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Petrogenesis of Late Paleozoic bimodal volcanic rocks on the southern margin
of the Junggar Basin and its geodynamic significance

ZHAO Le-giang, QIN Feng, JIA Fan-jian, MA Ji, BIAN Xue-mei, LIU Hui and GAO Jian-xiong
(West Branch of Exploration and Development Research Institute, Shengli Oilfield Company, SINOPEC, Dongying 257000, China)

Abstract: The Late Paleozoic bimodal volcanic rocks located on the southern margin of the Junggar Basin are
mainly composed of basalts and dacite porphyries. Zircon LA-ICP-MS U-Pb ages of 298 + 2 Ma and 297 ~ 304
Ma could be interpreted as the formation epochs of the basalts and dacite porphyries, respectively. Most of
dacite-porphyries are characterized by high SiO,, AlLO; and Na,O, obvious enrichment of large ion lithophile
elements (e.g., Th) and LREE, and strong depletion of high field strength elements (e.g., Nb, Ta and T1)
relative to the primitive mantle. The basalts are characterized by obvious enrichment of Th, LREE, Zr and Hf
and depletion of Nb, Ta and Ti relative to the primitive mantle. All the two types of rocks exhibit high eNd(#)
(+6.5~+11 and +7.5~ +8.4, respectively) and low (¥Sr/*Sr), (0.705 and 0.704, respectively), sug-
gesting that they probably originated from a more depleted mantle. With a comprehensive consideration of field

geology, petrology, geochemistry and whole rock Sr-Nd isotopes, it is concluded that basalts and dacite-porphyries
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might have originated from the same parental magma. The basalts were probably derived from partial melting of

depleted mantle and experienced a certain degree of crustal contamination, while the dacite-porphyries were gen-

erated by partial melting of a juvenile crustal component. Combined with regional investigation, the authors hold

that the Eastern Tianshan region at least began its post-collisional extension in the Late Permian (about 298

Ma). During this period, its tectonic framework began to transfer from compression to extension.
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Fig. 1 Geotectonic position (a» modified after Mao Xiang ez al., 2012) and simplified geological map (b) of the study area
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Fig. 2 Photomicrographs of the dacite-porphyries (a) and basalts (b) (crossed nicols)
KI—IEKf: Py—Habia; PR QA

Kf—orthoclase; Py—pyroxene; Pl—plagioclase; Qz—quartz
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Fig. 3 LA-ICP-MS U-Pb concordant diagrams and CL images of zircon grains from the dacite-porphyries (a) and basalts (b)
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Fig. 5 Chondrite-normalized REE patterns (a) and primitive mantle normalized trace element diagrams (b) for the basalts and
dacite-porphyries
BORE B A7 R 546 g A HE AL A 23 B4 Talyor & Mecleman (1985) Fi! Sun & McDonough (1989)

The chondrite and primitive mantle values are from Taylor and Mclennan (1985) and Sun and McDonough (1989), respectively

%4 AR XABTUER KLEHERBEE Sr-Nd B RN ELER
Table 4 Whole rock Sr-Nd isotopic compositions of the basalts and dacite-porphyries

Fedh AR STRb/%0Sr 87Sr/%0Sy Wgm/MNd N/ MNd t/Ma (¥7Sr/%08r),  eNd(1)
PSW02-2 T PEA 0.6312 0.707 480 0.1673 0.512954 298 0.704 80 7.3
PSW03 YRR 0.5611 0.707 087 0.1572 0.512 948 298 0.704 71 7.6
PSW04 BB 1.2780 0.710 168 0.156 3 0.512932 298 0.704 75 7.3
PSW05 WP 0.5332 0.707 147 0.1476 0.512 875 298 0.704 89 6.5
PSW09-1 LI 0.0838 0.703 999 0.1658 0.513 006 298 0.703 64 8.4
PSW09-2 ZIE 0.0239 0.703 668 0.1645 0.513 004 298 0.703 57 8.4
PSW09-4 EAL %) 0.0836 0.703 954 0.1686 0.512 997 298 0.703 60 8.1
DB02-2 R 0.2157 0.704 440 0.1538 0.512 948 298 0.703 53 7.7
DB02-3 Qi) 0.1129 0.704 021 0.144 4 0.512923 298 0.703 54 7.5
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Fig. 6 Plot of eNd(z) versus (¥Sr/%Sr), and eNd(z) versus Mg™ for the basalts and dacite-porphyries

