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Abstract Southern Tianshan is one of the regions with most complex structural evolution history in the Tianshan Orogenic belt.
Compared with other regions in the northern Xinjiang, studies on problems of continental dynamics of the post-collision procedure and
the magma genesis are relatively weak. Baleigong pluton, which is located in the southwestern section of the Southern Tianshan, is
carefully studied in this study. Based on geochemistry and geochronology, the petrogenesis, characteristics of the magma source, as
well as the geodynamic are discussed, in order to provide some constraints for the further studies on the evolutionary patterns of the
ocean-crust system in the region such as closure of the oceanic crust and timing of the collisional orogeny. The Baleigong pluton located
in the Southwestern Kokshal area, the western segment of the Southwestern Tianshan; and emplaced into the south of the Baleigong
ophiolitic m lange. Lithologically, the pluton consists mainly of biotite moyites. Geochemically, the rocks are high-K calc-alkaline to
shoshonitic series, and rich in alkali (K,O + Na,O >4 8.25% ~8.72% ) and K (K,0/Na,0 2}y 1.34 ~1.56), with the A/CNK
values between 0. 94 and 1. 05, which fall into the range of metaluminous to slightly peraluminous rocks. The rocks are also
characterized by enrichment of LREE and LILE (Cs, Rb, Th and Ba) and depletion of Sr, P, Nb and Ti, with moderate negative Eu
anomaly (8Eu 247 0.49 ~0.59), showing the transitional features between high-K calc-alkaline and A-type granites. The elemental
ratios of the Baleigong pluton, such as Nd/Th (1.64 ~3.19), Th/U (5.95 ~7.11), Nb/Ta (7.26 ~9.17, combined with the high
K,0/Na, O and low Sr/Ba ratios, indicate the partial melting of middle to lower crust with intermediate magmatic rocks as protoliths,
with plagioclase amphibolite as the restite. In situ zircon U-Pb LA-ICP-MS dating on the magmatic genetic zircons yielded an age of the
273 + 2Ma, representing the emplacement age of the pluton. Combined with the previous studies, it is concluded that the Late
Paleozoic post-collisional granitic magmatism in the South Tianshan took place in the period between 282 and 259Ma and obviously later
than that of other areas in the Northern Xinjiang. Together, these studies also indicate that the post-collisional granitic magmas evolved
from high-K calc-alkaline series (282 ~266Ma) to alkaline series (266 ~259Ma) successively, which suggest the process of orogenic
collapse and continuously extensional tinning of the continental crust during the post-collisional stage. The Baleigong high-K granite was
probably formed during the first stage of the collapse after the collisional orogeny or during the transitional stage between collision and
post-collision, by partial melting of the middle to lower crust materials. The post-collisional magmatism in the South Tianshan indicates
that before the Middle Permian, the Paleozoic South Tianshan Ocean has been closed and the South Tianshan was in a post-collisional
setting, which probably represents the last closure of southern part of the Paleo-Asia oceanic crust, as well as the ending of the
accretionary orogeny in the southern section of the Central Asia. These conclusions provide some new constraints to the further study on

the timing and petrogenesis of the post-collisional magmatism in the Central Asia.
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Fig. 1 a, Sketch geological map showing the location of the postcollisional granites in the South Tianshan orogenic belt; 1b, Geological map

of the Baleigong
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BPE-SR A R Y (B 2),Si0, S & T 68.68% ~70.84%
ZIal; &%k (TiO, =0.36% ~0.46% ) k45 ( CaO = 1.48% ~
1.87% ), #¥4k (Fe,0' =2.42% ~2.96% ) ; {4 (ALO, =
13.61% ~15.31% ) , 484 FI35 %0 A/CNK =0.94 ~ 1.05, )y
553L4R R RS (8 3) 5 & (K,0 + Na,0 =8.25% ~8.72%

3 lehﬁé':% >8% ), W8 (K,0/ Na,0 =1.34 ~1.56), MgO(0.49% ~
3.1 BRI RAFAE 0.64% ) S 8A%, Mg* 5:15.(0. 24 ~0.33) ,
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Table 1  Major element(wt% ) and trace element( x 10 ®) composition and some rations of granites from Baleigong
FEfS 050092 05QQ93 050094 050095 050097 || #EAE 050092 050QQ93 050094 050095 050097
Si0, 70.55 70. 14 68.68 70.65 70.84 Zr 251.03 274.21 274.72 221.58 305.61
TiO, 0.38 0.39 0.36 0.36 0.46 Nb 18.04 18.63 18.59 17.26 16.47
Al, O, 14.11 14.32 15.31 14.48 13.61 Cs 24.04 16.39 17.03 13.44 13.06
Fe, 03 3.15 3.05 3.06 3.07 3.24 Ba 750.30 718.45 679.42 651.61 559.78
MnO 0.04 0.04 0.06 0.05 0.05 La 55.52 57.17 51.90 54.08 41.43
MgO 0.64 0.49 0.59 0.58 0.79 Ce 106.25 111.54 100.13 104.40 82.80
Ca0 1.65 1.48 1.87 1.87 2.07 Pr 12.10 12.75 11.59 11.67 9.58
Na, O 3.28 3.23 3.73 3.43 3.19 Nd 41.78 43.83 40.38 38.97 32.79
K,0 5.17 5.17 4.99 5.02 5.06 Sm 8.03 8.54 7.92 7.27 6.51
P,05 0.10 0.10 0.10 0.09 0.13 Eu 1.37 1.37 1.51 1.32 1.02
bedkar 0.71 1.63 1.13 0.56 0.89 Gd 7.62 8.06 7.57 6.88 6.17
5854 99.78 100. 04 99.88 100. 16 100. 33 Th 1.10 1.17 1.11 1.00 0.91
Na, O +K,0  8.45 8.40 8.72 8.45 8.25 Dy 6.52 7.12 6.76 5.88 5.51
K,0/Na, 0 1.58 1.60 1.34 1.46 1.59 Ho 1.32 1.47 1.39 1.20 1.16
Mg* 0.29 0.24 0.28 0.27 0.33 Er 3.56 4.03 3.79 3.33 3.21
Tm 0.55 0.64 0.59 0.51 0.50
Li 69. 86 38.78 55.25 58.85 64.30 Yb 3.81 4.41 4.07 3.49 3.50
Be 4.27 4.76 4.72 4.21 3.55 Lu 0.56 0.65 0.59 0.51 0.52
Se 5.54 5.56 5.45 4.85 4.91 Hf 7.85 8.72 8.20 6.49 7.83
v 22.62 21.49 20.51 20.83 29.32 Ta 2.28 2.57 2.28 2.10 1.80
Cr 8.32 7.05 5.66 7.63 5.39 Pb 63.90 58.61 56.46 64.86 42.20
Co 126.19 123.50 114.52 126.13 128.97 Th 13.49 13.75 12.83 19.12 19.98
Ni 4.96 5.09 5.29 7.80 3.79 U 2.10 1.99 1.81 2.72 3.36
Cu 12.22 5.70 5.58 4.97 5.37 Th/U 6.42 6.92 7.11 7.02 5.95
Zn 54.03 66.51 67.98 57.44 51.56 Nb/Ta 7.91 7.26 8.14 8.21 9.17
Ga 22.55 22.93 24.35 22.98 20.32 K/Rb 171.50 170. 54 167.29 179. 66 161.56
Ge 1.64 1.66 1.62 1.64 1.58 Nb/Ta 7.91 7.26 8.14 8.21 9.17
Rb 250.15 251.56 247.51 231.86 259.89 SREE 250.07 262.75 239.29 240.51 195.63
Sr 135.19 118.43 178.53 151.70 157.98 ||[(La/Yb)y  10.46 9.29 9.14 11.12 8.48
Y 32.10 35.27 34.30 31.14 33.84 SEu 0.54 0.50 0.59 0.57 0.49

