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Abstract: The Awulale tectonic magmatic belt is an important Fe-Cu metallogenic zone in western Tianshan

Mountains, with especially lots of Cu deposits and ore spots discovered in the western Awulale. Nevertheless, the

kS HHA: 2018 -08 —12; #EZ HHEA: 2019 -06 -05: 4wig: AHiEN

EeWm B: H KB # 1R (2011BAB06B02 ) [ 5K B 48 BE 4% 2 4 I H (U1303292, 41072069 ) [ Hb 5t i 2 5 5 H
(12120113057300, 1212011220926)

EE® N TIRAMEC1989 — O, 5, WL, §#¥%. E50% 0 IK¥ L, Email: ding821032987 @ 163. com; W REH: #iH A
(1962 - O, 5, &%, WMiLASI, NFT RS0 % & 5T M BEE 55, E-mail: chunji. xue@ cugb. edu. cn.



588 wOAR O W ¥ & E 38 4

Permian geodynamic background and the metallogenic environments in this area remain unclear. Middle-high potas-
sium calc-alkaline trachyandensite newly discovered at the bottom of Wulang Formation section of volcanic rocks in
Qunjisayi area was studied in this paper. La-ICP-MS zircon U-Pb dating of trachyandesite yielded a **Ph/>* U
weighted average age of 300 +11Ma. Trachyandesites in Qunjisayi area are geochemically characterized by enrich-
ment of light rare earth elements (LREE) and large-ion lithophile elements ( LILE, such as Rb, Ba, and K) and
flat distribution of heavy rare earth elements (HREE), together with strong negative Nb, Ta, Ti anomalies. The
rocks have whole-rock eNd(¢) values of +4.5 to +4.9, and Nd isotopic model ages (i) of 808 ~765 Ma, indi-
cating that the rocks originated from a fluid metasomatic mantle magma source. Similar to features of a large amount
of granite exposed in the northern part of the central Asian orogenic belt, the ¢y, values are relatively young, and
the acidic rocks in the study area have similar isotope geochemical characteristics. The magma probably came from
the partial melting of the new basaltic lower crust. The West Tianshan Mountains entered the past-collision
evolution stage in the Early Permian, and the formation of the high potassium calc-alkaline trachyandesite magma
with arc features might have been related to the partial melting process of the new basaltic lower crust during the up-
welling of asthenosphere material and energy that resulted from the break-off of the oceanic lithosphere plate tail that
postdated the closure of the North Tianshan Ocean, which was the mark of the final stage of the evolution of the oro-
genic process. Meanwhile, the tectonic system correspondingly changed from the subduction extrusion background
to the extensional tension background.

Key words: intermediate-high potassium calc-alkaline trachyandensite; Early Permian; western Awulale; West
Tianshan Mountains; geochronology; geochemistry
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Fig. 1

Geological map of the Chinese western Tianshan Mountains showing the major sutures (a, modified after Biske et al. ,

2010, Gao et al., 2011 and Xiao et al. , 2013), regional geological map of the western Awulale region (b, modified after Geolog-

ical Bureau of Xinjiang Uygur Autonomous Region, 19799 and Song Zhirui et al. , 2005, and geological map of the Qunjisayi area,
western Awulale (¢, modified after Shao Xinglai et al. , 2010®)
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Fig.2  Stratigraphic column of the western Awulale region and main rock types
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Fig. 3 Geological section of volcanic rocks of the Lower Permian Wulang Formation, western Awulale, Xinjiang
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Cathodoluminescence ( CL) images (a), U-Pb concordia diagram (b) and chondrite-normalized REE patterns (c)

of zircon grains of the Qunjisayi trachyandensite in the Awulale area
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H62.73 x107° ~923.12 x 10 %, #5110 Th/U 18K
0.08 ~1.20, ZH B A MR Th/U H KT 0.4, 5
5 R S A7 — 30 ( Hoskin and Schaltegger, 2003 ) .
A3 AR RS IR IR B A UKL T B8 Dk 5 2K D B i e I
Tt v R 2 5 A e 1 2 A B A, 8 00 A A Uk 4
ANTER, EHL 7 A5 A BORLAS H LA-ICP-MS U-Pb i
BOTFHJ4ERE #3300 £11 Ma (n =7, MSWD =2.4), 5
B 7 280y DY B e 8 v ELAR T I N 5 BE A 8 AR X
aU# Sr-Nd [l 47 3% 4R ¢ 298 = 7 Ma (4= # )7 46,
1997 ) F Aok B BE & 5% 4K 55 B4 il vh IR i 4L
7 LA-ICP-MS #: f1 U-Pb 4E# 290. 9 + 3.3 Ma
(MSWD =1.3)f1296.3 +3.1 Ma (MSWD =1.3) 3
A—FCT P55, 2014, i B 5 BEAL K 1l ek
AR St

