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Abstract: A set of volcanic sedimentary formation outcrops in Wucaiwan, Karamaili area, eastern Junggar. composed of con-
glomerate, sandstone characterized by molasse in its lower part, and intermediate-basic lava interbedded with intermediate-
acidic tuff in its upper part. The volcanic sedimentary formation is categorized into the Lower Carboniferous Songkaersu Forma-
tion in 1 # 200 000 Karamaili Mountain report. The 1 : 50 000 geological survey finds that a set of coarse conglomerate in the
bottom high angle unconformably overlies the Early-Middle Devonian Karamaili Formation and contains plant fossil Prelepi-
dodendron sp. of Late Devonian to Early Carboniferous. The volcanic rocks in the middle-upper part are intruded by post-
collision granite of 341. 14. 0 Ma to 340. 9£5. 1 Ma, and its zircon U-Pb age is 346. 8 3. 3 Ma obtained by LA-ICP-MS. It
indicates that the age of the volcanic sedimentary formation is Late Devonian-Early Carboniferous which might correspond to the

Upper Devonian Keankuduke Formation in northern Junggar stratigraphic group. The volcanic rocks consist of basalt, basaltic
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andesite, and a handful of rhyolitic tuff, belonging to calc-alkaline and high K calc-alkaline series; and they are enriched in
LILE and LREE ((La/Yb)x=2. 97—6. 66), depleted slightly in Nb, Ta, and depleted weakly in Zr, Ti in some samples, with
Nb/U=7. 43—20. 88, Ce/Pb=3. 17—12. 45. These volcanic rocks show both intraplate and arc volcanic rock geochemistry

characteristics, formed in post-collision extensional period after the closure of Karamaili Ocean before the Upper Devonian.

This study determines the final amalgamation time of Karamali Ocean, an issue of wide concern.

Key words: eastern Junggar; Karamaili; angular unconformity; post-collision; volcanic rock; Keankuduke Formation.
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Fig. 2 Outcrop photos, plant fossil photos of the Keankuduke Formation and Photomicrographs of volcanic rocks
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Fig. 3 The geological section of the Keankuduke Formation (PM066)
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Table 1 Zircon U-Pb Isotopic analysis composition of basaltic andesite
JLETREA0®) [ 2 LA [R5 2 AP (Ma)
30T R v/ 207Ph/ 207Ph/ 206 Ph/ 207Ph/ 207Pb/ 206 Ph/

U Th 206 Pl lo 23577 lo 2387 lo 206 P 23577 o 23877 lo
01 0.9 1459 1594 0.0658 0.0017 1.1720 0.0307 0.1284 0.0012 1200 54 788 14 779 7
02 1.0 750 787 0.0581 0.0027 0.5282 0.0243 0.0662 0.0009 532 99 431 16 413 5
03 1.3 555 423 0.0642 0.0029 1.2399 0.0529 0.1419 0.0019 750 96 819 24 855 10
04 0.8 228 278 0.0667 0.0036 0.8192 0.0474 0.0888 0.0020 828 107 608 26 549 12
05 1.8 1658 935 0.0830 0.0029 0.8685 0.0332 0.0745 0.0009 1278 100 635 18 463 6
06 0.9 1498 1723 0.0697 0.0018 1.5307 0.0393 0.1582 0.0016 920 54 943 16 947 9
07 1.3 1455 1127 0.0555 0.0022 0.4931 0.0191 0.0643 0.0009 435 89 407 13 402 5
08 0.5 990 1862 0.0591 0.0020 0.6693 0.0223 0.0814 0.0009 569 72 520 14 505 5
09 0.5 798 1742 0.0614 0.0018 0.7011 0.0208 0.0820 0.0009 654 63 539 12 508 5
10 1.0 763 795 0.0630 0.0030 0.5910 0.0290 0.0672 0.0008 709 100 472 19 419 5
11 0.7 893 1285 0.0524 0.0014 0.5136 0.0144 0.0704 0.0007 302 63 421 10 438 4
12 0.7 1719 2592 0.0544 0.0011 0.5417 0.0121 0.0714 0.0006 387 46 440 8 445 4
13 1.8 1490 851 0.0654 0.0024 0.6295 0.0236 0.0692 0.0008 787 77 496 15 431 5
14 1.3 3486 2656 0.0663 0.0011 1.0324 0.0184 0.1115 0.0007 817 33 720 9 681 4
15 0.8 461 596 0.0586 0.0011 0.5651 0.0106 0.0691 0.0005 554 36 455 7 431 3
16 0.9 2036 2163 0.0603 0.0015 0.6070 0.0149 0.0723 0.0006 613 52 482 9 450 4
17 2.4 1879 773 0.0642 0.0028 0.5755 0.0235 0.0652 0.0007 746 91 462 15 407 4

18 0.3 760 2239 0.0636 0.0016 0.7082 0.0181 0.0798 0.0007 728 56 544 11 495
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Table 2 Zircon U-Pb Isotopic analysis composition of tuff
TCREEA0) [z 2K LU [l iz K ARl (Ma)
Ay HT S, Th/ 207Ph/ 207 Py / 206 Ph / 207 Phy/ 207py/ 206 Ph/

U Th U 206 Pl lo 2357 lo 2387 lo 206 Py 2357 o 2387 lo
01 0.5 302 572 0.0480 0.0036 0.3808 0.0291 00569 0.0009 102 231 328 21 357 6
02 0.9 377 441 0.0428 0.0032 0.3356 0.0245 0.0571 0.0011 error  error 294 19 358 7
03 0.6 441 773 0.0604 0.0038 0.4454 0.0281 0.0531 0.0008 617 137 374 20 334 )
04 0.8 1056 1362 0.0481 0.0026 0.3661 0.0194 0.0547 0.0008 106 128 317 14 343 5
05 0.6 475 768 0.0627 0.0041 0.4688 0.0299 0.0541 0.0009 698 140 390 21 340 5
06 0.5 370 679 0.0602 0.0045 0.4641 0.0346 0.0553 0.0009 613 161 387 24 347 6
07 0.6 510 793 0.0553 0.0036 0.4176 0.0259 0.0551 0.0009 433 144 354 19 346 6
08 0.6 325 509 0.0529 0.0038 0.4240 0.0313 0.0576 0.0009 324 165 359 22 361 5
09 0.5 365 675 0.0641 0.0043 0.4876 0.0308 0.0558 0.0009 746 141 403 21 350 6
10 0.7 580 868 0.0555 0.0036 0.4256 0.0263 0.0559 0.0009 432 144 360 19 350 6
11 0.7 608 881 0.0544 0.0035 0.4104 0.0263 0.0545 0.0009 391 144 349 19 342 )
12 0.6 373 624 0.0588 0.0039 0.4229 0.0277 0.0524 0.0009 561 146 358 20 329 6
13 0.5 315 583 0.0537 0.0044 0.4049 0.0321 0.0553 0.0010 367 185 345 23 347 6
14 0.7 763 1159 0.0556 0.0030 0.4322 0.0236 0.0564 0.0009 439 116 365 17 354 )
15 0.7 559 858 0.0484 0.0029 0.3617 0.0212 0.0546 0.0009 120 133 314 16 343 5
16 0.5 302 630 0.0566 0.0037 0.4235 0.0277 0.0546 0.0010 476 143 359 20 343 6
17 0.7 1108 1508 0.0559 0.0027 0.4211 0.0204 0.0547 0.0007 456 103 357 15 344 4
18 0.5 323 606 0.0604 0.0036 0.4600 0.0264 0.0563 0.0010 618 130 384 18 353 6
19 0.7 704 1018 0.0546 0.0034 0.4015 0.0240 0.0537 0.0008 394 136 343 17 337 5
20 0.6 510 888 0.0513 0.0038 0.3684 0.0243 0.0535 0.0009 257 170 318 18 336 6
21 0.5 163 359 0.0641 0.0053 0.4873 0.0374 0.0565 0.0010 746 181 403 26 354 6
22 0.5 219 417 0.0730 0.0048 0.5800 0.0369 0.0582 0.0011 1013 132 464 24 365 7
23 0.7 457 673 0.0514 0.0034 0.3960 0.0257 0.0565 0.0010 257 186 339 19 354 6
24 0.9 897 1015 0.0616 0.0034 0.4687 0.0261 0.0548 0.00038 661 119 390 18 344 5
25 0.6 398 68 0.0584 0.0042 0.4388 0.0306 0.0549 0.0009 546 153 369 22 344 6
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Fig. 4 CL images of zircons (a), U-Pb concordia diagram (b) and ?°Pb/**U age diagram (c)
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Table 3 Major elements (%) and trace elements (10 %) analysis data

