1000-0569,/2011/027 (07 ) 2203-12 Acta Petrologica Sinica % % F ik

B X L A% B2 B A IS L« Sk B 1 K A 3K
WEREFERFIERE

IAE EIRET W 5K IR RET
WANG XingJun', WANG GengHou' ** , ZHUAN ShaoPeng” , LI GuangDong”, WANG DeQiang” and WU LianHeng

Lo TR 2 R 2 S BT A Be , J . 100083

2. JfbAs X IHL T PR P A ST BT, R Y 065000

1. School of Geosciences and Resource, China University of Geology, Betjing 100083, China

2. Hebei Institute of Regional Geological and Mineral Resource Survey, Langfang 065000, China
2011-02-01 A3, 2011-06-03 = .

Wang XJ, Wang GH, Zhuan SP, Li GD, Wang DQ and Wu LH. 2011. Late Ordovician collision and orogen in middle
Tianshan: Evidences of geochemical analyses and geochronology on metamorphosed granitoid rocks. Acta Petrologica Sinica,
27(7) :2203 —2212

Abstract A series of metamorphosed and deformed granitoid rocks occurred in Baoertu area, middle Tianshan of Northwest China.
After comprehensive study of petrology, mineralogy and geochemistry, such granitoid rocks are identified as typical calc — alkaline
granitoids with following characters: high levels of Hf and Th, lower content of Li , Nb and Ta, the medium REE total, medium negative
abnormity of Eu, and V-type REE distribution pattern. All of them indicate that the rocks are Caledon-I type and syn-collision granitoids.
Ages of zircon were determined by LA-ICP-MS. Geochronology of U-Pb shows three ages, including 1207 + 87Ma, 455.6 + 1. 8Ma and
433 +19Ma. The first age of 1207 +87Ma represents that of clastic zircon, reveals old basement of Proterozoic existed in Baoertu area.
The second age of 455.6 + 1. 8Ma indicates Baoertu pluton was intruded in Late Ordovician, which represents an important collision
events while northern Tianshan ocean subducted southward beneath the middle Tianshan landmass. In Early Silurian about 433 +19Ma,
Baoertu pluton was re-built by the metamorphism which indicated a metamorphism had occurred in the area of middle Tianshan, Northwest
China. Such results are significant to reveal the tectonic evolution in the area of middle Tianshan, Northwest China.
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Table 2 Major element (wt% ), trace element and rare earth
element ( x 107°) content of metamorphosed granitoid rocks in

Baoertu area, Heshuo county, Xinjiang

P/ REL S 1/P6YQ3 2/PSYQ2 3/P6YQL 4/P6YQ2 5/P5YQI

GG R B DTG Rk

A STk R SR

7R ST R

BamAm Ram— A= RO K ERKE  IEKGE
KINKAE KINKRE ERa Fa Sk
Si0, 58. 96 56. 38 68. 90 72.12 72. 86
Al, Oy 16. 04 16.21 15. 41 13.57 13. 42
TiO, 0. 88 0. 86 0. 30 0.26 0.26
Fe, 05 2.71 3.65 0.54 0.52 0.36
FeO 4.48 4. 65 1.58 1.22 1.20
CaO 5.70 6.31 1.30 1.92 1. 64
MgO 3.55 4.14 0.97 0.59 0.49
K,O0 2.56 3.00 5.58 5.38 5.45
Na, O 2.09 2.20 3.34 2.85 2.70
MnO 0.11 0.15 0.04 0.03 0.03
P,05 0.22 0.15 0.22 0.14 0.14
H,0* 1.36 0.93 0.99 0.44 0.52
H,0~ 0. 05 0.02 0.08 0.02 0.02
Los 2.05 1.67 1.35 1.18 0. 86
Total 99.35 99. 36 99.53 99.78 99. 41
La 30.9 36.9 27.4 75. 4 66.0
Ce 69.5 74.6 57.2 139.1 125.1
Pr 8.7 8.9 6.4 15.1 13.7
Nd 34.0 34.5 22.8 48.9 46.5
Sm 7.05 6.92 4.59 7.21 7.72
Eu 1. 67 1.53 1.03 1.00 1.03
Gd 5.97 6.17 4.24 5.73 5.82
Th 0.99 1. 04 0.79 0.75 0.79
Dy 5.55 6.12 4. 60 3.64 3.76
Ho 1.02 1.19 0. 86 0.65 0. 66
Er 2.89 3.43 2.57 1.97 1.92
Tm 0.45 0.55 0.42 0.31 0.28
Yb 2.91 3.51 2.60 2.04 1.78
Lu 0.46 0.53 0.41 0.33 0.29
Y 29.0 33.5 26.4 18.8 17.7
Cs 2.87 3.14 3.14 3.51 1.57
Hf 8.18 6.88 5.07 4.63 6.61
Li 21.6 22.96 12.30 11.02 7.20
Nb 15. 47 13.73 17.78 9.91 13.17
Ta 1.34 1.14 1.40 0.81 0.83
Th 19. 86 14.27 16.09 28.30 25.67
U 3.63 2.27 2.91 2. 65 2.16
Zr 186 180 192 190 225
Ba 683 335 1161 1258 981
Rb 117 190 209 194 133
Sr 332 338 151 219 179
v 130.2 142. 1 27.4 23.3 24.0
Ti 4955 4885 1928 1674 1610
P 932 871 825 473 375
F 903 1023 409 293 185
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Al—Na—K

