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Abstract: The East Junggar has always been one of study hotspots on the Paleozoic ocean-continent transformation and tectonic
evolution of the northern Xinjiang. However, studies of volcanic rocks in the south margin of the East Junggar are relatively
weak since studies focus more on the origin and structural attributes of Carboniferous volcanic rocks, resulting in a lack of un-
derstanding of the tectonic setting and magmatic evolution of the Devonian volcanic rocks. Here we report a detailed petrologic.,
geochemical and geochronologic analyses on the Devonian volcanic rocks from the Beitashan and Wulubasitao Formations in the
northern of the Karamaili ophiolite, to examine its formation environment and magma origin. Combining with the previous
works in this region, our study reveals that the volcanic rocks of the Beitashan Formation from the Karamaili formed during the
Early Devonian to Middle Devonian (404 Ma) , which is characterized by intermediate-high K, Ti and Fe, low Al, O; levels, en-
riched in LREE and LILE, and relatively depleted in HFSE (Nb, Ta). These rocks was probably formed in a continental mar-
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ginal arc construction environment and the magma is originated from a depleted mantle wedge metasomatismed by melt and flu-

id from subduction sediment. For the Wulubasitao Formation, the volcanic rocks formed during the Middle Devonian

(MoQinulla) , characterized by poor alkali, low K, Ti, Fe and high Al, indicating typical island arc volcanic rocks. Isotope and

trace element characteristics show it was derived from depleted mantle wedge metasomatismed by fluid from subducted plate.

According to the differences of two volcanic rocks features as well as regional geology, we speculate that the subduction of the

Karamaili ocean transformed from continental marginal arc to island arc during the Middle Devonian.

Key words: East Junggar; Karamaili; MoQinulla; Devonian; island arc volcanic rock; continental marginal arc; geochemistry;

geochronology.
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Fig.2 The geological sections of volcanic rocks from the Beitashan Formation in the Karamaili area (a) and the Wulubasitao

Formation in the MoQinulla area (b) of East Junggar
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Fig.4 Zircon U-Pb concordia diagram (a) and CL images (b) of the basaltic andesite from the Beitashan Formation in the Kar-

amaili area,East Junggar
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K2 FEBREZEZNUENEIETER(X) METR(0 ) HBEITR(107)FHER
Table 2 Major elements (%) ,trace elements (10 °) and rare earth elements (10™°) results from the Devonian volcanic rocks
of East Junggar
R B L4l LR i 5 6 T 2
FE 061-8-1H 061-12-1H  061-10-1H P0082-1H P0082-3H D8101-4H P0083-1H D8109-1H D8101-2H P0083-2H
ZREZWE ZREZIE ZRZLE ZRMEE XRMRs HEE EJIIEsy QiR Z s Z A

Si0; 50.48 52.27 54.74 50.78 52.45 54.65 57.12 57.63 58.93 59.44
TiO 2.48 1.93 1.96 0.67 0.65 0.53 0.46 0.47 0.48 0.41
Al O3 14.47 15.72 15.72 18.78 18.82 18.40 18.52 17.59 16.31 17.64
FeOT 10.96 9.51 8.96 9.52 8.78 8.13 5.78 5.92 7.02 5.04
MnO 0.19 0.18 0.15 0.18 0.16 0.15 0.14 0.16 0.14 0.12
MgO 5.23 3.65 3.30 4.27 3.82 4.21 4.36 3.60 3.76 4.23
CaO 7.02 6.09 6.44 5.56 4.47 3.38 4.39 4.89 3.65 3.28
Naz O 4.12 3.59 3.07 5.25 6.10 5.09 4.90 4.49 4.94 5.29
KO 1.40 0.86 2.16 0.27 0.19 1.12 0.44 0.82 0.49 0.43
P;O; 0.38 0.40 0.42 0.20 0.20 0.15 0.16 0.12 0.13 0.21
LOI 1.71 4.32 1.82 3.19 2.68 3.08 3.04 3.20 3.00 2.93
Total 98.44 98.52 98.74 98.67 98.32 98.89 99.31 98.89 98.85 99.02
Mg* 50.02 44.58 43.57 48.47 47.70 52.07 61.28 56.04 52.91 63.77
K;O/Na; O 0.34 0.24 0.70 0.05 0.03 0.22 0.09 0.18 0.10 0.08
Sc 35.6 22.6 24.0 21.9 23.4 22.9 19.5 17.5 23.7 15.9
\% 295.2 220.8 231.5 302 334 295 149 158 248 125
Cr 71.2 24.2 24.5 20 20 20 50 30 10 40
Co 35.2 33.2 33.0 28.9 25.8 24.2 23.1 17.9 21.9 19.6
Ni 15.9 27.0 26.9 9.2 8.4 8.9 14.8 8.6 8.3 12.7
Cs 1.77 2.09 2.89 0.23 0.19 0.43 0.21 0.37 0.27 0.19
Rb 35.5 20.2 61.5 3.8 2.7 18.6 8.0 14.3 8.0 7.9
Ba 292.9 415.9 589.6 144.5 132.0 304 198.0 223 141.5 199.0
Th 5.24 5.21 6.17 1.51 1.43 1.27 1.53 0.83 1.23 1.42
U 1.07 1.11 1.37 0.62 0.59 0.45 0.56 0.37 0.44 0.53
Nb 8.0 10.2 10.8 1.2 1.3 0.9 1.4 1.5 1.0 1.4
Ta 0.8 0.9 0.9 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Pb 6.9 9.2 9.2 4.1 3.4 3.0 3.1 2.0 4.4 2.1
Sr 402 449 734 521 413 486 509 466 567 356
Y 37.6 34.1 35.7 19.4 19.2 14.2 14.7 17.0 12.8 15.1
Zr 221.8 269.4 283.1 70 70 53 82 81 48 75
Hf 5.7 5.7 7.4 2.2 2.0 1.6 2.3 2.3 1.4 2.0
La 17.6 28.1 27.9 12.2 11.2 9.6 10.3 6.3 8.0 10.1
Ce 41.1 61.5 61.5 29.7 27.9 21.8 24.9 15.2 18.6 24.1
Pr 5.72 7.65 7.86 3.95 3.81 2.77 3.33 2.05 2.43 3.22
Nd 26.3 32.5 33.6 17.1 17.0 12.2 14.2 8.9 10.6 13.8
Sm 6.78 7.40 7.57 3.90 3.80 2.76 3.07 2.29 2.48 3.13
Eu 1.99 2.06 2.17 1.29 1.31 0.93 0.99 0.78 0.76 0.98
Gd 7.05 7.04 7.49 3.87 3.73 2.63 2.91 2.67 2.37 2.78
Thb 1.18 1.15 1.22 0.52 0.51 0.37 0.41 0.40 0.33 0.38
Dy 7.15 6.70 7.04 3.47 3.17 2.42 2.53 2.74 2.17 2.52
Ho 1.42 1.31 1.37 0.78 0.68 0.56 0.55 0.63 0.49 0.54
Er 4.19 3.76 3.98 2.27 2.04 1.56 1.51 1.83 1.39 1.52
Tm 0.59 0.53 0.56 0.34 0.32 0.23 0.23 0.28 0.21 0.23
Yb 3.99 3.67 3.87 2.19 1.99 1.53 1.54 1.81 1.36 1.53
Lu 0.58 0.56 0.58 0.34 0.30 0.24 0.24 0.29 0.22 0.24
SREE 125.6 163.9 166.7 81.9 77.8 59.6 66.7 46.2 51.4 65.1
(La/Yb)n 3.16 5.17 5.48 4.00 4.04 4.50 4.80 2.50 4.22 4.74