FEfhgns  066-18-1 066-18-2 066-22-1 067-9-5 066-25-1 DBH462-1 067-9-4 067-16-1 067-16-2 067-16-4 067-18-2 066-24-1 066-24-3
v TRE ZREWE
SiO; 50.40 43.62 51.52 51.73 49.16 46.86 55.01 52.92 52.91 53.32 52.30 53.42 55.56
TiO, 2.48 2.40 1. 46 2.73 1. 83 2.27 1. 20 1.29 1. 27 1. 10 1. 14 1. 46 1.35
Al Oy 16.18 16.07 16.09 13.77 16.19 16.82 16.75 17.31 16.73 16.97 16.87 16.20 15.70
FeO 8.42  10.02 6. 35 5. 98 5. 12 7.52 4. 48 3. 25 5.12 4.75 4. 48 5.35 5. 38
Fe: O3 1.29 1. 84 1. 70 6.09 4.79 4. 36 3.16 3.01 2.99 3. 36 3. 64 2.99 2.28
Fe, O3 10. 65 12. 97 8.76 12.73 10.48  12.72 8. 14 7.12 8. 68 8. 64 8.62 8.93 8. 26
FeOT 9.58 11.67 7.88 11.46 9.43 11.44 7.32 6.41 7.81 7.77 7.75 8. 04 7.43
MnO 0.21 0. 23 0. 14 0. 24 0.17 0. 20 0.13 0. 16 0.14 0.12 0.12 0. 16 0.17
MgO 3.27 3.24 4. 19 3. 65 5. 00 6.71 4. 03 2.15 3.77 3.63 4. 15 4. 39 3.99
CaO 9.34 11.62 6. 95 5.93 8. 26 8. 54 6. 85 9. 90 7.94 6. 24 8. 16 5.59 5. 84
Na; O 2.72 2.61 2. 84 4.49 3.02 3.02 3.50 3.31 3.55 3.33 2. 46 4. 28 3.98
KO 2.52 0.18 1. 90 1. 83 0. 81 0. 82 1.57 1. 15 1. 26 1. 43 0. 74 2.35 2.53
Py0s 0. 40 0. 40 0.51 1.13 0. 30 0. 45 0. 39 0. 47 0. 45 0. 35 0. 35 0.51 0. 47
H,OF 2. 36 3.23 3.19 2.09 3.15 2.02 2.49 1. 41 1. 24 2. 88 2.96 2.59 2.10
CO. 0.19 4. 34 2.95 0. 16 2. 00 0. 17 0. 22 2.95 2.43 2. 26 2.43 0. 49 0. 46
LOI 1. 64 6. 68 5.54 1. 61 4.74 1. 65 2.26 3.97 3.17 4. 58 4,68 2.46 2.02
Mg# 41,72 36.79 52.72  40.05 52.65 55.15 53.58 41.30  50.31 49.48  52.88 53.38  50.33
Cr 107.00 106.00 77.80  31.40 139.0 78.40  70.10 66.00  69.10 120.00 97.00  77.60  67.20
Ni 51.10  53.10  40.00 5.66 84.30 66.60 38.80 39.30 35.00 48.40 48.30  40.80 = 34.00
Rb 48. 80 4,18 37.70 38.20 23.10 24.40 38.90 17.90 23.60 28.20 13.10 55.20  37.60
Ba 368.00 103.00 402.00 263.00 156.00 162.00 444.00 323.00 341.00 719.00 279.00 560.00 576.00
Th 1.32 1. 10 2.58 3.02 1.79 1. 85 3.52 3.99 3. 69 2.93 3.15 2.51 2.58
U 0. 34 0. 35 0. 80 1. 15 0. 64 0.51 0. 87 1. 15 1. 05 0. 82 0. 95 0.71 0.73
Nb 5.59 6. 39 9.29 8. 56 5.55 10.70 8.41 10.80 9.18 6. 95 7. 40 8.49 9. 36
Ta 0. 36 0. 45 0. 58 0. 54 0. 40 0. 83 0. 56 0. 84 0.62 0. 47 0. 57 0.51 0. 67
La 13.70 13.20 23.20 23.00 13.80 14.60 26.50 27.80 27.80 19.70 20.10  20.80  22.40
Ce 34,30 33.30 53.70 57.20 31.90 34.60 57.30 59.20 59.70 42.10 42.60 48.00  52.50
Pr 5.04 5. 06 7.34 8. 31 4.73 4.91 7.31 7.58 7.58 5.53 5.57 6. 54 7.21
Sr 346.00 406.00 445.00 351.00 443.00 463.00 529.00 504.00 457.00 493.00 436.00 416.00 364.00
Nd 22.40  22.40 29.80 36.80 20.20 23.00 28.00 29.20 28.60 21.90 21.50 26.80 29.70
Zr 191.00 190.00 240.00 242.00 203.00 200.00 239.00 267.00 265.00 187.00 190.00 238.00 236.00
Hf 5.05 4.79 5.67 6. 04 4. 57 7.28 5. 50 5. 75 5.52 4. 42 4. 41 5. 69 5. 65
Sm 6.63 6. 82 7.71  10.48 5. 86 5. 84 6. 74 7.12 6. 95 5. 46 5.29 7.03 7.64
Eu 2.17 2.08 2.41 3.22 1. 85 1. 81 1. 86 1. 95 1. 90 1.53 1. 50 2.15 2. 60
Gd 6. 90 7.17 7.27 10.9 6.12 6.01 6. 04 6.61 6. 38 5.05 4.99 6. 83 7.31
Tb 1. 14 1. 16 1. 18 1. 74 1.01 0.97 0. 90 1.02 1.07 0.79 0.79 1.07 1.19
Dy 6. 71 6.91 6.79 9.94 6. 17 5. 65 5. 27 6.01 5.70 4. 62 4. 54 6. 17 6.93
Y 32.70  32.60 33.20 48.90 30.80 28.30 26.70 30.40 29.00 23.00 23.00 31.50 34.70
Ho 1. 30 1. 28 1.31 1.93 1.19 1.10 1. 00 1. 15 1. 14 0. 90 0. 88 1. 20 1. 37
Er 3. 56 3.63 3. 84 5.45 3.48 3. 16 2.92 3. 36 3.31 2.63 2.57 3.48 3.94
Tm 0. 48 0. 48 0. 54 0. 74 0. 49 0. 45 0.41 0. 48 0. 48 0. 39 0. 37 0. 48 0. 56
Yb 3.03 3.01 3. 74 5.01 3.33 2. 95 2.85 3. 34 3.27 2.61 2. 65 3.39 3.88
Lu 0. 39 0. 39 0. 54 0.72 0. 49 0. 42 0.42 0. 49 0. 50 0. 40 0. 39 0. 50 0.57
Pb 2.76 0.92  16.90 6. 70 7.19 5.75 6.56  10.30 6. 84 5.99 8. 60 4.58  14.70
Cs 346.00 406.00 445.00 351.00 443.00 463.00 529.00 504.00 457.00 493.00 436.00 416.00 364.00
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13 PERE AR Y T HOCR Bl R M L OUR 0
Praf R IR 3. IR » HR I HE il 9 20 45 R R A

