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Abstract This paper reports the isotopic age of Qi'eshan Group, the wallrock of Tuwu-Yandong porphyry copper deposils in eastern
Tianshan mountains. The analvses by SHRIMP shows that the zircon crystals separated from the andesite within Qi'eshan Group have
the concordant U-Ph age of 336.5 £6.6 Ma, and the Sm-Nd isochronic age of the hasalt and its constituent minerals, diopside and
plagioclase, collecied from the same group is 334 +36 Ma. These results conformably demonstrate that Qi’eshan Group was formed in
early Carboniferous epoch. The hasalls of Qieshan Group are of island arc tholeiite series, and are characterized by moderate
enrichment of the LREE relative to the HREE. 'They all show significant enrichment of large ion lithophile elements and relative
depletion in high strength field elements relative to N-MORB, indicating that Qi'eshan Group was formed at a subduction zone setting,
in accordance with the tectonic discrimination diagram. The geochronological determination of Qi'eshan Group provides important

constraints for the petrogenetic and metallogenic age of the deposits and its tectonic setting, which were much controversial issues

hefore.
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Table 1 lsotopic ages obtained by previous studies on Tuwu-Yandong porphyry copper deposits
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Geological map showing sample locality ( modified from Ma Ruishi et al. , 1993 and Liu Dequan et al. , 2003 )
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Table 2 SHRIMP U-Pb results for the zircons from the andesite (sample TW-6-1) within Qi’ eshan Group

i U Th Th/U MWy - 07 py < lo W7 ppy* lo Wopy, v, lo 206 pp, /238 to
T (nee) (uee) WU (@) ML (x%) Wy (%) WU (%) FR(Ma) (£%)
1 317 243 0.77 0.79  1.66 0.0524 84  0.38 9.1  0.0526 3.6 331 12
2.1 315 265 0.8  0.87  1.07 0.059 67  0.402 7.2 0052 2.7 3281 85
3.1 413 361 0.87  0.90 1.95 0.051 4  0.353 4 0.052 2.7 3156 8.4
4.1 410 197  0.48  0.50 0.9 0.0492 56  0.39 6.2  0.058 2.6 3657 9.3
5.1 353 329  0.93  0.96 1.90 0.0556 13 0.441 14 0.0574 2.8  360.0 9.7
6.1 300 258 0.86  0.89  3.05 0.0440 15 0.336 16 0.0554 2.8  347.4 9.5
7.1 275 255 0.93°  0.96  2.82  0.0550 15  0.407 15  0.0537 2.8 3372 9.
8.1 228 18  0.82  0.85 1.8 0.055 9.3  0.418 9.7 00537 2.8 331 9.2
9.1 480 581 .21 1.25  0.75 0.0542 5.4  0.38 6.0 0.0515 2.6 3240 8.1
10.1 2142 174 0.72  0.74  0.84 0.059 7.2 0.438 7.7  0.0531 2.7  333.5 8.8
1.1 122 63 0.52  0.53  5.03 0.037 40 0.26 40 0.0497 3.5 313 ¥
2.1 134 51 0.38  0.40  3.03 0.0544 18  0.39 19 0.0528 4.3 332 14
13.1 211 113 0.53  0.55  1.60 0.0477 Il 0.344 2 0.0523 2.8 3285 9.0
14.1 24 176  0.78 0.8  2.33 0.0498 12 0.365 13 0.0532 2.9 3339 9.4
15.1 266 282 .06 1.0  2.10 0.0551 15  0.435 15  0.0573 2.8 3589 9.7
16.1 229 167 0.73  0.75  0.96 0.0644 6.9  0.502 7.8  0.0566 3.6 355 12