Hachmhesamm oo g S EILER 2. B
SN, 2 50 S (Sm/La)  fHAE 13 ~ 1 206 2
], 5525 % B IR 5 47— 20 Hoskin, 2005) o fE4E 1
s Loc g Eob A AR e AR CIE 5S¢0, 2 50
AU A3 M2 1n) 20 BEf, HL BT 21K Ce 1E 5% R Bu £t
S D E T AT B Ce 1IE R RIE La
=, IR W Ea .
4.2 JTEMENHEMIEFE

M FEIOGENMEILR T4 R INEK 3.
M3 rnf L Al e 2k & A R AR CLODD
(1.04% ~2.17% ), FRWFE MBI LD TR/ LK)
PhAR . A FES Si0, SN 54.93% ~57.18%,
HA KR Tio, & #(0.93% ~1.07% ), MgO &
H(3.24% ~4.44% ), TFe,0, WIS RN 7. 41% ~
9.66% , Mgt Jj 41. 87 ~52.29. Hl % E ) CaO &
w=oh3.32% ~ 4. 22%, P,0, & N 0.32% ~
0.47% , ¥ h s o, HATRARH A/CNK {E(0.77 ~
0. 85) AL A/NK B (1,16 ~1.31), HA & 5
% i (Na,0 + K,0 =8.00% ~9.52% , K,0/Na,0 =
0.02 ~0.92), BRANJIFE S Ah, K 22 HOk bt J& T v s B
PR RINCE 6) .

BORE B5A AR E A A L o B LR (TR 720
P A R 22 25 35 8ot — 3 R o0 22 0 B
EHERW LR, v ER LITE, (La/Yb) M
(La/Sm)  fH43 0 3.34 ~6.79 F11.92 ~3.65(F
3, ERREWEER o E WM. TAFE R
B 5 A & s R M) Eu f 53 5 (8Eu = 0. 55 ~
0.77), R 2E RAET — BRI RHC A 47 2 4
mER, M L C R B T . TR R

AR E Ak X 1 C I 7h ) R 2 A il S os 7 i
587G # NbTa F1 Ti, & 4 KBS 1256 A1 7% Rb.K.

4 {22 2 A Y Rb/* Se BT Se/ Se i 43 il
70.240 7 ~0.945 9 Fl 0. 706 227 ~ 0.709 225,
Y Sm/ M NAFI'"™ N/ Nd 4351 4 0. 132 5 ~0. 140 7
F10.512 744 ~0.512 779CF£ 4) . BEHERM 225
HA X @ 1 7 Se/% Se), {H.(0. 705 19 ~0.705 86),
IEM) eNdCeOEC +4.53 ~ +4.90) (£ =300 Ma), H: Nd
A7 2% B B B 20 AR 08 Crpy ) A 808 ~ 765 Ma, £
eNdC)—(YSr/%Se) | KR 8) v, Ml 2 B AE
Mg AL H b AL R IR ol AR R
IR (YSt/*Sr), =0.720 0, eNd(1) = -7, #155
B4R, 2010 JAH LG, R Z2E A A AR (7 St/ %S,
) eNdCe i HE 5% AR 22 20 B4 T R
Ly A e tH R 22 5 X S R L 8) .