B CO, B (2. 26 % ~4. 34%0) Flgede 7 (1. 61 % ~
6. 68%%@%?%‘%9@}:%&/ A2, R FE
A3 2t 44 B R DX AR R 3 2R 858 A8 L AR S

EE@FH AN TR BB TR AR R IR B/ MY T R
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Fig. 5 TAS plot of volcanic rocks (a) and Nb/Y-Zr/TiO, plot (b)
a. i Le Maitre ez al. , 1989;b. #i& Winchester and Floyd, 1977
FLAEARTHE. 7
SRR SIO, SR 43. 62%6~55. 56 %02 or
8] 72 2 2o AR R 2 s LN MgO & & oy T
2.15% ~6. 71% ., Mg® { £ 36. 79 ~55. 15 Z[il; S4r
@)
Tl()z é\%ﬂ\j 1. 10%"\’2. 73%; Alg()g ﬁ%ﬂ{] o 3F
13. 7%~ 17. 71%; Fe,O,7 & &4 7. 12% ~ 2+
12. 9792 )5 CaO &4 2Hy 5. 599 ~11. 6274 Na, O 1t gy
=) =) ,\\X‘ >
M & o (2.46%~4.49%) K F KO W & & .

(0.18%~2.53%) , Na,O/K, O HAHFEL. 1~3. 72
] (Br—A~ LOL k1R 14. 5). 78 TAS 432K & p
(] 5a) ¥ 7E L i s R & g 2 sl Bk 1 22 1l
LA ZE LA X AR A R 5 - i e
SRR, XA S HOF fil CO, 5 AR 3
O f 45 5. 78 Nb/Y-Zr/TiO, 4325 & it I b (K
5b) WA F A R 51 X IR . 7E SiO,-K, O
i ([ 6) 07 A5 i M — m AP s s R 5 X Chy
AR AR RS2 A, BBk LOT K2, 520 AR D
AN LB B R B REE L YRR 2 R N L

R TR A Re X An 1B B s (] 7a) , Bk
FRETFEAICR (LILE) fl# + (LREE) & 4,
—A~ LOT S K HIAE b - K ORb = 51 B &g, 1y A 4 ik
AAE IR A O, H Pb 5 5t B 2R T 3] A A
Ua e T 2Bz 8d s B39t £ (HFSE)ND,
Ta 541, &R FESD Ze T 55 875 .

Fii L4y Fe A an E BT (B 7h) , BT A R i 1) F
o3 PRI A Y. 5246 - (LREE) & 4. 2 1
i 1 HLE , (La/Yb)x UK 2. 97~6. 66 [A] AT
HAR R B 408, (Gd/Yb)y FUfEH R 1. 52~
1.97. F + B8 (X REE) 7y 100 X 10°° ~ 175 X

0 . . .
40 45 S0 55 60 65 70 75 80
Si0:(%)

K6 kil Si0,-K, O 5 £ (i Peccerillo and Taylor, 1976)

Fig. 6 Relation of SiO,-K,O of volcanic rocks

107%, Eu 5% A 8, 0Eu=0. 86 ~ 1. 05, {i B LA
AR AR E, R Ce 7%,
0Ce=0.97~1.01.
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S EH e A TR — e A 2 R L
WA b HIRER RS b & e e At — o it
IR Y AT Prelepidodendron sp. (JoA), A |
TRBE K 45 U-Pb 453k 346, 843, 3 Ma. fz A H:
Y FE B A A B A U-Pb ARy o 341, 1 £
4.0 Ma~340. 9£5. 1 Ma(H{f#t %, 2013) , A It 1% Hh
R MR IR 7 — o etk T & a2 L b i
A7 Ph/# U S FAE IS /N 402 Ma, A EEACER
KL AR AR 3 SR 3 B B 0 e 9K BT
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(LA I T A T DX 1% o 2 P s 2 b 3 g 2
P IR N LA KL A AN B 55 2008 4RO i
HEE IR FIA XA A 12 ) B AR L 4 B AR
Sk A e T B — G e R S AR T & e 1
A Kl B B A U-Pb AR % 4 of £ 3000 4 &=
1. 3 Ma~323. 045. 0 Ma(F £ -4, 2010; Xiao et
al. s 2011; Suetal., 2012),2E57E A HH LISt
AT EFE AR P I AU T A 85 4 U-Pb 4R 4 318
Ma, B A SCH i) KL 25 R B JE - B A 304 9 1
4. TEAEZEAE (2009) ¥ 42 38 o B 55 344 Py 1L 4 A T
) #8Ef SHRIMP U-Pb 4E#%  350. 0£6. 3
Ma, AR @ EEE R N 1L 2H . B 350. 04-6. 3 Ma
P14 M 7 5 2 31 BT PN AR YR P 4 1) L L AR i —
S0 XA T A N SR b X A7 X — 31 K L 3.
6.2 BEREX

KA R MgO & 8AE 2. 15%~6. 7T1%, & i
I, Mg® {l7E 36. 79~55. 15 Z [a] , B A% T i b
A B HAH 65, Cr(31. 4 X105 ~139X10%),

Ni(5. 66X 10 6 ~84. 3X 10%) & B WARAE . 138 HH 4+
KD T ek f. ks LILE &4 ,Nb. Ta
TP E AL Ze Ti 545, 78 Nb/Yb-Th/Yb [ -
(8 8a) & s 71 MORB-OIB #4438 [l /b, B A
Wz B T HrE W BUIR g B0E 2O KL A R AR
(Pearce, 2008).