Ca EEA  MIRA  Fe"+Mg

E5 Al-Na-K-Ca-Fe’* + Mg [Elfit (5470 8025 ,1986)
Al-Na-K ,Ca Fe* + Mg H 050740 55 ()5 1) 7] 4 2
Fig.5 Al-Na-K-Ca-Fe’* + Mg diagram for granitiod rocks of
Baoertu pluton (after Xu et al. , 1986)
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R1-R2 diagram for granitiod rocks of Baoertu
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Fig.7 REE distribution pattern for normalized intrusive rocks

of Baoertu pluton ( the chondrite REE values after Sun and
McDonough, 1989)

1997) |[FIJE BUAE 5 5 (4% 5w B 55, 19865 X B SE MR & 471,
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AR R AR AT P K I K A X REE =201.1 x 107 ~
219.1 x 10 °; LREE/HREE =7.24 ~7.50, (La/Yb) =7. 48
~7.62, LW R A LA IR 45 (La/Sm)  =2.83 ~
3.42,(Gd/Yb) y = 1.45 ~ 1.70, 5B 4% T 7% + 3 & 22 RN B
;6Eu=0.72 ~0. 77, AR5 78 . W L E oA
A BARER P AR 55 VB2 (B 7) o H4ERH5E
AHH.,Li \Nb . Ta Zr Ba Rb & B, HE Th 'V F & f {5 o

A roRIBER KA A S REE =162. 3 x 10 7% ; LREE/
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AP AL E K AL R 5 S REE =293. 1 x 10 7% ~320. 9 x
10 ~°; LREE/HREE = 17.00 ~ 18.59, (La/Yb), =26.51 ~
26. 60, YR F G + B R ; (La/Sm)  =5.52 ~6.75,
(G/Yb) =2.32 ~2.70, i 5% M + /1B FE I &5, e fi
TR BV, ER L T ] 6Fu =0.45 ~ 0. 46, B &4
TSR WA i A e vV B2 (& 7).
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Fifk

6 &5k

(D) R R — R s A2 T B R R PR AR
Jm TS HREAE B s B b B T A H P AR U A R T
RS V RNk, HA I AR T B4R B o B AR AIE 5
HE Th FIMEE Li Nb # Ta R, B8 HIE BT IR 6l i 25
AR A AR AL R L v R L Al 38 6474

(2)455.6 + 1. 8Ma U3 T AL /R A AL AR WY, [F] 30 5%
T AL R Ll R A G B o e — S ) R A

(3) 1207 = 87Ma fUR T /R AR IR A S T4l 55 14 T
AT AR I, Ul W AR ALK T — A A7 A T 1207 Ma 9 7 2
2-9/i98

(4)433 £ 19Ma AURALR AR A 5 2 B ki 1)
AR BHAE P G LR A B A A i — AR AR

Bt SR ORI BRI T
UV AT FE T A R RN | o S 0 5K IESE S T AR T
V5 AR S B A TARS R 2 vh A 21 1 B e ™ )= 58 —
JROR BAAS A T (R T 304 s WL e iR W Lo R
ST R A T R 2 o S B ) B e o A 2 Bl A B 5 T AL
S0 A MRS A, (Rl AR i R PG b R~ Rt 2l g 27 [
SR HH i S A AT AL, 16 s 20 A !