Mg" = MgO/ (MgO +FeO") ,Jitft FeO' = Fe, 03/80. py P-Ib Ik Al 30 2 [ 5% T 45 S 40 2 4 W
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KA Si0,-(Na,O + K,0) (a) (5 Middlemost, 1994 F1 Irvine and Baragar,1971) Fl SiO,-K, O (b) ( Richwood, 1989 )

Fig.2 Si0,-(Na,0 +K,0) (a) diagram ( after Middlemost, 1994 and Irvine and Baragar,1971) and SiO,-K,O diagram (b) ( after

Richwood ,1989)
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XF 20 RigE A AT T 24 A G LA-ICP-MS 5g 455347, 43 B
GERER 2, N TR BB A5 R By 15 AT R
ARSI TUF- 0 95 70— B0 4 T, 4 — R I AR X
(& 6a) , H* Pb/™* U 4F (AR fLF 271 £1 ~276 + 1Ma 2
&), INECE- Y AR A 273 + 2Ma; X LI s 1Y Th U & 543
)k 40.81 x107° ~765.27 x107°,93.53 x 10 ™® ~ 1965. 7 x
107, Th/U FE AT 0.32 ~0. 89, R 1 3K k41 1) SR
fIE(Rubatto, 2002) . 157 45 A 58 4% b A0 % A9 4 % {6 B
AR B LB B (B 6a) o T — 304k i AR
WAARL B K ) — 4~ 3 I AR I (B 312 + 2Ma, Th/U LU {E
0.71, ARG LLFEAET] LLIN Sy, 273 + 2Ma 45 i 7 AR 3=
AL BRI BUAE IS, 312 = 2Ma [ 4F % (4 7T fE /8 3 1 5
H T BUAE S o

4 Wekgiie

4.1 ERXBRERE

ARG i 1) 5 A A7 10, 3% Barbarin (1999) /97328757
Z AL IR & S BREAE R e (KCG) |, AR 3k —Fib
100 pm  AUX Fy e R AR A , R A T Al = SR AT 5 A KR B B
RN IO ENG QEN R E DR O o SR R (A B O RS L U IE e

Bl 5 g B R G (T v [ B Sl i 7 5, B0 S $ A/CNK 34 0. 94 ~ 1. 05, & #if (K,O0 + Na,O 3 8.25% ~
RAFIRES ) 8.72% >8% ), &4 (K,0/ Na,0 3 1.34 ~1.56) , £ K
Fig.5 CL images of zircons for granites from Baleigong oM B e 3 1L -5 i L PR Y T R R R A e S A R AE

x2 BEALREHEAHR LA-ICP-MS U-Pb EEEHER
Table 2 LA-ICP-MS U-Th-Pb isotopic data of zircons from Baleigong granites

JTLETH [R) 37 2 HeAE AEIE (Ma)

J“J ‘I{_:_l; Pl) 232 Th 238 U Th/U 207 Pb/206 Pb 207 Pb/235 U 206 Pb/238 U 207 Pb/2()6 Pb 207 Pb/Z}S U 206 Pb/238 U