0Eu 0.87 0.87 0.86 1.00 1.05 1.04 1.00 0.96 0.94 0.99
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R3 REBRREZLNISE S-Nd-Pb EHEESER

Table 3 Sr-Nd-Pb isotopic results of the Devonian volcanic rocks of East Junggar

K 5 Ak 87Rb/%6Sr  87Sr/$6Sr(+26) (¥7Sr/*Sr);  "Sm/!M"Nd "3 Nd/"Nd(+26) (M*3Nd/'"Nd);
B 5 P0082-3H Z®MZHA  0.018915 0.703907(+6) 0.703 798 0.136 077 0.512 854(+4) 0.512 493
LR DS109-1H il 0.088 789  0.704 396(£5)  0.703 884 0.156 640 0.512 909(£5) 0.512 494
e MY P0083-2H Il 0.064 206  0.704 141(£5)  0.703 771 0.138 074 0.512 807(+3) 0.512 441

ena (@) tpwn (Ga) tpy (Ga)  206PhL/24Ph(+26)  207Ph/24Ph(420) 28Ph/204Ph(+26) (29Pb/24Ph), (27Pb/2'Ph), (28Pb/2'Ph),

7.36 0.58 0.53 18.139 1(£5) 15.451 0(=£5)
7.37 0.64 0.53 18.348 4(£12) 15.476 2(x£12)
6.34 0.69 0.60 18.457 8(£10) 15.484 0(4+10)

37.740 4(£13) 17.480 6 15.415 2 37.224 9
37.925 1(£32) 17.642 2 15.437 9 37.413 4
38.157 3(£25) 17.489 8 15.4315 37.319 6

HE (F7Sr/8Sr) ;= (37 Sr/%6 Sr) g, + (37Sr/8Sr) (e — 1) 4 A, = 1.42X 107 Ma= e () =[ (M3 Nd/M Nd) g / (3 Nd /M NdD eppor (1) — 1]
X 10, (M Nd/M N crug (1) = BN/ ND cror — 7 Sm/M N chur (e — 1) 545, = 6.54 X 107 2a 1 B & I £ 2] k1l %5 SroNd. Pb [
PR W AE H L) 380 Ma Sy 3153, 5 i i (1) Sm-Nd [6] 37 Z 4 BRI (4 Nd/ " NdD cnur =0.512 638, (147 Sm/ !4 Nd) ciur =0.196 7.

4 g

4.1 WTREMSBER

b7 TR O 25 S 30K Ll T T R RN R 2 AR
AU /D i R LS IR G 3 A AT H Nb, Ta 1 5
M Zr JHE IE 5% AR AE (Zhao er al.,2010), 558 1
HrEH Kl JE Ze  HE IE 5% (& 7b), Sr-Nd-Pb
[F) 7 38 (B — B0, R WY KL 32 3 b 7 TR g% i) 7% B
B9 M Ah 18R A K B A AR A Th/Ce (0.02 ~
0.05) 1 Th/La {8 (%] 0.12; Sun and McDonough,
1989) . K Bifi b 5% H A % @5 9 Th/Ce A (24 0.15;
Taylor and McLennan,1995)#1 Th/La {H (%] 0.30;
Plank, 2005). & & [ fr & 2 k 1l %5 Th/Ce {H
(0.05~0.07)F1 Th/La {f(0.12~0.15) 5 14 J5 5 3%
LrEp Sl k=N DQIIPSE %N i g At R4
il kA e Ze  HE IE R % .5 Sr/% Sr #1146
A —E P BN (0.703 277~0.704 326) , 3% B Hb 7% 1R
Y3k KL B A3 B O B 5 K LA B 1 Th/Ce
8 (0.08~0.13) #1 Th/La {& (0.19~0.30) i B H oA
Ko EZ T iR .

