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Abstract Chinese Northern Tianshan Orogen is one of the important components of the Central Asian Orogenic Belt ( CAOB) as its
western part. Considerable debates persist as to its tectonic setting during the Late Paleozoic era among which two dominant schools of
quite different opinions were presented one thought it was formed in an active subduction system while the other in an intraplate rift
environment. Some researchers ever suggest that lots of bimodal volcanics occur in Chinese Northern Tianshan from Carboniferous to
Permian which are related to the Tarim mantle plume. To provide new constraints on this issue petrology and geochemical analyses
have been carried out on the Baiyanggou volcanics from the Bogda Mountains. The Baiyanggou volcanics are composed of pillow basalt

massive basalt andesitic-dacitic ignimbrite rhyolite and volcanic breccia. Andesitic-dacitic ignimbrite and rhyolite belong to I-type
felsic rock and are in conformable contact with the pillow and massive basalts. Marine Echinodermata fossil and zircon SHRIMP U-Ph
age ( ~311Ma) indicate that these volcanics are formed in Late Carboniferous ( the Qijiagou Formation) . Furthermore occurrence of
andesitic-dacitic ignimbrite suggests that the eruption of the Baiyanggou volcanics is not a bimodal volcanism but related to bimodal
magma ( basaltic and rhyolitic magmas) . MELTS modeling implies that the felsic volcanics are not produced by fractional crystallization
of the pillow or massive basalt. Comparison with previous basaltic melting experiments positive gy,(t) values ( +5.9 ~ +7.5) and
arc-ike trace element characteristics indicate that they are produced by partial melting of neonatal hydrated arc mafic crustal rocks.

Rhyolites likely represent the direct product of neonatal arc crustal rocks. Nevertheless ignimbrites contain lots of basaltic and silicic
fiammes and feldspars and display negative to positive Eu anomalies (§Eu=0.8 ~1.1) implying that magma mingling and feldspar
accumulation may have played an important role in the genesis of the ignimbrites. Combined with the Bogda Late Carboniferous basalts

we suggest that it may be an intra-eceanic rear-arc or back-arc environment in the Bogda belt during Late Carboniferous probably
related to southward subduction of the North Tianshan Ocean ( also named as Junggar Ocean) . The transition of the tectonic settings of

the Bogda arc is likely related to a “soft” arc-arc collision ( East Junggar arc vs. Bogda arc) at the boundary of Carboniferous—Permian.
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i (b) ( 1965® )i(e) Google Earth
Fig. 1  Simplified geological map of study area
(a) geological map of the Bogda belt at the north margin of the Chinese North Tianshan ( modified after Chen et al. 2011; Zhao et al. 2014)
in which the details of the Late Paleozoic magmatic rocks are given in Table 1; ( b) simplified geological map around the Baiyanggou area; ( c)

Google Earth map showing the location of the Baiyanggou volcanics section
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1
Table 1  Brief introduction of the Carboniferous-arly Permian felsic rocks with dating ages in the Bogda belt Chinese North Tianshan
( Ma)
311 £2 SHRIMP U-Pb Xie et al. 2016a
296 +3 LA-CP-MS U-+b Chen et al. 2011
1 293 £2 LA-CP-MS U-+b Chen et al. 2011
297 +2 LACP-MS U-Pb Shu et al. 2011
288 +3 SHRIMP U-b Shu et al. 2011
2 315 +2 SHRIMP U-b Xie et al. 2016b
322 7 LA-HCP-MS U-Pb 2014
’ 334 +2 SHRIMP U-Pb 2013
298 1 Rb-Sr 2000
) 298 +8 LA-HCP-MS U-+b Wali et al. 2017
309 +6 SHRIMP U-b 2015
5 311 £4 SHRIMP U-+b 2015
309 4 SHRIMP U-bb 2015
6 319 6 LA-ICP-MS U-b 2015
319 £3 SHRIMP U-bb Xie et al. 2016b
! 330 +3 LACP-MS U-b Zhang et al. 2017
346 =7 SHRIMP U-b 2010
’ 326 £2 LA-HCP-MS U-Pb 2010
307 2 Rb-Sr 2007
314 =1 LA-ICP-MS U-b 2013a
’ 315 1 LA-HCP-MS U-b 2014
301 2 LA-CP-MS U-bb 2013b
342 +3 Rb-Sr 2006
10 340 £3 Rb-Sr 2006
295 +2 LACP-MS U-bb Chen et al. 2011
296 +2 Rb-Sr 2010
" 322 +3 Rb-Sr 2010
294 £2 LA-HCP-MS U-bb Chen et al. 2011
. 295 +4 LA-CP-MS U-b Chen et al. 2011
294 +£2 LA-CP-MS U-+b Chen et al. 2011
344 £2 LA-HCP-MS U-Pb Chen et al. 2013
. 345 +3 LA-CP-MS U-bb Chen et al. 2013
347 +4 LA-CP-MS U-+b Chen et al. 2013
14 398 £5 LA-HCP-MS U-b 2015
s 312 1 LA-CP-MS U-bb 2015a

