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Abstract: Studies of petrology and geochemistry indicate that the Baluntai diorite is the high—K calc—alkaline diorite. The rocks,
which have the data Na,0+K,0=4.14%—7.05%, ALO; = 14.62%—17.35%, (La/Yb)y with an average of 10.46, are characterized by
enrichment of large ion lithophile elements (LILE, such as K, Rb, Ba, and Pb) and light REE but depletion of high field strong
elements (HFSE, like Nb, Ta, and Ti), and were probably produced in an island arc settings. LA—ICP—MS zircon U—Pb dating

shows that the Baluntai diorite was formed at (430.1+1.1)Ma. In—situ zircon Hf analyses show that zircons from Baluntai diorite
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have ¢Hf(t) values from —12.7 to - 7.6 and tow» model ages of 1895 Ma to 2219 Ma. Combined with Hf isotope analytical results

and regional geological data, it is held that the Baluntai diorite resulted from partial melting of the Tianshan crystalline basement in

response to northward subduction of South Tianshan Ocean during the Early Silurian. The isotopic ages of the Baluntai diorite body

represent the upper age limit of the Wuwamen ophiolite.

Key words: zircon U—Pb dating; Hf isotope; Baluntai diorite; Wuwamen ophiolite; southern central—Tianshan suture zone
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Fig.1 Simplified geotectonic map and geological map of the sampling site in the Baluntai area, Central Tianshan Mountains
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Fig.2 Outcrops of the Baluntai diorite
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Fig.3 Microphotographs of the Baluntai diorite
(Am — Amphibole, Pl — Plagioclase, Qtz — Quartz, Bt — Biotite)
a—Directional amphiboles and kaolinized plagioclases; b—Graphic texture of quartz and amphiboles; ¢, d—Wavy extinction of quartz and mechanical

twinning in plagioclases
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Fig.4 CL images of zircons from the Baluntai diorite
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Fig. 6 SiO,—(Na,0+K,0) diagram and SiO,—K,O diagram for the Baluntai diorite

1— Olivine gabbro; 2— Alkaline gabbro; 3— Gabbro—diorite; 4— Diorite; 5— Granodiorite; 6— Granite; 7— Quartzolite; 8— Monzogabbro;
9— Monzodiorite; 10— Monzonite; 11— Quartz monzonite; 12— Syenite; 13— Feldspathoid gabbro; 14— Feldspathoid monzodiorite;

15— Feldspathoid monzosyenite; 16— Feldspathoid syenite; 17— Foidolite; 18— Tawite/ urtite/ italite; Ir— Irvine boundary, with the area above

the dividing line being alkaline and that below the dividing line being sub—alkaline
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Table 1 Data of LA—ICP—MS U—Pb dating of zircons from the Baluntai diorite (12YX—-5-7)

W HEN0° (407 2% Fo A RIHFR/ Ma
Pb U 27pp/2%ph lo 207pp/A5y lo 206pp/38y lo 206pp/ A8y 1
1.1 1 452 0.0558 0.0007 0.5301 0.0131 0.0689 0.0005 430 3
2.1 1 913 0.0559 0.0003 0.5324 0.0117 0.0691 0.0004 430 3
3.1 1 402 0.0744 0.0009 0.7087 0.0176 0.069 0.0004 430 3
4.1 1 484 0.0557 0.0005 0.5336 0.0121 0.0695 0.0004 433 3
5.1 1 458 0.0559 0.0005 0.5324 0.0123 0.0691 0.0004 431 3
6.1 1 554 0.0555 0.0004 0.5279 0.0121 0.069 0.0004 430 3
7.1 1 341 0.0558 0.0006 0.5314 0.0129 0.069 0.0004 430 3
8.1 1 658 0.0556 0.0004 0.5293 0.0119 0.069 0.0004 430 3
9.1 1 885 0.0552 0.0003 0.5251 0.0117 0.069 0.0004 430 3
10.1 1 524 0.0557 0.0005 0.5299 0.0123 0.069 0.0004 430 3
11.1 1 791 0.0552 0.0003 0.525 0.0116 0.069 0.0004 430 3
12.1 1 393 0.0552 0.0006 0.5251 0.0128 0.069 0.0004 430 3
13.1 2 310 0.0563 0.0016 0.5313 0.0191 0.0685 0.0004 427 3
14.1 2 632 0.0551 0.0007 0.5245 0.0129 0.069 0.0004 430 3
15.1 1 734 0.0552 0.0005 0.5254 0.0121 0.069 0.0004 430 3
16.1 1 849 0.0556 0.0003 0.5298 0.0117 0.0691 0.0004 430 3
17.1 1 516 0.0553 0.0005 0.527 0.0123 0.0691 0.0004 431 3
18.1 2 752 0.0556 0.0007 0.5293 0.0128 0.0691 0.0004 431 3
19.1 1 542 0.0559 0.0005 0.5319 0.0123 0.0691 0.0004 431 3
20.1 1 419 0.0553 0.0006 0.5246 0.0126 0.0688 0.0004 429 3
21.1 1 347 0.0556 0.0006 0.5293 0.0127 0.0691 0.0004 431 3
22.1 1 607 0.0556 0.0005 0.5296 0.0121 0.069 0.0004 430 3
23.1 1 448 0.0557 0.0006 0.5276 0.0125 0.0687 0.0004 428 3
24.1 1 626 0.0574 0.0004 0.57 0.0128 0.072 0.0004 448 3
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Table 2 Major (%), trace and rare earth element (10°°) analytical results of the Baluntai diorite