K1l # ) Nb/U, Ce/Pb L {H 75 H 4 5l £
7.43~20. 88.3.17~12. 45 % F OIB Fil MORB 1y
Nb/U(47410) fil Ce/Pb Fbff (25+5) (Hofmann,
1986) s REVERAE LI R AR M7 TR YL 1)
Al fEME. fH Th/Ce(<20. 07), Th/La(0. 08~0. 16) I,
(B /NTFHESE Th/Ce(#5 0. 15) . Th/La(#y 0. 30) kb
{8, T 55 M SR 5 1 453 Th/Ce(0. 02~0. 05) . Th/
La(#y 0. 12)#z3 ; [A A A b 52 ) T 4 2 36 U
s Ze  HE IE 2% H KIS B4R T Ze  HE IE R
W2 B 2 2 b e TR Y 19 RE A/ (Su et al.
2012) ; BAR K14 La/Sm HfE K 1. 94~3. 99, /)
T 4.5, W R W] 52 B M 78 W) BOTR G 1) AT e/ (2T
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,2012). L ki A LILE A& £E .1 Nb, Ta
AR A 5 300 ) R AE N 9% B AR AR XL KL
(U/Pb) py HUAE (0. 16~0. 58)/NTF 1, (Nb/Th) py I
{E.(0. 28~0. 69) , (Ta/U) py HLAE (0. 24~0. 80 #Hf /N
T 1, o ol KB A B RHIE OFS 7K R 4§, 2013). 7R
Ya/Yb-Th/Yb [& | (& 8b), 35 s ¥4 76 1% 8 Kbk i
SRR 5 IR 7 o 2R WA 280000 ot T A4 22 4K
A A HE S 5 TSR MIE B R TR
Yk Th & R50E . Ce/Th B (25 8) .Ba/Th [t
{H (A 11D K (Plank and Langmuir, 1998), 1 5%
LIEARFLA K 1115 Ce/Th,Ba/Th 43 5]k 13. 5~
30. 3.80. 9~279. 3 Z[i]; HI& A 11 Ce 5%, ARF
3218 Wl U1 B R R e /Y K (Hole et al.
1984). il Nb/U, Ce/Pb LA W60 T M i I
X AZ B T MR Fr oA U5 1l 38 AR 19 5% i) (Seghedi ez al.
2004).
6.3 HMIEEEREX

A2 R R B A R et ) A=
W] R wh (Xiao er al. , 2004, 2008; ¥ & 5 45,
2007; Su et al. ,» 2012) 433 B P48 F) WA B 7
GRRAENE R AR A 2% 2 A B AT S FAWE IR 5 42
WS R A I 2% 5 5T b2 T 3 (A b 22 45 5 2007) L s
WEIR IR K L 7 T B I 52 (Su et al. s 2012).
(AL A F AR PR i s P 1 J 2 5 PR AL & R S R4
AT RN A A R A 1) b A B ) R o (24
BRAE,2009). Iy AU 44 )2 AT R — 42
R I B e (REREREE, 2006) o AR 7E B IUE HTE
B (ZERRAR A, 1990 22408, 1991 ; F B K FXBYLLL,
1995) , i g M e 440 — F- A et A e g e DO R EL
SRl G RHIE (E# R, 2004 2R K55, 2006, 2009) ,
T et 2 I B ) % 4% 1 2 ) R ) R RE A=
ML, 1999).

SO EHR 4L K I Nb, Ta 75 451 43 FE dh
Ti 7, B T 59K LA 1R s (0 SR
IR 38 L TiO: 1Y & s IR (<K 1% (Wil-
son, 1989), HFSE & WKL, #Eahny TiO, &kt
(1. 1%~2. 73%) BB KT 120, RE H & imigoo £
(HFSE) () & - th i s 5 A5 1 K L s = i 2
(& 7a). F Zr-Zr/Y F1 Ti/100-Zr-Y * 3 B H (KR
O KA AR e 5 K LA RS L T4
BT VEAE T M P L 1) DX 3, i S #f 3R B e &
JE T w2 KL 2 R TR ) S5 I L A B Y X
A wpsA AL & & R R A g F I L4 5 K
ol — PR R I R DU B 40 — AL 2B DU

R SNBEGRHE AR T KL R 2 194
A TR AR AN S 6 7 22 B P 2 A k1) g ) A
I (AR, 2009) . PRI 5 48 EHR S AN 2 i3 9
SFIRSY). S (2012) WAk R P 3 A vE Al
FE 3 20 I T T 0 M T, DA R s L S
B IR T A8 T8 17 UK DX 3 1 e L 48 7 B s L
FE R 20 1 AN FEAR G — 1) Kol PR 50 ) 2 A B B
PR o 22 P 2 KLt AN S Bl Y B 18 7= 40 T
I T WA Z 5 2 A2 R85
R EL.

Je B 15 R B SR R R B
S DL S R R AN RO XA R
(Liegeois, 1998). AREME /R X iIE T K i A sk
20 Jig Al A kLl A 3R B A A = B (319, 6 &
9. 8 Ma) (41 %5, 2009) | i W8 /R 2 3t N 38 (B34 [
45,2010 2044, 2012) B 4R — TR TS ML IX ELBA 3
R I (Cob) GREZ S, 2008 3 22 /N A7 45, 2009b) , 41
MR AL BB 10 Sk 20 (339, 0+ 4. 0 Ma) (7 i 24 %%
2011). 33X 1 7 B A 1t A S Bk R 4 S
B 22 0 AR B 1 R e A v A L D AR
PRRLBE R 5 M LA R, B LILE & 4, HFSE
4547 Sr/*° St WA LUAEFA s ena (ELER 120 O RE A (51N
A4, 20090 B B 24 5, 2010). T2 PEER AL K 1L
AT 5 il LA 2R ) P b BR A b 2RI 35
A (2006) AR F5 1 155 /K b X T 72 43 A7 1) i Rl e 7R A8
4 A AR S VENES SR 1 [X e 48 Y B S 3 3% 3 K A
330~265 Ma 2 [A]. AU & R A T304 g
H S ZH 2 1) J R AR < 2 A 427 Ph/# U
FOEAERS My 341, 144, 0 Ma~340. 945, 1 Ma( FH{g
4,2013). iX AR 346. 813, 3 Ma b %2 AT w4l
KA TE T o Rl A e 5.