(x107%) (x107%) ( x107%) lo lo lo lo lo lo
01 18.43 196.03 316.68 0.62 0.05182 0.00173 0.31049 0.0098 0.04345 0.00037 277 57 275 8 274 2
02 19.18 135.28 328.06 0.41 0.05376 0.00112 0.34075 0.00624 0.04596 0.00027 361 31 298 5 290 2
03 31.85 259.4 572.34 0.45 0.05179 0.00072 0.30954 0.0032 0.04334 0.0002 276 15 274 2 274 1
04 10.73 98.36 160.08 0.61 0.05618 0.00222 0.37743 0.01457 0.04873 0.00041 459 90 325 11 307 3
05 22.62 175.14 404.65 0.43 0.05476 0.00111 0.32444 0.00631 0.04297 0.00023 403 46 285 5 271 1
06 11.10 115.69 163.05 0.71  0.0528 0.00151 0.3607 0.00959 0.04954 0.00037 320 47 313 7 312 2
07 5.26 40.81 93.53 0.44 0.05216 0.00147 0.31226 0.0082 0.04341 0.0003 292 47 276 6 274 2
08 107.01 765.27 1965.7 0.39  0.05439 0.00071 0.32362 0.00294 0.04315 0.00019 387 13 285 2 272 1
09 19.11 114.88 353.94 0.32 0.05206 0.00093 0.30989 0.00529 0.04317 0.00022 288 42 274 4 272 1
10 9.92  75.54 177.8  0.42 0.05216 0.00135 0.31182 0.00742 0.04335 0.0003 292 42 276 6 274 2
11 26.38 382.55 427.94 0.89 0.05486 0.00127 0.32604 0.0068 0.0431 0.00028 407 35 287 5 272 2
12 11.88  90.6 187.62 0.48 0.05547 0.00148 0.35833 0.00932 0.04685 0.0003 431 61 311 7 295 2
13 7.72  55.36  131.21 0.42  0.05344 0.00159 0.33665 0.00934 0.04569 0.00035 348 49 295 7 288 2
14 16.75 116.75 278.88 0.42 0.05434 0.0012 0.32718 0.00702 0.04367 0.00023 385 51 287 5 276 1
15 15.89 112.58 282.06 0.40 0.05182 0.00179 0.30709 0.01032 0.04298 0.00033 277 81 272 8 271 2
16 20.78 121.7 337.8 0.36 0.05689 0.00104 0.3704 0.00651 0.04722 0.00024 487 41 320 5 297 1
17 14.34 80.65 233.08 0.35 0.05549 0.00127 0.36511 0.00811 0.04772 0.00028 432 52 316 6 301 2
18 29.14 228  461.26 0.49 0.06143 0.00125 0.39423 0.00697 0.04655 0.00028 654 28 337 5 293 2
19 16.16 157.12 276.2  0.57 0.05391 0.00133 0.32068 0.0077 0.04314 0.00026 367 57 282 6 272 2
20 16.54 122.34 297.24 0.41  0.0526 0.00088 0.31218 0.00427 0.04306 0.00021 312 22 276 3 272 1
21 11.12 100.62 156.34 0.64 0.05307 0.00251 0.32312 0.01508 0.04416 0.00034 332 110 284 12 279 2
22 6.30  66.55 104.18 0.64  0.05201 0.00215 0.31098 0.01229 0.04339 0.00044 286 72 275 10 274 3
23 30.83 209.38 559.46 0.37 0.05284 0.00085 0.31449 0.00403 0.04319 0.00021 322 20 278 3 273 1
24 8.01 86.75 137.3  0.63 0.05214 0.00222 0.30962 0.01264 0.0431 0.00045 292 74 274 10 272 3
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Fig.7 (Rb/30)-Hf-(Ta x 3) diagram for granites from
Baleigong ( after Harris et al. ,1986)

(Pitcher, 1993) . ELH 2> w8 GBI AE B o 4 T 70 1T 2
BRI T SRR LR A RUAE B A 5 5 TERCR DGR R A
b EERETRAICER, T H ND S P T 50K, HA T A
TR b 2:d 5 1A I RIEARE 12 #4  d  RFIE ( Whale et al. 1987
EF, 2005) ,(EE A& T LY 14 Rl $8 0 L R Y B BEY
MG AER A o 7E(Rb/30) -HE-(Ta x3) [&1fif b, 2> i 41
AL 7 A M-I RIE RS R AE B DO (11 T) o 3 dh ek
BEA MR BA Bon gibr R s R, R 15 R
AT MR EREERFAL

£ LI/ 2007, 23(8)
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4.2 BEAREARERMER

EHEAL X A EE Rb.Th K KB FEATE, H7#H
Ba, 5k B S NERKIERM M =Y AR, BFEALKEDN
Si0, \MgO Fe, 05 il TiO, & &ASLAEH /N, Ui WA 7776 W]
(50 B4 it 5 K/Rb 9 161.6 ~ 179.7 > 150 , £ W] 5 3% 4y
S UK AR B A W i ( Dostal and Chatterjee, 2000) , 55 4,
La/Sm-La [EIffft (8] 8) 587 BL TR A6 5 5 WA 4% W 5.1
AYTESLE b, AT LS B X AR B RRAE RS 4 s B P-T 4%
o EVEAIE R AR Sr A (118.43 x 107° ~ 178. 53 x
10°°) R A Eu S0 U8 75 1 fl ok B v b £ 1 % B8
IR T HAEARR oH,0 5504 F &4 T 1Rk (Tepper et al. |
1993) ,

TR AL 5 A P ORI R T ARRAE 2 A D A R R
FEAE I BRIEAE B 5 1 B ARLRRAE (Whitney, 1988) , ELFE AN4E
B4 Nd/Th FLEA 0 1.64 ~3.19, 340 2. 62, 57 R4
GHIELME (=3, Beaet al. ,2001) #13F, Th/U H{E H 5. 95 ~
7.11, 5 F#52 ) Th/U b {H ( = 6. 00, Rudnick and Gao,
2003) #13E, Nb/Ta FL{H 7.26 ~9. 17, W5 T i35 5 4 (12
~13, Barth et al. ,2000) , 54 ff I8 £1 F1 4 2141 5% ¥ 1 72 TR
KA (=9.00, Dostal and Chatterjee, 2000) #E{2L, LL_F 33
WIEEHAERETR T TS, =019 K,0/Na, 0 A S/
Ba H{H AR /R A A1 A8 A b P M 25 R A E T K 1 2%
PE AR He Rl Y 7 ) ( Harris and Inger,1992) 1 H SR HAY
383 AR R AL (A/CNK 2 0. 94 ~ 1..05) g — 25 S H U5 R
ATRERAE FRARb 2. RIG, AT DA BT B 55 A A6 B 2 AT e o
T AR S R ), R R D AR A A (R
FRRLA )