FEf S 12YX5-1  12YX5-2 12YX5-3  12YX5-4 12YX5-5 12YX5-8  12YX5-9  12YX5-11 12YX5-12

Si0, 52.09 53.37 5481 59.8 52.71 51.84 54.99 52.93 55.23
AlLO; 17.35 16.96 16.2 14.62 17 16.91 16.45 16.26 16.32
CaO 7.48 7.36 6.4 4.67 5.67 7.04 5.45 7.54 492
Fe,O3 4.87 322 447 4.64 4.81 5.05 424 5.13 4.65
FeO 426 5.01 348 3.14 37 429 426 37 3.99
K,O 2.08 223 2.38 1.44 298 2.54 2.67 2.89 1.81
MgO 498 4.69 4.07 432 473 5.29 4.45 4.96 493
MnO 0.16 0.14 0.15 0.12 0.16 0.17 0.15 0.14 0.14
Na,O 32 3.08 3.87 27 4.07 2.85 3.13 225 4.14
P,0s 0.34 03 03 0.27 0.31 0.33 028 0.31 0.3
TiO, 1.06 1.01 0.96 0.9 1.03 1.09 0.88 1.01 1.05
LOI 233 1.35 2.36 248 1.77 138 1.97 1.56 22
Total 100.2 98.72 99.45 99.1 98.94 98.78 98.92 98.68 99.68
Rb 122 104 60.8 55 85.5 106 74.9 104 583
Sr 450 474 384 382 302 459 345 466 285
Ba 956 1348 912 486 1077 1206 1244 1344 489
Th 2.51 2.8 1.59 1.81 2.6 1.32 3.39 1.26 1.94
U 1.64 1.45 0.67 1.02 0.94 0.73 125 0.56 0.83
Nb 12.6 11.5 133 13 12 12.3 133 12.9 9.89
Ta 0.83 0.72 0.7 0.91 0.72 0.71 0.85 0.69 0.56
Zr 240 239 230 226 223 266 172 259 298
Hf 6.33 6.06 6.19 5.6 59 6.62 5.18 6.7 7.33
Ti 5995 5669 5561 5107 5631 6549 4912 5606 6098
La 344 327 40.4 31.1 36 334 423 352 26.4
Ce 68.7 66.2 90.2 62.3 76 66 99.5 83.1 42.5
Pr 10.3 9.58 11.5 8.85 10.3 9.31 132 10.6 5.18
Nd 493 45 482 40 46.7 442 58.7 46 219
Sm 9.11 8.06 8.99 6.8 8.26 7.83 11.6 9.02 3.13
Eu 2.09 1.86 2.05 1.4 1.92 1.82 248 1.91 1.09
Gd 7.96 7.18 7.78 6.02 7.37 6.94 10.3 8.03 2.65
Tb 1.15 1.01 1.13 0.85 1.06 0.98 1.51 1.18 0.36
Dy 6.01 5.42 5.79 455 5.78 5.1 8.29 6.17 1.81
Ho 1.16 1.06 1.13 0.91 1.11 1 1.56 1.19 0.35
Er 3.1 275 3.09 2.35 29 272 4.1 3.16 0.96
Tm 0.47 0.4 0.43 0.33 0.41 0.38 0.58 0.44 0.14
Yb 292 2.61 278 2.18 272 2.54 3.58 2.83 0.96
Lu 0.44 0.39 0.43 0.34 0.41 0.4 0.52 0.42 0.16
Y 29.4 26.9 27.7 232 26.9 254 38.7 29.6 9.14
YREE 197.11 184.22 223.90 167.98 200.94 182.62 25822 209.25 107.59
LREE 173.90 163.40 201.34 150.45 179.18 162.56 227.78 185.83 100.20
HREE 2321 20.82 22.56 17.53 21.76 20.06 30.44 2342 7.39
LR/HR 7.49 7.85 8.92 8.58 823 8.10 7.48 7.93 13.56
(La/Yb)n 8.45 8.99 10.42 10.23 9.49 9.43 8.48 8.92 19.73
é Eu 0.73 0.73 0.73 0.65 0.74 0.74 0.68 0.67 1.13
6 Ce 0.89 0.91 1.01 0.91 0.95 0.90 1.02 1.04 0.84