5 Wi

5.1 BAMREA

BEEEKHLX F B R S A K& TA
() P S ) A il A, L rhORH 22 2 R I AR A il AR
(LOL=1.04% ~2.17% ), WAl N ol WaRH A Kk AE
BRI 2 e A A BRZE = BEAK, H A5 35X A G (1) e A
R, —2850 M Fe Al Ca Mg REE F1 HFSE( 4
Nb.Ta) & #H X 2 %€ i) ( Beswick, 1982; Barnes et
al. » 1985), FyAMINHT TR, BRASTIFE A b, K55
il 1) A - R0 Ak e 28 T 0 A 2P e ol — 3
70, BRI, AT RAIA A ik A 3ok R 5 0 3 e s R
F 1) G 25 T AR B IR ), IX B R E T # AR 4L
AR AT B8 VA R T2 S o R B DX R AR AE, mT UH SR B
A AT R DR R 3 A5G

BEEE O 2 A B R E R EM Lo R
S8, Ho Yb 3255 B C ] Ta), 2 B L5 X 5% 4 4
B (Zhu et al. , 2008) . Nb.Ta F1 Ti [ 515
W CE Th) W RER R A KIRIX A S A A5 E Ti )
BB BEEBEROHL A R B R K TR Aot
7 R s R I R ER AL SRR AE, IR B AT
Th/Ta {8 (16. 59 ~ 21.59) 1 La/Nb {8 (1. 95 ~
3.95), 7R L JRUUR A B R T 52 A v AR Bk ps DR 1)
PRI AR AR I HBME HL( Conly et al. , 2005) , HJE ik
Al fg 5 R AR AR RS i ¥ 3 4 A G C Condie,
2003 ; Innocenti et al. , 2005) . FEMi T ICE LR =,
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%55 THRAE S VOR Ll B ) 7 B B R 2 AR AR S R b BR AL 2 R AIE 597
3 HEFRBE_BHHERELEETE(wy/ % AMET 2
_ . Ry 15
F(wy/10 ") HER L F HIE P
Table 3 Major (w,/%) and trace (w,/10 °) elements
data of the Lower Permian trachyandensites in the western LERiEs Wiy | WEE
Awulale, Xinjiang % 0F s eSS
FEALE DOS4-1 DOS4-2 DO54-3 D054-5 D054-7 DO67-1 DOG65-2 )
Si0, 54.93 56.99 55.97 56.13 56.32 55.36 57.18 E'
TiO, 0.97 0.93 0.98 0.99 0.95 1.07 1.00 T sk
ALO, 16.06 15.18 15.74 15.70 16.00 15.71 16.25
TFe,0; 9.10 8.91 9.08 8.95 8.76 9.66 7.4l
MnO  0.27 0.15 0.16 0.14 0.20 0.29 0.11
0 L 1 1 L L 1
MgO  4.36 3.24 4.44 432 3,98 3.97 4.10 T e
Ca0  3.64 3.60 3.62 3.91 4.01 3.32 4.22 W(Si0,)/%
Na,0 6.22 4.95 6.85 6.89 6.97 7.99 7.0l sF b
K0 1.86 4.57 1.07 1.11 1.20 0.19 1.16 & ArHlis
P,0s  0.34 0.34 0.32 0.33 0.33 0.47 0.36 - X HLE (IS, 2013)
A/CNK 0.85 0.77 0.83 0.80 0.80 0.81 0.79 6
A/NK  1.31  1.16 1.27 1.25 1.25 1.18 1.27 -
FeO 4.20 3.15 3.65 3.25 3.45 3.50 2.70 a
Mg* 48.70 41.87 49.21 48.88 47.37 44.88 52.29 ¥ 4t
Ol 2.17 1.04 1.70 1.45 1.18 1.91 1.11 =L
TOTAL 99.92 99.90 99.93 99.92 99.90 99.94 99.91 2
Be 1.29 3.02 3.44 4.54 2.00 4.35 5.05 2L
— .pil'liﬁﬁﬂ’-f‘ml
Se  25.60 23.90 25.00 29.10 18.90 27.00 28.40 — o O
v 346 354 356 325 339 280 316 o — -t - BEZRARI
