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Abstract: [Objective] The composition and age of metamorphic rocks provide a crucial window into understanding the nature,
formation, and evolution of orogenic belt basements. Based on an analysis of zircon age and trace elements from the Xingeer Formation
in the eastern part of the South Tianshan Orogenic Belt, this paper explores the age of meta—rhyolite and its significance for the tectonic
evolution of the Southern Tianshan orogenic belt. [Methods] The lithology, LA—ICP—-MS zircon U-Pb dating, and zircon trace element
analysis of the meta—thyolite in the Xingeer Formation, located in the eastern part of the South Tianshan Orogenic Belt, have been
systematically conducted. The data have been comprehensively analyzed in conjunction with regional research findings.
[Results] LA-ICP—MS zircon U—Pb dating results indicate that the protolith was formed in the Early Devonian (418~412 Ma). The
zircon exhibits a relative depletion in light rare earth elements (LREE) and enrichment in heavy rare earth elements (HREE),
characterized by a negative Eu anomaly and a positive Ce anomaly. Trace element analysis reveals positive anomalies of U and Hf,
along with negative anomalies of Nb, La, Pr, and Ti. Based on zircon trace element analysis, it is inferred that the crustal thickness at
the time of rhyolite eruption was less than 35 km, with evidence of plagioclase fractionation and crystallization in the magmatic source
region. The zircon Ti thermometer indicates a high magmatic crystallization temperature (>800°C), suggesting a high—temperature
magmatic origin. This implies that the rhyolite's development may be associated with continental rifting. [Conclusions] Based on
previous studies, it is inferred that the South Tianshan Orogenic Belt may have been part of the Tarim Craton during the Early
Paleozoic, with its northern margin representing an active continental margin. Influenced by subduction and retreat along the northern
margin, the South Tianshan region experienced significant back—arc extension during the Late Silurian to Early Devonian. The
meta—rthyolite identified in this study is likely to have formed within the tectonic setting of Early Devonian back—arc extensional rifting.
Key words: South Tianshan Orogenic Belt; meta-rhyolite; zircon U-Pb age; Devonian; high temperature magmatism; back-arc
extension

Highlights: In the eastern segment of the South Tianshan orogenic belt, the meso-rhyolite of the Xingeer Formation in the Hamangou
area was formed during the Early Devonian, rather than in the Archean, as previously believed. During the Early Devonian, a back-arc

extensional rift valley developed in the eastern part of the South Tianshan Orogenic Belt.
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Fig. 1 Simplified map of the Central Asian Orogenic Belt and its adjacent cratons (a) and simplified geological map of the Southern

Tianshan Orogenic Belt and its adjacent areas (b)
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Fig. 3 Field and microscopic photos of the meta-rhyolites from the Hamangou area in the South Tianshan Orogenic Belt
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®1 WBEATRLE LA-ICP-MS A U-Th-Pb EIIREAK
Table1 LA-ICP-MS zircon U-Th—Pb isotopic composition of metarhyolite from Hamangou

FriE/107° [ 2 L AR [F 3R 4F#/Ma
i Th/U
Th U 27pb/*%Ph o Pb”U 16 Pb/*U 16 Pb/Pb 1o PbU 1o *Pb/*U 1o
HMG10

