29 4 ( ( )3 ) Vol.29 No.4
2022 7 Earth Science Frontiers (China University of Geosciences(Beijing) ; Peking University) Jul. 2022

DOI: 10.13745/j.esf.5£.2021.12.2

L]
L]
1,2 3 1,2, % 3 3 3 3
’ ’ ’ ’ ’ ’ ’
1,2
1. ( ) , 102249
2. ( ) . 102249
3. s 257015

JIAO Xiaoqin'*, ZHANG Guanlong®, NIU Huapeng'**, WANG Shengzhu®,
YU Hongzhou®, XIONG Zhengrong®., ZHOU Jian®, GU Wenlong'*

1. State Key Laboratory of Petroleum Resource and Prospecting . China University of Petroleum s Beijing 102249, China
2. College of Geosciences s China University of Petroleum , Beijing 102249, China

3. Research Institute of Petroleum Exploration and Development , Sinopec Shengli Oilfield Company, Dongying 257015, China

JIAO Xiaoqin, ZHANG Guanlong, NIU Huapeng, et al. Genesis of Carboniferous volcanic rocks in northeastern Junggar

Basin: New insights into the Junggar Ocean closure. Earth Science Frontiers , 2022, 29(4): 385-402

Abstract: The Junggar Ocean is an important branch of the northern Paleo-Asian Ocean and part of its stage
evolution. However, the subduction and closure time of the Junggar Ocean and the basement property of the
Junggar Basin are still unclear. In this study, Carboniferous volcanic rocks including basalts, basaltic
andesites, and andesites in the northeastern margin of the Junggar Basin (Wulungu area) were investigated
to reveal their magmatic provenance and formation mechanism. Combined with major and trace element and
Sr-Nd isotope analysis, the closure time of the Junggar Ocean during the Late Paleozoic was further clarified.
Three types of basement volcanic rocks with low TiO, (0.60%—0.84%) and relatively high alkaline (1.18%—
8.59%) contents were identified. The basalts belong to tholeiitic series while andesites to high calc-alkaline
series, indicating a volcanic arc association. The low-medium * Sr/* Sr(;, ratios (0.703250—0.704559) and
relatively depleted e, (#) (+4.8—+6.8) and rpyz (483—625 Ma) values suggested all three types formed
from fractional crystallization of depleted mantle magmas, with andesites formed later than the others.
Trace element and isotope tracing suggested the volcanic rocks originated from mantle wedge metasomatized
by slab-derived fluid, with andesites more impacted by crustal contamination. The volcanic rocks were
enriched in LILEs (Ba, Sr), Pb, Zr and Hf, and showed strong negative Nb and Ta anomalies. These
characteristics are consistent with the tectonic setting of a subduction zone. The rock series showed
enrichments of incompatible elements (Th, U, K) and LREE, high Ba/La ratio (30.14-208.86), low TiO,
content (0.60%—0.84%), and low Ce/NB (8.71-12.05) and Th/Nb (0.93—1.74) ratios. These characteristics
support the continuing Carboniferous Junggar Ocean subduction along the continental block, which led to
island arc accretion, followed by Junggar Ocean closure in the Late Carboniferous (ca. 305.544.4 Ma) and
subduction-related magma superposition onto the continental crust through island arc. The above results

provided new basis for the understanding of basement formation in the Junggar Basin.

12021 -07 - 29; 12021 -12-12
(201772X05063002—006) ; (YETP0669)
(1995—), . s . E-mail:jiaoxiaoqin0109@163.com
* : (1979—), , s . E-mail: nivhuapeng@126.com

http://www.earthsciencefrontiers.net.cn ,2022.29(4)



386 . . s/ Earth Science Frontiers 2022 29 4

Keywords: Junggar Basin; Wulungu; Carboniferous; volcanic rocks; island arc; petrogenesis

( )
s . Sr-Nd s o
. , TiO, (0.60% ~0.84%) . K, O+
Na, O (1.18%~8.59%) , s , .
— 9Sr/* Sr, (0.703 250~0.704 559) Nd (+4.8~+6.8) tome (483~625 Ma)
(LILE) Ba, Sr \ (Th,U,K) s
(HFSE)Nb, Ta . Pb.Zr.Hf . 5
Ba/La(30.14~208.86) ., Ti0,(0.60%~0.84%) , Ce/Nb  (8.71~12.05).Th/Nb
(0.93~1.74) , ,
. - (ca. 305.54+4.4 Ma),
:P588.14 A 21005 - 2321(2022)04 — 0385 - 18
3) L1, (4)