/|

[ 37 28 38 B3 0 R G R Ak 7 0 R B A5 R PO AR XTI 1, 7 T3 HE [ 2 A DS B

AR TR R R B 2 Rl — RS A 1) U-Po AR . XHZFE s A
B BN HE R R AL AT B B 4 12 AT HE R B AT, 5 R IR 3
PR LB 50, BT LA AT LA HEF [R5 28 Fl 4 41 U— EE N AR 8 A BAT SRR ™Lw/ "HE
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Table 3 Zircon Hf—isotope data of the Baluntai diorite

W5 R Ma)  YeyeATHE YLo/fTHE VeHETHE 20 enr (0) e (D Tom/Ma Tom/Ma Frome
12YX5-7-1 430 0.016416 0.000458 0.282275 0.000008 -17.6 -8.2 1359 1936 -0.99
12YX5-7-2 430 0.030579 0.000828 0.282221 0.000008 -19.5 -10.3 1448 2064 -0.98
12YX5-7-3 430 0.013985 0.000382 0.28223 0.000006 -19.2 9.8 1418 2036 -0.99
12YX5-7-6 430 0.033219 0.000903 0.282297 0.000008 -16.8 -7.6 1344 1895 -0.97
12YX5-7-8 430 0.049174 0.00132 0.282229 0.000008 -19.2 -10.1 1455 2054 -0.96
12YX5-7-10 430 0.031424 0.000853 0.282217 0.000008 -19.6 -10.4 1453 2072 -0.97
12YX5-7-11 430 0.022474 0.000619 0.282226 0.000009 -19.3 -10 1432 2047 -0.98
12YX5-7-12 430 0.023383 0.000633 0.282254 0.000008 -18.3 -9 1394 1985 -0.98
12YX5-7-14 430 0.034143 0.000924 0.282202 0.000008 -20.2 -11 1477 2107 -0.97
12YX5-7-15 430 0.031255 0.000905 0.282152 0.000011 219 -12.7 1546 2219 -0.97
12YX5-7-16 430 0.030622 0.000839 0.282243 0.000009 -18.7 -9.5 1417 2015 -0.97
12YX5-7-17 431 0.020782 0.000622 0.282172 0.000007 =212 -11.9 1507 2167 -0.98

LA AR ™= A 52 N A TR BT 5 90
B, B4 TH THAE40.286227, su()=—12.7~
—7.6, 3R A FEHE . TEew () 584 U-Pb Ak
KA (E &), eI B 7 A MU ZE , BB HE
FEAERS Towe K 1895~2219 Ma, 156 HH [N K 253 Sk U5
Tty B HSEHR SR 74 o Hu et al.(1998)%F A
A R RS IR R B RHE M N A T R
B, B RLOERE RS A — N RHE A TN A Sm—Nd 48R
LRAFEWY M (1829+143)Ma LA K IR SR AE 10~ RHS A
R Sm—Nd 2% A5 IR AR IE A 1726 Ma %5, 5
AN B BE IR AR — 2, I
BN A ATRE SR K L ) ff v B AL —rh K
L A ity ke 35 JEC W Jo 5 3 s R B 5 K ) .
52 BLARAKAEMREYX

HEAGT LS 5 DX H 58 (A8 < 2 A o
SERRH, EC 5 M X AEAE R R LR o )
SICE I, SR T B A ) s BRGA A A A
W KR (2006) PIXF A 5 L HE X AL <]
JTBE b A HEA T b BR b2 S B A1 SHRIMP 5 4R A5
AR N 405~416 Ma, $2 ) RR AR K I E
22 I i AU TR AL —rh R LB e 2 R IR
B L RELE 5 24 5 PR A5 (2012) PN R R
LIRS 2R e R 2t U AR b TEFE R B S BT
— I BRRAE 1 DN B e AR 2 AR e i
JFRARAE b TN 5 235 AT % R 389 M, T 2E & AR IR

XA G INKE I T8 A U-Pb A, 5 045
S5 A AEIS A (430.1+1.1)Ma, BRI RLR B, o) e 1B
R R B sh A E IR S B I 2 20T iR (8
1H B, EAFALEE (2010) P76 B 5 HiL DX 1 4
KAE B A EAT HUBR AL 27 FIBS A1 U—Pb 4RI BIESE L 15
X B 5 IR B 46 B e IO AF 1 369 Ma Jf:

N R R L 1) A — R LD e 2 T AR o

Z/IELE R AL

5.3 B AWKEHX 5 ThE &S B R H
PRE

W R I R4 Bl 3 AR B (T v i)
—HAAE L) B (S ELT TR 1% 38 FTPE B IR 4
Lk & PR R BT 57 ) g 2, SR A A X 1225%
Gl h g sk Y I R FE R e . KRB
(2009) X 74 Bz g 2 5 it 5% v 5 2B it Hb ™ Jm) 25 —
X JE B 2001 4F- 8 A0 Hr 48 L 3h 6 R g 4 A B #F
KA A B 55 A7 U—Pb 4E 127351 4 590 Ma #il
600 Ma, 232 5445 (1) K L i 1Ly g g (R dc iy
LA 1> I K S AR X R HL 42— FE R
TR ZHE T ST, DA R R FER S R L A A
FEFFI TR A BIRE, s 8 R L LKA B Al A=A
TEAAE R B s O A — g A AR 2, Ak
M, OS5 (1993) %6 o T 1L R A% 37 P B 1y A el
B PiEstn BN A A Ar/° Ar R R AR
98, 4580 439 Ma AARIEECA P BUFI

http://geochina.cgs.gov.cn H1E LT, 2015, 42(5)



1238 i [

HR LR 2R 4% BT R Bl A BT AT I -3k
INATE T 440 Ma 247, 5PH B K BT B Flg s s
B, 20 E I =55 (1998 ) XA VAR5 A g 2 - A
A VA THE A7 U—Pb AL R B 4E , 3545 440 Ma
1364 Ma P M4ERS , 70l RRMTRA Ik A £ P
CATHA RIS — 09 (A DN A SRR A A8 S FE FH Y
AP AR, A AR A g g T 2% o TP RRORE A B A 1 A%
SHRIMP U—Pb 44 g 452~640 Ma, XA 14t 2k
Y RN, 4 2 2 A4 A A L — A 7 g
ST A TE TS SON TR RH A AR AL B A 1Y
BEAT U—Pb 4047051 (435.1+2.8)Ma, (439.3+1.8)
Ma, fRFHE LLI— AR A I S T R AFRS ),

R L RS 2R A A TP B H RTIE AT e S
AR HRGE , BRI T HE AN EE A 1 R ST . SR,
A DA A X H A A5 AN 5 A i i A o 1)
PR B st s L.

r B 55 0 B IR R L b R S AL Y R
TARAE A A IR A 1L R R IR M B I A
FIAE B b 745 A SHRIMP (248 HUA 40T, 4350
FRFN4EWS Hy 436 Ma 370 Ma Fl1316 Ma, {82 HIE i
T Bl e A 40 SV A PR AR R A G
B, A TEARPLHE AL b 5 AR BB, A
SRR AT ) © A/ Ar FEAE Y R 355.1 Ma, #E
FEML IR B —A e R AL —rh R L i R i 2 A7
FERE T — A5G , Bt R K m A —
R L B AR o = X A AT s R AR
IR b DX 5 I LA A T A TRl R AT o , 15
FAFE S A 420~427 Ma™ X o R Ll RS 2% HE T L IX
165 A AT ML ER T2 AR 5%, R IHOE iS5
B R L 1) AU AR T A DG, 4R 1 R 401~479 Ma,
WA HH 50 VR I ISE B Sy 401~419 Ma™, 25 PEAT K
N AR T RS B 2 5E M o BF “Ar/ Ar Sl R
(415.37+2.71)Ma, [ E M rh A PEAFvpats & A 85
J AR AR B A AR, A8 B ] S Rt AR ARR
W, R Wi R INEEA A F R — R A 2
(RIS 2% B T R LA T W6 A et 58 BN o VR v
A R LR ARl P 38 LU A B B

Wy 26 22 25 (2011) X R K1 RS 2% 4 B A6 1 g
SR VR BRI (R A LD e AR AR LU AR B A R
F7E5 47 SHRIMP AFARAARIEST , 15 Hh R 22418 43510
422 Ma f1423 Ma, {CFARITE AR W T2

i iy 20154F
10.0
50 1.8677‘?
oo | 2mmz 2562 4064
% -5.0
¢ -10.0 !
-15.0
-20.0

0 500 1000 1500 2000 2500 3000
U-Pb4E#/ Ma

K10 BB A e ()55 1 U-Pb AR CRIE
Fig.10 Plot of & (t) versus U—Pb age of zircon from the
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Fig.11 Simplified geotectonic map of the Central Tianshan Mountains and the results of previous studies

Q) A INK A B HE [F A & e () =—12.7~
—7.6, B Bt HEBER AR ton N 1895~2219 Ma, A A7
TR DA B R UR DX, 2R ol ik B AL —rh R
LB He oty 2 b e o s il =40 o

(3) B & M X S FLT T g 2 A s AR A
FREET L —f ke st

Bgt: st A B A B N sk b B R BT R
THALE R EAKHFE LR A X LI 8 TR
FW R, Bl B S I 5 AR T R A K B AN TAE
MERE EZW DLEE FRBFEEURLHTRAS
Ao B HLIF M, f AT 6y S 8 TAEFn K ) X #F A fE1F
KIFUHE R B 4 TAE A 5 %o

S 3Lk (References) :

[1] M 78, IR, s B, 5. Bl i S HAR X b ig i M. b
SUHLBTT R, 1992: 1-169.