T+ Logs (% ) Fo b OO IE P 16 S A9 Ph o1 (4 5 17 43 L, 35300 AT IR Y Pb K2 TE

R3 LBUBHZXHEHR TVW4 K Sm-Nd BRI RAN
Table 3
within the Qi’ eshan Group

Sm-Nd isotopic composition of basalt sample TW-4

HA/HH Sm (pg/g) Nd (pg/g) Sm/ ™ Nd ¥ Nd/'"™Nd (20)

Eoeay 5.452 23.47 0. 1407 0.512793 (12)
EELN 6. 806 20.39 0.2021 0.512924 (10)
BHE A 0.2387 [.355 0. 1067 0.512688 (51)

FARG I NN 78 B R I AR IR IR 2 Rk
R S0 25 RA PR R H G A9 B R 2 A
ERMEERNRIZFRESENEEH O RIEIREN
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HERTIZHZE Klea R4S RRL EREHAE. i TR
A o DL 73k 1 R ZOR i B B H AT 1k iR A
A KALEFE A 874 N RS I R AR A AGE L TR AT e
IR AR ) 20 B TR R X SR BT A i R A 4 1Y
HURE B A PR 1T AT i B AY S

5 JUFEHBERALY

51 ¥BLE

MF 4\ LIFE NS0, 7F 46 ~ 58. 5% 2 Ja], MgO & 1L
2.12 ~7.57% Zja], 1& Zr/Ti0,-Nb/Y B E (8 S) , KERER 7%
AZRARZNANRE,JE T W14 £ 5 (Pearce, 1996)
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Fig. 2 CI. images of zircon crystals from the andesite within

Qi’ eshan Group

ERAh BISRUE R TSR AV AL RALT T - EW
s B E ML £ w(Si0,) - w(FeO )/w(MgO) H L
(Miyashiro, 1974. [E08) . Kol 2rBEAVERE TR BE 2 B X
B AL ZRARER B TR AT KREH S K0 &
B7E0.09 ~0.57% Z[8] \Na,O & &7 1.87 ~3.51% 7 f8] , J&
THRIER
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Table 4

Major and trace elements compositions of Qi' eshan

Group sanmples

PES TW4 TW-l TWS TW7 TW8  Tw-12  TW-6-1
e ARE Zls TS TR e 200 JiRlE ZlE
FEILK(%) ‘

Si0,  46.97 46.01 48.18 50.65 50.80  53.85  58.51
Ti0, 1.76 1.87 1.28 1.10 1.07 0.82 0.66

ALO, 1770 17.04 15.75 19.37 19.11  16.44  [4.62
Fe,0, 6.10 7.23 7.77 4.0l 3.12 3.55 2.49
FeO  4.24 404 4.17 4.07 4.86 5.21 2.97
MnO  0.17 0.18 0.15 0.13 0.15 0.18 0.10
MgO 598 5.2 7.57 4.71 4.02 3.99 2.12
Ca0  9.52 7.99 531 9.18 9.31 9.54 6.88
Na,O 2,27 3.38 350 291 2.8 1.87 2,13
KO 0.57 0.37 0.17 0.09 0.44 0.08 1.32
P,0s  0.73 0.55 0.41 0.68 0.60 0.41 0.41
Lol  3.87 5.60 S5.14 2.8 3.26 3.6l 7.24
Total  99.88 99.46 99.41 99.72 99.56  99.57  99.46
Mg"  0.52 0.47 0.55 0.52 0.48 0.46 0.42
MELE (ng's)

Cr 92.3 78.6 194 127 94.1 122 45.5
Co 36.1 381 43.2 3.7 26.6 29.4 13.1
Ni 7.6 70.1 123 94.3 55.9 81.1 17.4
Ba 350 189 132 107 180 52 196
Rb 8.76 5.29 2.69 1.l6 38.56 0.41 52.2
Sr 560 716 476 712 806 782 257

