58.18 58.22 60.34 57.15

TiO, 0.65 0.86 0.78 0.74 0.71 0.99 0.64 0.98 0.97 0.96 1.52
ALO, 15.18 15.12 14.83 14.86 16.05 14.9 12.57 15.63 15.82 16.15 15.51
Fe,0,' 2.54 435 2.95 2.49 2.15 1.9 2.44 5.37 5.31 3.33 6.83
FeO' 2.29 3.92 2.66 224 1.94 1.71 2.20 4.83 4.78 3.00 6.15

FeO 2.46 1.65 2.48 2.6 3.25 2.89 2.3 2.82 2.96 2.82 2.77
MnO 0.10 0.11 0.1 0.1 0.1 0.11 0.14 0.15 0.15 0.13 0.22
MgO 1.72 1.82 1.91 1.83 2.32 1.92 1.92 2.84 2.83 228 2.79
CaO 3.05 2.85 3.47 2.67 2.53 3.94 6.48 3.65 3.53 4.64 3.78
Na,0 5.02 3.56 4.17 3.9 5.26 5.38 3.64 3.84 4.17 4.53 4.47
K,O 1.44 2.7 1.66 2.5 1.07 0.93 1.58 2.01 1.73 1.26 1.05
P,0; 0.15 0.17 0.15 0.14 0.11 0.21 0.12 0.17 0.18 0.21 0.28
LOI 435 3.28 3.57 2.26 3.35 3.61 6.21 425 3.67 3.13 2.70
Total 99.46 99.31 99.75 100.03 99.59 98.86 99.12 99.89 99.54 99.78 99.07
Ca0/(FeO'+MgO) 0.73 0.51 0.73 0.62 0.53 0.98 1.47 0.47 0.46 0.84 0.44
ALOy/(FeO'+MgO) 0.46 0.28 0.39 0.46 0.54 0.57 0.39 0.23 0.24 0.37 0.18
Mg’ 57.53 45.56 56.53 59.52 68.34 66.90 61.15 51.45 51.60 57.80 44.97
Na,0+K,0 6.46 6.26 5.83 6.4 6.33 6.31 522 5.85 5.9 5.79 5.52
K,0/Na,0 0.29 0.76 0.40 0.64 0.20 0.17 0.43 0.52 0.41 0.28 0.23
FeO'/MgO 1.33 2.15 1.39 1.22 0.83 0.89 1.14 1.70 1.69 1.31 2.20
HR 2o 2.11 1.98 1.64 1.79 2.03 2.06 1.51 225 2.29 1.93 2.15

. LOLMBE R i

Fe,0, g &4k & 4k .
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Fig. 4 (a) TAS diagram for the andesite; (b) SiO, vs. K,O dia-

gram for the andesites

LB 2R 81 X 5

e R (B Sa~&l 5g), #Edh Si0, 5 MgO.
MnO. TiO,. P,0s. Fe,0," %5 %A fb4) 2 8] 1% 47 B b 1) 2%
PR R, RE AL M B a4 B e
ST it R
43 HMETESTER

T TG R AT A 0L 3. 78 JRLAG b Ar v 1k
02 Wk AR ] (] 6a), BT A RE 5 2 0 e
KRB FHFAILE, W Rb, Ba, K F1 Pb %, T
S ICE Nb. Ti Fl P, EA 5 KRl o7 sl oy 3445 1Y
A 2K A AH DL AG b BR Ak 27 7 4E (Gill, 1981; Kelemen,
1995). 34, #F 5 B A 55 19 Ze-HE IE 5 % (Zo/Hf=
28.04~31.85) (5] 6a) F{IL % Sr/Y 1 (6.58~17.67), &
7 H IR A ICA 2R bR AL 22 R AE (JEYR IR T ) o

JIT A A it S s AR A s T A 2, 7 B I
P A HE + o0 Z B A E 1 (18] 6b), 5t i+ i L
A # + (LREE) & 4 19 47 (0 8 43 4 F#4F, LREE (1918
A TF 49.85x10 °~89.86x10 °, - ¥ Ky 72.94x10 % &
i + (HREE) FU{E AT T 16.86x10 °~23.56x10 °, F- 1418
47 19.57x10°, LREE/HREE {H7£ 2.68~4.65 Z [A]7E 1k,

(La/Yb) fHA T 1.74~3.71, f7s R R 0 5 42 10
HAE . i b B YREE 4 66.71x10°~109.37x10°, i
T HFE A . FES Ew/Eu*{H l 0.81~0.95, 1£1F
5509 Eu 71 78 (18] 6a), RUPAEKIRIX AT Re& Iy 1/
HAHS A 7B 45 A (Hugh, 1993) .
44 RINAEHER U-PLERZDITER
TEIUZE 1L 5 iy 33 Jo g A1 4T U-Pb [R5
Mr(4), A Es A 2 IEEEH, KEahA
B—F A8, 28 R K AR, POk <58 8 100~
200 pm=50~90 pm, KF K 1: 18 3 : 1. §4
e ZEEUR (CL) Wi A1 & B A R ¥ (B 7),
F W B A1 235 5 B 9 25 R BE AR, B e R 99 Bl
JERENE . AR T DL R AR R R B R PR, R
HH BT 5 0 2 5T A O RS A 1 RRIE (Rubatto et al.,
2000) . %5 Th/U{H A 0.06~0.69, Bk — i &5 A H
0.06 41, H AR Th/U {34 >0.30, “F35{E N 0.39, #F
—RIAH R AL . IR B A7 Pb/ U K IAR
% 4 T 320~330 Ma Z [1], IR AR5 (324.1+
1.1) Ma(MSWD=1.5) ([ 8) . 7£°*Pb/*"U vs. *"Pb/*U
[] 57 2% 4F W 3 A AL b, B8 s SR AR Tl At 4 -
(& 8), XA ATEL MU WA R Pb £, I,
IZAEI AR R VL A R IE B, T8 TR
W S0 3

5 e

T A1 A ZE W, I A R S A T e G AR, HL
F TR TR A FE S A BEJC H LOT AL, A T
2.26%~6.21%, F-HI{E K 3.67%, B22k & LOL #1 U, Pb.
Rb 0 R Z A W LR, Hik, &
U FE T R A 1) 28 L 25 B R e SRy o fef, ol 25 1 FH %
JCE &R/ (Ashwal et al., 2006) .
51 =AKE

T R B C L B A, (B4
N E A R AR AF AR B R B 4 1 (Wang et al.,
2023) LA R FIRE 1 R BE AR R 2 4, H TR
PBAEAE R I i, A HE 2L sl B 0 40 B 45
A P 5 B FLUURR A 1) BB I il SRk SR Mt
W AR A (Streck et al., 2007); FE 5% (14 35 43 4 fil LA
T K b %) 358 43 4 il 25 (Wood et al., 2009) . 3CH
B 5 98 28 1) 7 3 R 5 A R A MgO(<3%) . Ni
(8.56x10 °~17.1x10"°), Cr(27.5x10°~83.5x10 ) fl V
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Fig. 5 Harker diagrams of the whole-rock major elements for the andesite in the North Tianshan belt
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Tab.3 Whole-rock trace (x10° ) elemental compositions of the andesite from the Bayingou in the North Tianshan belt

FEiS 924-1 9242 9244 9249 9252 9255 925-7  926-1  926-6  926-7  926-9
La 15.5 17.3 17.6 15.4 137 9.84 14.7 112 112 792 863
Ce 374 3810 39.10 3480 3190 2470 3400 27.30 27.80 19.50  21.60
Pr 497 490 506 456 435 366 447 381 3.83 286 327
Nd 215 214 214 19.2 18.9 17.8 19.1 17.9 18.3 139 1640
Sm 552 529 532 484 502 546 48 503 504 406  5.14
Eu 1.46 1.48 1.38 1.23 1.43 1.64 1.29 137 1.55 1.61 1.62
Gd 548 542 515 450 485 606 488 514 521 449 526
Tb 089 08 08 075 078 099 078 085 084 074 086
Dy 573 533 5.1 458 503 636 492 515 5.4 464 542
Ho 121 1.13 1.1 0.99 1.11 1.35 1 1.08 1.1 0.97 111
Er 342 324 318 271 3.09 385 296 293 323 272 3.08
Tm 052 047 045 041 048 055 042 044 047 038 047
Yb 359 336 3.2 286 335 382 299 303 326 253 3.14
Lu 0.54 0.5 0.51 042 0.3 058 042 044 048 039 044
Sr 198 222 199 180 199 366 416 280 302 424 400
Rb 234 527 285 442 282 16 38.1 51 30.8 15.1 15.5
Ba 302 722 285 650 451 1177 635 387 804 1022 1000
Th 3.65 294 336 3.03 3.05 107 273 2.16 192 075 092
Nb 4.7 372 426 428 346 184 321 3.01 2.66 1.51 2.09
Zr 180 129 140 138 139 92.9 115 124 108 67.3 72.6
Hf 565 444 455 453 476 336 367 407  3.79 2.4 2.54