UNRT TR, 50 28 R e 4L R S i 2 R hr
B HA TR L. A AN SR AL
Pz B Z 1 (Dyok) , & B Z5 T — T i (A
YA B OLE A AREIE 346, 813, 3 Ma. U Hy
341. 144, 0 Ma~340. 945. 1 Ma [ 5 filf 3% 751 15 i)
AR HEH O M 25— A st sk R B R
7 Bt TR M 2 /D Frp e At Z A &
LA s AR UEVE R b IX i J 0E 5 R AL B B oy
A= 5 TRTUE B8  2% BH E  d  E A e i L &
KA CRRBHEFAE . 2004) . 537l o] 22 Fith [X e & -k
343 Ma [WHEE KA B o5 (B S5 2012) L 20 e by [X.
Ieak B 343 Ma )1 By Y)AF V) 28 (R BHLAE, 2012)
X ELAR AR B S R — 2508, DF SR X DA AR
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7 4hie

SR FERR A S TR — At R
Hz b HORH RS & i e 7t — R e AR A
oA i B EE I A B A P2 U A #4 45
#4H 346, 843, 3 Ma(MSWD=2. 0) , %% FE# 7.4
HinJZ A R B 8 At — A A

S RS s AL S M K LA SRR R A TG
2 LILE. 5 &% (HFSE)Nb. Ta, #8458 5 45 Zr.
Ti, Nb/U A N 7. 43 ~ 20. 88, Ce/Pb . AH K
3. 17~12. 45, R U5 T 52 T A 52w 1) HU R X, 02 )5
B4 25 2R Sl 7= ).

SR ER AN S Tleda FhiZ Az
b RIS REBRARHE 2 X R hiE Bl
S BRI ] 5 5 2 A v A K LS T T S il
J AR R S, DRI R i 22 B g ko A 3R I R 0 A
A T le 4Lt 2

B B B S T AR E R AR AR 6 E A
BKEL!

References

Belousova, E. A., Griffin, W. L., O'Reilly, S. Y., et al.,
2002. Igneous Zircon:; Trace Element Composition as an
Indicator of Source Rock Type. Contribution to Miner-
alogy and Petrology, 143 (5) ;602 —622. doi: 10. 1007/
s00410—002—0364—7

Cai,W. J. ,Li, C. Y. , 1983. Preliminary Study on Plate Tec-
tonics of Northern East Junggar in Xinjiang Uighur Au-
tonomous Region. In: Institute of Geology, Chinese
Academy of Geological Sciences. , ed. , Bulletin of the
Chinese Academy of Geological Sciences (1983 Bound
Volume in Chinese and English). Geological Publishing
House, Beijing,170—171 (in Chinese).

Chen,S. ,Zhang, Y. Y. ,Guo.Z. J. ,2009. Zircon SHRIMP U-
Pb Dating and Its Implication of Post-Collisional Vol-
canic Rocks in Santanghu Basin, Xinjiang. Acta Petro-
logica Sinica ,25(3):527—538 (in Chinese with Eng-
lish abstract).

Han,B. F. ,Ji,J. Q. , Song, B. , et al. , 2006. Late Paleozoic
Vertical Growth of Continental Crust around the Jung-
gar Basin, Xinjiang, China (Part | ): Timing of Post-
Collisional Plutonism. Acta Petrologica Sinica,22(5)
1077—1086 (in Chinese with English abstract).

He,G. Q. ,Li,M. S. ,Jia,]. D. ,et al. ,2001. A Discussion on
Age and Tectonic Significance of Ophiolite in Eastern
Junggar, Xinjiang. Acta Scientiarum Naturalium Uni-
versitatis Pekinensis,37(6):852—858 (in Chinese with
English abstract).

Hofmann, A. , Jochum, K. P. , Seufert, M. , et al. , 1986. Nb
and Pb in Oceanic Basalts: New Constraints on Mantle
Evolution. Earth and Planetary Science Letters,79(1—
2):33—45. doi; 10. 1016/0012—821 X (86)90038—5

Hole, M. J. , Saunders, A. D. , Marriner, G. F. , et al. , 1984.
Subduction of Pelagio Sediments: Implications for the
Origin of Ce-Anomalous Basalts from the Manana
Islands. Journal of the Geological Society ,London,141
(3):453—472. doi: 10. 1144 /gsjgs. 141. 3. 0453

Huang,G. ,Niu,G. Z. , Wang, X. L. ,et al. , 2012, Formation
and Emplacement Age of Karamaili Ophiolite: LA-ICP-
MS Zircon U-Pb Age Evidence from the Diabase and
Tuff in Eastern Junggar, Xinjiang. Geological Bulletin
of China ,31(8):1267—1278 (in Chinese with English
abstract).

Jahn, B. M., 2004. The Central Asian Orogenic Belt and
Growth of the Continental Crust in the Phanerozoic.
Geological Society , Special Publication,226;73—100.
doi; 10. 1144/GSL. SP. 2004. 262. 01. 05

Le Maitre, R. W. , Bateman. P. , Dudek. A. , et al. , 1989. A
Classification of Igneous Rocks and Glossary of Terms.
Blackwell , Oxford, 130—171.

Li, C. N.. 1992. Trace Elements Petrology of Volcanic
Rocks. China University of Geosciences Press, Wuhan,
181—182 (in Chinese).

Li,D. ,He,D. F. ,Fan,C. ,et al. ,2012. Geochemical Charac-
teristics and Tectonic Significance of Carboniferous Ba-
salt in the Karamaili Gas Field of Junggar Basin. Acta
Petrologica Sinica ,28(3):981—992 (in Chinese with
English abstract).

Li,J. L. ,Sun,S. , Hao,J. set al. ,1999. Time Limit of Colli-
sion Event of Collision Orogens. Acta Petrologica Sini-
cas15(2): 315 — 320 (in Chinese with English ab-
stract).

Li, J. Y., 1991. Early Paleozoic Evolution of Lithosphere
Plate, East Junggar, Xinjiang. Bulletin of the Chinese
Academy of Geological Sciences, 1 — 12 (in Chinese
with English abstract).

Li,J. Y., 2004. Late Neoproterozoic and Paleozoic Tectonic
Framework and Evolution of Eastern Xinjiang, NW
China. Geological Review ,50(3) ;304—322 (in Chinese
with English abstract).

Li,J. Y., He,G. Q. , Xu, X. , et al. , 2006. Crustal Tectonic



1254 R} 2E— [ K2 ik

%39 &

Framework of Northern Xinjiang and Adjacent Regions
and Its Formation. Acta Geologica Sinica ,80(1) ;148—
168 (in Chinese with English abstract).

Li,J. Y. , Xiao, X. C. , Tang, Y. Q. , et al. , 1988. Progress in
Study of Ancient Plate Tectonics in Karamaili Region,
Eastern Junggar, Xinjiang. Chinese Science Bulletin, 33
(10):762—764 (in Chinese).

Li,J. Y. ,Xia0. X. C. , Tang, Y. Q. , et al. , 1990. Main Char-
acteristics of Late Paleozoic Plate Tectonics in the
Southern Part of East Junggar, Xinjiang. Geological Re-
view, 36 (4):305— 316 (in Chinese with English ab-
stract).

Li,J. Y. ,Yang,T.N. ,Li, Y. P. ,et al. ,2009. Geological Fea-
tures of the Karamaili Faulting Belt, Eastern Junggar
Region, Xinjiang, China and Its Constraints on the Re-
construction of Late Paleozoic Ocean-Continental
Framework of the Central Asian Region. Geological
Bulletin of China, 28 (12): 1817 — 1826 (in Chinese
with English abstract).