Nb 5.38 5.80 3.52 2.43 3.56 1.68 3.27
Ta 0.43 0.40 0.31 0.19 0.23 0.17 0.28

Zr 142 151 134 82 108 64 157
Hf 3.34 3.50 3.09 204 2.57 1.73 4.38
Y 23.2 244 27,6 16.0 17.2 13.4 19.2
Se 22,4 24,4 29.5 20.4 20.4 17.9 13.2
3 225 239 219 191 208 181 141
Th .30 1.00 0.54 0.68 L.45 0.53 3.84
u 0.25 0.24 0.14 0.26 0.4 0.18 1.40
Ph 4.77 3.36 0.76 3.51 6.02 3.98 5.26
La 14.57 16.07 6.47 7.42 17.19 5.71 9.33
Ce 34.68 36.75 18.79 18.03 41.95 14.08 22.67
Pr 4.51 5.11 2.8 248 5.83 1.98 3.04
Nd 20.70 22.64 14.79 11.90 26.99 9.60 13.55
Sm 4.91 5.22 4.15 3.00 5.75 2.39 3.20
Eu 1.65 .81 1.44 1.11 1.83 0.98 0.77
G 5.19 475 5.52 3,55 5.10 2.77 3.59
Th 0.75 0.78 0.80 0.47 0.64 0.39 0.54
Dy 4.22 4.48 4.8 278 3.32 2.32 3.30
Ho 0.86 0.91 1.03 0.57 0.64 0.49 0.68
Er 2.37 253 278 1.56 1.62 1.35 1.94
Tm 0.32 0.35 0.39 0.22 0.21 0.18 0.28
b 2,04 217 2,46 1.38 1.32 .22 1.86
Lu 0.3t 0.33 0.37 0.21 0.20 0.17 0.28
Y REE 97.07 103.89 66.70 54.67 112.58  43.64 65.03
(la’Yb)y 5.1 5.3 1.9 3.9 9.3 3.3 3.6
(Gl7Lu)y 201 1.8 1.8 2.1 3.2 2.0 1.6

3ku .00 111 0.92 1.04 1.03 1. 17 0.69
11 Mg = mol Mg/ (Mg +Fe ™ ); 8Eu = Euy/SQRT( Sy~ Gd, )

0.650+
0.046 1
0.042 . :
0.00 0.20 0.40 0.60
207p 235
E3 4% 4 SHRIMP U-Pb i Hi[E
Fig. 3 U-Pb Concordia plot for zircons analyzed by
SHRIMP
0.5130
0.5129
‘2 0.51284
E 0.51274
z
} Age =334136 Ma (20
0.51264 _ R
Ing=0.512483E42 200
MSWD = 1.4]
0.5125 . t . t . t :
008 0.12 0.16 020 0.24

¥emi g

4 RN ZRER Sm-Nd ErT4 (5
Fig. 4 Sm-Nd isochron for the basalt within Qi’ eshan

Group
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1.89 ~5. 14 Z i), ZECEFEMIY 8Eu FBAL 1.0 Ao d K
RAKEEEEHENRK AR SERM . BREHS
TW-6-1 /R THHARMAHERT . TRIERTRHRONS
S WA ERE AR SRR LY E R EWR 1M
SOIHATA MR IE, HES A E R B3N E T o
FEHE (F 6) TR 18 L BE AT BETE B TRl #1358 -

2 B FE b N-MORB #5 o 1k i 08 i 7T K %k K B 8 7R
(E6) KB FARAILE(Sr . Ba Th) FEE# - (La .Ce %) Bj
BELNEHEITE Nb. Ta MIEH L Yb K Y FHEX 7
. SRR A S Nb/La Hh{H7E 0. 21 ~0. 54 2],
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Fig.5 Zi/TiO,-Nb/Y diagram for Qi’ eshan Group basalts
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Fig. 6
Group samples ( Chondrite from Sun and McDonough,

1989)