4.3 WmXRLEMESZERRGEMNFEBNAS
FIRX T 2K L P 2 A6 P 5 B i i 5 1 ) i BRGE A

e e e e e e e e L e s s s e e
I ]
HRA TR
o)
g
@2 41 _
]
- S EGE SRR
o —
e}
6 ......... | IS T S S T TR TR T 1
0 100 200
La (X109

K8 M4 KA La-La/Sm ( Allegre and Minster,
1978)
Fig.8 La-La/Sm diagram for granites from Baleigong
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W&o RTINS I BRA R—rh iR i ( £/
£E1990) | MG U8 Fh-T 4 Ak 1 (Allen et al. |, 1992 X FKk 37,
2002 ; 1R 55,2006 ) (MR JR AL tH—fA w2 (R R EE,1995) |
We e dn— 5 B (RIS 1996 ) AL A

R &L AR R , 42 FHR S (2005) 755 A SCHFFE A 14
FHAR A I A RE BT I 2 T R BT A i i R A — S
HPIATUR B A A A G5 K75 (2005 ) AR 48 U RE R L
e R g A1 SHRIMP & 4R IAH EFE T AR IR vh & 2E
i KL (280 ~ 290Ma ), 75 FR- 8 8 P2 I 26 2 A = e 2
(220 ~230Ma) o MIMTACH R K 113 LU & — A5 W i PG - B 52
IE BN EARE A R LT, T R L P AR o R A 5 B -R R
G L AR G R AR —=F AW (FHRE,
2001) .

{HZ, AR5 (2006 ) ARJE PG K L B 5 24 -10) L 3ife & W TN
AIANEE ) —3 Sm-Nd 7™ ¥)- 2 5 S I AR IR FO I I A7 A
Av PPAEWS , ) W7 150 0% 2 1) g 300 4% T3 AT B kAR AE B A A i
(345Ma) , Rl 25 YOI (] S £7 40 K (300Ma 22 47) , Rl
JKAZ K AE (2005 ) 3R AT B9 RO A b B A 320 AR AR e (220 ~
230Ma) W] BEJZ 85 A1 18 f WA VR AR R i A= 1<, OF HL
Li et al. (2002) % LAY O HARAT I [ 225 34, 3f LA 93 G
FUWTRE KR — E S5 B 20K, j K LR — Mty 2k
R o T30 A SHEETE RN 42 P R TR AW
SRR A I )2 T IS FRE B R i, e b R 5 1 e
Bty A R T IR AT T A %, TE R B K KT
BT b A7 B G 89 K 78 R ( Hindeodella sp. ) . B 7 g H
( Ozarkodina sp. ) FUKAELS %] ( Hindeodus sp. ) ZEAbAT , Tk T A
o R R B R TR B, AS 2 2 g SE e R 1 D, —
CoAefr oA BAT 2, AR B0 P i8] (P MR IR 55, 1995)
YL (Liu Y, 2001 ) PGB L2, 1 S A AU
IRAER K 1L 58 B2 20—l , 3 A AE W R R, £ G 08 Kl
436 ~366Ma [ ih B AL i & 28 (RGBT AE, 20065 47 K
45, 2006) RMGHLAE I 353 ~ 313Ma Y 5 9K L BTk
(ARIKWESE, 2005) F1 K 1L — % 40 ) Al 488 4 A2 T 0 oy b 14
BB ( Bazhenov et al. , 1999) , #J15 BH RS K 1L ] g —if A4
A AR

A SGE AT JFEAL U-Pb 2402 00 4, B R I
OB ARSI Ph/ ™ U 4% 273 2 Ma(th & ik
W) iE AR R S RS Sh e — &R oy . EHT, 7ERS
R IS T 15 2 )5 ME AL X e 2B A EdE . X
FEAEST (2004 ) 7 B L vg He v SR 380 53 8 1E KA R R o
BREAERME A RS BE0RL TIMS 45 47 U-Pb 4%
o 275Ma 273Ma, 35 R 00T 3 R R L0 3RAR 5 Rl 4 A B 2
FOAE IS Sl 282 ~259Ma ( Nenakhov et al. , 1992; Solomovich,
1996 ; Solomovich and Trifonov,2002) . B {45 $ 78 08 K A6 54
FriR TIMS i fq U-Pb 4R 15 iR AT 261.5 £ 2.7 (15
A4F,2001) o FBHsea i FH AL B A B A U-Pb 4RI 8 280 ~
266Ma (5 R 55,2006) o 24 LAF(1999) N Ky F K LB IX

BPETE X 5 I B AR 264 ~ 260Ma, 54 T 3R 45 19 4F % 3%
o, VLA RS R L LU S TR AR G B A K s R R AR
280 ~260Ma Z [i], m K IL PG B iy i AL EE S LRI C &
P14 B R L PG Bt X o 2 1 A G RS AL B B, AR Ty
SV Y 0 14 A 5 R I R AR A ik L Y 2

TRUENE JR 5 Bl 15 R A 3 3 Bl & AE A 330 ~ 265Ma 2
Vi), VO ES /R S AR U A o 2 0% Bt B A 340 ~ 275Ma 2 [
(FREAREE, 2006) o A< LU VG M 26 5l 3 LS T B 46 1
BN EAH B £ E-h i 4 Bir B (310 ~285Ma) |
TR f5 fFh JRR B B (285 ~ 250Ma ) AR P B Bk (250 ~ 208Ma )
(B 2445, 2006) o FI/R 28 1115 75 LU FE B Ak 290 ~270Ma
(TS, 2006) . FF K L LU IS Rl A8 i T2 3 0 2 3=
BLRAAE 282 ~259Ma Z [A], HHUGAT UL, P —Rg &1 S
WA R AE AP RE I N Z B E, TR T —1 %
— DX A R 5