Li,W. ,Liu,Y. Q. ,Dong,Y. P. ,et al. ,2012. The Geochemi-
cal Characteristics, Geochronology and Tectonic Signifi-
cance of the Carboniferous Volcanic Rocks of the San-
tanghu Area in Northeastern Xinjiang, China. Science in
China (Series D),42(11):1716 — 1728 (in Chinese).
doi; 10. 1007/s11430—012—4483—3

Liégeois, J. P., 1998. Some Words on the Post-Collisional
Magmatism. Lithos,45:15— 18 xv— xvii. doi; 10. 1016/
S0024—4937(98)00023—1

Liu, Y. S. ,Gao, S. , Hu. Z. C. , et al. , 2010. Continental and
Oceanic Crust Recycling-Induced Melt-Peridotite Inter-
actions in the Trans-North China Orogen: U-Pb Dating,
Hf Isotopes and Trace Elements in Zircons of Mantle
Xenoliths. Journal of Petrology,51(1—2):537—571.
doi:10. 1093 /petrology/egp082

Liu,Y.S. ,Hu,Z C. ,Gao,S. , et al. , 2008. In Situ Analysis
of Major and Trace Elements of Anhydrous Minerals by
LA-ICP-MS without Applying an Internal Standard.
Chemical Geology ,257(1—2) ;34— 43. doi: 10. 1016/j.
chemgeo. 2008. 08. 004

Long,X. P. , Yuan, C. , Sun, M. , et al. , 2012. Geochemistry
and U-Pb Detrital Zircon Dating of Paleozoic Graywack-
es in East Junggar, NW China: Insights into Subduction-
Accretion Processes in the Southern Central Asian Oro-
genic Belt. Gondwana Research ,21(2—3):637 — 653.
doi: 10. 1016/j. gr. 2011. 05. 015

Ludwig, K. R. ,2003. Users Manual for Isoplot 3. 0: A Geo-
chronological Toolkit for Microsoft Exccel. Berkeley
Geochronology Center, Berkeley,1—39.

Mao,Z. G. ,Zou,C. N. ,Zhu,R. K. ,et al. ,2010. Geochemical
Characteristics and Tectonic Settings of Carboniferous
Volcanic Rocks in Junggar Basin. Acta Petrologica Sin-
ica,26 (1); 207 — 216 (in Chinese with English ab-
stract).

Ouyang,S. ,Zhu, H. C. ,Zhan,]. Z. ,et al. ,2004. Comparison
of Permian Palynofloras from the Junggar and Tarim
Basins and Its Bearing on Phytoprovincialism and Stra-
tigraphy. Journal of Stratigraphy,28(3):193 — 207
(in Chinese with English abstract).

Pearce, J. A.,1982. Trace Element Characteristics of Lava
from Destructive Plate Boundaries. In: Thorpe, R. S. ,
ed. ,Orogenic Andesites and Related Rocks. John Wiley
and Sons, Chichester,528—548.

Pearce,]. A. ,1983. The Role of Sub-Continental Lithosphere
in Magma Genesis at Active Plate Margins, In;: Hawkes-
worth,C. J. ,Norry, M. ]. .eds. ,Continental Basalts and
Mantle Xenoliths. Shiva
230—249.

Pearce, J. A. , 2008. Geochemical Fingerprinting of Oceanic

Publications, Cheshire,

Basalts with Applications to Ophiolite Classification and
the Search for Archean Oceanic Crust. Lithos, 100(1—
4):14—48. doi: 10. 1016/j. lithos. 2007. 06. 016

Peccerillo, R. , Taylor, S. R. , 1976. Geochemistry of Eocene
Calc-Alkaline Volcanic Rocks from the Kastamonu
Area, Northern Turkey. Contribution to Mineralogy
and Petrology, 58 (1): 63 — 81. doi: 10. 1007/
BF00384745

Plank, T. , Langmuir, C. H. , 1998. The Chemical Composi-
tion of Subducting Sediment and Its Consequences for
the Crust and Mantle. Chemical Geology,145(3—4);
325—394. doi: 10. 1016/S0009—2541(97)00150—2

Seghedi, 1. , Downes, H. , Vaselli, O. , et al. . 2004. Post-
Collisional Tertiary-Quaternary Mafic Alkalic Mag-
matism in the Carpathian-Pannonian Region: A Review.
Tectonophysics,393(1—4) :43—62. doi: 10. 1016/j. tec-
to. 2004. 07. 051

Shu, L. S. , Wang, Y. J. ,2003. Late Devonian-Early Carbonif-
erous Radiolarian Fossils from Siliceous Rocks of
Kelameili Ophiolite, Xinjiang. Geological Review, 49
(4):408—412 (in Chinese with English abstract).

Su, Y. P. ,Zheng,]. P. ,Griffin,W. L. ,et al. ,2010. Zircon U-
Pb and Hf Isotopes of Volcanic Rocks from the Bata-
mayineishan Formation in the Eastern Junggar Basin.
Chinese Science Bulletin ,55(30):2931—2943. doi: 10.
1007/s11434—010—4151—y

Su,Y. P., Zheng, J. P., Griffin, W. L., et al. , 2012. Geo-

chemistry and Geochronology of Carboniferous Volcanic



59

ER WIS SRS R B — AR ARG A 346, 8 Ma 5 RIESE K UL RS X 1255

Rocks in the Eastern Junggar Terrane, NW China: Im-
plication for a Tectonic Transition. Gondwana Re-
search ,22(3—4):1009—1029. doi; 10. 1016/j. gr. 2012.
01. 004

Sun,S. S. , McDonough, W. F. , 1989. Chemical and Isotopic
Systematics of Oceanic Basalts: Implications for Mantle
Composition and Processes. Geological Society London ,
Special Publication , 42 (1) : 313 — 345. doi; 10. 1144/
GSL. SP. 1989. 042, 01. 19

Tan,]J. Y. ,Wu,R. J. . Zhang, Y. Y. ,et al. , 2009. Character-
istics and Geochronology of Volcanic Rocks of Bata-
mayineishan Formation in Kalamaily, Eastern Junggar,
Xinjiang. Acta Petrologica Sinica ,25(3):539—546 (in
Chinese with English abstract).

Wang,B. Y. ,Jiang,C. Y. ,Li, Y. J. ,et al. ,2009. Geochemis-
try and Tectonic Implications of Karamaili Ophiolite in
East Junggar of Xinjiang. Jowrnal of Mineralogy and
Petrology,29(3) :74—82 (in Chinese with English ab-
stract).

Wang,D. Y. ,Deng, J. H. ,1995. Characteristics and Evolu-
tion of the Plate Tectonics in Eastern Junggar, Xin-
jiang. Journal of Chengdu Institute of Technology 22
(4):38—45 (in Chinese with English abstract).