ZoyHf  31.85 2905 3076 3046 2920  27.65 3133 3047 2850 28.04  28.58
Y 30.1 284 282 239 278 328 268 273 274 24 26.8
Y% 75.5 109 102 954 809  68.1 75.2 141 137 120 181
Cr 83.5 67.5 752 439 364 483 70.3 3.9 317 275 501
Ni 14.3 13.5 113 954 965 15.3 8.56 12.6 11 152 17.1
U 1.32 1.01 121 0.9 1.02 064 082 078 073 046 051
Pb 117 816 858 853 10 6.84 828 658  7.18 4.6 3.93

St/Y 658 782 706 153 716 1116 1552 1026 1102 17.67 1493

La/Yb 432 515 550 538 409 258 492 370 344 313 2.75

La/Nb 330 465 413 360 396 535 458 372 421 525 413

(La/Yb)y 291 347 371 363 276 174 331 249 232 211 1.85

Th/Yb 102 088 1.05 1.06 091 028 091 0.71 059 030 029

Nb/Yb 1.31 111 1.33 1.50 1.03 0.48 1.07 099 08 060 067

YREE 107.7 1088 1094  97.3 94.5 86.7  96.8 857 877 667 764

Eu/Eu* 0.81 0.85 081 0.81 089 087 081 082 092 115 095

Ce/Ce* 1.03 1.00 1.00 1.01 1.00 1.00 1.02 1.01 1.03 099 098
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Fig. 6

(a) Primitive mantle normalized trace element patterns of the andesite from the Bayingou formation in the North Tianshan belt

and (b) Chondrite-normalized REE distribution pattern of the andesite from the Bayingou formation in the North Tianshan belt

Fri (68.1x10°~181x10°), 5 & 7K s B H2 45 = =
B MgO., Cr, Ni FfiEAR—2, Wk [ F 2 iEIX,
S B 20 5 v R R 1) A S 4 S VR, (ELFE La v,
La/Yb [ 1 (18] 9a), BT A R b 147 b 7 H0 30 43 445 il
BB MERRNE . sAh, SRR LD B
153 B3 45 VR T, WIS DR A P A= 1 [R5 Y 1k
WAEH, I HEMNZ RS BN R
SR, B AR E A R, FEAS [H) b, BR T /0 Y M B R T

wASk, hZ S iﬂéﬁ%ﬁ#ﬁ@iﬁl*”mﬁéﬂA By
B2 2SI R I K RE R A - AL
AR, W, 4 jﬁ’@?ﬁﬂ’]ﬁﬂiﬁﬁ»&' A REA R AR
b D 8 43 L A B R A AR oy TR .
P 5 SR T AR ) 1) B e Rl 2 7 AR Ll ) —
ANTEEIRAR . E, I ST BB A 4 ORI 2 1L
PO BN R R EUI R A T R E A 1, B
FBRIR TS B MR AL 2, 33X 5 S0P g 22 1 A Y ek
AL 2E R AE B B R — 30 (36 3, 8 6a. K] 6b), KGR T HF5T
DAY 22 L AN S S I8 T b i o SR AR ) B Y

JE Rl 3 A0, 2 AR B A B Y Pb(3.93%10 °~
11.7x10 ) IE 5 % 1 & B Th(0.75x10 °~3.65x10"°) |
U(0.46x10°~1.32x10°) F 1k, fw ML i 52 i BR 1k
SEHRAE, B T b {E (Rudnick et al., 2003) .
BEAh, B 5 A La/Nb {E 4 3.30~5.35, tHik & T g A9
BAE(1.0), 2 30 F 52 F ¥ {8 (2.2) (Rudnick et al.,
2003), #F— 2 R SCR ARG LA A R A el
VIR BTk o AE{ELA R A S, AR ORI 9T (R 42 1L A R
i ELA R Mg (>45), 80T/ Mg"%e 1L 2 (1358
I3 b BR AL 2 FEAE (Kelemen, 1995) . SEH 45 £7 27 F Y
B 70 5 A il 7 A R T AR ) Mg
<45(Rapp etal., 1995), =5 Mg E 7~ T 08 54 i 1Y 2
ko LN, BEA RS 1 S R KT b AL,
T2 A R R oA e 4 A . 7EI&] 9b
FIEAT R & 0 T ML 5T 05 PR AN b A5 IR i AFC 2R |, oF
— WG R T Mg W A L Ll A SRR AR

SEA LA R RS, 2 A 14 1L A 1T RE R ST
IRE R4 5, 78 MgO vs. FeO' [ f# v (18 5h), T



103

8

A J A i

LR Ean-3liF=p=)

vy
=]