Xiao Xuchang, Tang Yaoqing, Feng Yimin, et al. Tectonic
Evolution of Northern Xinjiang and its Adjacent Regions[M].
Beijing: Geological Publishing House, 1992: 1—169(in Chinese).

[2] Gao J, Li M S, Xiao X C, et al. Paleozoic tectonic evolution of the
Tianshan Oregen, northwestern China[J]. Tectonophysics, 1998,
287(1/4): 213-231.

[3] Jahn B M, Griffin W L, Windley B. Continental growth in the
Phanerozoic: Evidence from Central Asia[J]. Tectonophysics, 2000,
328(1/2): vii—x.

[4] 2. I CREHbSE “ F R S B O AS U RAIE B HAs AR )],

F R, 2004, 23(9/10): 986—1004.
Li Jinyi. Structural characteristics of crustal “mosaicking and
superimposition” of the continent of China and its evolution[J].
Geological Bulletin of China, 2004, 23(9/10): 986— 1004(in
Chinese with English abstract).

[5] SBAN, DL, SR, S5 PRI = SRR A A4 1 UL
THFE[I]. HUBTIETT, 1993, 39(3): 236—247.
Guo Zhaojie, Ma Ruishi, Guo Lingzhi, et al. A comparative study
on three ophiolitic melange belts in eastern Xinjiang[J]. Geological
Review, 1993, 39(3): 236—247(in Chinese with English abstract).

[6] FE M, Jl i, sk, 4. RIS T tgaiR A A i
BHER LA (). 1241, 2006, 22(1): 49-56.
Dong Yunpeng, Zhou Dingwu, Zhang Guowei, et al. Geology and
geochemistry of the Gangou ophiolitic melange at the northern
margin of the Middle Tianshan Belt[J]. Acta Petrologica Sinica,
2006, 22(1): 49—56(in Chinese with English abstract).

(7] I, ZARE, 1R 3, 55, RIESREAEHIIM]. Jbat: b K
AL, 2007: 1-350.
Xia Linqgi, Xia Zuchun, Xu Xueyi, et al. Magmatism in Tianshan
Mountian[M]. Beijing: China Land Press, 2007: 1-350(in Chinese).

[8] Windley B F, Allen M B, Zhao Z, et al. Paleozoic accretion and
Cenozoic redeformation of the Chinese Tien Shan range, central
Asia[J]. Geology, 1990, 18: 128—131.

[91 IR, w12, X I, 4%, VUR K Il g age s AiE A (M. Jbat: i
J AL, 1995: 1-133.
Tang Yaoqing, Gao Jun, Zhao Min, et al. The Ophiolite and
Blueschists in the Southwestern Tianshan Orogenic Belt, Xinjiang,
Northwestern China[M]. Beijing: Geological Publishing House,
1995: 1-133(in Chinese).

[10] 23N, o [ PE AL ™ b BT A ik S ™7 i BRI, o [ 3

http://geochina.cgs.gov.cn H1EHLT, 2015, 42(5)



1240 th H

b J 20154F

2015, 42(3): 365-380.
Li Wenyuan. Metallogenic geological characteristics and newly
discovered orebodies in Northwest China[J]. Geology in China,
2015, 42(3): 365—380(in Chinese with English abstract).

0] B, XU, B0, Bk g A1 3t 58 45 4 RIS 15 3 Ak (M. FE e
T 45 ENI5 4, 2004: 1-270.
Xiao Xuchang, Liu Xun, Gao Rui. The Crustal Structure and
Tectonic
Commercial Press, 2004: 1—270(in Chinese).

[12] % A M8, JE AR, sk 65, 45 th RN S S TUI Tk T2 ity
TEIREE[I]. HAT2EAR, 2005, 21(1): 37-44.
Dong Yunpeng, Zhou Dingwu, Zhang Guowei, et al. Tectonic

Evolution of Southern Xinjiang[M]. Beijing:

setting of the Wuwamen ophiolite at the southern margin of
Middle Tianshan Belt[J]. Acta Petrologica Sinica, 2005, 21(1):
37—-44(in Chinese with English abstract).

