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Abstract Formation age of metamorphic rocks occurred in Altai orogen of China has been questioned up to now especially since
most part of metamorphic rocks were designated to be Paleo Proterozoic to Meso-Proterozoic metamorphic rocks by the geoscientific
survey team of China-Kazakstan. Qinghe gneiss studied in this paper occurs in the southwest area to Qinghe County and locates in
Erqishi shearing zone. Geochemical characteristics and Nd-Sr isotopic compositions of gneisses show formation in island arc setting.
SHRIMP U-Pb analyses for zircons from an andesitic gneiss yield a precise age of 281 +3 20 Ma representing formation age of the
gneiss. Any older zircons or related Precambrian ages from the Qinghe gneiss have been never found in this study consequently this
result does not support opinion about formation of Qinghe gneiss in Precambrian. Combined with characteristics of cathodoluminescence
images of zircons from this gneiss it is indicated that metamorphism and magmatism could be happened during period of 293 +6Ma ~
271 £5Ma. The available data confirm the time limit of a significant geological thermal event in the Altai Orogen during the early
Permian. To combine zircon U-Pb SHRIMP age of Qinghe gneiss and ** Ar/* Ar ages of hornblende and biotite from Erqishi shearing
zone important kinetic events including tectonics metamorphism and fast cooling or rapid uplifting in Altai orogen during late
Paleozoic were revealled. This precise and credible zircon SHRIMP age of the Qinghe gneiss possibly provides a primary evidence for
study on time limit of closure of Paleo-Asia Ocean and continental thrust during the late Paleozoic.
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Table 1 Major % and trace element 10 ° compositions of Qinghe gneisses

02XA42a 02XA-42b 02XA-43a 02XA-43b 02XA45a 02XA47a 02XA-51a

Si0, 59.75 55.24 73.84 64.50 62.26 50.49 64.47
TiO, 1.56 1.39 0.31 0.74 0.84 1.09 0.68

Al, 04 15.15 19.39 13.18 15.53 16.74 19.39 15.52

TFe, 05 7.33 7.31 2.87 6.48 7.78 10.58 6.19
FeO 0 0 0 0 0 0 0
MnO 0.14 0.14 0.05 0.11 0.11 0.20 0.13
MgO 4.37 3.78 1.49 2.99 3.70 3.72 2.82
CaO 4.95 4.17 1.38 2.77 1.49 7.43 3.10
Na, O 3.13 4.40 3.83 3.05 2.33 1.13 3.37
K,0 2.58 3.40 1.81 2.71 2.75 3.01 2.64
P,05 0.43 0.40 0.07 0.17 0.16 0.12 0.11
LOI 0.76 0.84 0.59 0.67 0.93 1.98 0.66
Total 100. 15 100. 45 99.43 99.77 99.09 99.13 99.69
DF* -0.05 3.35 -0.11 -0.64 -3.04 — 0.19
K-A