P& Il A B T B MgO & &
(3.30%~5.23%) , Mg~ (43.6~63.8) B A% T & Ji
Ji s 3% (Mg™ fH T R 2y 65) , A% T & Ni(8.3 X
107 9~27.0X 10 *) fl Cr(10.0 X 10 °*~71,2 X
10O & FYY BTG AR SFZMH U 7k
Ft Jol A 8 2 0 T W 4y R AR AR L SIO, 5
CaO.FeO" 455 AH O & (& 61, 6¢) AL Cr.Ni
EAE /R T K LU MRS A B R A 19 43 85 445
A gl ks B35 46 i 7 % (JEu A28
0.87) s WG /R AFAE — 58 B RHE A1 25 b 3 855 & 8 1 M
B KA TG W5 5 R (OEu 4 0.94~1.05), %
HH 5 S v Al ot B P R A Y o0 B 4 R A5

4.2 ERXHHE

WA 22 K s BA B — 801 (7 Sr/% So)
WILRIE (435 M 0.703 8~0.703 9,0.703 3~0.704 3)
e OMH (6,15~ +7.32), Y4230 7 41 Ho & i
TG, P [F 7 28 20 J A v 78 77 1 b B 38, [R) A2 3R R
TEZE A I YR IR 5 B b i (& 8a). kLl A Y
(Th/Nb)(>>4.27) Fl Zr/Nb(>>26.3) ¥ & F # i
& s 1 (Th/Nb) y (VNTF 1;Saunders ez al.,1992)
M Zr/Nb(5.8). & 9a {78 Ff i 59 20 U5 1 52 4 o 22 48
A VB R T AN 2 U P

eI WA kol A Sk B E o — &8 Tio, .
HERE T EOTTRMER TR 7 &%t
K Nb,Ta SFHREF, 2 WoR o B U8 G R 5 2 R
i RRAE  AH R B SR 1 AR Y FeO' /MgO L
B, R 5H 8 Z R AN E FeO" i, A
B2 A B BLAT S 9y B A 5 S A B &
BROA R MR A A B A B A Nb 7 i (8.01X
10 °~10.23 X 10 ), Bl & & T N-MORB (2.3 X
107, (La/Nb)y HAHEP/NT 3.0, %5 A1 BB AR FRRAE
S5 A g % 59 X R A ML (Sajona et al.,
1996 K L1125 1) 1l g 58 X R4 & A= 3o BH 8 1) 41 o &4
e SEVE AT, dU & gl kIl A 1) Nb/Zre L AE 4%,
P 9b 587 Hh s 1A 5 AR A4 52 A 1) 2 [R] A FH AR A
[F] B 7 ] 9 H b 35 L 21 K Ll A R b v A5 B Bl
ZORFE L K LA 3K Ce/ Th L (7.85~11.8)
1 Ba/Th HAK (55.9~95.6) 3 U 0 wh T FR 49 445 1 (1
258 8 A1 1115 Plank and Langmuir,1998) , H.
9d R VR DX A7 AE AN op DT AR G L R L, B
S0 A0 38 L 21 KL 25 U5 DXk A2 A b R A e A T 3
AR AE AR B b 1 A9

B & Er s kol s H AT ARER AR TiO, &
B, E % LILE A1 LREE, 54t Nb, Ta %4%1F, A
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By P BE 2R 51 2 A AR B A 1 RR AR L b
U5 DX 32 B I 9 0 o 2 ARV T G IR Nb/Zre 11
AN A Th/Zre Lo 8 48 75 FOUE X9 1k i (&
9b).FEE 9c th L& £ 20 Kl TR TE B IR
TP 1B 9d At S T SR LI A R DXREAE
i B R R TR N A A R TiO, & & (<100
A LILE & &. K la BA K Th & & (0.83X 10 ° ~
1.53X107°) . Ce/Th HAH (15.1~19.7) F1 Ba/ Th kb
{5 (92.3~269) . I ik = Ce BT R H . RIATRIX B A
M TR PSR 59 A (Hole er al.,1984) .1 K 11
AT BAR A Nb & (0.9 X 10 ° ~1.4X 10 %) FIi
Nb/Zr {H (24 0.02) 578 %5 U8 X 32 2] 7 b F 3t
PR ASARAE T Bl i . Ll 5 & 1Y Se/Nd LG (24,3~
53.5) FEAY Th/Yb HAE (0.46~0.93) 3 — - 5IE I 3
PAEHIE A Wi J5 7 52 1T A J2 A0 ol T A 9 (Zhang
et al.,2008). L FRHERI T S& I EA k1l w5k

S R RU RIS P T TR 2 eV W B L2

i 90 R (REE) 7E M 1 AR 5 4 il iy o 72 o 32
L7 b 2 RIS 3 AR R A A A DR T
T A 2 VR IXRN I il R B ( Aldanmaz et al., 20003
Zhao and Zhou,2009). Bl 5 ¥ 43 65 @l #2 BE 09 585,
Sm =W /N (Aldanmaz et al.,2000),Yb 7
i TS R A B R AR WA RO R O3 e RN
S AR Sm/Yb LG A A A WA A A
SRR 2> W] K0S Smy/ Y b fEL 38 5 R 0 A
2 Sm/Yb-Sm i, A3 11 2H k1l 3 2R I Tl
M OO A — O A R A S g P X
5% ~10 7 FEEE R o v ml, B & T E 4 ks £
BERE TN AT RIS 5 — I A RO A
IR X 1500~ 25 06 T BE B AR 3 s il (P 10D