’ o
[1-6]
b o
( ) N s
[7-10] -
b A
[33-35] _
N ’ 9
(18]
o ’
b Y b
[11-12]
’
[13-15] [36]
b b N b
[37]
Y N b b
o A} - —
b o
2 ) Y
16217 |
’ b
I , _
. b
[10,22-26]
o b o
b b
b b
, : (D) ,
27-29 30-32
L ] ;(2> L ] ; .

http://www.earthsciencefrontiers.net.cn ,2022.29(4)



, . ., / Earth Science Frontiers 2022 29 4 387

b

[25,38-39]
o

C la), 13 km*™*, N ;

[33.40-41]
o

(a)— s (b)— ( [42-43] )i(c)—
1

Fig.1 Simplified geological maps of the study area. (a) Geological sketch map of northwestern China,
(b) tectonic sketch map of Junggar Basin (modified after [42-43]), and (c) geological sketch map of Wulungu
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Fig.2 Compositions and structural characteristics of intermediate-basic volcanic rocks of Wulungu
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Table 1 Results of major and trace element analysis of Carboniferous volcanic rocks of Wulungu
wy/ %
SiO; Al; O3  Fe; 05 FeO CaO MgO K, O Na; O TiO, P, 05 MnO TFe; O3
WG-2 45.61 9.36 3.02 6.67 11.82 13.89 0.34 1.79 0.60 0.08 0.20 10.43
WG-3 44.16 8.03 3.60 7.36 11.77 15.55 0.31 0.87 0.63 0.10 0.22 11.78
WG4 52.92 16.49 5.20 2.70 6.44 3.38 2.90 3.22 0.74 0.26 0.13 8.20
WG-5 53.42 16.45 5.32 2.23 7.06 3.62 2.70 2.83 0.80 0.30 0.13 7.80
WG-6 59.09 15.56 2.58 1.58 5.40 1.80 1.60 3.39 0.40 0.15 0.06 4.34
WG-7 61.97 15.06 0.80 3.10 3.42 1.69 2.39 2.98 0.64 0.10 0.09 4.24
WG-1 57.32 16.20 1.10 4.34 3.80 2.21 6.09 2.50 0.84 0.34 0.17 5.92
http://www.earthsciencefrontiers.net.cn ,2022,29(4)
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( D
wy/ % B wy, /1076

Na, O+K,O £ Cu Pb Cr Ni Co Rb Sr Ba \% Nb
WG-2 2.13 67.56 61.8 1.46 751 138 56.2 9.78 306 222 263 0.68
WG-3 1.18 67.87 65.4 1.36 688 152 60.3 6.45 235 210 241 0.58
WG4 6.12 55.59 87.8 8.38 62.5 19.4 21.1 88.6 480 3 300 178 3.46
WG-5 5.53 61.88 123 9.62 81.3 23.7 20.8 73.6 506 905 168 3.05
WG-6 4.99 53.25 30.6 10.1 37.8 26.2 11.9 48.8 360 2 490 71.4 3.88
WG-7 5.37 35.28 26.3 149 55.7 23.3 12 66.4 265 971 84.4 4.79
WG-1 8.59 33.74 50.5 10.4 23.2 9.39 13.4 244 244 868 107 6.16

w,/10°°

Ta Zr Hf Ga U Th La Ce Pr Nd Sm Eu
WG-2 0.1 17.40 0.69 10 0.16 0.63 3.1 7.36 1.08 5.7 1.64 0.63
WG-3 0.095 15.30 0.62 9.8 0.14 0.54 2.91 6.99 1.06 5.52 1.62 0.56
WG4 0.3 110.00 3.57 18.4 1.56 4.51 15.8 34 4.38 18.8 4.26 1.84
WG-5 0.27 99.00 3.28 17.5 1.34 5.32 16.9 35.9 4.55 19.5 4.27 1.28
WG-6 0.39 122.00 3.8 17.3 1.59 4.49 17.1 35.5 4.22 16.8 3.21 1.38
WG-7 0.43 150.00 4.75 17 2.05 5.95 19.3 41.7 5.22 21.3 4.55 1.28
WG-1 0.48 221.00 6.81 19.3 2.88 8.98 28.8 60 7.48 31 6.45 1.55