Cs 8.70 9.12 7.50

Sc 16. 66 9.44 18.7

Ti 9628 1962 4891

Vv 123.4 34.21 126.0

Cr 149.4 22.5 139.1

Mn 1052 429.2 830

Co 20.87 5.63 19.65

Ni 94.6 10. 10 84.9

Cu 16.27 19.21 29.7

Zn 95.2 15.69 95.5

Ga 17.77 14.90 20.7

Ge 2.465 2.18 2.51

Rb 86.9 63.86 117.9

Sr 644 106.5 155.6

Y 39.44 50.8 27.50

Zr 147.8 150.0 163.5

Hf 3.624 5.17 4.63

Nb 17.60 8.27 12.16

Ta 1.129 0.53 0.729

Ba 288.2 204.0 267.3

Pb 8.35 8.64 14.59

Th 2.089 19.78 10. 84

U 3.16 2.749 3.03

La 30.55 44.28 29.3

Ce 82.4 91.36 60.9

Pr 12.54 11.48 7.75

Nd 50.78 42.4 29.8

Sm 10.26 9.01 6.00

Eu 2.66 1.224 1.309

Gd 8.65 9.05 5.59

Th 1.365 1.508 0.884

Dy 7.50 8.77 5.15

Ho 1.468 1.928 1.048

Er 4.16 5.55 3.07

Tm 0.649 0.877 0.467

Yb 4.668 5.95 3.0

Lu 0.694 0.929 0.502

*DF =10.44 -0.21Si0, -0.32TFe, 05 —0.98MgO +0. 55Ca0 + 1. 46Na, 0 +0. 54K, 0
K-A 4
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Table 2 Nd-Sr isotopic compositions for Qinghe gneisses
Rb Sr Rb 87Sr Sm Nd ¥Sm  MNd toar
% 6 20 Is, s i 20 exa 0 fowna Ena !
10 10 s6g, 86g, 10 10 144 N 44N Ga
02XA42 86.87 643.9  0.398 0.706133 11 0.7045 10.26 50.78 0.1222 0.512680 9 0.81 -0.38 3.49 0.78
02XA-43 63.86 106.5 1.771 0.715228 16 0.7081 9.011 42.4  0.1285 0.512550 9 -1.72 -0.35 0.72 1.07
02XA45 117.9 155.6  2.238 0.719929 16 0.7110 6.001 29.84 0.1216 0.512405 12 -4.55 -0.38-1.86 1.23
o "Nd/™Sm =0.2137 M143/™M144 =0.51315 exa t 1=0.28Ga
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3 SHRIMP U-Pb
Table 3 SHRIMP U-Pb data of zircons from Qinghe gneiss
206 p, U Th 227y, 206 p, * 206 py, /238 207 py, /206 pp 207 py, * 207 py, * 206 py, *
¢ tlo tlo +% +% %
% x107®  x107° 28y  x10°6 Ma Ma 206 py, * 235 2387
Al-1  3.03 213 444 2.15 8.3 276.2 5.9 124 344 0.0485 14.6 0.29 14.8 0.0438 2.2
A2-1  3.13 286 23 0.08 10.9 270.6 5.4 -179 300 0.0428 12.0 0.25 12.2 0.0429 2.0
A3-1  2.56 286 311 1.12 11.2 279.5 6.6 248 212 0.0512 9.2 0.31 9.5 0.0443 2.4
A4-1  10.72 56 70 1.28 2.4 275.9 10.0 -677 1895 0.0354 68.6 0.21 68.7 0.0437 3.7
A5-1  4.37 140 185 1.36 5.6 278.6 6.8 328 370  0.0530 16.3 0.32 16.5 0.0442 2.5
A6-1  5.47 140 72 0.54 5.6 280.8 6.6 -137 546 0.0435 22.1 0.27 22.2 0.0445 2.4
A7-1  4.25 222 156 0.73 8.8 279.7 5.8 -221 388 0.0421 15.4 0.26 15.6 0.0443 2.1
A8-1  2.20 256 246 0.99 10.3 289.3 5.8 254 249  0.0513 10.8 0.32 11.0 0.0459 2.1
A9-1  3.00 269 317 1.22 10.9 288.2 5.8 85 277 0.0477 11.7 0.30 11.8 0.0457 2.1
A10-1  0.65 1029 86 0.09 41.1 291.3 5.2 306 58 0.0525 2.5 0.33 3.1 0.0462 1.8
All-1  2.01 375 173 0.48 15.3 292.7 6.3 160 192 0.0492 8.2 0.32 8.5 0.0465 2.2
Al12-1  2.51 387 496 1.32 15.0 278.0 5.3 22 205 0.0465 8.5 0.28 8.8 0.0441 2.0
Al13-1 29.33 188 45 0.25 7.3 204.1 48.1 0.0322 23.9
Al4-1 1.11 678 258 0.39 26.1 279.3 5.1 178 105 0.0496 4.5 0.30 4.9 0.0443 1.9
Al15-1 1.29 568 586 1.07 21.7 276.8 5.1 203 102 0.0502 4.4 0.30 4.8 0.0439 1.9
Al6-1  6.12 118 95 0.83 4.8 279.5 6.9 -225 652  0.0420 25.9 0.26 26.0 0.0443 2.5
lg Pb, Pb* Pb Ph 1.6% 204 ply
3207
0050 T 15 gnots |
without | spot(13.1) h
0048 T -
J
ah' U-Pb
0.046 1 /
= b A ¢ % AN
et (@)))
I N, LA L /
2 NN 40, 30
0.042 | \‘“H‘\_\_%// Ar/” Ar
0P Mean—281 22 3.111.1%612 0 275Ma  270Ma 1997
0.040 4 / Wid by daia-pi errs oniy, i of 13 rej.
MSWD—1.2. probability=0.23
;'l (error hars are 2 a )
0.038 1
0.0 0.2 0.6 Laurent-Charvet C et al.
2003
7 U-Pb A/ Ar NW-SE
Fig.7 U-Pb concordia diagram for zircons from gneiss 280 ~290Ma
A/ Ar 260 ~245Ma
U-Pb
245Ma Laurent-Charvet C et al. 2003  Sengor AMC et
20Ma 281 = al. 1993 2000 km
3Ma Sengor AMC et al. 1993  Xiao W]
et al. 2004
Nd-Sr - Xiao W] et al. 2004