MR JeRine

3

%

O EEHIOT S g 6l ch B AL

1°6S¢C geee Ove TECE 6T §ICE 8I'0 80000 O¥PFO 66€ 90000 SSIOO0 STIT 09000 1€S00 IL0T T10¥00 8¥FLEO 160 S000°0 <CTISOO €]°LS SO'¢ (%3
0€T 1'01¢ L'1€ TLTE 9T 96C¢ 91'0 L0000 O9Iv¥'0 6£¢€ S0000 €100 1101 €S000 9TSO0 0L'6 69¢0°0 T08E0 8L0 +0000 STSO0 A% 16C 43
L'S€E 133 €S ¥STte 6’1 9vCe 8I'0 T100°0 S965°0 S8T1 €0000 O0SI0°0 LS'T 80000 1€S0°0 29T 19000 8LLEO LSO €0000 91S0°0 L9°ESE Y61 1€
%74 0'v0L 01y vILE 9T ¢€0C¢ SP'0 91000 ¢SISE0 TSP 600000 00200 +w¥' 11 CTLOOO 62900 ++O'II L8YO'O 9Ivy0 €80 +0000 60S0°0 LEIS 66T 0¢
6°'LS 9vTy 6’8 88¢E 61 P9T¢ 8C°0 61000 67690 80C ¢€0000 0¢€I00 09°C ¥I100°0 €SSO0 ¥9°C  $0I0°0 1960 LSO €0000 61S00 Y09LT VL6 6T
6'61C 8'LSY TTE L'8EE 6T 9'1C¢ €L°0 LTOO0 SLLEO 60F S0000 0€I00 6’6 9S00°0 19500 TS6 LLEO'O 096£0 680 S0000 <CISO0O 6¥'cS 89T 8T
Y0eel £'69¢ v'6S 1'¢ee Tv G'8C¢ 7’0 S1000 8SPE0 IS0I +I000 O0€I00 TO6S 8ICO0 6£S00 €8LT T6900 €88¢€0 LTI LOOOO €TSO0 v6'€S  8L'C LT
€19C CESe 08¢ L'TEE 6T L6TE €0 Y1000 6vEF'0  69°C 90000 OSIO0 OLTII €9000 9€¢S0°0 +¥H'I1 €PPO0  LL8ECO L8O S0000 STSO0O L9  SsTe 9T
9'LL 1'1¥€ v'Il 96T¢ 6’1 +V'ECe 1€0 01000 €82€0 69C +0000 09100 ¢v'e 81000 €£€S00 6v’'€  CTEI00 I8LE0 090 €0000 SISO0 9791 8¥'8 Y4
'€0¢C 1'69¢ L6 L1€E ¥'T ¢€9T¢ €20 L0000 O0OY0E0 S9°¢ 80000 0ICO0 €06 6¥000 0¥SO0 96’8 9v€0'0 €980 €L0 %0000 6IS00 6588 691 YT
['evl G696 9¢C v9S¢ ST 1°6C¢ [0 L0000 [ILTE0 €I'v 0000 06000 LS9 6£000 06500 €99 6L200 SOTFO 9.0 #0000 LISOO vSL9 8¢ €T
9°¢91 9°L9¢ L'€C §6T¢ TT L6lg SL'0 12000 <¢TE8TO 1€°¢ 90000 08100 9T'L 6£000 6£S00 LTL SLTO0 08L£0 890 €0000 80SO0 ¢v'e6 90°¢S <
669 8'6LE S0l ¢€T7€e 6’1 96C¢ €€0 01000 896C0 19C #0000 O0OLIOO IT°¢ L1000 TPSO'0  LI'€ €CTIOO TL8EO 090 €0000 8ISO0 78'S81 096 |14
6L €LSE L1 §9T¢ 0T TTCE S0 61000 6TvE0  6SC 0000 SSI00 16°¢ 61000 LESOO 65°C 9€I00 €6L£0 T90 €0000 €1S00 00°0ST  IL°L 0¢C
€6lI¢ 9°6¢£¢€ Ty 9LTE 9T 6'SC¢ 9¢'0 €000°0 87900 16y 77000 Obr0'0 OI'vT SLOOO €€S0°0 6F'€l +$ISO0 LOSEO 180 H0000 61500 Ty 60 61
Sevl 1'v€8 LT 806 9T 00c¢ 620 01000 T0EECO 6CF 90000 OFIOO 689 9Y000 69900 S69 9T€0°0 v69¥'0 180 #0000 60500 6L99 1¥'¢ 81
L'SL 6'L8¢ €I ¥1ee 6’1 P'eee €0 01000 +vIoEO0 0T¢E +0000 62100 LEE 81000 +¥SO°0 '€ TEI00 6580 090 €0000 +ISO0 SLEVl  ¥TL L1
00T 0'88C T8C 0OPCE 9T 06C¢ €0 ¥1000 9¢0v'0  8¥'v 90000 +CIOO L6'8  LY00'0 ITSO0  0L'8 LTEOO 6SLEO0 080 +0000 ¥CSO0 9L’L9  €S°¢ 91
S60¢€ 4989 vy ¢ST¢ 8T 69C¢ 090 92000 Pvrer'0  80°S 90000 STIOO 19°Cl TLOOO LTSO0O CTO'El T6HVOO 6LLEO H¥80 #0000 0TSO0 90°CL 9L'¢ Sl
8911 €91L TICT 1'SLE VT TTlE OI'T 0000 699¢0 TL'E 0000 61100 0SS S€000 TL900 +9°S TSTO0 69%v'0 SL'O 0000 €I1S0°0 8098 6¢V 4!
6'¢€C L2009 9LE €9S¢ LT L6l¢ 91°'0 90000 <T6LEO 1L°€ 90000 <CLIOO 1801 S9000 00900 #SOI ¢€v¥00 +OTFO S80 #0000 800S00 91'IS 89T el
1°01¢C V'8¢ €0¢ 1'8c¢ 8T T0cCe 170 60000 ¢cCo6ev'0 CTT¥ S0000 OIT0O0 S€6 1S000 ¢€¥#S00 TT6  TSE00 SI8E0 980 t+0000 60S00 6€°LS 16C Cl
7'9¢Cl L'TEE L6l 99T¢ TT L'STE 61'l 65000 €660 9LC €0000 0CIO0 209 TL00'0 [1€S0°0 €09 67C00 v6LE0 890 #0000 8ISO0 L1'€0I TY'S I
€L9 9CI¢ ¢6 86l¢ 61 80¢C¢ 170 01000 L80SO TFCT €0000 SITO0 96'C 91000 97S00 86'C O0OII00 <TOLEO 850 €0000 O0ISO0 1L¢ce SSI1 01
€10¢ 'S¢ ¢y ¢€LTE 8T 06C¢ ST0 11000 <CTLTYO TEP LOOOO €SI00 8EECT 0L000 LTSOO 16CI 16v00 €08€0 980 S0000 HTSO0 1679 $€'¢ 6
6¢gl 1°08¢ L0C S¢€Ee 1'T 89C¢ 8¢€0 SI000 1900 LO'E +0000 OFIOO 619 +€000 T¥SO'0 0C9 I¥20°0 8880 S9°0 €0000 0TSO0 TTIIT €8¢ 8
' 10T 1'86¢ ¢'8C ¢€8T¢ VT 1VCe €€0 11000 1IvkEO L6E 90000 CTHIOO 6’8 8¥00°0 LESOO 0L'8 TELO'0 9I8E0 SL'O t0000 91S0°0 009L 06'¢ L
[ Y43 vy SOy 0vee 1'c TICE SP'0 L1000 9€8€0 9¢€S 600000 09100 8S¥I 18000 €SS0°0 T6EI TPSO0 S68E0 960 S0000 T11S0°0 €9'1S 69T 9
1'861 'Cse ¥'8C 86T¢ 6T 99C¢ 0C'0 80000 9.9¢0 ¢€0°S <0000 <TOIOO LL'8 LY0O0'0 SE€SO°0 19°8 0€€0°0 LESEO 060 S0000 0TSO0 LL99  8¢€'¢C S
9'8¢1 L7098 STC v'Iise 9T ¢SICE LE0O 02000 €O0¥YSO 69T €0000 <COIOO 9€9 LLOO'O 88500 OF'9 S920°0 S8YIF0 T80 +0000 11500 199L 96'¢ 14
'€0¢C ¥'€99 1'ce L'S9¢ 8T 6S0C¢ 8C°0 60000 TIT€0 SI9 80000 €TI00 6’6 65000 L1900 LL'8 08€0°0 9¢€e¥'0 L8O +0000 O0ISO0 0789 &r'e €
L101 €6ce LYl ¥8C¢ €T 89C¢ 9%'0 81000 1680 II'€ +0000 SIT0°0 6’y 7000 TESO0 8’y IL100 8I8C0 1.0 +000°0 0TSO0 ELYIT  68°S C
¢TIt 1°926 00F 960y T¢ T0TE 97°0 01000 006€0 68S 90000 <COIOO SEO0I TLOOO 66900 986 P¥8Y0°0 O0I6¥'0 10T S0000 60S00 SO  9P'C 1

o Ady/9d,;  °1 Neer/d,y, O1 Nger/Ady,, Y02 o Nger/ULy, YoM ol UL,/Ad,,, %02 o ad,,/9d,,, YoM ol N/, YoM o N/, n qd -

(o) 381y B 3% 79 Govomy S

1[9q UBYSUBL], YLION 9y} UI uonewio,] noguikeq oY) Woij 9}ISpue oy} Woiy Suooliz Jo synsal Sunep qd-N SIN-dDI-V1 ¥ 9Bl

HEHE B SN-OIrVIBSEMEFEEDMXF v %



104 odb b R NORTHWESTERN GEOLOGY 2024 4F

2.1
320.3+3.2 Ma 326.94+2.3 Ma 320.5+2.8Ma  321.5£2.6Ma  326.6+2.9 Ma
| 9.1 S110.1
3 ®
O
321.243.1 Ma 324.1=2.4 Ma 326.84+2.1 Ma 329.0£2.8 Ma  320.8+1.9 Ma
2 & A ol
= @) g O
11.1'® 12'1.9 %ﬂ*.__lll g ==
325.842.2 Ma 320.242.8 Ma 319.7+2.7 Ma 322.242.4Ma  326.9+2.8Ma
o 20,1 e
e 6. ] : 19.1 7% { .
a @ . o G
329.142.6 Ma 323.4x1.9 Ma 320.0+2.6 Ma 325.9%2.6Ma 355 947 0Ma
23.1 2 9
= 22.1 ‘ol " '
¥ ) & 8
325.6+2.0 Ma 319.7£2.2 Ma 325.1£2.5 Ma 326.3£2.4 Ma 323.4+1.9 Ma
27 Lo 29.1
26.1 5 Loa
h} )
>/ %{_’f y
¥ (C
\ 30.1 =
320.3+£2.7 Ma
329.7+2.9 Ma 328.5+4.2 Ma 321.6+2.9 Ma 326.4+1.9 Ma
32,1 _ ‘
!Nl.l @ 331 M
O | h 33.1 321.842.9 Ma J4E4ER
324.6£1.9 Ma 329.6+2.6 Ma 321.842.9 Ma 100 pm

B7 {tXLBEFARLEDERRMRENE CLEBK
Fig. 7 Cathodoluminescence (CL) images of the andesite from the Bayingou in the North Tianshan belt

340 5
a
0.054 - 336
0.053 | 332 ‘ ‘ ‘ ‘
~ 328}
=) =)
Z o052 2 I||I ||| .||.I _I.||| ”I I||| |
£ £ I e
70051 F & 30t
316 |
0.050 |-
312 + Mean age=324.1+1.1 Ma
MSWD=1.5, N=33
0.049 . . . . . 308
0.15 025 035 045 055  0.65

207Pb/235U

B8 JdeXWEBFARLAEHER LA-ICP-MS U-Pb i1 (a) 1N E 2 E (b)
Fig. 8 (a) Concordia diagram and (b) weighted average age diagram of zircon LA-ICP-MS U-Pb data
for the andesite from the Bayingou in the North Tianshan belt

AIVE A CE IR G IR b, Wit SR i P IARR R R R T R R A KR AR AR . 1E
W, BWLZICA R AKRE Y. 1o, el R ITFH E b (& 9¢), 22 10 A B dh B e



5534

R UK L0 B A A i 20 4 L A R R 3 T 105

ALO,/(FeO'+MgO) B (/K LU ), Y& 178 K i 5
B 7z N B DX I, SR 22 1L s n] RE DR A R

10

a
st
o Of
z
3
41
2 L
0 1
5 10 15 20
La (10°%)
7
C
6F . ”
| AZElRErs
Q 5t
-
Tl i
o
o
=3t
o
=2} 6 b=t
< ,‘wﬁi@iﬁﬁ\ﬂ&
1} A RS
() )
0 . @@O .. () .‘

0.2 0.4 0.6 0.8 1.0 1.2
CaO/(FeO™+MgO)

o7 B TR 70 R, 3X 55 R BT 55 Y Bu 57 B Eu
S RFEAYI G o

85 f

b

75+
S
g5*65
N

55+

45 .