wy /1076
Nb/Ta Zr/Hf La/Sm

Gd Tb Dy Ho Er Tm Yb Lu Y
WG-2 1.8 0.34 2.11 0.41 1.16 0.17 1.1 0.17 10.10 6.80 25.22 1.89
WG-3 1.8 0.34 2.02 0.41 1.16 0.17 1.07 0.17 9.71 6.11 24.68 1.80
WG4 4.7 0.7 4.04 0.82 2.36 0.37 2.38 0.37 20.60 11.53 30.81 3.71
WG-5 4.22 0.67 3.87 0.75 2.17 0.33 2.11 0.33 19.20 11.30 30.18 3.96
WG-6 3.28 0.45 2.4 0.46 1.32 0.19 1.31 0.2 11.80 9.95 32.11 5.33
WG-7 4.22 0.72 4.24 0.86 2.52 0.39 2.51 0.4 21.70 11.14 31.58 4.24
WG-1 5.82 0.96 5.54 1.1 3.14 0.48 3.13 0.5 28.50 12.83 32.45 4.47

(Th/Nb) pym (Nb/La) pm La/Nb Ce/Th Ce/Pb Ba/Rb Ba/Th
WG-2 7.77 0.21 4.56 11.68 5.04 22.70 352.38
WG-3 7.81 0.19 5.02 12.94 5.14 32.56 388.89
WG4 10.93 0.21 4.57 7.54 4.06 37.25 731.71
WG-5 14.63 0.17 5.54 6.75 3.73 12.30 170.11
WG-6 9.71 0.22 4.41 7.91 3.51 51.02 554.57
WG-7 10.42 0.24 4.03 7.01 0.28 14.62 163.19
WG-1 12.23 0.21 4.68 6.68 5.77 3.56 96.66

Ba/La Nb/U JEU oCe > LREE 2 HREE LREE/HREE
WG-2 71.61 4.25 1.12 0.98 19.51 17.36 1.12
WG-3 72.16 4.14 1.00 0.98 18.66 16.85 1.11
WG4 208.86 2.22 1.25 0.99 79.08 36.34 2.18
WG-5 53.55 2.28 0.91 0.98 82.40 33.65 2.45
WG-6 145.61 2.44 1.29 1.00 78.21 21.41 3.65
WG-7 50.31 2.34 0.88 1.00 93.35 37.56 2.49
WG-1 30.14 2.14 0.76 0.98 135.28 49.17 2.75
http://www.earthsciencefrontiers.net.cn ,2022,29(4)
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(2 TAS ( [507); (b)—Zr/TiO; ~Nb/Y ( [510);
(0)—K;0-SiO, ( [52]);(d)—AFM ( [53]),
3
Fig.3 Classification diagrams for Carboniferous volcanic rocks of Wulungu. (a) (K,O+Na,O) vs,
Si0, diagram (adapted from [50]). (b) Zr/TiO, vs. Nb/Y diagram (adapted from [51]).
(¢) K, O vs. SiO, diagram (adapted from [52]). (d) AFM diagram (adapted from [53]).

4 (a)( [567)
(b)( [56])
Fig.4 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element spidergrams for

Carboniferous volcanic rocks of Wulungu (b). Chondrite-normalized and primitive mantle-normalized values from [56].
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Fig.6  Geochemical classification plots for Carboniferous volcanic rocks of Wulungu.
(a) *"Sr/* Sr(;, vs. SiO, (adapted from [607]). (b) *$Nd/"*Nd(, vs. SiO,.
(¢) Nb/Zr vs. Th/Zr (adapted from [597]);(d) Th/Yb vs. Nb/Yb (adapted from [71]).
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7 Si0,

Fig.7 Relationships between SiO, and oxides in Carboniferous volcanic rocks of Wulungu
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(a)—TiO,~Zr ( [54], [107, - [260]);(b)—Ce/Nb—Th/Nb
( [85], [10], - [26]);(c)—Nb—Zr-Y ( [861) A1+ Ay
WA +C ,B:E-MORB,C+D:. ;(d)—HI/3-Th—Ta ( 21D,
8

Fig.8 Tectonic discrimination diagrams for Carboniferous volcanic rocks from Wulungu. (a) TiO, vs. Zr
(adapted from [54], data partly from [10,26]). (b) Ce/Nb vs. Th/Nb (adapted from [85], data partly from [10,26]).
(¢) Nb-Zr-Y diagram (adapted from [867]). (A, +A,)—WPB-alkaline basalts; (A, +C)—WPB tholeiite;
B—E-MORB; (C+D)—volcanic basalts. (d) Hf/3-Th-Ta diagram (adapted from [21]).
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Fig.9 A model for the tectonic evolution of Wulungu (modified after [21])
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