References

Allen MB Windley BF and Zhang C. 1992. Paleozoic collisional tectonics
and magmatism of the Chinese Tianshan,
Tectonophysics, 220: 89 - 115

Andersen T. 2002. Correction of common lead in U-Pb analyses that do
not report 2**Pb. Chemical Geology, 192: 59 =79

Batchelor RA and Bowden P. 1985. Petrogenetic interpretation of

central  Asia.

granitoid rock series using multr-cationic parameters Chemical
Geology, 48:43 -55

Black LP and Gulson BL. 1978. The age of the mud tank carbonatite,
strangways Range, Northern Territory. BMR Journal of Australian
Geology and Geophysics, 3: 227 —232

Black LP, Kamos L, Allen CM et al. 2003. TEMORA 1: A new zircon
stands for Phanerozoic U-Pb geochronology. Chemical Geology, 200 .
155 -170



IATES: PRLGA B IS R B TR K SRR FEER SRR 2211

Black LP, Kanmo SL, Allen CM et al. 2004. Improved *Ph/?8 U
microprobe geochronology by the monitoring of a trace-element
related matrix effort; SHRIMP, IDTIMS, ELA-ICP-MS, and oxygen
isotope documentation for a series of zircon standards. Chemical
Geology, 205: 115 - 140

Bureau of Geology and Mineral Resource of Xinjiang Uygur Autonomous
Region. 1993. Regional Geology of Xinjiang Uygur Autonomous
Region. Beijing: Geological Publishing House, 718 — 759 (in
Chinese with English abstract)

Che ZC, Liu L, Liu HF and Luo JH. 1995. Division of the central
Tianshan orogeny based on isotopic ages. Geological Review, 41
(3):261 =211 (in Chinese with English abstract)

Gao JF, Lu JJ, Lai MY et al. 2003. Analysis of trance elements in rock
sample using HR-ICPMS, Journal of Nanjing University ( Natural
Sciences) , 39(6) : 844 -850 (in Chinese with English abstract)

Han BF, He GQ, Wu TR et al. 2004. Zircon U/Pb dating and
geochemical features of the Earlier Paleozoic granites from Tianshan,
Xinjiang: Implications for tectonic evolution. Xinjiang Geology, 22
(1): 4 -11(in Chinese)

He GQ, Cheng SD, Xu X et al. 2003. The Map of Tectonics of Xinjiang
and Its Neighboring Areas and Its Explanatory Text. Beijing:
Geological Publishing House, 1 — 56 (in Chinese with English
abstract )

Jackson SE, Pearson NJ, Griffin WL et al. 2004. The application of laser
ablation-inductively coupled plasma-mass spectrometry to in situ U-
Pb zircon geochronology. Chemical Geology, 211 47 —69

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

Li QY, Li SW, Song B et al. 2009. Late Mesoproterozoic to Paleozoic
tectonothermal events in the eastern segment of the central Tianshan
tectonic zone of northwestern China: Constraints from SHRIMP zircon
geochronology. Earth Science Frontiers, 16 (2): 175 - 184 (in
Chinese with English abstract)

Liu CS and Zhu JC. 1989. Contrast of petrochemical characters of four
genetic type granite in southern of China. Acta Petrologica Sinica,
(2):38 =47 (in Chinese with English abstract)

Liu SW, Guo ZJ, Zhang ZC et al. 2004. The features of the Precambrian
mete-basement of the eastern Tianshan: Constrains from the
geochronology and Nd isotopic geochemistry. Science in China ( Ser.
D), 34(5): 393 —403 (in Chinese)

Long LL Gao J, Xiong XM et al. 2006. The geochemical characteristics
and the age of the Kule lake ophiolite in the southern Tianshan. Acta
Petrologica Sinica, 22 (1): 65 — 73 (in Chinese with English
abstract )

Long LL, Gao J, Xiong XM et al. 2007. Geochemistry and geochronology
of granitoids in Bikai region, southern Central-Tianshan mountains,
Xinjiang. Acta Petrologica Sinica, 23 (4):719 - 732 (in Chinese
with English abstract)

Ludwig KR. 1991. A plotting and regression program for radiogenic-
isotope data. US Geological Survey Open-File Report: 39

Pitcher WS. 1982. Granite type and tectonic environment. In: Hus KJ
(ed. ). Mountain Building Processes. London; Academic Press, 19
-40

Pitcher WS. 1997. The Nature and Origin of Granite. 2™ Edition.
London: Chapman and Hall, 1 -720