4.4 JERIEE RAEREHIKE N F

9 R L3 L T AR A8 1 5 1 3l LA DA e 5
F 50 10) 5 PE 2R 90 T AL B R AE . A R B A AR A (282 ~
266Ma) [ 1 5 51 (266 ~259Ma) { AL HRFHIE G 718 1 Bfi 72
HELE RSN, AR TS R B B L e fE . —
[Fi) il 8 1 5 ) flf 488 247 20 ~ 30Ma ( Sylvester, 1998 ) , iy ¢ & 1%
K13 1L PG B i) il 48 ek L A 0 B A R B B Ak T 345 ~
300Ma 2z [a] (A st —Fr sl oK) (iR 55,2006) , BRI, 2
AR PR A (273 +2Ma) g p K L L flf £ i L S
AR I Y S R R S — A B, SO R AR 1L R S LY
— AT B, X R BLRAEVE 2 3 1L TP AR AT HiE (Harry
et al. ,1993; Ferré and Leake, 2001)

FRUTEVE SN, M7 & A B K il i 2 850°C L) b i 2
(Patifio Douce and McCarthy, 1998) . &4 1E ixj & 0B Al S
AR — A i B AR Y M 7 I EE A A ( Treloar et al. ,1992)
H R L 5 W 2R P R LR TR P 5 A A R B 57, L
— A R AR T, b B R LR R L A A R A e
MR E AL TR IR IR Y 07, B A RN E %
BT A AR A, BT e L Tl i I SR Al B0 i e
Rk B T Fe S B R 2R AL B iy eI, 7E R R LU T
FEgrEFe ) K -G BLAR T RO o e, B R AR B
AR L - AR R B B8, b T LR AR i A B F) F DB
B, | B SR B s ) IR AR A R A B 5
M TR R TSGR B AE B R K B TR AL, B H
FE R FR IR M JICTE LI 45 R B B i B AL B o TEVENES K |
ARRILFIIE HARZE M AL 2k — B 20 Btk KL A TS a1 )
23 A, BA T IZ IR AR AE T AR T — kR i R i
JRAER (25 XA, 1999) , DA =& 45 i AL K A
FAAERE 7 e 2R L3 XA P R AEAE [R] I AR Bl e 38 2
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P RE R 1 ) 5 5% 22 08 b DX L A AE I o B 5 el
1A (KCG) , BA B el e i L1 -J 3 LU PRBE 9 T2 5 1 45
Eﬂi‘ﬁ%ﬁ%ﬂﬁ IR I0] A TR ) 5 50 U 1) AR B AL

REAIE, SR TR T T 178 0 BT R A3 i, B BE R R AR A
I/QEO

LA-ICP-MS f§ X Jiifii U-Pb g 4R 45 LR T AL X &

MIES IR ALAREE Jy 273 + 2Ma, ZR4 HETH K LB FE MUR,
0 P R L 3 L R AR AE e O SR Bl R A AE 282 ~
259Ma Z [1], ELA P50 2 51 (282 ~ 266Ma ) Ju] i1 R 41
(266 ~259Ma) i fL Y FFAE , BE 7R T — A5 Bl 6 B B ) 2 1
WS BlrcE MR T B E TR A AL 1
T‘a&i%m%m#ﬁﬁ%iﬁmﬂl%%ﬁ@ﬁﬁ)ﬁ%haﬂ&*ﬁ‘]%#’l‘%
Bl a1 1 LB 5 8 10— T B B T S A Bl
P AR R I B AR — &M UM E &6
AR I C A G A B, SR T S R S i A
i I T G A 1 LA R R 45

Bt SREAREUR . EWEPTIE O R T A EOA
o) AT IR R TR A BB ORI B I A
REAR G2 0N X AR A I RIAR 2B 2
ZRYLWE R[] 27 ) 5 B, 7R I — I RR i 30 (Y 1t |

References

Allegre CJ and Minster JF. 1978. Quantitative models of trace element
behavior in magmatic process. Earth and Planetary Science Letters,
38:1-25

Allen MB, W indley BF and Zhang Chi. 1992. Palaeozo ic co llisional
tectonics and magmat ism of Chinese Tian shan,
Tectonophysics, 220, 89 - 115

Barbarin B. 1999. A review of the relationships between granitoid types,

central Asia.

their origions and their geodynamic environments. Lithos, 46: 605 —
626
Barth MG, McDonough WF and Rndnick RL. 2000. Tracking the budget
of Nb and Ta in the continental crust. Chemical Geology, 165: 197
-213
Bazhenov ML,
paleomagnetism of the Tien Shan fold belt,

Burtman VS and Dvorova AV. 1999.
Central Asia: Post-
312, 303

Permian

collisional rotations and deformation.
-329

Bea F, Arzamastsev A, Montero P and Arzamastseva L. 2001.
Aonmalous alkaline rocks of Soustov, Kola:

Tectonophysics,

Evidence of mantle-

drived matasomatic fluids affecting crustal materials. Contrib.
Mineral. Petrol. , 140. 554 — 566

Dostal J and Chatterjee AK. 2000. Contrasting behaviour of Nb/Ta and
Zr/Hf ratios in a peraluminous granitic pluton Nova Scotia,
Canada) . Chem. Geol, 163 207 —218

Ferré E and Leake BE. 2001. Geodynamic significance of early orogenic
high-K crustal and mantle melts; Example of the Corsica Batholith.
Lithos, 59. 47 -67

Gao CL, Cui KR, Liu B, Ding DG and Yin Y. 1995. Macroplate
tectonics in the Tianshan and the Northern Tarim basin. Beijing:

£ LI/ 2007, 23(8)

Acta Petrologica Sinica

Geological Publishing House, 1 —284 (in Chinese)

Gao J, Long LL, Qian Q, Huang DZ, Su W and Reiner KLEMD. 2006.
South Tianshan; A Late Paleozoic or a Triassic orogen? Acta
Petrlogica Sinica, 22 (5): 1049 — 1061 (in Chinese with English
abstract )

Gu LX, Zhang ZZ, Wu CZ, Wang YX, Tang JH, Wang CS, Xi AH and
Zheng YC.2006. Some problems on granites and vertical growth of
the continental crust in the eastern Tianshan Mountains, NW China.
Acta Petrologica Sinica, 22 (5): 1103 - 1120 (in Chinese with
English abstract)