SR AU 1L 2H L R DXAT BE A 2 AR T
TRy e A TR0 A 5 A 0% b 8 A, 3 0l R B ¢
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et al.,2012;1Luo et al.,2016; H{H#EE,2016) . A K
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TR 22 SRR R T B AR BT AN (R A RF oh
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Fig.11 Tectonic setting discrimination diagrams of the Devonian volcanic rocks of East Junggar
Kl a 4 Meschede(1986) » AL ATLAR B M 2 , B.P-MORB, C AR A 75 2 BUH A B PE 2 B, D.N-MORB; 8] b 4% Pearce(1982), A.
By IR BE 2 B IR BE s RS B e XA CLB IR i i DR A XA



384 HERBLY:  http://www.earth-science.net

B
&
Gl

&, Nb.Ta Fl Ti BY £ 57 5 L S 52 A Hb g B2 i IX.
SRR FE 7R HOIE BT A0 X B ) RV B A B, 2
R 2 B 1) R e 3 PG A0 RS SR 2 bR R
By,

ZEA XU TS S R AL 40 K LA R AE B
e W FR T AR AR A BV A W 4 B s MEE
IR 55 B IR 2 Al 4R 3 LU TR B T AR o TR R 1 Ll IR
Fh e R A2 B BT h O AR A R od, AR Ui
1) v Y H R w1 FH 3R R P B % 9 1) i 22 B et
T (R R AIE DB U0 4 2 3] v e 4 2 R 300 AR ol R B O
AR b A 1 0 R L ke A I A TR
WK AEHT S 7= A2 A TLARR W i AR b 2k A I 2 e A2
L R AR R A il AT B T R i 22 HEL b X
Yo 2 tH: — v g 25t B0 b B b BRCET B8 Ll A L ARV
(ERARIAREE SN T 3 WL A R TR | i -
SNV 2 AR ) BT ORF p % B 38 K T AR R AR e sl
SE LK 7= A B IR b TR IR T R S X 1 A
Hh 1 JH A A S A3 0 Tl T 1 B 4R i XA R R
A B R Ll s 2 M Ui 4t — A TR o A 2
WA

1) AR MW 7R A 2 7 22 FLRN B2 4K 1% 1 b [X 5
B KA D e o s R i
WEJE 5 A KA I S R R 22 BV w4 of
S

(2) BB 1L 4 Ll AR v e 2 1 R0 o 3k
SRR T 32 3 AN v OB W e A 0 It AR S8 AR =5 4 b
B MO A1 — 2 B A MRS A A 500 ~ 10 06 B
R gy (e S b SUR L b B R N
Ly T 2 KL A JE rp e A T A SRR X A o
TH ISR R T A 5 AR 1 =5 0 b 3 A, MRS o — AR A
TOMERONE 5 R 15 00 ~ 25 20 B8R BE S 4 4 dl i Ak ik
T e 22 07T MO A RN B R A 1 4

) JLEE I AH Jolg Bob — & g b gk Jz K v
P P LU SRR AE S o FOJE BT Bl OO 8% 5 56
ELT B 20 K s B AR BK | AR R AR, SR
TE 1T R GF 1A A R 5 BRI R 22 B
At A b 28 107 T e el 2 380 KR 5 IR0 B A 0o AR

Bt L esmEITRIETRIRAD E LT
Fe R AT H ;X TR TRAIRS
FERREBELTHG, AL RA BB LFE
BT EFROERFEL; A — SR TRE 0 B

References

Aldanmaz, E., Pearce, J. A., Thirlwall, M. F., et al., 2000.
Petrogenetic Evolution of Late Cenozoic, Post-Collision
Volcanism in Western Anatolia, Turkey. Journal of
Volcanology and Geothermal Research, 102 (1 — 2).
67— 95. https://doi. org/10. 1016/s0377-0273 ( 00 )
00182-7

Buslov, M. M., Watanabe., T.., Fujiwara, Y.. et al.,2004. Late
Paleozoic Faults of the Altai Region,Central Asia: Tec-
tonic Pattern and Model of Formation. Journal of Asi-
an Earth Sciences,23(5):655— 671, https://doi.org/
10.1016/s1367-9120(03)00131-7

Chai,F.M.. Yang, F. Q.. Liu. F., et al., 2012. Geochronology
and Genesis of Volcanic Rocks in Beitashan Formation
at the Northern Margin of the Junggar, Xinjiang. Acta
Petrologica Sinica ,28(7):2183—2198(in Chinese with
English abstract).

Dong,L..H., Zhu, Z. X., Qu, X., et al.,2010. Spatial Distribu-
tion, Geological Features and Latest Research Progress
of the Main Ophiolite Zones in Xinjiang, NW China.Ac-
ta Petrologica Sinica ,26(10):2894 — 2904 (in Chinese
with English abstract).

He,G.Q., Li, M. S., 2001. Significance of Paleostructure and
Paleogeography of Ordovician-Silurian Rock Associa-
tions in Northern Xinjiang, China. Acta Scientiarum
Naturalium Universitatis Pekinensis,37(1):99 — 110
(in Chinese with English abstract).

He.G.Q., Li, M.S., Jia, J.D., et al., 2001. A Discussion on
Age and Tectonic Significance of Ophiolite in East
Junggar, Xinjiang. Acta Scientiarum Naturalium Uni-
versitatis Pekinensis»37(6):852—858(in Chinese with
English abstract).

Hole,M.].,Saunders, A.D., Marriner, G.F., et al.,1984.Sub-
duction of Pelagic Sediments: Implications for the Ori-
gin of Ce-Anomalous Basalts from the Mariana Islands.
Journal of the Geological Society ,141(3):453 —472.
https://doi.org/10.1144/gsjgs.141.3.0453

Hu,C.B., Liao, Q. A., Fan, G. M., et al., 2014. Discovery of
MOR-Type Ophiolites from the Dishuiquan Region,
East Junggar.Chinese Science Bulletin ,59(22):2213—
2222 (in Chinese with English abstract).