Chondrite-normalized REE diagrams for Qi’ eshan

Ce/Pb IL{HTE 3.5 ~10.8 Z[A (& TW-S 2 EREMN) .5
N-MORB (Nb/La=0.93,Ce/Pb =25) M L ERFH B fR{X . B
S LA AVRFE . BR A AEXT ST K F1 Rb, X IE 2 & YR hr 38
TRAMF S,

W SCRR IR #5405 Bl 4 B X R R oo 3k D 13 R
BARSBURZLRAERLR I LS. WERES
MHITENH S EBETULACRUBELZREMES FIRHE
Ht— TR . 7E Th-Ta-HI( Wood D. A. . 1980. [€]8) #i Zr-
Y-Nb( [ 9) (92 2 7 14 18 F 5 I AF o ( Wood D. AL, 1980
Meschede M. | 1986) , XA TFAERTETE BHIME R A X i —
AR RS BT A T IR A IR R TAGR

B7 R ER MM EITTR N-MORB # [ &
( N-MORB {E#& Sun and McDonough, 1989)

Fig. 7
eshan Group basalts ( N-MORB from Sun and McDonough,
1989)

N-MORB-normalized multi-element plots for Qi’

Hf/3

RS LB 2 B Th-Ta-HE F 30850 51 A
(JEEIE % Wood, 1980)

A:N-MORB;B:E-MORB; C. fi ik 9 X £ D: B KR e
Fig. 8
basalts ( after Wood,1980)

A:N-MORB; B:E-MORB and within-plate alkaine hasalt;

C;within-plate alkaine basalt; D:volcanic arc basalt

% 8

Th-Ta-Hf tectonic diagram for Qi’ eshan Group

6 WigLLiie

ASEEESE (20022) PR35 0K 15 T 39 B &M RMER
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(1) %% Sm-Nd ZE0f £k it 416 = 120 Ma, iX — 45 R
BEEETESEY 7 (25 FE Sm-Nd [6] {7 & H Ay =6t L,
FURBES 3 M E Q2 HFE B AL S 1 FRZS) Wl
BYERTLR IR AY, PR L WRFREXFE 4 S5 FEHR
KA 4 TS (EPREFT 2 NEIRRRIERS
FRGERA—BMAELE) FTURSBEFETHXARK
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Zr/4 Y

B9 ISINFE LR E Ze-Y-Nb #38% FR I 20 518 e
# Meschede ,1986)

AL RABMEZRE A L AR LR RS R A 1 B2
£+ B: E-MORB; Co#UMBIBE K MA LR X%, D:N-
MORB 1 1Lk %t

Fig. 9
basalts (from Meschede , 1986 )

Al within-plate alkaine basalt; All: within-plate alkaine basalt and

Zr-Y-Nb tectonic diagram for Qi eshan Group

theoleiite; B:E-MORB; C: within-plate and volcanic are basalt; D.
N-MORB and volcanic are basall

(R=0.997 ,MSWD =0. 23) {9 % i 28, L4 0818 5 271 Ma.
TSR E AL RAL, B F5 K 098 HR Al 2 g
ST B B Na.Si iR 1R B9 38 18 (MRS B 46 2002 ) |
Sm-Nd[FI 0 Z k RIR AT REE BIMEIR . HUE, F 3k Sm-Nd Zpf
LERERTEEHRE L.

(2) HRAZ R FOREE 7 U-Pb 14615 FILL4E IS 443 226 Ma
1393 Ma., QSRR 88— 45 Ao R R E A (e
A 2002a) TS A BR BORE SR SR HY R L R B
AICERNE L FRLL, PS5 FE 46 (20020 ) 95 18 09 Bl & i (0 7 1R &
BIRBREN:. IO TR A Zr 4 B8R, B A et e
R, MO LN 6 7T IR | B 7 B0 R T
B XERE(2003) B LR K R BT TR 2
SO TR 2 B89 SHRIMP U-Ph SF W T ST 40k 10 46
PRI R A 3201 £7.7 Ma( 8 Bk f n =9)
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