Preace JA, Harris NB, Tindle AG. 1984. Trace element discrimination
diagrams for the tectonic interpretation of granite rock. Journal of
Petrology, 25: 956 —983

Shi YR, liu DY, Zhang Q et al. 2006. SHRIMP chronology of granitic
rocks in Gangou area, middle Tianshan, and its tectonic implication.
Chinese Science Bulletin, 51(22) : 2665 —2672 (in Chinese)

Shu LS, Lu HF, Charver J et al. 2000. A study of isotopic dating and
geochemistry of granulites in the eastern Tianshan belt. Journal of
Nanjing University ( Natural Sciences): 36 (6):718 — 727 (in
Chinese with English abstract)

Song B, Zhang YH, Wan YS et al. 2002. Mountmaking and procedures

of the SHRIMP dating. Geological Review, 48 (Suppl. ): 26 —30
(in Chinese with English abstract)

Sun SS and McDonough WE. 1989. Chemical and isotopic systematic of
oceanic basalts; Implication for mantle compostion and processes.
In: Saunders AD and Norry MJ (eds. ). Magmatism in Oceanic
Basins. Spec. Publ. Geol. Soc. Lond. , 42 313 -345

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

Vavra G, Gebauer D, Schmid R et al. 1996. Multiple zircon growth and
recrystallization during polyphase Late Carboniferous to Triassic
metamorphism in granulites of the Ivrea Zone ( Southern Alps): An
ion microprobe (SHRIMP) study. Contrib. Mineral. Petrol. , 122
337 -358

Vavra G, Schmid R, Bauer D. 1999. Interanal morphology, habit and U-
Th-Pb microanalysis of amphibolite-to-granulite facies zircons:
Geochronology of the Ivrea Zone ( Southern Alps ). Contrib.
Mineral. Petrol. , 134 . 380 —404

Wiendenbeck M, Alle P, Corfu F et al. 1995. Three natural zircon
standards for U-Th-Pb, Lu-Hf, trace element, and REE analyses.
Geostand Newsletter, 19 1 -23

Wu CZ, Zhang ZZ, Zaw K et al. 2006. Geochronology, geochemical and
tectonic significances of the Hongyuntan granitoids in the Qoltag
area, eastern Tianshan. Acta Petrologica Sinica, 22 (5). 1121 -
1134 (in Chinese with English abstract)

Wu GY, Xiao XC, Xian QH et al. 2008a. Maior element geochemistry
and genesis of Yanshanian mineralized granites in the polymetallic
deposit concentration region, southern Hunan. Geology in China, 35
(2):217 =231 (in Chinese with English abstract)

Wu GY, Hou ZQ, Xian QH et al. 2008b. REE geochemistry and
petrogenesis and mineralization of the Yanshanian mineralized
granites in the southern Hunan polymetallic deposit concentration
region. Geology in China, 35(3).:410 - 420 (in Chinese with
English abstract)

Wu GY, Xian QH, Chen MH et al. 2008c. Features of rock-forming
minerals of Yanshanian mineralized granite in the ploymetallic
deposit concentration zone in southern Hunan and their implications
for granite generation. Geology in China, 35 (5):888 — 901 (in
Chinese with English abstract)

Wu YB and Zheng YF. 2004. Zircon genetic mineralogy and its
constraints on the explaining of the U-Pb age. Chinese Science
Bulletin, 49(16) : 1589 —1604 (in Chinese)

Xu KQ, Sun N, Wang DZ et al. 1986. Origin and mineralization of
granite in southern of China. 1986. In: Xu KQ and Tu GC (eds. ).
Relation of Granite Geology and Mineralization. Beijing: Geological
Publishing House, 1 =20 (in Chinese)

Yang TN, Li JY, Sun GH et al. 2006. Earlier Devonian active
continental are in Central Tianshan: Evidence of geochemical
analysis and zircon SHRIMP dating on mylonitized granitic rock.
Acta Petrologica Sinica, 22(1); 41 =48 (in Chinese with English
abstract )

Yuan HL, Wu FY, Gao S 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(14): 1151 — 1520 (in Chinese)

Zhang LC, Liu DQ, Wang YB et al. 2006. Metallogenic Rules of
Xinjiang Dominant Metal Minerals. Beijing: Geological Publishing
Hourse, 11 —48 (in Chinese)

Zhang Q and Zhou GQ. 2001. Ophiolite of China. Beijing: Science
Press, 1 =117 (in Chinese)

Zhou D, Graham SA, Chang EZ et al. 2001. Paleozoic tectonic
amalgamation of the Chinese Tianshan: Evidence form a transect
along the Dushanzi-Kuqa Highway. In: Marc S et al. (eds.).
Paleozoic and Mesozoic Tectonic Evolution of Central and Eastern
Asia: From Continental Assembly to Intracontinental Deformation.