MORB-OIB-BSE~-HIMU-~EM [ 1 EM I /76 H 5] A Hart, 1988; Weaver, 1991
The range of MORB, OIB, BSE, HIMU, EM | and EMII are from Hart, 1988; Weaver, 1991
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FEAFFNIR . Hg ek FEA RO & 28 1 A B2 % (Altherr and Siebel, 2002; Topuz et al . »
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(Shinjo and Kato, 2000, B 15 Fr & (1) B 431 30 AR
D AR LA 1) 1/5~ 17300, 491 W48 5 JUR K 5
Hi X (Lightfoot et al . » 1987; Geist et al.» 1995); 5%
2 PN L A TR I 2 e YR I & e i R TR
0 St ARG S P 8 2 s i, PR S A R AR X iU
IR AL ARG | R M 5 Oy i F B R, A A AN
[F) [R) Mo BR Ak 24 KR AE , I HLR YRS BT o7 1) LA A H e 45
K, B4 Je . Naivasha R 3 K 1A (Davies and
Macdonald, 1987).

WX 2 i Y DU & 4R LREE M it
NbTa 55 F34 98 ICE NFHE. X T Nb-Ta 554 1)
INVURAFLE & 45 H SR Y5 R 3 44 3 75 5 T Bl 524
SRR G AU AT o AN % X Z A Se-Nd [ A7
FW S R B IR, Kl i 2 AT A = 1 eNdC)
ARSI (S7Se/808e) AH A3 5k + 7.5~ + 8.4 Al
0.703 53~0.703 64), Wi/~ Z B A W BERE I T —
AN P DA o 2l R R R Nb/ La 1 Nb/ Ce
P2 At 0.29-0.33 F10.11~0.14 Z i), 1]
SR T R H g 1 MORB 1) AH M. EEAE (0,934,040
A11.32.0.31, 4% Sun & Mcdonough, 1989), Jf HAH
X F N-MORB M 2. & 5 Zr 1 Hf, Ui 3 H ¥ sl 72
TR e IR G B LA-ICP-MS
U-Pb EFE R Bor, Lol AR 2 ()7l 22 kK
Bl ) Gn A AR RS 43 0 A 429.3.432.1.610.6 Al
825.7 Ma It 4 Bks A1), Wi n 2 i K AE LTt
AL I R 2 3 TR W R IR R AE .
Ah, Z A FE S AE eNd(2)- Mg ™ B o B3 45 AL 7F
G AFCCIRL R 3 5 73 85 2 b AF HD % (Bl 6b).
KL FORHL R R B L iUA 0 Nb-Ta fim IR 1 fig 5
Rlrc R GAE A G, I8 3Bl 7 TR s 1) 52w, &k
FUR AR N 1% B T 1) eNd Co ) A AIG Y
(B7Sr/%08p), , it — 45 7n K i B AR T B b 5
g o 25 L, w] LU 2 uln Nzt U 1 o 3
g 905 DX PRT0 J J i, 9 FLA R AE EAHR AL AR 4
DT — e R EE I e TR G