Han BF, He GQ and Wang SG. 1999. Postcollisional mantle-derived
magmatism, underplating and implications for basement of the

Junggar Basin. Science in China (D), 42(2): 113 - 119 (in
Chinese)

Han BF, Ji JQ, Song B, Chen LH and Zhang L. 2006. Late Paleozoic
vertical growth of continental crust around the Junggar Basin,
Xinjiang, China( Part 1) : Timing of post-collisional plutonism. Acta
Petrologica Sinica, 22(5): 1077 — 1086 (in Chinese with English
abstract)

Harris NBW,
characteristics of collision-zone magmatism.
AC (eds). Collision Tectonics.
Special Publication, 19, 67 -81

Harris NBW and Inger S. 1992. Trace element modelling of pelitederived
granites. Contrib. Mineral. Petrol. ,110; 46 - 56

Harry DL, Sawyer DS and Leeman WP. 1993.
continental extension in Western North America: Implications for the

Pearce JA and Tindle AG. 1986. Geochemical
In: Coward MP, Ries
Geological Society of London,

The mechanics of

magmatic and structural evolution of the Great Basin. Earth and
Planetary Science Letters, 117 59 =71

Hong DW ,Zhang JS, Wang T, Wang SG and Xie X L. 2004. Continental
crustal growth and the supercontinental cycle: Evidence from the
Central asian orogenic belt. Journal of Asian Earth Sciences, 23:
799 -813

Irvine TN and Baragar WRA. 1971. A guide to the chemical classification
of the common volcanic rocks. Canad. J. Earth Sci. ,8: 523 - 548

Jahn BM, Wu F and Chen B. 2000. Masssive granitoid generation in
central Asia: Nd isotopic evidence and implication for continental
growth in the Phanerozoic. Episodes, 23 82 -92

Jiang CY, Jiang HB, Ye SF, Xia MZ and Lu DX. 2005. Petrochemical
Characteristics, Nd, Sr, Pb Isotopic Compositions and Petrogenesis
of Permian Dike Swarm, Kuruktag Region, Xinjiang. Acta Geologica
Sinica, 79(6) : 823 —832(in Chinese with English abstract)

Jiang CY, Mu YM, Bai KY et al. 1999. Chronology, petrology,
geochemistry and tectonic environment in the southern Tianshan
Mountain, western China. Acta Petrologica Sinica, 15 (2) . 298 -
308 (in Chinese with English abstract)

Kovalenko VI, Yarmolyuk VV, Kovach VP, Kotov AB, Kozakov IK,
Salnikova EB and Larin AM. 2004. Isotope provinces, mechanisms
of generation and sources of the continental crust in the Central Asian
Mobile Belt: Geological and isotopic evidence. Journal of Asian
Earth Sciences, 23 (5) : 605 - 627

Li YJ, Song WJ, Mai GR, Zhou LX, Hu JF and Shan XL. 2001.
Characteristics of Kuqa and Northern Tarim Foreland Basins and
Their Coupling Relation to South Tianshan. Xinjiang Petrolum
Geology, 22(5) : 376 — 381 (in Chinese with English abstract)

Li YJ, Wang ZM, Wu HR, Huang ZB, Tan ZJ, Luo JC. 2002.
Discovery of Radiolarian fossils from the Aiketik group at the western
end of South Tianshan Mountains of China and its implications. Acta
Geologica Sinica, 76(2) . 146 - 154

Li YJ,Sun LD, Wu HR,Wang GL, Yang CS and Peng GX. 2005. Permo-
Carboniferous radiolaria from the Wupatarkan Group , west terminal of
Chinese South Tianshan. Chinese Journal of Geology, 40(2): 220
—226(in Chinese with English abstract)

Li WQ,Xia B, Wang KZ, Wang Q and Wang H. 2006. Zircon SHRIMP
age and geochemistry of Caizhong Granite from FEast Tianshan,
Xinjiang, China. Acta Geologica Sinica, 80 (1): 43 - 52 (in
Chinese with English abstract)

Liu CX, Xu BL, Zhou TR et al. 2004. Petrochemistry and tectonic



EARF: B RLEEREREE RN AR LFZS R EFTALR S A b 1839

significance of Hercynian alkaline rocks along the northern margin of
the Tarim platform and its adjacent area. Xinjiang Geology, 22(1) :
43 =49 (in Chinese with English abstract)

Liu Y. 2001. Early Carbonferous Radiolarian Fauna from Heiyingshan,
south of the Tianshan Mountains and its geotectonic significance.
Acta Geologiica Sinica, 75(1) : 101 - 108

Lu HF, Jia D, Cai DS, Wu SM, Chen CM and Shi YS. 1996. Plate
tectonic evolution of the Tarim and West Tianshan. In:Tong XG,
Liang DG and Jia CZ (eds). New Development in Petroleum
Geological Research, Tarim Basin. Beijing: Science Press, 235 —
245 (in Chinese)

Luddwig KR. 1991. Isoplot-a plotting and regression program for
radiogenic-isotope data. US Geological Survey Open-File Report,
39: 91 -445

Middlemost EAK. 1994. Naming materials in magma-igneous rock
system. Earth Sci. Rev., 37, 215 -224

Nenakhov VM, Ivanikov VVand Kuznetsov LV. 1992. Osobennosty
Izucheniya I Kartirovaniya Kollisionnikh Granitoidov ( The Study and
Mapping of the Collisional Granitoids ). Moskow: Roscomnedra
Press, 100 (in Russian)

Patifio Douce AE and McCarthy. 1998. Melting of crustal rocks during
continental collision and subduction. In; Hacker BR and Liou JG
(eds). When Continents Collide: Geodynamics and Geochemistry of
Ultrahigh-pressure Rocks, Kluwer Academic Publishers, Dordrecht,
27 -55

Pitcher WS. 1993. The Nature and origin of Granite. London: Chapman
and Hall, 193 -291

Rickwood PC. 1989. Boundary lines within petrologic diagrams which use
oxides of mabor and minor elements. Lithos, 22 247 -263