Wang, T. , Hong, D. W., Jahn, B., et al. , 2006. Timing,
Petrogenesis, and Setting of Paleozoic Synorogenic In-
trusions from the Altai Mountains, Northwest China:
Implications for the Tectonic Evolution of an Accretion-
ary Orogen. Jowrnal of Geology, 114 (6):735— 751.
doi: 10. 1086/507617

Wang,Z. H. ,Sun, S, ,Li, J. L. , et al. , 2003. Paleozoic Tec-
tonic Evolution of the Northern Xinjiang, China: Geo-
chemical and Geochronological Constraints from the
Ophiolites. Tectonics,22(2) :1014—1023. doi: 10. 1029/
2002TC001396

Wilson, M. , 1989. Igneous Petrogenesis. Springer, Nether-
lands, 173—174.

Winchester, J. A. ,Floyd,P. A. ,1977. Geochemical Discrimi-
nation of Different Magma Series and Their Differentia-
tion Products Using Immobile Elements. Chemical Ge-
ology,20: 325 — 343. doi: 10. 1016/0009 — 2541 (77)
90057—2

Windley,B. F. , Alexeiev, D. , Xiao, W. J. , et al. , 2007. Tec-
tonic Models for Accretion of the Central Asian Oro-
genic Belt. Journal of the Geological Society,164(1) .
31—47. doi: 10. 1144/0016— 76492006 —022

Wu,Q. ,Qu, X. ,Chang, G. H. , et al. , 2012. Geochronology
of the Hongliuxia Ductile Shear Zone and Its Constraint

on the Closure Time of the Junggar Ocean. Acta Petro-

logica Sinica, 28 (8): 2331 — 2339 (in Chinese with
English abstract).

Wu,R. J. ,Zhang, Y. Y. , Tan.]J. Y. , et al. , 2009. The Char-
acteristics of Different Structure Layers and Tectonic
Implications since Late Paleozoic in Kalamaily Area,
Xinjiang. Earth Science Frontiers,16(3):102— 109 (in
Chinese with English abstract).

Wu,X. Q. ,Liu,D. L. ,Li, Z. S. , 2009a. Post-Collisional Vol-
canism of Karamaili Suture Zone. Earth Science Fron-
tiers , 16 (3): 220 — 230 (in Chinese with English ab-
stract).

Wu,X. Q. , Liu,D. L. , Wei, G. Q. , et al. , 2009b. Geochemi-
cal Characteristics and Tectonic Setting of Carbonifer-
ous Volcanic Rocks from Ludong-Wucaiwan Area,
Junggar Basin, Acta Petrologica Sinica,25(1):55—66
(in Chinese with English abstract).

Wu, Y. B., Zheng, Y. F. , 2004. Genesis of Zircon and Its
Constraints on Interpretation of U-Pb Age. Chinese Sci-
ence Bulletin, 49 (15): 1554 — 1569. doi: 10. 1007/
BF03184122

Xiao, W. J., Han, C. M. , Yuan, C. , et al. , 2006. Unique
Carboniferous-Permian Tectonic-Metallogenic Frame-
work of Northern Xinjiang (NW China) ; Constraints
for the Tectonics of the Southern Palecasian Domain.
Acta Petrologica Sinica,22(05):1062—1076 (in Chi-
nese with English abstract).

Xiao,W. J. ,Han,C. M. , Yuan,C. ,et al. ,2008. Middle Cam-
brian to Permian Subduction-Related Accretionary Oro-
genesis of Northern Xinjiang, NW China: Implications
for the Tectonic Evolution of Central Asia. Journal of
Asian Earth Sciences, 32 (2 —4):102 — 117. doi. 10.
1016/j. jseaes. 2007. 10. 008

Xiao, W. J. . Windley, B. F. , Huang. B. C, et al. . 2009. End-
Permian to Mid-Triassic Termination of the Accretion-
ary Processes of the Southern Altaids: Implications for
the Geodynamic Evolution, Phanerozoic Continental
Growth,and Metallogeny of Central Asia. International
Journal of Earth Sciences,98(6):1189—1217. doi: 10.
1007/s00531—008— 0407 —z

Xiao, W. J. , Zhang, L. C. , Qin, K. Z. , et al. , 2004. Paleozoic
Accretionary and Collisional Tectonics of the Eastern
Tianshan ( China): Implications for the Continental
Growth of Central Asia. American Journal of Science,
304(4):370—395. doi: 10. 2475/ajs. 304. 4. 370

Xiao, Y. ,Zhang, H. F. ,Shi,]J. A. ,et al. .2011. Late Paleozo-
ic Magmatic Record of East Junggar, NW China and Its
Significance: Implication from Zircon U-Pb Dating and
Hf Isotope. Gondwana Research ,20(2—3) :532—542.



1256 R} 2E— [ K2 ik

%39 &

doi: 10. 1016/j. gr. 2010. 12. 008

Yang,G. X., Li, Y. J. , Li, Z. C. , et al. , 2010. Genesis and
Tectonic Setting of Post-Collison Volcanic Rocks in
North Eastern Margin of East Junggar. Earth Science
Frontiers,17(1) : 49— 60 (in Chinese with English ab-
stract).

Yang, G. X, , Li, Y. J., Yan, J. , et al. , 2011. Geochemistry
Characteristics of Volcanic Rocks of Heishantou For-
mation in Karamaili, East Junggar. and Tectonic Set-
tings Implication. Xinjiang Geology,29(3):257 — 262
(in Chinese with English abstract).

Yang.P. R. . Yang, W. Q. . Meng, Y. Y. . et al. , 2007. Lower
Carboniferous Stratigraphic System of Karamaili Oro-
genic Belt, Xinjiang and Its Tectonic Setting. Geological
Science and Technology Information,26(5):6—10 (in
Chinese with English abstract).

Zhang,W. S. , Gao, H. Z. , 1999. The Residual Sea Basin of
Karamaili Orogenic Belt, Eastern Junggar, Xinjiang.
Earth Science Frontiers ,6(4) ;294 (in Chinese).

Zhang,Y. Y. ,Pe-Piper,G. ,Piper,D,]J. W. ,et al. ,2013. Ear-
ly Carboniferous Collision of the Kalamaili Orogenic
Belt, North Xinjiang, and Its Implications: Evidence
from Molasse Deposits. Geological Society of America
Bulletin ,125(5—6) :932—944. doi: 10. 1130/B30779. 1

Zhao,H. L. , Xu, F. , Zhang, J. , et al. , 2012. The Karamaili
Ophiolites: Age, Geological Characteristics and Tectonic
Significance. Xinjiang Geology . 30(2): 161 — 164 (in
Chinese with English abstract).

Zhao, L. ,Ji,]J. Q , Xu, Q. Q. ,et al. ,2012. Karamaili Strike-
Slipping Fault and Deformational Sequence since Late
Paleozoic in the Northern Xinjiang. Acta Petrologica
Sinica ,28(7) :2257—2268 (in Chinese with English ab-
stract).

Zhao, X. ,Jia,C. Z. ,Zhang,G. Y. ,et al. ,2008. Geochemistry
and Tectonic Settings of Carboniferous Intermediate-
Basic Volcanic Rocks in Ludong-Wucaiwan, Junggar
Basin. Earth Science Frontiers, 15(2):272— 279 (in
Chinese with English abstract).