01 495 503 0.98 0.0551 0.0066  0.509  0.06  0.0672  0.0023 240 240 406 40 419 14
02 667 61.6 1.08 0.0521 0.0058 0478  0.05  0.0679  0.003 170 210 395 36 423 18
03 594 619 0.96 0.0528 0.0057 0465  0.047 0.0655 0.0028 190 210 38 34 408 17
04 561 539 1.04 0.0572 0.0067  0.532  0.065 0.0662 0.0035 360 250 418 44 413 21
05 533 549 097 0.0563 0.0059  0.517  0.052  0.066  0.0029 350 220 414 35 412 17
06 473 595 0.79 0.052 0.01 0452  0.08  0.0637 0.0037 160 360 367 54 398 22
07 218 157 139 0.0579 0.0043  0.525  0.038  0.0666 0.0019 430 150 429 26 415 11
08 662 644 1.03 0.0597 0.0066  0.518  0.056  0.063  0.0025 430 230 414 38 394 15
09 366 46 0.80 0.059 0.0077  0.521  0.064 0.0654  0.0028 340 260 412 42 408 17
10 87 741 1.17 0.0557 0.0058  0.511  0.048  0.0668  0.0028 330 210 411 31 416 17
11 367 45 082 0.0568 0.0068 0498  0.056 0.0648  0.0028 300 240 399 38 404 17
12 58 70.6 0.82 0.0571 0.0063  0.521  0.06 0.0641  0.0024 370 220 414 39 401 15

13 532 535 099 0.0538 0.0069 0485  0.059 0.0656 0.0022 190 240 389 40 410 13
14 68.8 69.6 0.99 0.0592 0.0088  0.521 0.069 0.0676  0.0039 430 300 432 55 421 24

15 526 539 098 0.0551 0.0073  0.472 0.06  0.0635  0.0022 270 260 381 40 397 13
16 41.6 458 091 0.0607 0.0076  0.567  0.078  0.0666  0.0032 440 260 440 51 415 19
17 73.6 614 120 0.0607 0.0096  0.542  0.084 0.0643 0.0034 470 330 430 56 401 20
18 589 57  1.03 0.062 0.0067 0.57 0.055 0.0688  0.0029 500 220 456 38 429 18
19 708 72 0.98 0.0578 0.0052  0.523  0.046  0.0656  0.0022 400 190 420 31 410 13
20 72.1 61  1.18 0.0511 0.0047  0.472  0.046  0.0665 0.0025 160 180 385 31 415 15
21 57.1 60.8 0.94 0.0562 0.0052  0.503  0.049 0.0646  0.0027 340 190 405 33 403 16
22 205 270 0.76 0.0548 0.0025  0.532  0.025 0.0699 0.0015 363 98 431 17 4355 8.7
23 474 393 121 0.0557 0.0022  0.577  0.022 0.0743  0.0017 421 91 461 14 462 10
24 859 751 1.14 0.0561 0.0055  0.504  0.052 0.0648 0.0028 370 210 412 36 404 17
25 935 704 1.33 0.0591 0.0066  0.537 0.06  0.0659 0.0022 400 230 425 39 411 13
26 745 635 1.17 0.0514 0.0055  0.497  0.053  0.0688  0.0025 190 220 400 36 428 15
27 569 57.6 0.99 0.0557 0.0064 0495  0.054 0.0655 0.0027 280 230 398 36 409 17
28 79 792 1.00 0.0539 0.0061 0.479  0.052 0.0648  0.0025 220 230 387 36 405 15

29 63 642 0098 0.0585 0.0062  0.524  0.052 0.0651  0.0022 390 220 418 35 406 14
30 457 495 092 0.0574 0.0071 0.506  0.058 0.0646  0.0025 380 260 405 40 404 15

HMGI12
01 297 183 1.62 0.0575 0.0041 0.53 0.037  0.067  0.0019 430 160 427 25 418 11
02 163 120 136 0.055 0.0049 0.503  0.042 0.0669 0.0022 300 180 408 28 417 13
03 197 142 1.39 0.0697 0.0046 0.694  0.056 0.0684  0.0023 920 160 533 35 427 14
04 111 945 1.17 0.077 0.01 0.74 0.11 0.0675  0.0027 930 250 538 60 421 16
05 158 135 1.17 0.0566 0.0039 0.53 0.038  0.0678  0.0022 400 140 427 25 423 14
06 318 209 1.52 0.0529 0.0037 0.493  0.038 0.0661  0.0018 290 150 402 25 412 11
07 127 87 146 0.0584 0.0058 0.528  0.052  0.066  0.0027 400 200 422 34 412 16
08 297 200 1.49 0.0561 0.0026 0.527  0.028 0.0679  0.0021 410 100 427 18 423 13
09 465 256 1.82 0.0554 0.0034 0.501 0.028  0.0662  0.0017 360 130 413 20 413 10