Rubatto D. 2002. Zircon trace element geochemistry: Partitioning with
garnet and the link between U-Pb ages and metamorphism. Chemical
Geology, 184 123 - 138

Rapp RP, Watson EB and Miller CF. 1991. Partial melting of
amphibolite/eclogite and the origin of Archaean trondhjemites and
tonalites. Precambrian Res. ,51: 1 —25

Rudnick RL and Cao S. 2003. Composition of the continental crust. In:
Rudnick RL(ed). The Crust. Treaties on Geochemistry,3. Oxford :
Elsevier Pergamon,1 —64

Sun GH, Li JY, Gao LM et al. 2005. Zircon SHRIMP U-Pb age of a
dioritic pluton in the Harlik Mountain, eastern Xinjiang, and its
tectonic implication. Geological Review,21 (5): 463 — 469 (in
Chinese with English abstract)

Sylvester PJ. 1998. Post-collisional strongly peraluminous granites.
Lithos, 45 29 —44

Solomovich LI. 1996. K-Ar and Rb-Sr isotope analysis of granites from
the South Tien Shan. Kyrgyz Mining and Metallurgical Institute
Bulletin, 1: 32 =41 (in Russian)

Solomovich LI and Trifonov BV. 2002. Postcollisional granites in the
South Tien Shan Variscan collisional belt, Kyrgyztan. Journal of
Asian Earth Sciences, 21 7 -21

Tang YQ,Gao J,Zhao M et al. 1995. The ophiolite and blueschists in the
Southwestern Tianshan orogenic belt, Xinjiang, Northwestern China.
Beijing: Geological Publishing House, 1 —133(in Chinese)

Tong Y, Wang T, Kovach VP, Hong DW and Han BF. 2006. Age and
origin of the Takeshiken postorogenic alkali-rich intrusive rocks in
southern Altai, near the Mongolian border in China and its
implications for continental growth. Acta Petrologica Sinica, 22(5) ;
1267 - 1278 (in Chinese with English abstract)

Treloar PJ, Coward MP and Harris NBW. 1992. Himalayan-Tibetan
analogies for the evolution of the Zimbabwe craton and Limpopo belt.
Precambrian Res. , 55 571 - 587

Volkova NI and Budanov VI. 1999. Geochemical discrimination of
metabasalt rocks of the Fan-Karategin transitional blueschist/
greenschist belt, South Tianshan, Tajikistan: Seamount volcanism
and accretionary tectonics. Lithos, 47 201 —216

Wang JB and Xu X. 2006. Post-collisional tectonic evolution and
metallogenesis in northern Xinjiang, China. Acta Geologica Sinica,80
(1):23 =31 (in Chinese with English abstract)

Wang T, Hong DW, Tong Y, Han BF and Shi YR. 2005. Zircon U-Ph
SHRIMP age and origin of post-orogenic Lamazhao granitic pluton
from Altai orogen: Its implications for vertical continental growth.
Acta Petrlogica Sinica, 21(3) : 640 =650 (in Chinese with English
abstract )

Wang ZX, Wu JY, Liu XC and Zhang JC. 1990. Polycyclictectonic
evolution and metallogeny of the Tianshan Mountains. Beijing:
Science Press (in Chinese), 1 —217

Whale JB, Currie KL and Chappell BW. 1987. A-type granites:
Geochemical characteristics, discrimination and  petrogenesis.
Contrib. Mineral. Petrol. , 95 407 —419

Whitney JA. 1988. The origin of granite: The role and source of water in
the evolution of granitic magmas. Geological Society of America
Bulletin, 100 1886 - 1897

Wu FY, Jahn BM, Wilde S and Sun DY. 2000. Phanerozoic crustal
growth; U-Pb and Sr-Nd isotopic evidence from the granites in
northeastern China. Tectonophysics, 328 89 — 113

Wyllie PJ, Wolf MB, van der Laan SR. 1997. Conditions for formation of
tonalites and trondhjemites: Magmatic sources and products. In: De
Wit MJ and Ashwal LD (eds). Greenstone Belts. New York:
Clarendon Press, 256 —266

Xia LQ, Zhang GW, Xia ZC, Xu XY, Dong YP and Li XM. 2002.
Constraints on the timing of opening and closing of the Tianshan
Paleozoic oceanic basin: Evidence from Sinian and Carboniferous
volcanic rocks. Geological Bulletin of China, 21 (2): 55 =62 (in
Chinese with English abstract)

Xia ZC, Xue XY, Xia LQ et al. 2005. Geochemistry of Carboniferous-
Permian post-collisonal granitic rocks from Tianshan. Northwestern
Geology, 38(1) :1 —14(in Chinese with English abstract)

Xu XY ,Ma ZP, Xia ZC, Xia LQ,Li XM and Wang LS. 2005. Discussion of
the sources and characteristics on Sr, Nd, Pb isotopes of
theCarboniferous to Permian post-collision granites from Tianshan.
Northwestern Geology, 38 (2): 1 — 18 (in Chinese with English
abstract)

Yang FQ,Wang LB, Ye JH,Fu XJ and Li HM. 2001. Zircon U-Pb ages of
granites in the Huoshi Bulak area, Xinjiang. Regional Geology of
China, 20(3) : 267 =273 (in Chinese with English abstract)

Yang TN, 1i JY, Sun GH and Wang YB. 2006. Earlier Devonian active
continental arc in Central Tianshan: Evidence of geochemical
analyses and Zircon SHRIMP dating on mylonitized granitic rock.
Acta Petrological Sinica, 22(1) : 41 —48 (in Chinese with English
abstract)

Yuan HL, Wu FY, GaoS et al. 2003. Determination of U-Pb age and rare
earth element concentrations of zircons from Cenozoic intrusions in
northeastern China by laser ablation ICP-MS. Chinese Science
Bulletin,48(4) ; 1511 —1520( in Chinese)