10 20 30 40 50 60 70 80 90
Mg*
100 —
@ b i BB
“ @ B
I O/INETFRE S mE A

60
Z
7

40

20

0 " " " " "

0 5 10 15 20 25 30
Y (10°°)

E9 {tXRULBFARLESAMIKLFEEM Lavs. La/Yb ElfE (a) (1745 5 & R HUIE Ersoy et al., 2010) . Mg” vs. SiO,
Elf#(b) (#b5E AFC B Z4E Stern et al., 1996) . T2 T E K 5 ¥ 3 B f# (¢) (FEEBHE Altherr et al., 2000 {&) .
Y vs. Sr/Y B f#(d) (#& Tatsumi, 2006)
Fig. 9 (a) Petro-geochemical diagrams of the andesite in Bayingou of the North Tianshan belt La vs. La/Yb diagram,

(b) Mg' vs. Si0, diagram, (c) Major element compositional diagram and (d) Y vs. Sr/Y diagram

SEE A A FUEW], 7E R JI 2978 0.8Gpa B, BEPE T
b 5e R A EB A3 M AT, 5% BR A A I A +RHS R
WA, AR TCA R A SR e 3 1.6GPa B, F%
W) 5% B A A MR 1 A RPN A R A+
REITEAT o AW T 42 1L R S X 76 5 922 1L
Xk (& 9d), 1 A in JE M 32 (14 35 3K T 2 X3, AT
B P9 DL BN TR S Y R Mg e LA B R
], BRI B E 2 A A R R KR AR, X
EWRGE R 1L 5 A W 1Y HREE 75 #i A — 2
S5 AT X b T S, 2B B ST 1 A T RE TR R T
A o Fr) IR S5 B SR M e 2, A8 AR A b A5y Jo e
AT G Rl AR Y BRSO AR T R T M e O il
HOR AR, P I RS Mg R A R IR
LA AT RE A AR
52 MIEIRE

KA LI, 8 i v B L 25 T8 1A ) 8 2R

BRI A B R A5, . 04 2 4 X s v 3 ok
IR iy e S S L W (S (S
1990; 1= K AREE, 1995), (HEF KA A5 (2001) TA Ay X e
BRI A A AR P RRE B S ONAT A RS . P
4 (1992) TA Ay a3 26w F i 1l 5 Fn b R 1 g A
RBERIIE A G, ZPe A E sk m ey, I A
HE— 254 b IR LU A B T R R JR oy AR AR A
i) A6 B IR o S BCA A B RO B . S Ab, A T4y
SEE AR, B IR A S E IR A TR LA S 3,
T BT LA foft JR PRI, 2 A5 o A 1) RV S48 i 4
8 7= 40, G i T ATV AR R Y T A DT s e SR
(ERITEE, 2002, 2003; 1327 L4, 2006) o

IR e, EH R FWIR A A PR ZI A
54 R 1 3022 111 75 (Condie, 19815 5KA% R4, 1992)
HLAT AR 8 A AR H R Ak 24 FR 1E, [P 7R ALO,. CaO.
Eufifik, & om0 2 HE RS @ AR AE . 76 = fA K i



106 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

Ti/100-Zr-Y <3 & fift (& 10) H, B & v A 5 5 hr 38 A
MORB & SR A5 B 1 X 35, 7F — 25 S Hp i 2822 111 5 7]
REJE T 00 ol 04 52 IR B sl v B IR . (H2E 35
FERIRE S Sy B s AR PR Xl A,
FE SR RO T R A N 5V R R A ALY
AEATR 4 T B T A A S T R AR AHAE, R,
SCHRIFFE & 1L A T A AR PR AR AR B AR A AT e TR
IR BLOE G735 iy NS SOWN U 31N
Wil P S B L S B ST B, BFSE XN 2 LA AN
B4 “fi R A A a2 B OB RRAE (Mccarron
et al., 1998; Z={MF-4, 1999), LR BZ 211 A ] fE B
BT oy PR EE . A, SO B R A B R
[ TiO,. K,0+Na,0 il P,0; & &, LI Ik (1Y Fe,0,'%/
MgO%( <<2.0) Fil K,0/Na,0 {f (<0.8), .2~ H ik J 1
A b BR AL A RRAE (255, 1999) 6

FEAR ey BR G v, SICAE SR E IR X ) BT 2ok A
TLAF 447518 : ML b e A 5 1056 444 il
M wh v B s AR AR SE AR o IR il a3 43
TE R A o @Bl i 5e 90 o %) TR AR TR 2 (2R ATF- 45,
1999; A= 4, 2011) o fEFIAEH SR T, &Y
SRIGE, W Zr, HE, Nb 45 70 2 76 il 28 R AR 7 FH i A%
o B R AR RRE R, S 0 A B R R SR X Y
K 4 7% i 7] (Hugh, 1993; Macdonald et al., 2000) ., ik
TEH HE, Th, Nb 5570 F A ¢ K ik 20 51 8 A 1 E
B BE o TE 5 A AN A DG 1 KLY Th/YDb vs.
Nb/Yb &l (] 11a) Hr, Jr A A il & V% 78 K Rl £ 5K
s MRV S UK L A S X, Bos S e«
WA ARA A BEIE BT SRR B i 2 R 855, TR 2445

10

Th/Yb

0.1F

0.01

Nb/Yb

0.1 1 10 100

PRIE; 75 La/Yb-Th/Yb 50 B fi vh (1] 110) b, i A
rn UL 19 A IR v, HAG R bty 5 2R 8 i ek £k
FARAE (Kelemen et al., 1990) .

SR A B 5T AT A TE A B 5T DRI O i Y R
FrE MRS I TAE, KL A SE [ NW k7R B HE M-
rh PR TR 1 0 T A AL, S WO BT B IR B K Rl
MGG RRAE LU FR A B e A A CRZCAR 4, 2019; 2%
UkFE, 2021) o BLAL, ZERFAMEIT LAY 2 1L 5 Fo Ml A A,
S5 T YEAR T N E B BE IR . BER R DA
B . BB A R HOK TR, A B
FARER T BOK TR B AT, 3 — fU7E b BT e 25 S i A
() B 5 e A5 B 7 IR S CE 1 AE, 20065 X1 4 44 4F
2012) . X8 LA IR B AN 5 2 1 FE R (A

Ti/100 (10°)

Zr (10°9) Yx3 (10°9)

A BIPIBEZRA X ; B.MORB., & yRHLBE 2 2A A 2 2k
HIX COEMEXRAX; DARAIRE
E10 = lFE Ti/100-Zr-Yx3 Bl f# (Pearce et al., 1973)
Fig. 10 Ti/100-Zr-Y %3 diagram of the andesite

100

b

LA

PN UET

La/Yb
=

R

0.1 1 10
Th/Yb

11 Z 1% Th/Yb-Nb/Yb BElf# (a) (FEEIEIRE, 2018)F1Z LA La/Yb-Th/Yb Elf# (b) (Pearce et al., 1981)

Fig. 11

(a) Th/Yb versus Nb/Yb for the andesite and (b) La/Yb vs. Th/Yb diagram for the andesite



5534

R UK L0 B A A i 20 4 L A R R 3 T 107

FERT DA B I KL 25 T8 1T 0 ol 22 B A 9K K L 3R
i,

SE BTS2 AR AR, AR TR
AICE, M E R 0, B AT E 4, A
AR B, o8 Nb, Ti, P& & 58 %, W
R A A B bR AL 22 R AR, SRR vV R AR
A bR K, B KRR AR #E 4 LREE FIOK B 138 A
JCEEFRTE ST R kA 17 g B2, 1 9 T
RO AR AR AR R T CRIZAE, 2002), Ui B 5 JK R X
32 B s A 1 A2 AR 2 B A U DX R o
AR AR 0 R 3 il ) 7400 i 1Y) Ba/La (32 3)
Tl B vk 30 A I 0 R X A B e Aol . B
Jei , ML ASL 2 A I S B R B R S T
M 5E B AEHE L, SR R G Y B IURAAE 1 %
INFTA I o T VA 22 1 2 5 48 DX B R B AR 4 2k
L RN BT S i | ol 0 3R b ERfb 2 R AE
Gy AL, 2R B L AT BETE BT ARl A A 1 T S, B AR
TRy 2 A 5 IR 3 05
53 KA