Jahn, B. M., 2004. The Central Asian Orogenic Belt and
Growth of the Continental Crust in the Phanerozoic.Ge-
ological Society . London, Special Publications, 226
(1) :73—100.https://doi.org/10.1144/gsl.sp.2004.226.
01.05

Jahn,B.M.,Wu,F.Y.,Lo,C.H.,et al.,1999.Crust-Mantle In-

teraction Induced by Deep Subduction of the Continen-



ol ol

T 55+ 7R M VES JR T % T 5 DR A 4 A L b IR A 2 R A X F R H b B R 385

tal Crust: Geochemical and Sr-Nd Isotopic Evidence
from Post-Collisional Mafic-Ultramafic Intrusions of
the Northern Dabie Complex, Central China. Chemical
Geology» 157 (1 — 2): 119 — 146. https://doi. org/10.
1016/50009-2541(98>00197-1

Jian,P.,Kroner. A., Windley. B.F.. et al..2010. Zircon Ages
of the Bayankhongor Ophiolite Mélange and Associated
Rocks: Time Constraints on Neoproterozoic to Cambri-
an Accretionary and Collisional Orogenesis in Central
Mongolia. Precambrian Research ,177(1—2) :162—180.
https://doi.org/10.1016/j.precamres.2009.11.009

le Maitre,R.W.,1989. A Classification of Igneous Rocks and
Glossary of Terms: Recommendations of the Interna-
tional Union of Geological Sciences Subcommission on
the Systematics of Igneous Rocks.Blackwell, Oxford.

Li, D., He, D. F., Tang, Y., 2016. Reconstructing Multiple
Arc-Basin Systems in the Altai-Junggar Area(NW Chi-
na) : Implications for the Architecture and Evolution of
the Western Central Asian Orogenic Belt. Journal of
Asian Earth Sciences, 121:84 — 107. https://doi. org/
10.1016/j.jseaes.2016.02.010

Li,J.Y.,Xiao,C.,Tang, Y.Q.,et al., 1990. Main Characteris-
tics of Late Paleozoic Plate Tectonics in the Southern
Part of East Junggar. Xinjiang. Geological Review . 36
(4):305—316 (in Chinese with English abstract).

Li,J.Y..Yang, T.N.,Li, Y.P..et al..,2009.Geological Features of
the Karamaili Faulting Belt, East Junggar Region, Xinjiang,
China and Its Constraints on the Reconstruction of Late
Paleozoic Ocean Continental Framework of the Central Asi-
an Region. Geological Bulletin of China ,28(12):1817 —
1826 (in Chinese with English abstract).

Li,Y.P..Li,].Y.,Sun,G.H. ,et al.,2009.Determination of the Early
Devonian Granite in East Junggar, Xinjiang, China and Its
Geological Implications. Geological Bulletin of China , 28
(12):1885—1893 (in Chinese with English abstract).

Liang,P.,Chen, H. Y., Hollings. P., et al.,2016a. The Paleo-
zoic Tectonic Evolution and Metallogenesis of the
Northern Margin of East Junggar,Central Asia Orogen-
ic Belt: Geochronological and Geochemical Constraints
from Igneous Rocks of the Qiaoxiahala Fe-Cu Deposit.
Journal of Asian Earth Sciences »130:23—45.https://
doi.org/10.1016/ j.jseaes.2016.08.001

Liang,P..Chen,H.Y.,Hollings.P..et al.,2016b.Geochronol-
ogy and Geochemistry of Igneous Rocks from the
Laoshankou District, North Xinjiang: Implications for
the Late Paleozoic Tectonic Evolution and Metallogene-
sis of East Junggar. Lithos, 266 — 267 : 115 — 132. ht-
tps://doi.org/10.1016/j.1ithos.2016.08.021

Liu,Y.S.,Gao,S., Hu,Z.C. et al.,2010.Continental and Oce-
anic Crust Recycling-Induced Melt-Peridotite Interac-
tions in the Trans-North China Orogen: U-Pb Dating,
Hf Isotopes and Trace Elements in Zircons from Mantle
Xenoliths. Journal of Petrology ,51(1—2):537 —571.
https://doi.org/10.1093/petrology/egp082

Liu,Y.S.,Hu,Z.C.,Gao, S., et al.,2008.In Situ Analysis of
Major and Trace Elements of Anhydrous Minerals by
LA-ICP-MS without Applying an Internal Standard.
Chemical Geology » 257 (1 — 2): 34 — 43, https://doi.
org/10.1016/ j.chemgeo.2008.08.004

Long,X.P.,Yuan,C.,Sun, M., et al.,2012. Geochemistry and
U-Pb Detrital Zircon Dating of Paleozoic Graywackes in
East Junggar, NW China: Insights into Subduction-
Accretion Processes in the Southern Central Asian Oro-
genic Belt.Gondwana Research ,21(2—3) :637—653.ht-
tps://doi.org/10.1016/j.gr.2011.05.015

Ludwig,K.R.,2003.User’s Manual for Isoplot 3.00: A Geo-
chronological Toolkit for Microsoft Excel. Berkeley Ge-
ochronology Center Special Publication, Berkeley.

Luo, T., Chen. S.. Liao, Q. A., et al., 2016. Geochronology.
Geochemistry and Geological Significance of the Late
Carboniferous Bimodal Volcanic Rocks in the East
Junggar.Earth Science ,41(11):1845—1862(in Chinese
with English abstract). https://doi.org/10.3799/dqkx.
2016.128

Luo.T., Liao, Q. A., Chen, J. P., et al., 2016. A Record of
Post-Collisional Transition: Evidence from Geochronol-
ogy and Geochemistry of Palaeozoic Volcanic Rocks in
the East Junggar, Central Asia. International Geology
Review,59(10) :1256 —1275.https://doi.org/10.1080/
00206814.2016.1160800

Meschede, M., 1986. A Method of Discriminating between
Different Types of Mid-Ocean Ridge Basalts and Conti-
nental Tholeiites with the Nb-Zr-Y Diagram.Chemical
Geology» 56 (3 — 4): 207 — 218. https://doi. org/10.
1016/0009-2541(86)90004-5

Pearce.J. A.. 1982. Trace Element Characteristics of Lavas
from Destructive Plate Boundaries. In: Thorpe. R. S..
ed.,Orogenic Andesites.Wiley, New York.

