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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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Fig.1 Geological sketch of Altai showing the distribution of Precambrian metamorphic rocks, based on Li TD et al. (1996)

(Hu AQ et al. , 2002)
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Fig. 2
rocks from Areletuobie to the southwest of Qinghe County
(from Li TD et al. , 1996)
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Fig.3 Geological sketch of study area after 1: 200000 Ertai and Deliu-Qinghe geological map showing sampling locations
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Table | Major( % ) and trace element(10°) compositions of Qinghe gneisses

B H A
BRE 02XA42a 02XA-42b 02XA43a 02XA-43b 02XA-45a 02XA47a 02XA-5la
Si0, 59.75 55.24 73.84 64.50 62.26 50.49 64.47
Ti0, 1.56 1.39 0.31 0.74 0.84 1.09 0.68
AL 0, 15.15 19.39 13.18 15.53 16.74 19.39 15.52
TFe, 0, 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
Ca0 4.95 4.17 1.38 2.77 1.49 7.43 3.10
Na,0 3.13 4.40 3.83 3.05 2.33 1.13 3.37
K,0 2.58 3.40 1.81 2.77 2.75 3.01 2.64
P,0;, 0.43 0.40 0.07 0.17 0.16 0.12 0.11
Lol 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 B 5 iE iE na iE il il iE
Cs 8.70 9.12 7.50
Se 16. 66 9.44 18.7
Ti 9628 1962 4891
v 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
Z 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
] 3.16 2.749 3.03
La 30.55 4.28 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
Tb 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

SVTE  ERTTRASIEE XS, MR T K AR M
" DF =10.44 -0.218i0; -0.32TFe, 0, -0.98MgO +0.55Ca0 + 1.46Na, 0 +0. 54K,0( EBE H A )
K-A EHHIIE 4 %
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Fig.4 K-A diagram for Qinghe gneisses
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Fig. 5 Chondrite-normalized REE patterns (a) and PM-normative spidergrams (b) for Qinghe gneisses

£2 WARKEH Nd-Sr BERELRARK
Table 2 Nd-Sr isotopic compositions for Qinghe gneisses

Rb Sr Rb g Sm Nd Wom N4

tpm
20 Is, 20 ena(0) founma &na(t)

(=]
FES 107 (107) ws wg (107%) (107%) 1ng  1apg (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
02XA43 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 -0.38-1.8 1.23

ST BEER SR , X
HE o EF AP N/ Sm =0, 2137 ,%143/™144 =0. 51315 ; 1+ 5 eyq (¢) i, =0. 28Ga
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Fig. 6 Cathodoluminescence images of zircans from  the
gneiss
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#£3 BUHEEREA SHRIMP U-Pb FHHER
Table 3 SHRIMP U-Pb data of zircons from Qinghe gneiss
2o py, U Th  PTh 26pp*  26pp/28Yy 207 pp,/2%6 ppy P 7pb* **pb*
J=8=1 ° o tlo £% £% £%
(%) (x107%) (x107°) 28y (x107%) 4k (Ma) it (Ma) 206 pp, * By =y

Al-l  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

Ad-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

AS5-1  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 0.9% 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
Al10-1 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-l1  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
Al2-1 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
Al3-1 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
Al5-1 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

FRFIRIREIIN Lo;Pb, 71 Pb™ 535103558 Pb M SYERE Pb; SRAAR ERYIR% A L. 6% ; @V ERLAT™™ Pb SLH{Y ;

3207

T —BHFEREE R, IR R R X E R Y RARE,
MR R T &A%%Z T RN TAER, 6] LAERT ME R 5
FEREHENEL, BERLTEMGRANRES T aE
WELT U-Pb R EER, FFHENICH, AXHTEE,
BRERERARMRRE L ER T EANPN - REE
H AT, RERGRSAMEN ENERBXER,
FESTHARET AN AR Z G0 Ar” Ar JFER S
52 275Ma 1 270Ma( BB EFH,1997) RIERK IEHH,iER

15 spots
without 1 spot(13.1)