Cr 40.60 39.50 42.30 46.10 41.40 31.40 36.40 45 50 55 60 65 20 75
Co 21.60 20.90 18.80 20.20 17.80 28.60 13.30 W(SI0)/%
Ni  23.10 17.90 23.30 21.30 20.00 16.20 19.40
Cu  42.40 104.00 10.70 8.40 13.30 1628.00 9.33 Kl 6 BESTEACH 2 Kl TAS 0K EME Ca, T Le
Zn 258 282 142 134 90 91 46 Maitre, 1989) Fl K,0 - Si0, 2B f# (b, # Rickwood,
Ga 17.30 13.50 16.90 16.20 14.70 17.50 16.40 1989)
T 2500500 104490 D0 S0 A0 6 TAS Cay after Le Maite, 1989) and K,0Si0,
T
y 2960 29.40 27.70 29.50 22.50 31.90 30.80 (b, after Rickwwood, 1989) diagrams of the trachyandensites
Zr 258 252 262 260 235 299 274 in the Qunjisayi area
Nb  7.88 7.76 8.02 7.66 7.16 9.74 8.13
I‘g‘) (1) 2; (7);2 (1)‘5*: éz‘l‘ 82‘7‘ égi (l)zz B CIEl 7a) P e 220k X B C B 7h) v, 8 55 1 46O
S . . . . . . . N N R
La 1540 20.80 19.80 18.90 15.50 20.00 32.10 I, F8 R G 1T e LA AHARLIR S 2 R X, T 78 A 42
Ce  37.60 44.30 42.20 41.30 35.40 46.40 51.60 . e e ,
b 5 ) Je R B REES L — W R B &S N U
b 507 578 545 S5 460 6.2 5ol P Je RS — A T R B AR SR
N 2 Ay < I\ 2 Ay A (SN} >
Nd  22.30 24.60 24.10 24.00 21.10 28.30 24.80 B, — B IR YE A Ikl e i, e
SEm f;g ?;21 ?Z f;‘g ‘l‘fi fig ?gi FSCARE A A 2 55 405 v AR A S 5 AR AR A AR ) b B
u . . . . . . . N = N N
Gd  5.08 4.97 523 4.8 419 5.75 5.12 PEER O R AT 0% CR K 5%, 20055 2 75 4%, 2009
T 0.92 0.91 092 0.87 0.79 1.04 0.90 zhu et al. , 2009; E 4%, 2011; An et al. , 2013; T
Dy 5.44 533 5.10 5.42 4.65 6.36 5.47 e
At
Ho 1.0l 1.05 0.99 1.07 0.93 1.19 1.08 S, 2019) .
B 307 3210 303 309 274 364 3.40 CEEELS ML e BB A M A T B,
Tm  0.49 0.54 0.51 0.56 0.45 0.6l 0.53 A g , yo s
; A YK 22 G ®
Yb  3.31 3.31 3.30 3.3¢ 2.78 3.68 3.39 WA R At DA o 2 L LR 2 AR BL I 2 S X
Lu 0.56 0.60 0.54 0.55 0.49 0.60 0.55 FFAE o K225 R 25 1y, {4 808 ~ 765 Ma, 55t K
Hf  6.68 6.81 7.46 6.89 6.16 8.08 7.41 50 a2 2 A s S
; < 17 ZH ¢
T2 053 049 05 056 044 06 056 LA e tH: R Ay B ) 55 I8 SR OS2 kil
Ph 78.20 178.00 25.10 28.60 77.80 7.42 8.0 (991 ~637 Ma) FlH7 IR FBOA YRS $7 7 1 4l Kl 45
Th  8.89 9.23 9.39 9.26 7.27 13.30 9.91 (1070 ~810 Ma) A s s ke A
~ ) ¢t PLC IEZE, 2006;
U 267 279 2.8 228 1.8 3.8 2.59 a) ] DMJEEIE%*HU‘ %7'1( o o
(La/Yb)y 3.34  4.51 4.30 4.06 4.00 3.90 6.79 Zhu et al. , 2009) , FE7R I H By I K 1L 25 MR A0 27 R
(La/Sm)y 1.92  2.43  2.29 2.22 2.05 2.08 3.65