A6 R L Y F2 A b 8 A R B K R A BE A
Mo TR A R 3eE O, A R GBI
TR0, DA K b e Ga e T A R Ll R i A ALk,
IR A LA B R R B A 2 T 2T 43 (Condie,
1989; Wang et al., 2016) . H 5 AL H A oK 1) ke
LAt R g & A B 1a), X 88 A7 AL K1l b
20 m RV E U IN A -2 E =B R
DL IR 2% 45 5% A #4 (Condie, 1989; Xiao et al., 2013;
Wang et al., 2016) . K LISK, Xf 3 78 4 g 4 54 A R
1 SRl SR R S A SR RH I
B B A1 U-Pb A 55 7505 SRURE o2 2 v i S e B o
TE A A A A 8 SR80 1Y), ANl iR 4 5 i AHR AL X
R A 9 B A U-Pb 4F % 43 1 4 (324.847.1)Ma
F1(344.0+3.4) Ma( £z L5, 2006; Li et al., 2015) . [
M, 253 5 B2 P 41 v 28 L M ER Ak 2 FAR AR
SRS, FEA A AR 20 A T T S AR T X T M AR
REER 2 1, WA B T80 8 A R P A 2 B g 3k A
HE KR, It — 0w KL S TR A

AR A FERT EL V8 K LA i s AT T R A
LA-ICP-MS U-Pb 5& 4F, 25 R 7, %4 Ll AR 3%
(324.1£1.1)Ma, NEEATEAS | B85 A0 IR 25 H S A0 11
U-Pb [R5 3 45 J5 IR 434, &2 1 5 s A DR AR &
IE R PR AR B A, IR 2R D R A TR A AR R A

REERH L WHTE AR, X —AF ARG Rk
Tia) K Bt W ke 22 T AR v I 4 3 0 0 T T 1 2 L
FRAE WS R AN AR A BB

EL 5 VA VR 2% 2 J) 1L 6 K o ) A B o AR, 43
16 5 A RV 28 1 IR 4 i (B2 A%, 20065 Han et al.,
2010), ALK AR AT AR ILFER G Z)E .
P ST RE A T 1 G U A R e A 1 s S R
e CHIFHAE, 1992) DLERHAE K 7 s A1 1Y) SHRIMP
U-Pb 4F % (325+7) Ma(fi 2% SLAE, 2006), 2 [F e T
AL PR . Han 45 (2010) % 138 78 i 5 #E 47
T 4N SHRIMP #; A1 U-Pb &2 4F, 15 ) H 4R i 7
315~266 Ma 75 Bl 4, 55 2K Ll b0 v e /R 7 b 6t 17, )i
T il A AT AR A A AR B R BIESE, A5 B E UK
2 1 L VR 4 25 A 1 TR LR BR Ry 325~316 Ma.
BEAR, AL 2 1L 5 A XARHE AR 6 5 DL B4R X [R] 45 1)
BT R EL B 20 L2 L T 20 25 A0 DO AR AR A8 1 A4
PN L R B, - R KL A Y B T A R K
s, AP AW A . B F IR AL 7
(324.8+7.1)Ma( 52 L%, 2006), B /R B B2 40 i 80
(307.2+1.3)Ma( X1 & 2% 2012), TURRR AL B TN K5
(315.9+2.5)Ma(Han et al., 2010) . 41 3L 44 S
BRAG 2= 5 T AT A B 16 B KRG 4 iR, R
A b K L b DX B it G S0 — e 1 et L0 Ok A
i, 6 R PR FEIZ I G A P A

6 %5t

(1) 3% 98 22111 % LA-ICP-MS %% 41 U-Pb & 4E )
HNEE 2145 I 4 (324.1£1.1) Ma(MSWD=1.5), 0% T
O FE AR 1 S & LA T R AR, B et
W

(2) B3 98 22 Ll R i U5 5 20 RS2 IR R A
P, G I IR A AR S AR 0 A 1
ORI DG, Fe A IR VLT M7 R A b

(3)%F H 7 R Ly B 405 XA ik 28 K LU A R
BRAbA R, P8 R LA e 8 KA R i 1L s e s T
M iy 2 b R Bl i % PR, G K Ll ) AL —rh
R AR AR v i 740

S Z 3wk (References) :

Fak, Boa sk, Giar, & B E AR A Z IS RA R



108 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

Gp BE e, E R A R AR (1. b [ b R
254-262.
BAI Yunlai, CHEN Qilin, TANG Zhongli, et al. The characteristics

, 2004, 31(3):

of basic-ultrabasic rocks in the back-arc rift system on the north-
eastern margin of the Tarim plate[J]. Geology in China, 2004,
31(3):254-262.

FA M, X R, Xk, e R 2R
12(3): 478-490.

CHE Zicheng, LIU Liang, LIU Honghai, et al. Review on the ancient

Ay (1), B A4, 1996,

Yili rift, Xinjiang, China[J]. Acta Petrologica Sinica, 1996,
12(3): 478-490.

R, VIR ER, 0 I T3 R O L A )t T b R A 2 R E B
BRI IR (1], 54274, 1995, 11: 85-97.

GAO Jun, TANG Yaoqing, ZHAO Min. The geochemistry and tec-
tonic setting of the ophiolites in southern Tianshan Mountains,
Xinjiang, China[J]. Acta Petrologica Sinica, 1995, 11: 85-97.

R, HT R, TORAR. RILER AT R 1 e 3 K K A i
B0, P E KB, 1993, 4: 344-347.

GAO Jun, XIAO Xuchang, TANG Yaoqing. The discovery of Ku-
mishi Blueschist and its tectonic significance form South Tian-
shan Mountains[J].
344-347.

r A, BT B, R, A R iR Bk 1 5 3 AL At (M.
et 5T i AL, 1995: 1-132.

GAO Changlin, CUI Kerui, QIAN Yixiong, et al. Microplate tecton-

Chinese Regional Geology, 1993, 4:

ics from the Tianshan Mountains and northern Tarim basin [M].
Beijing: Geological Publishing House, 1995, 1-132.

AR, TR, SRR, S R IR AERIE R A B A U-Pb &
&, %ﬁiﬂfﬂk%%ﬁ&ﬁﬁiﬂ*@iﬁ%&( (J]. 35 38 4t Jog
2004, 22(1): 4-11.

HAN Baofu, HE Guoqi, WU Tairan, et al. Zircon U-Pb dating and
geochemical features of Early Paleozoic granites from Tianshan,
Xinjiang: Implications for tectonic evolution[J]. Xinjiang Geo-
logy, 2004, 22(1): 4-11.

AR, A, ORI, S5 BT IR R E R  o A AR E A K
(D)-J5 R 8 TR U HE B RIS BR [T 5 12441, 2006, 22(5)
1077—-1086.

HAN Baofu, JI Jianqing, SONG Biao, et al. Late Paleozoic vertical of
continental crust around the Junggar Basin, Xinjiang, China
(Part I): Timing of post-collisional plutonism[J]. Acta Petrolo-
gica Sinica, 2006, 22(5): 1077-1086.

SRR, FVR A, XM, 45 35 bRk 5 b X g #8141k LA 5 1
U-Pb 4025 B 3R AL 22 AE 0] IR BHE R 2244k (A 4R
B2 IR), 2018, 37(1): 10-19.

HAN Zuozhen, YAN Junlei, LIU Hui, et al. Zircon U-Pb chronolo-

gical and geochemical characteristics of volcanic rocks from the
Nanloushan Formation in Yongji Area, Jilin Province[J]. Journ-
al of Shandong University of Science and Technology (Natural
Science), 2018, 37(1): 10—19.

o 1 825, 2 Sy, QA vl 260 i oty 2B AR M 52 AL 5 T (M)
BEARF PR A, 1994, 662-672.

HE Guoqi, LI Maosong, LIU Dequan. Chinese Paleozoic Crustal
Evolution and Mineralization Xinjiang [M]. Urumgi: Xinjiang
Peoples Publishing House, 1994, 662—672.

B, AR, BT T, AR PO R IR A e R AR AR : ok
H B 45 41 U-Pb AR A0 HE [7] 7 28 A9 124 [7]. KAl i
5 B2, 2021, 45(4) : 786-804.