Peccerillo, A.. Taylor, S. R., 1976. Geochemistry of Eocene
Calc-Alkaline Volcanic Rocks from the Kastamonu Ar-
ea, Northern Turkey. Contributions to Mineralogy and
Petrology, 58 (1) : 63 — 81. https://doi. org/10. 1007/
bf00384745

Plank, T., 2005. Constraints from Thorium/Lanthanum on
Sediment Recycling at Subduction Zones and the Evolu-

tion of the Continents. Journal of Petrology 46 (5):



386 HERBLY:  http://www.earth-science.net 43 4

921—944. https://doi.org/10.1093/petrology/egi005

Plank,T.,Langmuir, C. H.,1998. The Chemical Composition
of Subducting Sediment and Its Consequences for the
Crust and Mantle.Chemical Geology »145(3—4):325—
394.https://doi.org/10.1016/s0009-2541(97)00150-2

Sajona.F.G.,Maury.R.C.,Bellon, H..et al.,1996.High Field
Strength Element Enrichment of Pliocene-Pleistocene
Island Arc Basalts,Zamboanga Peninsula, Western Min-
danao (Philippines). Journal of Petrology, 37 (3):
693—726.https://doi.org/10.1093/petrology/37.3.693

Saunders, A.D., Storey, M., Kent, R. W., et al., 1992. Conse-
quences of Plume-Lithosphere Interactions. Geological
Society s London » Special Publications 68 (1) 41— 60.
https://doi.org/10.1144/gsl.sp.1992.068.01.04

Sengor, A.M.C., Natal'in, B. A., Burtman, V.S.,1993. Evolu-
tion of the Altaid Tectonic Collage and Paleozoic Crus-
tal Growth in Eurasia. Nature ,364(6435) :299—307.ht-
tps://doi.org/10.1038/364299a0

Shu, L.S.,;Wang, Y.J.,2003.Late Devonian-Early Carbonifer-
ous Radiolarian Fossils from Siliceous Rocks of the Kel-
ameili Ophiolite, Xinjiang. Geological Review .49 (4):
408—412( in Chinese with English abstract).

Su,Y.P..Zheng.]J.P.,Griffin, W.L..et al.,2010.Zircon U-Pb
and Hf Isotopes of Volcanic Rocks from the Batamayi-
neishan Formation in the East Junggar Basin. Chinese
Science Bulletin ,55(36) ;4150 —4161.https://doi.org/
10.1007/s11434-010-4151-y

Su,Y.P.,Zheng, J.P. . Griffin, W.L., et al., 2012. Geochemis-
try and Geochronology of Carboniferous Volcanic Rocks
in the East Junggar Terrane, NW China:Implication for
a Tectonic Transition.Gondwana Research s 22(3—4):
1009—1029.https://doi.org/10.1016/j.gr.2012.01.004

Sun, S. S., McDonough, W. F., 1989. Chemical and Isotopic
Systematics of Oceanic Basalts:Implications for Mantle
Composition and Processes. Geological Society, Lon-
don » Special Publications42 (1) ;313 — 345. https://
doi.org/10.1144/gsl.sp.1989.042.01.19

Tang , H.F.,Su, Y.P.,Liu,C.Q. et al.,2007.Zircon U-Pb Age of
the Plagiogranite in Kalamaili Belt, Northern Xinjiang and
Its Tectonic Implications. Geotectonica et Metallogenia , 31
(1):110—117(in Chinese with English abstract).

Taylor,S.R.,McLennan,S.M.,1995.The Geochemical Evolu-
tion of the Continental Crust. Reviews of Geophysics,
33(2) :241—265.https://doi.org/10.1029/95rg00262

Tian,J., Liao, Q. A., Fan, G. M., et al., 2016. Mantle Under-
plated Pluton and Stitching Granite Pluton from South
Side of the Karamaili Fault in East Junggar: Geochrono-

logical, Geochemical and Sr-Nd Isotopic Constraints on

Their Petrogenesis and Tectonic Implications.Acta Pet-
rologica Sinica +32(6):1715— 1730 (in Chinese with
English abstract).

Wang.F.M., Liao, Q. A., Fan, G. M., et al., 2014. Geological
Implications of Unconformity between Upper and Mid-
dle Devonian, and 346. 8 Ma Post-Collision Volcanic
Rocks in Karamili, Xinjiang. Earth Science, 39 (9):
1243— 1257 (in Chinese with English abstract). ht-
tps://doi.org/10.3799/dqkx.2014.107

Wang,Z. X., Zhou, G.Z., Li, T., 2003. The Consideration on
Ophiolite and Interrelated Issue in Northern Xinjiang,
Northwestern China. Acta Petrologica Sinica, 19 (4):
683—691(in Chinese with English abstract).