SR B S0 2 TR R s UE A [RDR DX
KB A (B P RO AT A A 24 4 A7 5

200500 AN, H 7R HEE S (1) 4 Rl A R s A B L AR
DURR 0 JT g FIAR Z= b ) 4 ™ A2 () s A L AT
HAKH 2 (NayO+ Ky,0)/ 1 (MgO + FeO, + TiO, M -
P BEEFEMAE 7 (NayO + K,0)/ n (MgO + FeO, +
TiO)—w(Na,O + K,O + MgO + FeO, + TiO, ) Kl fi#
PP A T AR AR T R 0 0 R P I AR Xk
P 1717 5 7 Y08 0L/ A8 b 350 43 s ik T B )4 R A7 A
A Sl () 22 50 CJE 720, $R 7 JLUE 5 nl e DA & i i A
A, JRAE T E M SR . 2 B0 % BE A AR I
Na,O F i m1(2.35% ~6.06% ), 3 H Na,O B &
KT K,O(Na,O/K,O=1.53~2.94), il — P E WX
Lo lem AR gl )y 2 e R A IS B K. 25
FARE S AT R AR — B R LR T A R
2o U W2 K L2 A T R Bt A A2 21 M 58 VR e 1) 52
ML/ o BEAR, AR D0 22 BEA A i 5 % A FE A T
AN FLAT FRABLI 5 - o0 28 A o6 5 40 A B SR S
Nd [FIf7 2 2, B2 B 5 % s 1 73 A7 Ll
(2 43 .49 I I 573 25 45 i A R DR 1 00 X ok
L 4L A 10 AH B B9 C0.33% ~ 2.5% » d5 i Al ik
20% > #% Ducan et al.> 1984; Garland et al.» 1995;
Geist et al.»1995), R, %95 22 B 2% il A Y %
e SRR, 2 I JR I R Ry 1 A AR B IR T
M TARX LA . A Sr-Nd [ #F 54 R 8
N, P BE R (87 Se/%0 Se), {H M 0.704 71 ~
0.704 89,eNd( M ATE+6.5~ + 7.6 Z i), F—
PRI PR (VT AR 7T e 558 2 1 5 ) T )
R G

AU G L 22 BE A ORE IR R T D Fe 4L
(A/CNK)H 0.85~1.1, FEdh 2 B #5514 45
JRFVERFAE , IR IR Waston(1979)« Waston Al Har-
rison( 1983 ) ) J5 i K v B S0 (1) B A VR R i
AT VRS B B, Y R b X RS i U
GBS IS A MR o 792 ~884°C , Z BB KT
800°C (&l 7Th) o 1% U 22 B 75 1 4 A VRl AN il F5 R AL T
A YY) TS 5 () R T X R T T 2 AR
DA AR B A 38 s 5 5 A ) 2 10 B A R
R b e S P HE vk €8 A I 2 L B I SR AN )
Th) o HIRWEF R, M A2 oo v 5 R I B A
PR RIS B 328 S R T YR DX 2R A T B ) BT 4
WL (Miller et al.» 2003; Harrison et al ., 2007),
DRI AR X3 22 Jo 2 S I LA T s R T i B o 1E
b SR 2 B R T B R A S ) TS



% 36 &

158 N
10 920
a 1R | s oM b
B s i o«

X w0 sl O WKbM ML o
= AR B I il
e 840 AR
éu—
& 6 800
?‘.‘“ /s \ g & @
= [ RSO\ = 760
=% 3 \ i . 7 P e
3. \ \\ 58 FACRIAEES;

b % =

& * \
=2 < A\ X i
z < esol # FI'1 fgf‘,'l‘.].].k?.t.u'
N A R o> s

0 L A " i - 640 L ; . ) .

6 8 10 12 14 16 8 08 09 10 L 1.2 1.3 14 15

w(Na,0+K,0+MgO+Fe0,+Ti0,)/%

A/CNK

Bl 7 KIEEFES 2 (NayO+ K00/ n(MgO + FeO, + TiO, )—w(Na, O+ K, O+ MgO + FeO, + Ti0),)
(a, ¥% Kaygusuz 55, 2008)F1 K L 8 A HURIMR B~ A/ CNK(h) B i
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et al.» 2008 ) and ¢ — A/CNK (b) for the dacite-porphyries
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Data of [ -type granite from South China and Gangdise are from L.i ez al (2007) and Zhu Dicheng ez al. (2009), data of light granite

from North High Himalaya are from Zhang et al. (2004), data of granite in Eastern Kunlun Orogenic Belt are from Liu Bin ez a/. (2012)
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Fig. 8 Plot of Zr/Y — Zr for the basalts and
dacite-porphyries (modified after Pearce, 1979)
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