2spp38Y
2
®

Mean=281.2+3.1{1.1%]2 0

0040 e s ™ T BT i L1 7 A P 20— U R s R T B B
0038 (errorbarsare2 ) A S — Moo 3 FE R B 1 LA AR B — B B AR AL
00 0.2 0.4 0.6

ZURER B T —HEHH WA, Laurent-Charvet C et al.
(2003) ZE TR EAEHMX PR BEELF TR ARG
B Ar/® Ar FEIREE R A N BUR F 8T NW-SE [ f BY V147 &
A 7E 280 ~290Ma, E B /R i X B 20 = H W — # A
B SMA T EMANA KN A ArER (260 ~245Ma)
Rt 4k B9 4 5 7 Y A8 S0 A o = AR M IR AR A I
. F 245Ma( Laurent-Charvet C et al. , 2003) , Sengor AMC et

207Pb/235U

B7 HRETREA U-Pb kA
Fig.7 U-Pb concordia diagram for zircons from gneiss

A B RE TG U-Pb e M55 R R B i
BXHE TR S8 R E S R A 10 R B R 78 R A

B, BUS KRZ 7 T 35 20Ma, 37 i 30 157 2= 281 =
3Ma, EAERHPIREY, EENERUREANEKIR
FHERANEORRTREERNBER IR, SR AN AR
BORATUARARHES, WEOTIRE WL, 0 H K
&) Nd-Sr R H R E U R A+ & A R s
BHERMFERR B2, FIREFHAHN 15 MMRJHT

al. (1993) PR BIYIH7 49 GLEB AT LAA R 2000 km, I E K FE
IS & AR R — B 48 (Sengor AMC et al. , 1993) , Xiao W]
et al. (2004) 12 H P BT/R & LLA#F (FEh FRBE L -HH
FRR-FHEER)RECEHFE_BLHE . i adtmEAR
W B 38 A PR - S SR R I ALY (Xiao W et al. , 2004) ,

AP T REEL TH/RFHWIHEE
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WL A BRE R 15 DA TR U-Pb F 6 (281 +3Ma) XE
BRIC T T 2 R T R A W B[R, T A
o & R U P A IR B S SR DL A Ar SR
BT 465 R A AR R T8 2D M B 1 L A AT
8650 o A AR T B A A RO R Y R KL (L 78
— T

5 &

REFXH N AFRHX LA P #G U-Pb SHRIMP F
4, A HIT R M ERIL2E T N Sr R RA RS R, 5
BTSSR

() HFMAFERE X HBENIE BIEREEEHTHKE .
BES EHRESE. EERAEMESHEYTRILE KT
AERGE(BNKER ERNKERZELRE) TEA,
BIBRARAERS ARERD RIS, TEAMETE,
PR Nd-Sr M BT~ HIEE TR TS INAE
ik,

(2) i FH SHRIMP 47 U-Pb <24F , 3k18 T H W B Fars
XA S PSR A E R R B AR R 281 £3(20) Ma
(MSWD=1.2), & GRHBRECESIFMEELER, BRED
KIERSEREMBE X, PP E AR ELGHTE, A USSR
I ThU WEBHRA BRY SFERERBA XK. Hit,
B RRE A U-Pb R NE 45 R R B X X B3 AR A
S5EXEHRENNMAEBRAEMAR, WEEH T XY
20Ma, L W 10 1 1% 2 281 +3Ma, WFA A R BT AG
HRLHEHATHAXNERER. Bl IRERA I
BXERE R RIERDHZE" WS,

) BURFHE T H P H T RCE 4G U-Pb 48
B UREMEREPANAMER B A/ Ar £, i
R TFIRBE I GG AR —REENH & E-T KR
fER-th R a8, A RSB EERG T
HEE R SR KRR RIRA X%, HEH— 8T,

¥  ABFP#a U-Pb SHRIMP 437748 ) b = 3 5
BHEBAL R B T HE AT F OB — REFX N X 5H
By TR AT B 2R EREBET M BRI E B ST BT R AL B 4
RFE MR EE R LR FHAFH BA-A1E, e — B
RLHIBE.
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