White, W.M., Hofmann, A.W.,Puchel, H.,1987.Isotopic Ge-
ochemistry of Pacific Midocean Ridge Basalt. Journal
of Geophysical Research ,92(B6) :4881—4893.https://
doi.org/10.1029/jb092ib06p04881

Winchester,J.A..Floyd,P.A.,1977.Geochemical Discrimina-
tion of Different Magma Series and Their Differentia-
tion Products Using Immobile Elements. Chemical Ge-
ology, 20: 325— 343, https://doi. org/10. 1016/0009-
2541(77)90057-2

Windley,B.F., Alexeiev, D., Xiao, W.]., et al.,2007. Tectonic
Models for Accretion of the Central Asian Orogenic
Belt. Journal of the Geological Society,164(1):31—
47.https://doi.org/10.1144/0016-76492006-022

Xia,L.Q.,Xia,Z.C., Xu, X. Y., et al., 2007. The Discrimina-
tion between Continental Basalt and Island Arc Basalt
Based on Geochemical Method. Acta Petrologica et
Mineralogica s26(1): 77— 89 (in Chinese with English
abstract).

Xiao, W.]J.,Han,C.M., Yuan,C.,et al.,2008.Middle Cambri-
an to Permian Subduction-Related Accretionary Oro-
genesis of Northern Xinjiang, NW China: Implications
for the Tectonic Evolution of Central Asia. Journal of
Asian Earth Sciences,32(2—4):102—117.https://doi.
org/10.1016/j.jseaes.2007.10.008

Xiao, W. J., Santosh, M., 2014, The Western Central Asian
Orogenic Belt: A Window to Accretionary Orogenesis
and Continental Growth. Gondwana Research , 25 (4):
1429—1444.https://doi.org/10.1016/j.gr.2014.01.008

Xiao,W.]..Windley.B.F.,Badarch.G..et al..2004.Palacozoic
Accretionary and Convergent Tectonics of the Southern
Altaids: Implications for the Growth of Central Asia.
Journal of the Geological Society»161(3) ;339 — 342,
https://doi.org/10.1144/0016-764903-165

Xiao, X.C., He, G.Q., Xu, X., et al., 2006. Crustal Structure

and Tectonic Evolution in Xinjiang, China. Geological



%2 X T A R T R T % S R A L R A A R A X R H b R 387

Publishing House, Beijing (in Chinese).

Xiao, Y., Zhang, H. F., Shi, J. A.. et al. 2011. Late Paleozoic
Magmatic Record of East Junggar, NW China and Its
Significance: Implication from Zircon U-Pb Dating and
Hf Isotope.Gondwana Research,20(2—3):532— 542,
https://doi.org/10.1016/j.gr.2010.12.008

Xu,X.W.,2016.Tectonic Evolution of the East Junggar Ter-
rane. CAOB.EGU General Assembly, Vienna.

Xu,X.W.,Jiang,N.,Li,X.H.,et al.,2013. Tectonic Evolution
of the East Junggar Terrane: Evidence from the Taheir
Tectonic Window, Xinjiang, China. Gondwana Re-
search ,24(2) :578 —600.https://doi.org/10.1016/j. gr.
2012.11.007

Xu, X.W., Jiang, N., Li, X. H., et al., 2015. Spatial-Temporal
Framework for the Closure of the Junggar Ocean in
Central Asia: New SIMS Zircon U-Pb Ages of the
Ophiolitic Mélange and Collisional Igneous Rocks in the
Zhifang Area, East Junggar. Journal of Asian Earth
Sciences »111:470 — 491, https://doi.org/10.1016/j. gr.
2012.11.007

Xu,X.Y.,Li,R.S.,Chen,].L.,et al.,2014.New Constrains on
the Paleozoic Tectonic Evolution of the Northern
Xinjiang Area.Acta Petrologica Sinica,30(6):1521 —
1534 (in Chinese with English abstract).

Yang.G.X..Li, Y.J..Wu, H.E. et al..2011.Geochronological and
Geochemical Constrains on Petrogenesis of the Huangyang-
shan A-Type Granite from the East Junggar, Xinjiang, NW
China.Journal of Asian Earth Sciences ,40(3) :722—736.
https://doi.org/10.1016/].jseaes.2010.11.008

Yuan,C.,Xiao, W.]., Chen, H. L., et al., 2006. Zhaheba Potassic
Basalt, East Junggar (NW China) : Geochemical Character-
istics and Tectonic Implications. Acta Geologica Sinica » 80
(2),254—263(in Chinese with English abstract).

Zhang,H.F., Gao, S., Zhong, Z. Q. , et al., 2002. Geochemical
and Sr-Nd-Pb Isotopic Compositions of Cretaceous
Granitoids: Constraints on Tectonic Framework and
Crustal Structure of the Dabieshan Ultrahigh-Pressure
Metamorphic Belt, China. Chemical Geology, 186 (3 —
4):281—299.https://doi.org/10.1016/s0009-2541(02)
00006-2

Zhang.H.X., Niu, H.C., Hiroaki, S.. et al., 2004, Late Paleozoic
Adakite and Nb-Enriched Basalt from Northern Xinjiang:
Evidence for the Southward Subduction of the Paleo-Asian
Ocean.Geological Journal of China Universities , 10 (1) :
106 —113(in Chinese with English abstract).