15



SHRIMP U-Pb

15 U-Pb 281 +3Ma
A/ Ar
5
U-Pb SHRIMP
Nd Sr
1
Nd-Sr
2 SHRIMP U-Pb
281 +3 2¢ Ma
MSWD =1.2
U
Th/U
U-Pb
20Ma 281 +3Ma
3 U-Pb
A/ Ar
U-Pb SHRIMP
References

Chen YC and Ye QT. 1996. Ore-Forming Conditions and Metallogenic
Prognosis of the Ashele Copper-Zinc Metallogenic Belt Xinjiang
China. Beijing Geological Publishing House 5 —17 in Chinese

Compston W Williams I S Kirschvink JL et al. 1992. Zircon U-Pb ages

149 171 -184

Faure G. 1986. Principles of Isotope Geology. Second edition

of early Cambrian time scale. J. Geol. Soc.

John

Wiley & Sons
Singapore

Hu AQ Wang ZG and Tu GZ. 1997. Geological evolution and diagenic
and metallogenetic regularity in northern Xinjiang. Beijing Science
Press. 9 =105 in Chinese

Hu AQ Zhang GX Zhang QF Li TD and Zhang JB. 2002. A review on
ages of Precambrian metamorphic rocks from Altai orogen in
Xinjiang NW China. Chinese Jornal of Geology 37 2 129 — 142

in Chinese with English abstract

Laurent-Charvet S Charvet J] Monié P and Shu L. 2003. Late Paleozoic

NW China  New

22 doi 10. 1029/

New York  Chichester  Brisbane  Toronto

strike-slip shear zones in eastern central Asia
structural and geochronological data. Tectonics
2001TC901047

Li TD and Poliyangsiji BH. 2001. Tectonics and crustal evolution of Altai
in China and Kazakhstan. Xingjiang Geology 19 1 27 =32 in
Chinese with English abstract

LiTD QiZM WuBQ Xiao SL Zhao CL Becmaes XA Tlomesnckuit
HB  [lpstaxoBB A Tamxkenko Il Esrymenxo HIT and Erymenko
OIT. 1996. New implovement of comparative study of geology and
mineralization of Altai between China and Kazakhstan. In Chinese

Geological Society ed . Thesis Volume of the Symposium of the 8th

Five-Year Plan of Geoscience for Contribution to 30th IGC. Beijing

Metallurgical Industrial Press 256 — 259 in Chinese with English
abstract

Li ZL Chen HL Yang SF Xiao W] and Tainosho Y. 2004. Discovery of
mafic granulites from the Altay orogenic belt Evidence from

mineralogical study. Acta Petrologica Sinica 20 6 1445 - 1455 in
Chinese with English abstract

Liang XR Wei GJ Li XH and Liu Y. 2003. Precise measurement of
Nd/" Nd and Sm/Nd ratios using multiple-collectors inductively
coupled plasma-mass spectrometry MC-ICPMS . Geochimica 32

1 91 -96 in Chinese with English abstract

Liu DY Jian P Zhang Q Zhang FQ Shi GH Shi YR Zhang LQ and

Tao H. 2003. SHRIMP dating of adakites in the Tulingkai ophiolite

Inner Mongolia Evidence for the early Paleozoic subduction. Acta

Geologica Sinica 77 3 318 - 327 in Chinese with English
abstract
Ludwig KR. 1999. Using Isoplot/EX version 2 a geolocronological

Toolkit for Microsoft Excell.
Special Pablication la 47
Ludwig KR. 2001. Squid 1.02 A user manual. Berkeley Geochronolo-
gical Center Special Pablication 2 19