Zhao,Z. H. , Guo, Z. J. , Han, B. F. , et al. , 2006. The Geo-
chemical Characteristics and Tectonic-Magmatic Impli-
cations of the Latest-Paleozoic Volcanic Rocks from
Santanghu Basin, Eastern Xinjiang, Northwest China.
Acta Petrologica Sinica ,22(1):199—214 (in Chinese
with English abstract).

Zheng. Y. F. ,Yang,J. H. ,Song.S. G. ,et al. ,2013. Progress
in Study of Chemical Geodynamics. Bulletin of Miner-
alogy , Petrology and Geochemistry,32(1):1—24 (in
Chinese with English abstract).

Bt B 325 2% STk

SR, 2R 5L, 1983, 3 B 2R o M R b R AR By s ) 45 i
FE. T« v TR 27 e b S BIE 5 B 4 v ] R}
B0 4 (1983 R 3 SCA 1T A, db 5T M T AR 41
170—171.

A s STt SR A, 2009, 35 5 = 3 I 43 305 98 K LA
%561 SHRIMP U-Pb 5@ 45 K TR . 5 A 4
25(3): 527—538.

BEEAR EDE R, 45, 2006, RS R G T AR A ST
WA CT ) — — 5 R TR BUA 0 s B R A 2
#.22(5): 1077—1086.

Al E By, 2SS 2], 25, 2001, B BT Em A ENE SR i A 1
AP 3 S b KR CH AR B D . 37 (6)
852—858.

TR AT TR, 25,2012, PR AR NS SRR R 2 B g
HITE AR AL B IR — — ok A MESCE MK A LA
ICP-MS g5 1 U-Pb 4% #% 19 UE 4. M 57 8 42, 31 (8):
1267—1278.

ZEBAE L1992 K BUETE TR A0 . BB b B b iRk
AL, 181—182.

AR B AR 2L 2012, WENE IR 24 TR S8 T A I A AR
B LA BR AL A AR A A 7 B X A A 2Rk 28
(3): 981—992.

ASYRTE L HIIK L IS 25, 1999, Flff8E 1 LA A0 1t $8E 254 Ik BIR £
Wi, A AR 15(2) : 315—320.

ZRERH 1991, T0 98 7R M I 2R R oty 2B AU A R A B i
AL T E MR BB .23 1—12.

ZRER IR, 2004, HTHB AR FR T AU R A AR A% R
H AR, #FRIEPE.50(3) : 304—322,

it ] B AR 0T . 25, 2006, TR K2 AT X H 5 4 1 4
T FLTE W5 R 00 0 25 B0, M 2 4, 80 (1)
148—168.

2R M AR, 45, 1988, FTEE AR R b 2 B M
DXy AR B ) i T 5% A B E . BL 258 iR, 33 (10D
762—764.

ZRpm MR ARG, S5, 1990, T HE AR IS JR R R 2 HL M
DR oty A AR e 3 11 B AR FRAE. M BB VT, 36 (4D
305—316.

2B W RRE 2R, 45, 2000, AR UEVE SR R 22 HLIKT 5L
F147 b SRR e o o T X ol A A QPR A Ry A
L. HbFER L 28(12) : 1817—1826.

25, MRS RE, T8, 25, 2012, HEE = PR f gt kil
AR MR A2 K I 1 R . R 2R (D
#),42(11); 1716—1728.

EIGE L EBA B, AU 55, 2010, HERE SR 2 HL A R 40 K L
AT HBERAL 2 R AR B2 AL 18 A BT R L A A AR 26
(1): 207—216.

KR BHET » 42 PRI M 25, 2004, 39 98 v 8 4 4 i AN HLAK



59

ER WIS SRS R B — AR ARG A 346, 8 Ma 5 RIESE K UL RS X 1257

W B BN AL A B R R A X R AR
X Hb)JER L, 28(3) 0 193—207.

&7 B, T R4, 2003, Hrim R 2 B aa 1 T RE TS 10
SR, RIS, 49(4) : 408—412.

TRET FRHEET- . Griffin, W. L. .25, 2010, 7R 7 15 /K 45 Hh (2 3%
FOAR PN L2 K L s A U-Ph 4RAR % HIE (R Z BF5E.
BF2E3E R, 55(30) 2931 —2943.

T2, BT K TTTT . 25, 2009, 7R HEME /KRR 22 HL M X B
BE RO N 1L 4 L R AE FAE AR B /. A A 2R 4R 25
(3): 539—546.

TEHSRE 229 L, 28K ZE, 25, 2000, J7 38 4% ENE JR R 22 Bl g
SRE I ER b 25 BRI K R R 1 7 . B A A, 29
(3): 74—82.

FTE I XBITAT 1995, 7R 74 WE5 71K Hhy X A B A4 1 e AiE 2 3 k.
JEBIE T2 B 24, 22(4) « 38— 45,

SR I, B R L 4 2012, OISR E B EIA T A K
ST o S R Y A P A T BRI 24 B A A A R 28 (8)
2331—2339.

SUEYL, 3K T TC , TEAEE L 4, 2009, HT8E - hIZE B X W T AR
PR LA A [T i 2R AE B R AR i 3 3. M2 i 2%, 16
(3): 102—109.

TG KB R ZRHR2AE L 20090, Rh 22 HLAE A IS R HH K

SN XIS R BRI 55, 25, 2009b. Wi R A HLE R — HOR
T b DX 5 3R L IR Ak 2 RRAE B LA 15 5 5. A
A L25(1); 55—66.

B SCss A, = . 45,2006, FrEdb i Akl — B

TR — BT R« % ST I A 3 355 R 5 K A
AL R 29, 5 A 23] 22(05) : 1062—1076.

Wi 2K 2R, 45, 2010, ARETE IR ZR A6 24 )5 R K
A B S A s PR 2R R, 17(1) « 49— 60.
Wit 28K P4 2,201 1. 2 B X 2R L Sk 21 1
IR SRR AR S ) 3 PR A5 3 BT, BT ER MR, 29 (3)

257—262.

o SR S L 55, 2007, FiaE e B LA R A
RGH)Z FR e Ty LTS 18 5 5t M SRR 1 4R . 26
(5): 6—10.

SRIEAE B PR, 1999, 3B 7 v 22 FL s L5 A fi 1] B A%
T4 AT, 6(4) 294,

BELR R L 3, 25, 2012, ZR RS IR 22 HL i 45 T i
APt BT 4R IE T b 3 RE L. B R b BT 30 (2):
161—164.

WA, T e, 42, 2012, FEEA IR P32 B A4
AW 1 R S IR T IR A AR, 28(T)
2257—2268.

R, RS, IEOGIE L 45, 2008, HEME R AL AR — TR 7 H
A 7% F P R K L R Ak 2 K TR R b2
W%, 15(2); 272—279.

VRN SR B ok 524 L 25, 2006, 757 5 = J 1 4 oy A 4R
WL A M BRAL R IE B LA 1 — A R A .
F¥AR,22(1) ;. 199—214.

ok & A IR, IR, Z5, 2013, b 2 b 3k Bl 24 BF 5% 3
J. WA IR AL AR L 32(1) : 1—24,