[13] A< 5007, 22 F gk, 95 2 58, 5. BT S g K 1) ) T s 4 R Ay 3

R[7]. Hi 5 4R, 2000, 28(12): 1863—1870.
Zhu Zhixin, Li Jinyi, Dong Lianhui, et al. Tectonic framework
and tectonic evolution of the southern Tianshan, Xinjiang,
China[J]. Geological Bulletin of China, 2009, 28(12): 1863—1870
(in Chinese with English abstract).

[14] FEAS, XU/ R R L g R A 5 8 G A ity 3 38 [T,
TR, 1993, 28(1): 93-95.

Hao Jie, Liu Xiaohan. Ophiolite melange time and tectonic
evolutional model in South Tianshan area[J]. Chinese Journal of
Geology, 1993, 28(1): 93-95(in Chinese with English abstract).

[15] AL, 1A, 25 KA, S5, B b 1L g 4 oK A4l DX g

B A U=Pb [al A 26 58 4Rl AR AR A TR 0], e 7
i, 2011, 27(1): 77-95.
Yang Jingsui, Xu Xiangzhen, Li Tianfu, et al. U— Pb ages of
zircons from ophiolite and related rocks in the Kumishi region at
the southern margin of Middle Tianshan, Xinjiang: Evidence of
Early Paleozoic oceanic basin[J]. Acta Petrologica Sinica, 2011,
27(1): 77-95(in Chinese with English abstract).

[16] Jal Sk, I3, 51, 4. g R LAY 1A g - A v g P SRR

%+ SHRIMP %5 £1 U—Pb 44 K fa) 3 5 X[J]. Bl iz, 2004, 49
(14): 1411-1415.
Zhou Dingwu, Su Li, Jian Ping, et al. Zircon U-Pb SHRIMP ages
of high— pressure granulite in Yushugou ophiolitic terrane in
southern Tianshan and their tectonic implications[J]. Chinese
Science Bulletin, 2004, 49(14): 1411—1415(in Chinese).

[17] Andersen T. Correction of common Pb in U—Pb analyses that do
not report ** Pb[J].  Chemical Geology, 2002, 192(1/2): 59-79.

[18] Ludwig KR. TIsoplot /Ex version 2.49: A geochronological toolkit
for Microsoft Excel[M]. la. Berkeley: Berkeley Geochronology
Center Special Publication, 2003: 1-56.

[191 Wu F Y, Yang Y H, Lie W X, et al. Hf isotopic compositions of
the standard zircons and baddeleyites used in U-— Pb
geochronology[J]. Chemical Geology, 2006, 234(1/2): 105—126.

[20] Hermann J, Rubatto D, Korsakov A. Multiple zircon growth
during fast exhumation of diamondiferous, deeply subducted

(Kokchetav ~ Massif, Kazakhstan) [J].

Contributions to Mineralogy and Petrology, 2001, 141(1): 66—82.

continental ~ crust

[21] 54 2z, BRRZE. SO A A M. AEaT: BRE HiE, 2010: 1-
346.

Xu Xisheng, Qiu Jiansheng. Igneous Petrology[M]. Beijing:
Science Press, 2010: 1-346(in Chinese).

[22] Sun S S, McDonough W F. Chemical and isotope systematics of
oceanic basalts: Implications for mantle composition and
processes[J]. Journal of the Geological Society, 1989, 42: 313—
345.

[23] 22 B4R, JORA T SO R A A M. RO o B R
1k, 1992: 1-195.

Li Changnian. Trace Element Petrology of Igneous[M]. Wuhan:
China University of Geosciences Press, 1992: 1—195(in Chinese
with English abstract).

[24] Martin H. Adakitic magmas: modern analogues of Archaean
grantoids[J]. Lithos, 1999, 46(3): 411—429.

[25] Wilson M. Igneous Petrogenesis[M]. London: Unwin Hyman,
1989: 1-466.

[26] Ionov D A, Hofmann A W. Nb—Ta— Ti—rich mantle amphiboles
and micas: Implications for subduction—related metasomatic trace
element fractionations[J]. EPSL, 1995, 131(3/4): 341-356.

[27] Pearce J A, Harris N B W, Tigdle A G. Trace element
discrimination diagram for the tectonic interpretation of granitic
rocks[J]. Journal of Petrology, 1984, 25(4): 956—983.

[28] Amelin Y, Lee D C, Halliday A N, et al. Nature of the Earth’ s
earliest crust from hafnium isotopes in single detrital zircons[J].
Nature, 1999, 399(6733): 252—255.

[29] ZARTT, HERE, B/, 45, 327K 3.8Ga i 41 HE A 3R Rk 5 42
Jevefim FYHSE ] BRAiER, 2005, 50(18): 1996-2003.
Wu Fuyuan, Yang Jinhui, Liu Xiaoming, et al. Hf isotopes of the
3.8 Ga zircons in eastern Hebei Province, China: Implications for
carly crustal evolution of the North China Craton[J]. Chinese
Science Bulletin, 2005, 50(18): 1996—2003(in Chinese).