10 223 166 134 0.0562 0.0042 0.524  0.041  0.0669 0.0016 370 160 422 27 417 10
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i1
/107 [ LiE [ R AF#E/Ma
Wi ThU
Th U PoPb 16 POAPU 1e PPHAU 16 PP 1o PPBAU 16 PbAU 1o
11 213 116 1.84 0.0571 0.0044 0.53 0.044  0.0672  0.0023 400 160 426 28 419 14
12 89 86.3 1.03 0.0526 0.0049 0.47 0.037  0.0658  0.0023 240 180 386 26 411 14
13 324 221 1.47 0.0562 0.0032 0.516 0.03 0.0662  0.0015 400 130 419 20 413 9
14 381 198  1.92 0.0603 0.0052 0.563 0.051  0.0678  0.0028 530 190 449 33 423 17
15 245 189 130 0.0531 0.0038 0.478 0.032  0.0663  0.0021 260 150 397 23 413 12
16 289 180  1.61 0.0556 0.0042 0.508 0.037  0.0659  0.0018 350 150 413 25 411 11
17 214 1264 1.69 0.057 0.0048 0.531 0.045  0.0676  0.0024 380 170 426 29 422 15
18 312 183  1.70 0.0548 0.0037 0.505 0.034  0.0666 0.002 330 140 411 23 415 12
19 683 250 273  0.053 0.0033 0.489 0.028  0.0674  0.0021 270 130 402 19 420 12
20 404 245 1.65 0.0555 0.0033 0.538 0.034 0.07 0.0019 370 130 434 22 436 11
21 239 160  1.49 0.0556 0.0038 0.529 0.037  0.0678  0.0018 390 150 426 25 423 11
22 167 122 137 0.052 0.0042 0.482 0.041  0.0667 0.002 210 160 394 28 416 12
23 322 214 150 0.0551 0.0038 0.501 0.031  0.0673 0.002 350 150 409 21 419 12
24 230 132 1.74 0.056 0.0043 0.493 0.036  0.0651 0.002 360 160 403 24 407 12
25 699 296 236 0.0543 0.0028 0.523 0.031  0.0687  0.0018 360 120 424 20 428 11
26 548 280 196 0.0612 0.0042 0.554 0.035  0.0657  0.0021 570 150 445 23 410 12
27 187 1279 146 0.0572 0.0047 0.521 0.044  0.0659  0.0017 390 170 419 29 411 10
28 209 141 1.48 0.0592 0.0047 0.548 0.039  0.0674  0.0023 480 160 439 25 421 14
29 222 160 139 0.0594 0.0044 0.554 0.039 0.068 0.0022 490 160 443 25 424 13
£2 WBHATREE LA-ICP-MS #AMEME L TEAK
Table 2 LA-ICP-MS zircon trace elements and REE composition of metarhyolite from Hamangou 10°

MES Sc Ti Y Nb La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Th U Eu/Eu* Ce/Ce* T,/C

HMG10
1 218 616 0.19 223 0.011 1.15 1.5 0.42 11.2 4.4 50.7 20.4 84.7 19.9 204 37 9240 0.17 49.5 50.3 031  0.93
2 203 60 889 0.26 23.3 0.133 2.12 4.07 0.87 17.8 6.5 79.3 34.2 144 33.1 305 50.4 9050 0.5 66.7 61.6 031  1.07 927
3171 8 980 25.1 1.39 3.6 0.52 17.8 6.2 78.2 30 131 30.2 274 48.3 9690 0.53 59.4 61.9 020 093 722
4 25824 520 032056219 0.76 69 5 072 9.8 3.49 46.1 19 82.7 18.4 202 36.2 9410 0.46 56.1 53.9 031 823 824
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Fig. 4 CL images of the representative zircons from the metarhyolites of the Hamangou area in the South Tianshan