Melnikov A Travin A Plotnikov A Smirnova L and Theunissen K.
1998. Kinematics and Ar/Ar geochronology of the Irtysh Shear zone
in the NE Kazakhstan. In Jahn BM and Hong DW eds. IGCP
420 Int. Union of Geol. Sci. Ottawa Ont. Canada 60

Qu GS and Chong MY. 1991. Pb isotopic geology and its implications for

100 — 110 in

Berkeley Geochronological Center

tectonics of Altai Orogen. Geoscience 5 1
Chinese with English abstract

Sengsr AMC  Natal” in BA and Burtman VS. 1993. Evolution of the
Altaid tectonic collage and Paleozoic crustal growth in Eurasia.
Nature 364 299 -307

Wang JB  Qin KZ Wu ZL Hu JH and Deng JN. 1998. Volcanic-
Exhalative-Sedimentary Lead-Zinc Deposits in the Southern Margin of
the Altai 1-10

in Chinese

Wei GJ Liang XR Li XH and Liu Y. 2002. Precise measurement of Sr
isotopic composition of liquid and solid base using LP MC-ICPMS.
Geochimica 31 3 295 -299 in Chinese with English abstract

Williams IS and Claesson S. 1987. Isotope evidence for the Precambrian

Xinjiang. Beijing Geological Publishing House

province and Caledonian metamorphism of high grade paragneiss from
the Save Nappes Scandinavian Caledonides 1. lon microprobe
zircon U-Th-Pb. Contrib. Mineral. Petrol. 97 205 -217

Windley BE Guo JH Li YY and Zhang C. 1998. Terranes and tectonic
evolution of the Chinese Altai. Abstracts in IGCP-420 workship.
Urumqi  Xinjiang China

Windley BF  Kroner A Guo J Qu G Li Y and Zhang C. 2002.
Neoproterozoic to Paleozoic geology of the Altai orogen NW China



10

New zircon age data and tectonic evolution. Journal of Geology 110
719 -739

Xiao WJ Windley BF Badarch G Sun S LiJ Qin KZ and Wang ZH.
2004. Palaeozoic accretionary and convergent tectonics of the
southern Altaids implications for the lateral growth of Central Asia.
Journal of the Geological Society London 161 339 —342

Zhang XB Sui JX Li ZC Liu W Yang XY and Liu SS. 1996. Study
on tectonic evolution and mineralization series in the Eerqisi tectonic
zone. Beijing Science Press 139 —162 in Chinese

Zhuang YX and Chen B. 1992. Formation and evolution of progressive
metamorphism structure domes in the Chisese Altaides. Butten of the
Institute of Geology Chinese Academy of Geological Sciences 25
37 -52  in Chinese

Zhuang YX and Chen B. 1993. The formation and revolution of
migmatitic granite-gneiss domes in Altaids China. Acta Petrologica
et Mineralogica 12 2 115 - 125 in Chinese with English
abstract

Zhuang YX. 1991. The microstructure criteria of inclusion in
porphyroblasts establishing the progressive metamorphism evolution of
Altay Hercynide. Journal of Changchun University of Earth Science
21 1 17 =24 in Chinese with English abstract

Zhuang YX. 1994a. Tectonothermal Evolution in Space and Time and
Orogenic Process of Altaides China. Changchun Jilin Science and
Technology Publishing House. 10 =36 in Chinese

Zhuang YX. 1994b. The pressure-temperature-splace-timecPTSt evolution
of metamorphism and development mechanism of the thermal-
structure-gneiss domes in the Chisese Altaides. Acta Geologica

Sinica 68 1 35 —47 in Chinese with English abstract

. 1996.
5-17
. 1997.
9 -105
. 2002.
37 2 129 -142
B. H. . 2001.

Acta Petrologica Sinica 2006 22 1

191 27-32
. 1996.

256 -259
Tainosho Y. 2004.
20 6 1445 - 1455

. 2003. MC-ICPMS
INd/"™Nd  Sm/Nd . 32 1 91-96
. 2003.
SHRIMP
77 3 318 -327
. 1991.
51 100-110
. 1998.
1-5
. 2002. LP MC-ICPMS
Sr 31 3 295 -299
. 1996.
139 - 162
. 1992,
25 37 -52
. 1993,

122 115-125

. 1991.
211 17-24
. 1994a.
10 -36
. 1994b. PTSt - -
68 1 35-47