Geological Society of American, Memoir, 194; 23 —46



2212

Bt Hp 325 2 Sk

TR, X B KRR, B 4. 1995, rh R Ll LA F A R 224 A
A1, WFRETTE,41(3) 261 —211

BB, RS NS AR, 2003, 5 KR MR T B9 4 R
FETRIS . B KRR (AREER) ,39(6) : 844
-850

WA T E R, AR AR 2004, KL Bl A AR AE B A2 U-Ph &
A A HUER AL SRR R LR MM R T S BB T, 22(1) ¢« 4
-11

R R B, ST B, AHT 4. 2003, HhFE T 9 R AR IX R MR R R (1
2500000) K& piHAA5. JEET: Mo AL, 1 -56

WL, BHME, BT 4. 1999, MR INER A RBENRY AG

2 IR R M IR, A A, 15(2) 1298 - 308

AR, XUB S, AR . 2009 R L ZR B rp oo vl A 3 - A A b s -
A} SHRIMP E5 A AEAR2E IR . HbaFRi%,16(2) 175 - 184

XNE S, AR 44, 1989, AERG PUF AL R 2B 1 A 2R AT LB R A Xt
t. AR, 2 238 -47

XU, ERA S IR IAE. 2004, R I AR B iy I8 R 40 78 T b e 1)
PR« M BAE AR 2 R TR 47 2 R Ak 2 i 29 . ERL 2 (D
), (34)5: 393 -403

Te R, e, REVTHAAE. 2006. T K L1 R 8 e s BR MK 25 R AE
KA. A A2EH,22(1) :65 =73

JeRF), wfR, REDEIIAE. 2007, FramHh KILRIZ LT (HbIX) #6152
IR AFRRAE SAFARA RS, 124,23 (4) :719 - 732

£ E A7, XN H— KA. 2006. oK LA —H AL X A 28 SHRIMP
AR R . Bz, 51(22) 12665 - 2672

EFRME, SRS, Charvet J 4. 2000. K 1L AR B BRRL A 22 4F 5 M 3Rk 1k

Acta Petrologica Sinica %% %3 2011, 27(7)

WY R R AR (ARERY) ,36(6) 718 - 727

RIS ENGE, FTTAESE. 2002, 4547 SHRIMP B SR AEE I &
FAT KBTI, Mg F,5 () :26 -30

B, EE, Khin Z 55, 2006. 7R K 1158 S BERE L1 25 WERE 14 4
fR2F Bk KA RS A AR, 22(5) 2 1121 - 1134

fRIEHE, P H, M POME. 2008a. RS £ 4 )@ 0 4 X 8 LU B 48 1
A EICE BRI R R . R, 35(2) <217 -
231

EEHE i, 14 POMESE. 2008b. R £ 4B W42 X HE 1LY Lo 78
B IR = M BRALAE RO R I 7 AR . T E 5, 35
(3) :410 -420

TREHE, 1 DEHRE, AOFERH. 2008c. RS 25 4@ 0 4 X e 1LY B 28 19
IR AT YRR MR R . P E T, 35(5) 1888 - 901

LI, KT 2004, B5 A B A 2 A 58 O U-Pb AR IR R B 1Y
2. Bl ,49(16) 11589 — 1604

BB R FA X HUR D )R, 1993, B s 4R |6 X X S b
. b MU kL, 718 - 759

BECH, P, ARG, 1986. AEREAL M A UK 5 L. L AR e
WO, R AT S 0GR, Ua: M AR, 1 - 20

VR, 2R, PVEEAR 4. 2006, R 1LY A RN - ok 1 46 5 R
BEM A HbER L2 & SHRIMP-U/Pb fE4EYIEYE. # A 2E M, 22
(1):41-48

FEUM, B AEoC, B IAE. 2003, R b H OB AR AR R AR B A O
PRER U-Pb A4 E S5 o0 HE o/ br. Bl iz, 48(14) .
1511 - 1520

ik R XEAL EAARSE. 2006, R BTSEOE A S T T L R A
dbo: Mo AR, 11 - 48

TR JE PR, 2001, thEkgskA. dua RE B R 1 - 117