HUANG Huiming, LI Pengfei, HU Wanwan, et al. Early Paleozoic
Amalgamation of the Yili Block (Chinese West Tianshan): In-
sight from Detrital Zircon U-Pb Geochronology and Hf Iso-
topes [J]. Geotectonica et Metallogenia, 2021, 45(4): 786—804.

TS, FOCEE, KA, AN IR A AR -k B BTE L
L CKOLEA B TESE [J). & A 22 2R, 1995, 14(4):
289-300.

JIANG Changyi, WU Wenkui, ZHANG Xueren, et al. The change
from island arc to rift valley: evidence from volcanic rocks of
Awulale arealJ]. Acta Petrologica et Mineralogical, 1995,
14(4): 289-300.

Yk R o AR BB K AR S A
e (H BB AR), 2021, 40(5): 23-29.

LI Jilei. Metamorphic dehydrations and fluid nature in subduction

DI R B R

zones[J]. Journal of Shandong University of Science and Tech-
nology (Natural Science), 2021, 40(5): 23-29.

ZHERER, P E R b T 45 A 5 A 3 T Ak LA TR Y R
PR )], B ARR 22, 1999, 34(4): 405-419.

LI Jinyi, XIAO Xuchang. Brief reviews of several issues on the
crustal structure and tectonic evolution in Xinjiang[J]. Chinese
Journal of Geology, 1999, 34(4): 405—-419.

I, BT 50 K L S 3 SR BT YU TR M SR B
1% [1], 1999, 18(2): 58-61

LI Wuping, LU Fengxiang. New progress of the study of geologic
setting for Calc-alkaline volcanic rocks [J]. Geological Science
and Technology, 1999, 18(2): 58—61.

ZEm R, WS, et X, % R IR 2 5 T T X R g 4
RZea L] MR 4, 2002, 21(6): 304-307.

LI Xiangmin, DONG Yunpeng, XU Xueyi, et al. The discovery of
ophiolitic melange in Wuwamen area from southern margin of
central Tianshan mountains[J]. Geological Bulletin of China,
2002, 21(6): 304-307.

BKE, B, O, A T8 IR L I A O AT Y 5 R —


https://doi.org/10.3321/j.issn:1000-0569.1995.z1.007
https://doi.org/10.3321/j.issn:1000-0569.1995.z1.007

5534

R UK L0 B A A i 20 4 L A R R 3 T 109

ok A BT s A 5 R HHTIESE (], 4 A2 4, 2010, 26(10)
2905-2912.

LI Yongjun, LI Zhucang, TONG Lili, et al. Revisit the constraints on
the closure of the Tianshan ancient oceanic basin: New evid-
ence from Yining block of the Carboniferous[J]. Acta Petrolo-
gica Sinica, 2010, 26(10): 2905-2912.

R, A S, A, SF ORI AR R LA R4 KL E N H
ST A AR, 2011, 27(1): 193-209.

LI Yuan, YANG lJingsui, ZHANG Jian, et al. Tectonic significance
of the Carboniferous volcanic rocks in eastern Tianshan[J].
Acta Petrologica Sinica, 2011, 27(1): 193-209.

A4, AN, TRk, 55 MRS AR AL OC R
BT/ B B4k 4 ¢ Ll 24 4 A7 SHRIMP U-Pb 5 4F B4 Bk
P2 BRAE (7). 472441, 2012, 28(7): 2355-2368.

LIU Dongdong, GUO Zhaojie, ZHANG Zhicheng, et al. The late Pa-
leozoic tectonic relationship between the Tian Shan orogenic
belt and Junggar basin: Constraints from zircon SHRIMP U-Pb
dating and geochemistry characteristics of volcanic rocks in Ar-
basay Formation[J]. Acta Petrologica Sinica, 2012, 28(7):
2355-2368.

BF R, SEA A, RSO, A8 R b X 1 R S AL Ak
(1], W e T 2441, 2004, 10(3): 393-404.

SHU Liangshu, GUO Zhaojie, ZHU Wenbin, et al. Post-collisional
structure and basin evolution of Tianshan [J]. Geological Journ-
al of China Universities, 2004, 10(3): 393—404.

EF R, SRS BRI, A5 RTSRAL IR ol AR R i b AR A s (0.
B, 2001, 19(1): 59-63.

SHU Liangshu, LU Huafu, YIN Donghao, et al. Late Paleozoic con-
tinental accretionary tectonics in northern Xinjiang[J]. Xinji-
ang Geology, 2001, 19(1): 59-63.

K, KEW, T A, 5. 8 SHRIMP # i BRI 4 | 45 8% 0
B A RIS L), HBUETT, 2002, 48(H1 1) : 26-30.

SONG Biao, ZHANG Yuhai, WAN Yusheng, et al. Mount making
and procedure of the SHRIMP Dating[J]. Geological Review,
2002, 48(sup.): 26-30.

RELAT, BB, XYL, 45, P9 52ty 2F 2K 2 b DX A7 2 V2 ik e
W A ¢ 148 B o 28 s A~ R AR R AR G PR 05 (D). LR
FHE R 224 (A ABHER), 2019, 38(5): 9-20.

SONG Hongwei, ZHAO Min, LIU Kunpeng, et al. The petrochemic-
al characteristics and tectonic environment of Late Carbonifer-
ous granitoids of the Habchuhudi’ uplift in Yalgai area, Inner
Mongolia[J]. Journal of Shandong University of Science and
Technology (Natural Science), 2019, 38(5): 9-20.

R, R, R PO RIS A s (M), Jb st s
A, 1995, 1-215

TANG Yaoqing, GAO Jun, ZHAO Min. The ophiolites and
blueschists from southwestern Tianshan mountains [M].
Beijing: Geological Publishing House, 1995, 1-215.

F & R, Cluzel D, 55 B RLIL A0 s 22 K s kb
SRR K FCH RS SC L], o [ 35, 2006, 33(3): 498-508.

WANG Bo, SHU Liangshu, CLUZEL D, et al. Geochemical charac-
teristics and tectonic significance of Carboniferous volcanic
rocks in the northern part of the Ili Block, Xinjiang[J]. Geo-
logy in China, 2006, 33(3): 498-508.

TR, SR, SIEIL, A5 (AL e b G R 1 BT B 38 )
S 0 BRL J HCR Hb K AF wvhied A 45 2s [T]. b B 4R
2023, 42(5): 771-787.

WANG Meng, PEI Xianzhi, ZHANG Jinjiang, et al. Petrogenesis of
the Early Carboniferous Alasitan diorites from the northern mar-
gin of Yili Block and implication for subduction process of the
North Tianshan Ocean[J]. Geological Bulletin of China, 2023,
42(5): 771-787.

E W, BB, BRA T, S LR v B Ak i —R S i 4
A R R B H R R ST Hb 2 iR, 2022, 96(2):
482-499.

WANG Meng, PEI Xianzhi, CHEN Youxin, et al. Petrogenesis and
tectonic implication of Late Carboniferous to Early Permian
granites from the western Chinese North Tianshan belt[J]. Acta
Geologica Sinica, 2022, 96(2): 482—499.

FAER, BRUk Sy, BB, . K2 HE R L2l M), dEat:
Bl A, 1990, 1-217

WANG Zuoxun, WU Jiyi, LV Xichao, et al. Polycyclic tectonic evol-
ution and metallogeny of the Tianshan Mountains [M]. Beijing:
Science Press, 1990, 1-217.

GRAK Ty, X0 AR B S AL K L B v e R 4 M SRR AR 0],
24, 1989, 5(2): 76-88.

WU lJiyi, LIU Chengde. Geological features of Bayingou ophiolitic
suite of North Tianshan, Xinjiang[J]. Acta Petrologica Sinica,
1989, 5(2): 76-88.

EMIT, HHLE, R X, 55 RINAR LKA CA S 5 g
(7], Hb 3@ iz, 2004, 23(9-10): 903-910.

XIA Lingi, XIA Zuchun, XU Xueyi, et al. Carboniferous Tianshan
igneous mega-province and mantle plume[J]. Geological Bul-
letin of China, 2004, 23(9-10): 903-910.

BT, 5 X, JAAE, G5 Rl A R 22 R S 244 KOE ]
(0], Mo 5241, 2003, 77(3): 338-360.

XIA Linqgi, XU Xueyi, XIA Zuchun, et al. Carboniferous post-colli-
sional rift volcanism of the Tianshan Mountains, Northwestern
China[J]. Acta Geologica Sinica, 2003, 77(3): 338-360.

EpRdr, skEM, A, & R AT AR
MIH A ARk AR B2 AR O A B (1], 3


https://doi.org/10.1111/j.1755-6724.2003.tb00751.x
https://doi.org/10.1111/j.1755-6724.2003.tb00751.x

110 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

FRaE i, 2002, 21(5): 55-62.