Zhang LF, Ai YL, Li Q, Li XP, Song SG and Wei CJ. 2005. The
formation and tectonic evolution of UHP metamorphic belt in
southwestern Tianshan, Xinjiang. Acta Petrologica Sinica, 21(4):
1029 -1038(in Chinese with English abstract)

Zhu YF, Zhang LF, Gu LB, Guo X and Zhou J. 2005. SHRIMP
geochronologyand geochemistry of Carboniferous volcanic rocks in the
western Tianshan area. Chinese Science Bulletin, 50(18) : 2004 —
2014 (in Chinese)

Zhu 7ZX,Wang KZ,Zheng YJ,Sun GH,Zhang C and Li YP. 2006. Zircon
SHRIMP dating of Silurian and Devonian granitic intrusions in the
southern Yili block, Xinjiang and preliminary discussion on their
tectonic setting. Acta Petrologica Sinica, 22 (5): 1193 - 1200 (in
Chinese with English abstract)

Bt 1 32 5% Sk

o BOMR, B R B, R — e, D, TR, B B 1995 K Ui ety i
SR A . Jb ot M AL, 1 - 284

FfR, R A ERT , BT, JR3C, Klemd R.2006. 3 K - ey 424
R =B RHEE AT ? AR, 22(5) 11049 - 1061



1840

JBEEG, SR, SRE, TR, R, TEALRE, AL B, KR 1]
2006. SETFARK AL K 5 bl 7o 2 ) 1 2R 09 45 Tl A 2
#2,22(5) ;1103 - 1120

s, T EEF, £ 1999, J5 R85 55 A8 FF R vz B /R 73, 4t 3
JRHPER. h ERRE (D $8) ,29(1)16 -21

WA, G RIS, R A 2006, TS I SR M A R 5
AR 1) 5 Bl T R B R B I B A A 2R AR, 22
(5):1077 - 1086

FEH X BHAN, R BB T, KA U, R 2. 1999, B K ILAE i
ERMAFACE: A A2 BRI R & R EE. A A, 15
(2):298 - 308

FEH X, BTV T, AT R AR 2005, 5 G SO AR 1 X
CBRNCATEE A BRI, Nd Sr Pb [ R 55
B 24, 79(6) 1823 —832

AREMR, RIS, KGR, BT, ISR, F . 2001, JE 22 Ak b
FUAR R A5 K L LA RS S 06 R B L, 22
(5): 376 -381

ZEEMR, IVRAE, RISE, TEAAK, et 2905, 2005, #KIL
PO ML IR IRBE A A A% - B 20U Bk . SRl , 40
(2) :220 -226

204, B, e s, TOE, FA4%. 2006. HEA R ILK A6 A
Bh A7 SHRIMP AF- i J M BR 22 FFAE . T4 41 ,80 (1) 143 - 52

XUZEME PR R AR RN, BT, B0, 2K BINE. 2004, 35 B IR 2% I
A5 1KV TG S BB 2 A P AR e SR ) 3 7 S 3 B L
22(1) .43 -49

JEAES  AE.1996. 1 BUARRIVE Rl A AR BAg vt s Ak . L. ARG
SEEY . B IR B M RSB U . bt Rhe AL,
235 —244

IMVEEAR  ZEER A, S L A K R 2005, i AR A SR LTI N A
Ba40 SHRIMP U-Pb 52 4F S H b it 728 S0, I8 9F, 51 (4) 1463
- 469

REDR, R R, 4. 1995, WRgRILMES A s A dbat: it
J R, 1 - 133

HHE, TV, Kobach VP, kK T, i 5248, 2006. B /R 28 vh 52 i1 L8 50

£ LI/ 2007, 23(8)

Acta Petrologica Sinica

-8 1R B LS DR A ARG TE G A R e A K
T AR 22(5) 11267 - 1278

F M, AR 2006. H7 AT f5 Al 4R A 1 U Ak 5 . b T2 41, 80
(1):23 =31

F BT, W SR, A0 B 2005, HE /R FE 0 LD R L
WEI IR A6 b 7 1A 5 SHRIMP AT 38 | B A B i 5 3 1) A= 46 78 3L
B 21(3) 1640 - 650

FAER, SRk 5, B Ew), SR E, R4 AL 1990. K 11 £5 e 8] #4) i 75 1k
S et BhE AR 1 -217

SRS SR E S, AR, fr S0, T S, 22 1 . 2002, Rl A AR
PR AA AR R ARBA A Kl iR, # 5
#, 21 (2):55-62

S R X BRI 2R ), 5 oo, F57.4E. 2005, Rl R——
B2 G RAEAL 4 T A R 2B E . PULHR, 38(1) :1 - 14

T S, Sy JARAR  ERYT, AR 1) R, A7 A 2005, KAl —
ZEAE AL A B Nd Sr Pb [Rl R IR X R R, PEALHR,
38(2):1-18

ME 4, TaAR, AR EAS, ZE R, 2001, G g2 A B v it
XA A0 U-Ph AR5, Hp [ X 48,20 (3) 2267 -273

iR m , 2Rk IR 2. 2006, HoR 1L R e A2 bR SR B
1614 T BRI S Y MR {2 &% SHRIMP-U/Ph 52 4 [ E . 4 1 2%
#,22(1):41 -48

FULHR, SARTC, ml WA AR, INEE AT . 2003, AR b Hb X B AR AR
{RAH BBEOCH GHRET U-Pb 4RI 575 10 E By 4. At
2257, 48(4) 11511 —1520

eSr 6, 3OS 2R, AT R, B 2005, BERFT R ORI
R FE AR SR IR L S B L. A 24,21 (4) :1029 - 103

Rk W, B ST R TR UK, SREE, A §h. 2005, PR LA R4 KA
SHRIMP 4 AL 2 K 4 B O0 2 BR Ak 24 WF 5. Bk 2 47, 50
(18) : 2004 —2014

SR, Tl ARG, PR, SR, 220 BE. 2006. 5 B AL
4R B AR A28 A6 1 T (R A MRS AT SHRIMP 5 47 [ OB i
W 1 SR B A2, 22(5) 11193 - 1200