[30] {5 A 72, ZE4EV], 4B R, 5. LA-MC—ICP-MS #5471 Hf [f] {3 %
BT D7 0k RSN D). 5 41541, 2007, 23(10): 25952604
Hou Kejun, Li Yanhe, Zou Tianren, et al. Laser ablation— MC—
ICP—MS technique for Hf isotope microanalysis of zircon and its
geological applications[J]. Acta Petrologica Sinica, 2007, 23(10):
2595-2604(in Chinese with English abstract).

[31] RARTC, ZehkAe, KoKk K, 45, Lu—HF[R7 221 3R LA A2 0

FHI A2, 2007, 23(2): 185—-220.
Wu Fuyuan, Li Xianhua, Zheng Yongfei, et al. Lu— Hf isotopic
systematics and their applications in petrology[J]. Acta
Petrologica Sinica, 2007, 23(2): 185—220(in Chinese with English
abstract).

[32] ZEI, 2k, R AR, 45, V4 0IE Hi b 1 m 5 e DUV A LA B

DR A AR A L 1 DR B HE il JB s (D). o [T 3R, 2015, (1):
105-117.
Qin Chuan, Li Zhiwu, Zhu Lidong, et al. The emplacement epoch,
petrogenesis and geological significance of Gabuzha granodiorite
at the southern edge of Qiangtang, Tibet[J]. Geology in China,
2015, (1): 105—117(in Chinese with English abstract).

[33] Hu Aiqin, Zhang Guoxin, Zhang Qianfeng, et al. Constraints on
the age of basement and crustal growth in Tianshan Orogen by Nd

http://geochina.cgs.gov.cn H1E LT, 2015, 42(5)



A2 s B —FRAE R R S B N A R R R b 1241

isotopic composition[J]. Science in China(Series D), 1998, 41(6):
648—657 (in Chinese with English).

[34] RICE, L% 3, A FEA A M by A AU 72 1k b e #L

HEM]. P42 BEPURRE L, 1992: 1-150.

Wu Wenkui, Jiang Changyi, Yang Fu. Paleozoic Geological
Evolution and Metallogenesis of Kumish Area[M]. Xian: Shaanxi
Science and Technology Publishing House, 1992: 1— 150(in
Chinese).

[35] KM, AEnak, FMVEERR, 2. rh R L PR o >k 11 4K 5

P 1 i ER 1k 2% Je SHRIMP—U/Pb 2 4F (R [1]. #4732 3f,
2006, 22(1): 41—48.

Yang Tiannan, Li Jinyi, Sun Guihua, et al. Earlier Devonian active
continental arc in Central Tianshan: evidence of geochemical
analyses and Zircon SHRIMP dating on mylonitized granitic
rock[J]. Acta Petrologica Sinica, 2006, 22(1): 41—48(in Chinese
with English abstract).

W SCES, sk A, #0045 R I G H X IEAE R A 26
LA-ICP—MS U—Pb 2% Je FoAa 3 & L[], H i iT, 2012,
58(1): 117-125.

Chen Yibing, Zhang Guowei, Liu Xiaoming, et al. Zircons LA—
ICP— MS U- Pb dating on the Baluntai deformed granitoids,
Central Tianshan Block, Northwest China, and its tectonic
implications[J]. Geological Review, 2012, 58(1): 117— 125(in
Chinese with English abstract).

[37] AP, T Ja BL BT IO & AL R i R Ak 27 S AR AR

[T, P24 ARRRERR), 2010, 40(1):105-110.

Wang Shoujing, Wang Juli. The geochemical characteristics and
chronology of the K—feldspar granite in Baluntai area, Xinjing[J].
Journal of Northwest University(Natural Science Edition), 2010,
40(1): 105—110(in Chinese with English abstract).

[38] #7 bk, o IS, 25 B, AR S U O 10 A 6 TR g A 2 b R

[J]. e, 2005, 23(2): 123-126.
Yang Haibo, Gao Peng, Li Bing, et al. The geological character of
the Sinian Dalubayi ophiolite in the West Tianshan, Xinjiang[J].
Xinjiang Geology, 2005, 23(2): 123— 126 (in Chinese with
English abstract).

[39] EAkdr, kA6, ZARA, S Rl AP RTTIS P R

AT AR —F A RE B A28 K L TR [T]. b
i, 2002, 21(2): 55-62.

Xia Linqi, Zhang Guowei, Xia Zuchun, et al. Constraints on the
timing of opening and closing of the Tianshan Paleozoic oceanic
basin: Evidence from Sinian and Carboniferous volcanic rocks[J].
Geological Bulletin of China, 2002, 21(2): 55—62(in Chinese with
English abstract).