XIA Lingi, ZHANG Guowei, XIA Zuchun, et al. Constraints on the
timing of opening and closing of the Tianshan Paleozoic ocean-
ic basin: evidence from Sinian and Carboniferous volcanic
rocks [J]. Geological Bulletin of China, 2002, 21(5): 55-62.

M oCsE, A, R, A R R AR 22 - A e R R T -
TR AR %t iy S O 9 4 e 3R 0 R b g i YA 19 7 24
1. A 4R, 2006, 22(5): 1062-1076.

XIAO Wenjiao, HAN Chunming, YUAN Chao, et al. Unique Car-
boniferous-Permian tectonic-metallogenic framework of North-
ern Xinjiang (NW China): Constraints for the tectonics of the
southern Paleo-Asian[J]. Acta Petrologica Sinica, 2006, 22(5):
1062—-1076.

H R, WK, ek R, &5 Bt i S AR X M i (M. b
AU MBS AL, 1992, 1-169

XIAO Xuchang, TANG Yaoqing, FENG Yimin, et al. Tectonic evol-
ution of northern Xinjiang and its adjacent regions [M]. Beijing:
Geological Publishing House, 1992, 1-169.

M, TR, 2k, &5 i B b B O A i AL (M)
Jemt: #B L AL, 1990, 47-68

XIAO Xuchang, TANG Yaoqing, LI Jinyi, et al. Tectonic evolution
of northern Xinjiang, Northwest China [M]. Beijing: Geologic-
al Publishing House, 1990, 47-68.

RERIE, W 2 2%, BURE, 45 TR TS 35 VB I OB IRIE 5 - 5 A
o Bk AL £ Sr-Nd-P [A] £ 32 45 fiF [J]. o [ 3 5, 2011,
38(4): 838—854.

XIONG Fahui, YANG Jingsui, JIA Yi, et al. The pillow lava of Baiy-
anggou in Bogda, Xinjiang: geochemical and Sr-Nd-Pb isotopic
characteristics [J]. Geology in China, 2011, 38(4): 838—854.

et SO, ZObRYT, Bhrpop, 45 b R D B E v e gk s RHE TR K A
SHRIMP 4 £7 U-Pb 4 ¢ K ig 4 o5 R W50 (1] 26 2441,
2006, 22(1): 83-94.

XU Xueyi, XIA Linqi, MA Zhongpin, et al. SHRIMP zircon U-Pb
geochronology of the plagiogranites from Byingou ophiolite in
North Tianshan Mountains and the petrogenesis of the ophi-
olite [J]. Acta Petrologica Sinica, 2006, 22(1): 83—-94.

WK, /N B R KA IR MR ACE BT, HiBkfh A T
KU 5] A P74, 2006, 25(5): 401-411.

YANG Tiannan, WANG Xiaoping. Geochronology, petrochemistry
and tectonic implications of Early Devonian plutons in Kumux
area, Xinjiang[J]. Journal of Mineralogy and Petrology, 2006,
25(5):401-411.

2Rk, RN, BRAL, 48 RILVKGR -G We—iif &/ K lih
i % B LI]. M BT 4R, 2006, 25(8): 969-976

YANG Xingke, SU Chungian, CHEN Hong, et al. Discovery of the

Permian volcanic rocks in the Bingdaban-Houxia, Tianshan
Mountains, and its geological significance [J]. Geological Bul-
letin of China, 2006, 25(8): 969-976.

TROR R, Th L, XUHE G, 55 2 m PR B8 4% KLU P AR B
s PREE L], BRA} 2= o [ SR 22241, 1992, 17(4):
437-445.

ZHANG Baomin, SHEN Shangyue, LIU Xiangpin, et al. The charac-
teristics and tectonic environment on the origin of Adengge vol-
canic rocks in Deqin, Yunnan Province[J]. Earth Science-
Journal of China University of Geosciences, 1992, 17(4):
437-445.

KRS, ER =, EO, VM R I S R IR A S 1
JBT 5 b IR AR A A R RN R L), B E 4R
2009, 28(12): 1827-1839.

ZHANG Zhaochong, DONG Shuyun, HUANG He, et al. Geology
and geochemistry of the Permian intermediate-acid intrusion in
the southwestern Tianshan, Xinjiang, China: Implications for
petrogenesis and tectonics[J]. Geological Bulletin of China,
2009, 28(12): 1827-1839.

AR AC R AR Pl G BR R BB (M. b s B2 R AL,
2022, 1-194

ZHENG Yongfei. Earth system science of convergent plate margins
[M]. Beijing: Science Press, 2022, 1-194.

Altherr R, Holl A, Hegner E, et al. High-potassium, calc-alkaline I-
type plutonism in the European Variscides: Northern Vosges
(France) and northern Schwartzwald (Germany)[J]. Lithos,
2000, 50: 51-73.

AnF, Zhu Y F, Wei S N, et al. The zircon U-Pb and Hf isotope con-
straints on the basement nature and Paleozoic evolution in
northern margin of Yili block, NW China[J]. Gondwana Re-
search, 2017, 43: 41-54.

Andersen T. Correction of common Pb in U-Pb analyses that do not
report “*Pb[J]. Chemical Geology, 2002, 192(1-2): 59—79.
Ashwal L, Torsvik T, Horvath P, et al. A mantle-derived origin for
Mauritian trachytes[J]. Journal of Petrology, 2006, 57(9):

1645-1675.

Boynton W V. Cosmochemistry of the rare earth elements: Meteorite
studies[J]. In: Henderson P (Ed. ). Rare Earth Elements Geo-
chemistry [M]. Elsevier, Amsterdam, 1984: 63—114.

Charvet J, Shu L S, Laurent-charvet S, et al. Palaeozoic tectonic evol-
ution of the Tianshan belt, NW China[J]. Science China (Earth
Sciences), 2011, 54: 166—184.

Condie K C. Archean Greenstone Belts [M]. New York: Elsevier Sci-
entific Publishing Company, 1981: 1-425.

Condie K C. Geochemical changes in basalts and andesites across the


https://doi.org/10.1016/S0024-4937(99)00052-3
https://doi.org/10.1016/j.gr.2015.11.014
https://doi.org/10.1016/j.gr.2015.11.014
https://doi.org/10.1016/j.gr.2015.11.014
https://doi.org/10.1016/S0009-2541(02)00195-X
https://doi.org/10.1007/s11430-010-4138-1
https://doi.org/10.1007/s11430-010-4138-1

5534

R UK L0 B A A i 20 4 L A R R 3 T 111

Archean-Proterozoic boundary: Identification and significance
[J]. Lithos, 1989, 23: 1-18.

Ersoy Y, Helvacl. FC-AFC-FCA and mixing modeler: A Microsoft
Excel spreadsheet program for modeling geochemical differenti-
ation of magma by crystal fractionation, crustal assimilation and
mixing [J]. Computers & Geosciences, 2010, 36(3): 383-390.

Gao J, Li M S, Xiao X C, et al. Paleozoic tectonic evolution of the
Tianshan Orogen, northern China[J]. Tectonophysics, 1998,
287:213-231.

Gao J, Zhang L F, Liu S W. The “Ar/”’Ar age record of formation
and uplift of the blueschists and eclogites in the Western Tian-
shan Mountains[J]. Chinese Science Bulletin, 2001, 45:
1047-1051.

Gill J B. Orogenic andesites and plate tectonics [M]. Berlin: Springer,
1981: 1-390.

Han B F, Guo Z J, Zhang Z C, et al. Age, geochemistry, and tectonic
implications of a late Paleozoic stitching pluton in the North
Tian Shan suture zone, western China[J]. Geological Society of
America Bulletin, 2010, 122: 627-640.

Hugh R R. Using Geochemical Data: Evaluation, Presentation, Inter-
pretation [M]. England: Longman Scientific & Technical, New
York: Wiley & Sons, 1993: 1-384.

Irvine T N, Baragar V R. A guide to the chemical classification of the
Common volcanic rock [J]. Canadian Journal of Earth Sciences,
1971, 8: 523—-548.

Kelemen P B. Genesis of high Mg# andesites and the continental
crust[J]. Contributions to Mineralogy and Petrology, 1995,
120(1): 1-19.

Kelemen PB, Johnson KTM, Kinzler RJ, et al. High-field-strength
element depletions in arc basalts due to mantle-magma interac-
tion[J]. Nature, 1990, 345(6275): 521-524.