Orogenic Belt and their corresponding locations and numbers of analytical points
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the Hamangou area in the South Tianshan Orogenic Belt
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J 21.15%107°~406.47x10°°, B+ 02 (HREE) & &
9 417.10%10°°~1610.30x10°°, BRAL A7 AR EALHR +
JCRALST LR R, B e R AN = i, G 100
FEHX E 4. Euw/Eu*H N 0.11~0.40, Ce/Ce* i
H 0.69~69.93, WLyR i Eu S . 1F Ce S AUARE
(& 7-a), #F—25 F Bk S gl A 225 S L I ) 85 A
(RITIRAIARBIK K, 2004; 5 HiBRAE, 2013) . A
Hf &5 (8130x107°~10300%107°) . A, A %L
WE T Bt Nb, Ta fl Ti RS &, 854
Nb FH(0.19x 107°~3.7x107°) . Ta F#:(0.17x 10~
1.97x107°) . Ti & i (1x 1075~68x107°) e A 5 41
Y8 5l N (Hoskin et al., 2003) .

HMG12 #5485 A #1028 8% #(740.35%
10°~3656.90x10°°) & T HMG10 5, B+ &
Frie ol 44.35%x107°~2215.00x10°°, Hff H 0K & H
H 696.00x10 °~2721.40x10°°, ZEERHL M A1 bR AL Y
i £ 0 R B4 ih £k bt BAT 5250 + o0 R AN 7 5

M LT RAAXE LR A . Euw/Eu*{H(0.38~
0.77) . Ce/Ce*{H(0.93~688.72) [AlFE /R 11 Bu S48 .
1E Ce S BYERAE (1] 7—a), WX BB 85 172 700
IR (S TTAR IR 7K K, 2004; T B HRSE, 2013) . AT,
WIE T 85 ) HE 58 (623010 7°~8930%107°)
Nb &5 (0.33x107°~7.1x107°) , Ta & (0.29x10°~
1.43x107°) F1 Ti &2 (2x107°~76x107°), WITETE
I B A REAE I RN (Hoskin et al., 2003) .

4 ¥F i

TREREHFK

ARRMEFE LT BCEFE AR AR A 2SR
RIRB R o BT AN A% R L K i
JZ, FELE RIS, AR N IO m e h
MR B R A B SR 4E 5 /K R X 5™ 7™ A,
1993) . HIFLH K& F KER (R = AN A SRHC A,
R KRB o BRI, ks R ORI AL) B IR —

4.1



434 H 48 IR GEOLOGICAL BULLETIN OF CHINA 2025 4F
10000 100000
10000
1000k 1000
100
[Aas 2
= 100} 2 10
4= i
& 1
= ~
o2 10¢ o2
foon = 0l
0.01
1k
0.001
0.0001 -
0.1 Th Nb La Pr Hf Ti Gd Dy Ho Tm Lu
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu U Ta Ce Nd Sm Eu Tb 'Y Er Yb
10000 100000
ﬂ HMG 12
10000F
L {/
10005 1000 /
i 100
N I X
X 100§ “%_ 10
4= :,l"*
= ~
oz 10E oz
£} w01
[ 0.01
L
3 0.001
I 0.0001 -
0.1 Th Nb La Pr Hf Ti Gd Dy Ho Tm Lu
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ta Ce d Sm Eu Tb 'Y Er Yb
P17 B R LT Ly e I V)l X AR AT 0 B A BB B A e 1 TR L 7 th 26 €] (a, o) FfciR JC 3R kRO £ (b, d)

(FRiEAL(EHE McDonough et al., 1995)
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Fig. 8 Source discrimination diagrams of the zircons of the meta rhyolite in the Hamangou region of
the South Tianshan (after Yang et al., 2012)
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Fig. 9 Tectonic background discrimination diagrams of zircon trace elements of the meta rhyolite in

the Hamangou region of the South Tianshan
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