[40] FiH =, £, ZHR, é—“f r‘ﬁ%MmmeFM“FlMM*E

U—Pb 4T S B X [0]. HiER L%, 1998, 27(6): 517-522.

Wang Runsan, Wang Yan, Li Huimin, et al. Zircon U-Pb age and
its geological significance of high— pressure terrane of granulite
facies in Yushugou area, Sorthern Tianshan Mountain[J].
Geochimica, 1998, 27(6): 517— 522(in Chinese with English

abstract).

[41] RN, T ve sl AR F 1, 45, B0 ) e fg 25 76 B 20 FIe 4

046 B SRR AL 71 SHRIMP 5E 4 2 HAE i 4 1 75 5% i 47

SR SH A4, 2006, 22(5): 1193-1200.

Zhu Zhixin, Wang Kezhuo, Zheng Yujie, et al. Zircon SHRIMP
dating of Silurian and Devonian granitic intrusions in the southern
Yili block, Xinjiang and preliminary discussion on their tectonic
setting[J]. Acta Petrologica Sinica, 2006, 22(5): 1193— 1200(in
Chinese with English abstract).

[42] WHIBEE, ARG, TKAL K, 45 PO Hg K LR i A2 Bty bl F 2

By IRl R B R i 7 ST A A AR, 2011, 27(6):
1675-1687.
Pu Xiaofei, Song Shuguang, Zhang Lifei, et al. Silurian arc
volcanic slices and their tectonic implications in the southwestern
Tianshan UHPM belt, NW China[J]. Acta Petrologica Sinica,
2011, 27(6): 1675—1687(in Chinese with English abstract).

[43] Je R A, mifR, BEVEH, 45 idi b R m Sk LT ()AL i
ERIE 2R AP AR IE[T]. #4244, 2007, 23(4): 719-732.
Long Lingli, Gao Jun, Xiong Xianming, et al. Geochemistry and
geochronology of granitoids in Bikai region, southern Central—
Tianshan Mountains, Xinjiang[J]. Acta Petrologica Sinica, 2007,
23(4): 719—732(in Chinese with English abstract).

[44] w18, M7, VRIS, 55 S vE g R i R s A BT

pTDtHIT KA AR [T]. HTIETE, 1994, 40(6): 544—553.
Gao Jun, Xiao Xuchang, Tang Yaoqing, et al. The metamorphic
pTDt path of blueschists and tectonic evolution in the
Southwestern Tianshan Mountains, Xinjiang[J]. Geological
Review, 1994, 40(6): 544—553(in Chinese with English abstract).

[45] B LRI, skAEAE, BRAE T, 45 Bapy K10 S0 gk R A H Bk

Ak 2 Je 4% 41 U—Pb 4E AR 22 (7], b [ |l 5, 2014, 41(6): 1757—
1770.
Duan Shigang, Zhang Zuoheng, Wei Mengyuan, et al.
Geochemistry and zircon U— Pb geochronology of the diorite
associated with the Wuling iron deposit in Western Tianshan
Mountains, Xinjiang[J]. Geology in China, 2014, 41(6): 1757—
1770(in Chinese with English abstract).

[46] TRINE, M2 2%, ”KH%PPF 5B SEIR LL DXCART R Y — i A6 L gt

FHRFIE A T 5 [T]. #2440, 2011, 27(1): 96—120.
Xu Xiangzhen, Yang Jlngsul, Guo Guolin, et al. The Yushugou—
Tonghuashan ophiolites in Tianshan, Xinjiang, and their tectonic
setting[J]. Acta Petrologica Sinica, 2011, 27(1): 96— 120 (in
Chinese with English abstract).

[47] oL, AR, £ R HL, A5 R LR A R AR L AR
AR HLBRAL 2R St Nd () 2 2% 28 10 B HO G R L 0] B A
27412, 2007, 23(8): 1821—1829.
Zhang Chengli, Zhou Dingwu, Wang Juli, et al. Geochronology,
geochemistry and Sr— Nd isotopic composition and genesis
implications of Huangjianshishan granite intrusion in Kumishi
areca of southern Tianshan[J]. Acta Petrologica Sinica, 2007, 23
(8): 1821—1829(in Chinese with English abstract).

[48] 2 B, FE M, #R°7 X, A R IR ZR S BUT T IX R g

IRALA )], HFTGER, 2002, 21(6): 304-307.

Li Xiangmin, Dong Yunpeng, Xu Xueyi, et al. Discovery of
ophiolitic melange in the Wuwamen area on the southern margin
of the Central Tianshan Mountains[J]. Geological Bulletin of
China, 2002, 21(6): 304—307(in Chinese with English abstract).

http://geochina.cgs.gov.cn H1E LT, 2015, 42(5)