Le M R W, Streckeisen A, Zanwittin, et al. Igneous Rocks: A Classi-
fication and Glossary of Terms, Recommendations of the Inter-
national Union of Geological Sciences Sub commission on the
Systematics of Igneous Rocks [M]. Cambridge: Cambridge Uni-
versity Press, 2002: 1-236.

Li C, Xiao W J, Han C M, et al. Late Devonian-early Permian accre-
tionary orogenesis along the North Tianshan in the southern
Central Asian Orogenic Belt[J]. International Geology Review,
2015, 57: 1023—1050.

LiuY S, Hu Z C, Gao S, et al. In situ analysis of major and trace ele-
ments of anhydrous minerals by LA-ICP-MS without applying
an internal standard[J]. Chemical Geology, 2008, 257: 34—43.

Long L L, Gao J, Kelemd R, et al. Geochemical and geochronologic-

al studies of granitoid rocks from the Western Tianshan Orogen:

Implications for continental growth in the southwestern Central
Asian Orogenic Belt[J]. Lithos, 2011, 126: 321-340.

Ludwig K R. Isoplot / Ex version 2.49. A geochronological toolkit
for Microsoft Excel [M]. Berkeley: Geochronology Center Spe-
cial Publication, 2003.

Macdonald R, Hawkesworth C J, Health E. The Lesser Antilles vol-
canic chain: A study in arc magmatism[J]. Earth Science Re-
views, 2000, 49: 1-76.

Mccarron J J, Smellie J L. Tectonic implications of fore-arc magmat-
ism and generation of high-magnesian andesites: Alexander Is-
land, AntarcticalJ]. Journal of the Geological Society London,
1998, 155: 269-280.

Morrison G W. Characteristics and tectonic setting of the shoshonite
rock association[J]. Lithos, 1980, 13: 97-108.

Pearce J A, Alabaster T, Shelton A W, et al. The Oman Ophiolite as a
Cretaceous Arc-Basin Complex: Evidence and Implications[J].
Philosophical Transactions of the Royal Society of London,
1981, 300: 299-317.

Pearce J A, Cann J R. Tectonic setting of basic volcanic rocks de-
termined using trace element analyses[J]. Earth and Planetary
Science Letters, 1973, 19(2): 290-300.

Rapp R P, Watson E B. Dehydration melting of meta-basalt at §-32
kbar: implications for continental growth and crust-mantle re-
cycling[J]. Journal of Petrology, 1995, 36: 891-931.

Rubatto D, Gebauer D. Use of cathodoluminescence for U-Pb zircon
dating by IOM microprobe: Some examples from the western
Alps [J]. Cathodoluminescence in Geosciences, 2000, 373-400.

Rudnick R, Gao S. Composition of the continental crust. In: Rudnick
R. The crust, treatise on geochemistry [M]. Amsterdam, Elsevi-
er, 2003: 1-64.

Shu L S, Wang B, Zhu W B, et al. Timing of initiation of extension in
the Tianshan, based on structural, geochemical and geochrono-
logical analyses of bimodal volcanism and olistostrome in the
Bogda Shan (NW China)[J]. International Journal of Earth Sci-
ences (Geol Rundsch), 2011, 100(7): 1647—-1663.

Stern C R, Kilian R. Role of the subducted slab, mantle wedge and
continental crust in the generation of adakites from the Andean
Austral volcanic zone[J]. Contributions to Mineralogy and Pet-
rology, 1996, 123(3): 263-281.

Streck M J, Leeman W P, And Chesley J. High-magnesian andesite
from Mount Shasta: a product of magma mixing and contamina-
tion, not a primitive mantle melt[J]. Geology, 2007, 35(4):
351-354.

Sun S S, Mcdonough W F. Chemical and isotope systematics of

oceanic basalts: Implications for mantle composition and pro-


https://doi.org/10.1016/S0040-1951(97)00211-4
https://doi.org/10.1130/B26491.1
https://doi.org/10.1130/B26491.1
https://doi.org/10.1139/e71-055
https://doi.org/10.1007/BF00311004
https://doi.org/10.1038/345521a0
https://doi.org/10.1016/j.chemgeo.2008.08.004
https://doi.org/10.1016/j.lithos.2011.07.015
https://doi.org/10.1144/gsjgs.155.2.0269
https://doi.org/10.1016/0024-4937(80)90067-5
https://doi.org/10.1098/rsta.1981.0066
https://doi.org/10.1016/0012-821X(73)90129-5
https://doi.org/10.1016/0012-821X(73)90129-5
https://doi.org/10.1007/s00531-010-0575-5
https://doi.org/10.1007/s00531-010-0575-5
https://doi.org/10.1007/s00531-010-0575-5
https://doi.org/10.1007/s004100050155
https://doi.org/10.1007/s004100050155
https://doi.org/10.1007/s004100050155

112 o4t o# R

NORTHWESTERN GEOLOGY

2024 4F

cesses [C]. In: Saunders Ad and Norry MJ (eds. ). Magmatism
in Ocean Basins. London: Geological Society Publication, 1989,
42:313-345.

Tatsumi Y. High-Mg andesites in the Setouchi volcanic belt, SW Ja-
pan: Analogy to Archean magmatism and continental crust
formation?[J]. Annual Reviews of Earth and Planetary Sciences,
2006, 34: 467-499.

Wang C M, Bagas L, Lu Y J, et al. Terrane boundary and spatio-tem-
poral distribution of ore deposits in the Sanjiang Tethyan Oro-
gen: Insights from zircon Hf-isotopic mapping[J]. Earth-Sci-
ence Reviews, 2016, 156: 39-65.

Wang S J, Brown M. Making Andesite Through Shallow Hybridiza-
tion of Magmas Derived from Variably Enriched Lithospheric
Mantle[J]. Journal of Geophysical Research:Solid Earth, 2023,
128: €2023JB026402.

Windley B F, Alexeiev D, Xiao W J, et al. Tectonic models for accre-
tion of the Central Asian Orogenic Belt[J]. Journal of the Geo-
logical Society, 2007, 164: 31-47.

Wood B J, Turner S P. Origin of primitive high-Mg andesite: con-

straints from natural examples and experiments[J]. Earth and

Planetary Science Letters, 2009, 283(1-4): 59-66.

Xia L Q, Li X M. Revisiting the tectonic setting of the Carboniferous
volcanic rocks in the Chinese Tianshan and its neighboring
areas[J]. Gondwana Research, 2020, 84: 1-19.

XiaL Q, Xu X Y, Xia Z C, et al. Petrogenesis of Carboniferous rift-
related volcanic rocks in the Tianshan northwestern ChinalJ].
Geological Society of American Bulletin, 2004, 116: 419—433.

Xiao W J, Windley B F, Allen M B, et al. Paleozoic multiple accre-
tionary and collisional tectonics of the Chinese Tianshan oro-
genic collage[J]. Gondwana Research, 2013, 23: 1316—1341.

Xiao W J, Windley B F, Sun S, et al. A Tale of Amalgamation of
Three Permo-Triassic Collage Systems in Central Asia: Oro-
clines, Sutures, and Terminal Accretion[J]. Annual Review of
Earth and Planetary Sciences, 2015, 43(1): 477-507.

Yu X Q, Wang Z X, Zhou X, et al. Zircon U-Pb geochronology and
Sr-Nd isotopes of volcanic rocks from the Dahalajunshan Form-
ation: implications for Late Devonian-Middle Carboniferous
tectonic evolution of the Chinese western Tianshan[J]. Interna-

tional Journal of Earth Science, 2016, 105: 1637—1661.


https://doi.org/10.1146/annurev.earth.34.031405.125014
https://doi.org/10.1144/0016-76492006-022
https://doi.org/10.1144/0016-76492006-022
https://doi.org/10.1144/0016-76492006-022
https://doi.org/10.1016/j.epsl.2009.03.032
https://doi.org/10.1016/j.epsl.2009.03.032
https://doi.org/10.1016/j.gr.2019.10.009
https://doi.org/10.1130/B25243.1
https://doi.org/10.1016/j.gr.2012.01.012
https://doi.org/10.1146/annurev-earth-060614-105254
https://doi.org/10.1146/annurev-earth-060614-105254
https://doi.org/10.1007/s00531-015-1275-y
https://doi.org/10.1007/s00531-015-1275-y

	1 区域地质特征和研究背景
	2 岩石学特征
	3 分析方法
	3.1 矿物化学成分
	3.2 全岩地球化学分析
	3.3 锆石LA-ICP-MS U-Pb测年

	4 分析结果
	4.1 矿物学分析结果
	4.2 主量元素分析结果
	4.3 微量元素分析结果
	4.4 安山岩锆石U-Pb年代学分析结果

	5 讨论
	5.1 岩石成因
	5.2 构造环境
	5.3 火山岩时代

	6 结论
	参考文献