Zhang,Y.,Pe-Piper.G.,Piper.D.J.W. et al.,2013.Early Car-
boniferous Collision of the Kalamaili Orogenic Belt,

North Xinjiang. and Its Implications: Evidence from

Molasse Deposits.Geological Society of America Bul-
letin ,125(5—6):932 — 944. https://doi.org/10.1130/
b30779.1

Zhang,Z.C.,Mao,]J.W.,Cai,]J.H., et al., 2008. Geochemistry
of Picrites and Associated Lavas of a Devonian Island
Arc in the Northern Junggar Terrane, Xinjiang (NW
China ) : Implications for Petrogenesis, Arc Mantle
Sources and Tectonic Setting. Lithos,105(3—4):379—
395.https://doi.org/10.1016/j.1ithos.2008.05.013

Zhang,Z.C., Yan, S. H., Chen, B. L., et al., 2006. SHRIMP
Zircon U-Pb Dating for Subduction-Related Granitic
Rocks in the Northern Part of East Jungaar, Xinjiang.
Chinese Science Bulletin ,51(8):952—962.https://doi.
org/10.1007/s11434-008-0952-7

Zhang.Z.C..Zhou, G., Kusky, T.M.. et al.,2009.Late Paleozoic
Volcanic Record of the East Junggar Terrane. Xinjiang,
Northwestern China: Major and Trace Element Characteris-
tics, Sr-Nd Isotopic Systematics and Implications for Tec-
tonic Evolution.Gondwana Research ,16(2):201—215.ht-
tps://doi.org/10.1016/.gr.2009.03.004

Zhang.Z.C., Zhou. G., Yan, S. H., et al., 2007. Geology and
Geochemistry of the Late Paleozoic Volcanic Rocks of
the South Margin of the Altai Mountains and Implica-
tions for Tectonic Evolution.Acta Geologica Sinica ,81
(3):344—358 (in Chinese with English abstract).

Zhao,J.H., Zhou, M.F., 2009. Secular Evolution of the Neo-
proterozoic Lithospheric Mantle underneath the North-
ern Margin of the Yangtze Block, South China. Lithos,
107(3—4):152—168.https://doi.org/10.1016/j.lithos.
2008.09.017

Zhao,].H.,Zhou,M.F.,Zheng,J.P.,2010. Metasomatic Man-
tle Source and Crustal Contamination for the Formation
of the Neoproterozoic Mafic Dike Swarm in the North-
ern Yangtze Block, South China. Lithos, 115 (1 — 4) .
177—189.https://doi.org/10.1016/j.lithos.2008.09.017

Zimmer, M. , Kroner, A., Jochum, K. P., et al., 1995. The Gabal
Gerf Complex: A Precambrian N-MORB Ophiolite in the
Nubian Shield, NE Africa. Chemical Geology, 123 (1)
29—51.https://doi.org/10.1016/0009-2541(95)00018-H

Zindler, A., Hart,S.R.,1986.Chemical Geodynamics.Annual
Review of Earth Planetary Sciencess14:493—517.ht-
tps://doi.org/10.1146/annurev.earth.14.1.493

Bt FR 325 % Sk

SERUME A% B 4, X8 L 45,2012, 30 98 v WS JR Jb g b 5 1 4 ok
LA AR08 S A R S A R, 28(7) 2183 — 2198,

R R T, SE L 2010, 37 58 G 4 A B A0 A SR AE
KM 5T i e A SR, 26 (10) £ 2894 — 2904,



388 HERBLY:  http://www.earth-science.net

B
&
Gl

fa] EEF L ZE A, 2001 FF E BRI AP — B R A A A
T iy A i b R R S b BT R 2 2 R (A R B AR
37(1):99—110.

Ao FE B 2 S A B 2 L 45, 2001 18 37 B R 9 1) R I 4 o 1
A B R S bt K = R CA R B2 M . 37 (6)
852—858.

B, BB, O L 42014, 7R Y E JR VR K SR b X R IR
A R e s B E iR . 59(22) 12213 — 2222,
AR TR R S5 L 1990, 37 98 4R v N /R S B L M
DX B oy A A R e ) s P 3 A RR AR ML T I8 1, 36 (4)

305—316.

ZEERE A R L 25 L 45 2009, 745 1 W JR e 22 L T 2L
)t SR I R ot o IVt DX e oty A A R Bl A R R Y
LT H R AR, 28(12) 11817 —1826.

B RO, B DS L 55,2016, 7R i E IR A e X0 2k L
FARAR A R 2 By M 1 2 L R B2, 41 (1D
1845—1862.https://doi.org/10.3799/dqkx.2016.128

FF R, L R, 200387 5 R 22 L 4 5 v RE R A 9 L
S oAb A7 L BRE I, 49(4) 1408 — 412,

FELL WS, J5 E X AR L4, 2007, 57 SR AL T R B 22 A A
A S AT U-Ph AR S A 3 2 R b i i 5 1
2,31(1):110—117.

T fe , BEARE 22, BE G, 45, 2016, 45 o 185 2K 5 22 BT 44 DA 1
W2 ERC AR A BT B AR B AR T R I B L R A

£ 4% ,32(6) :1715—1730.

R R B S2014. 8 R R B E——F R
G 6] £ FE RN 346.8 Ma J5 RETE K 1 E BB X
HiBR Bl 2%, 39 (9): 1243 — 1257. https://doi. org/10.
3799/dqkx.2014.107

TR T R R 22, 2003, 5T B i b 30 e 4 A I A 3¢ [A) A
S FINR A 2, 19(4) 683 —691.

BT, BAEAE B 34,2007, ) F b ER Ak 2% 07 12 34 51k
izl A MM LA AATYERE 2601
77—89.

Y R AT E B AR T, 45, 2006. F IR BT 95 b 5T 45 A TN R i
Ak b 5T R S A

e 2R R B2, 201 4. 5 B AL ol AR A0 7 T AL
I L SN A A 25 ), 30(6) 116521 — 1534,

TR SCRT L RDURK 45 L 2006 357 98 AR o 1 JR L R LB R X
A B M ER Ak 24 RR R B LA 3 B S M BT 2 . 80(2) ¢
254—263.

SRR 4B, Hiroaki, S., 55, 2004 587 88 b 356 W i A4 10 3%
R E L RAE Gl AR R AR e TR
R M SR 2 3, 10(1) 0106 — 113,

TeAE A TR, = T4, 2007 B R 28 10RE 45 e AR 4G
14 b 5T b 3R A 2 R A B H A s E 1K 0 ) R b S
297 .81(3) :344—358.