ik FAT 5 B 3008 1K) A SRR R B P R
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10000
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FE i/ bt

AL A S 7 L4
o PSR k(P AR, 2009)

P Zr Sm Ti Tb Y Er Yb

ooty T v T
Rb Th Nb K Ce

K7 BESEEEACOR 2 A L T F BRI A AR Ca) R 7 28 B G 2 A v AL B8 () CRREALE S Sun T McDonough,
1989)

Fig.7 Chondrite-normalized REE (a) and primitive mantle-normalized trace element (h) patterns for the trachyandensites

in the Qunjisayi area (after Sun and McDonough, 1989)

x4 BHEFRE-ESHHERE Sr-Nd BMLESTER
Table 4 Sr-Nd isotopic data of the Lower Permian

trachyandesites from Qunjisayi area

D054-1 D054-3 D054-7 D067-1
8T Rb/30 Sy 0.9459 0.5057 0.4133  0.2407
878808 0.709 225 0.707 794 0.707 622 0.706 227

+ 20 0.000 011 0.000 011 0.000 011 0.000 011
(378r/308r), 0.70519 0.705 64 0.70586 0.705 20
T Sm/ 1 Nd 0.1407  0.1397 0.1398 0.1325
3Nd/ " Nd 0.512779 0.512770 0.512760 0.512 744

+ 20 0.000 011 0.000 006 0.000 006 0.000 009

("Nd/"™Nd),  0.51250 0.51250 0.51249 0.51248
eNd(1) 4.90 4.76 4.56 4.53
tpu/Ma 778 786 808 765
Ipyn/Ma 665 676 692 695

town M B BEBE USRS, 80305 SCHR (Keto and Jacobsen, 1987), 1}
FECYTSe/%0 8y, Fl eNdCo) {HAl FAE S T}y 300 Maso

P LA Sr-Nd [ 47 25 M BR 4b 2 1F 90 45 B TR,
PG L e G A DX R 1 KL A AT RE )
Rl — MBI E R I 32 45 5 4% S A LRI [A]
IR GAE IR =4 — 2 30 2 i 56 350 2 445 R 11 7= )
CHr 5% M, 2014 ). T HF 35 % KM 22 25 FF L i)
(¥Sr/*Sr) Al 4 0.705 20 ~0.705 86, eNdC){H A
+4.53 ~ +4.90, FLAT A BAR 1) Y Se/%Se) AH Fl
IEH eNd CoO A, 5P AN Xl eNd (o) H
( +5.05 ~ +6.86) (AEEHARTIESE) AT, W7 A 2
T BE H X BRTUA H 45 A A3 e BER T AR b 5 A I
Rl AR o SR, ARG T B b B R AR X U R
LAY B 45 A (B 9O (fE3 R TI R,

RO A 222 AN K] R H X sV Sl 45 i 40
M. K245 (808 ~765 Ma) b5 o i 3 11147 b %
H R R KA B A AT AL B AR AR 1 1 1 C LK
2155, 2013), R WK 22 B X OB A e .
2 U XN R SCE ( +4.66 - +5.13,
THRAEE, 2014) AERBEA C+2.11 ~ +2.70, 7K
20, 2013 AN K BT C +4.19 ~ +5.19, 2454,
2017) 1) eNdCe) B A 1 22 ¥ [l — 30, R B IX Le R 2
FH AR AT RE H BT AR 1 i T e SE S A s R ok . AR X
RUER KA W R M S K RIE s 17
H AR IR S Tz b X [RH 22 17 7 R = 1 % i
Hiu5E B F 2 Rl CREZNAREE, 2001) .
5.2 MEBESMHMARLER

o < 860 VG B K RIS 2 5 1R S b
PREG DR 22 o, W AR K3 TR A1 0 3R (Rb. Ba K.
Pb) A1 Th U S&1E JC 3R, MR #5358 76 3R (Nb.
Ta A1 Ti) , X HERFAE AL BT 00 by Ll s 1)
BRAL 2245 4E ( McCulloch et al. , 1991). £ Zr/Al0O,
-Ti0,/AL 0, I Ce/P,0, — Zr/Ti0, (K 10),
FH e A B s LR b, B A0 K Bl R B, 15
ANHE R RO 22 5 T R R A6 R L A R ) A B B
AR TSR 5T R OR B B A
HEAS T8 R L el g o o B AR 2 1A RRI
9% ( Zonenshain et al. , 1990; Mossakovsky et al. ,
1993; Sengor et al. , 1993; £ X5, 1995; Sengor
and Natal’in, 1996; Jahn et al., 2000; Kovalenko et al. ,
2004; KKk &, 2005; Windley et al., 2007; Xiao et
al., 20130« VYR INAERE S AR A T S0 F v i AfT
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Fig. 8 The eNd(¢) versus (¥Sr/**Sr), diagram of Qunjisayi

trachyandensites
B Vg s s R SR 1 A 2 SCAE (2006, 75 K LI A e TR 222
A A R A R ECE HUR K Zha 55(2009) 5
Ry A ARTE B A HUR K A Long 4520115 K bR & 1
W1 5 45(2010)
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