294 1 LACP-MS U-Pb 2015b
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2 - (a 1993 )
(b.c)
Fig. 2 Simplified stratigraphy column from Devonian to Triassic in the Bogda belt (a modified after BGMRX 1993) and two
composite stratigraphy columns of the Qijiagou Formation in the Bogda belt showing the relationship of the felsic volcanics and

pillow basalts (b ¢)

2 ( 2017 )
Table 2 The regional sedimentary facies for the Late Carboniferous Qijiagou Formation in the Bogdabelt ( after Liu et al. 2017)
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(a) 7 (b) i ()
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Fig. 3 Field characteristics and photomicrographs

(a) field photos showing the conformable contact of the Baiyanggou pillow basaltic lavas with the felsic ignimbrite; ('b) hand specimen of a typical
ignimbrite; ( c4) photomicrographs showing the typical textures of the andesite-dacitic ignimbrites; (g h) photomicrographs showing the marine

echinoderm fossils
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3 (wt%) « ( x107%) Nd

Table 3 Compositions of major ( wt%) trace ( x 107°) element and Nd isotope of the Baiyanggou felsic ignimbrites

BYG43 BYGHS5 BYG20 BYG21 BYG22 BYG23 BYG24 BYGHd4 BYGH6 BYGH7 BYGH8 BYGHO9

Si0, 57.5 60. 1 62.2 60.0 59. 8 61.9 60. 1 69.0 66. 1 65.3 71.3 69.2
TiO, 1.24 0.94 1.03 0. 94 0.97 0.90 1.12 0. 69 0. 84 0. 84 0.63 0.75
Al 0, 16.5 14.7 12.9 14. 4 15.6 15.6 15.0 12.5 14.5 15.8 10. 8 11.9
Fe, 0] 10.2 7.08 11.2 7.20 8.62 8.54 10.2 6.32 6.55 5.52 5. 64 8.39
MnO 0.19 0. 14 0.09 0.15 0.13 0.17 0.21 0.10 0.10 0. 14 0.10 0.10
MgO 4.36 4.24 1.48 4. 40 2.05 3.94 4.50 1.24 2.54 1.97 1.37 1.90
Ca0 2.78 6.95 4.76 7.22 6.07 1.49 2.15 3.91 4.39 2.55 5.66 3.18
Na, 0 3.92 3.30 5.46 3.36 5.56 5.81 5.61 5. 44 4.39 1.73 2.79 3.05
K,0 3.01 2.41 0. 69 2.21 1.02 1. 61 0. 86 0. 65 0. 40 5.97 1. 62 1.39
P, 05 0.25 0.16 0.17 0.16 0.22 0.10 0.21 0.13 0.17 0.18 0.15 0.14
LOI 3.09 4.24 3.08 4.39 3.61 2.38 3.06 2.33 2.12 2.00 3.72 1.83
Total 99.7 99. 8 99.7 99.8 99.6 99.7 99.7 99. 8 100. 5 99.7 99.6 99.6
v 115 104 208 113 148 183 174 81.7 112 29.3 69.3 148
Cr 14.0 69.7 12.5 73.6 14.8 36.3 21.0 14.7 8.61 5.73 24.3 8.25
Ni 5.82 24. 45 8.47 25.9 8.38 8.10 8.75 6.36 7.45 1. 82 11.2 7.74
Ga 17.6 14.4 11.0 14.4 17.0 14.4 17.0 11.0 16.7 17.8 10.2 12.5
Rb 29.8 26. 1 7.41 23.3 8.96 14.5 8.34 6.18 4.36 103.1 17.6 14.8
Sr 239 359 172 363 245 190 156 250 152 409 182 180
Y 39.0 30.8 21. 1 30.3 34.5 17.5 27.8 22.1 21.7 43.7 23.7 25. 1
Zr 138 127 65.0 125 117 68. 1 9.6 94.0 89.2 141 80. 4 91.1
Nb 2.95 2.99 1.54 2.91 2.43 1.86 2.15 2.48 1.96 2.92 1.99 1.83
Ba 861 453 119 409 257 281 222 163 129 1325 350 301
La 12.9 11.0 9.18 10.7 12.3 6.77 9.55 9. 66 9.24 12.9 9.32 11.2
Ce 31.9 26.6 20.0 25.8 28.8 16.8 22.3 21.9 21.8 32.7 20.7 24.2
Pr 4.71 3.77 2.75 3.66 4.05 2.47 3.31 3.08 3.10 4.92 2.94 3.17
Nd 22.7 17.7 12.9 17.4 19.7 11.9 15.8 14.2 15.0 24.0 13.7 14. 8
Sm 5.95 4.58 3.22 4.35 5.04 3.13 4.19 3.49 3.83 6.42 3.5 3.79
Eu 1.82 1.35 0. 968 1.32 1.55 1.15 1.31 1.00 1.19 2.09 0.997 1.12
Gd 6.51 5.15 3.39 4.92 5.37 3.28 4.61 3.80 3.82 7.10 3.63 3.97
Th 1.18 0.903  0.624  0.89  0.892  0.587  0.800  0.654  0.665  1.263 0.62  0.678
Dy 7.46 5.53 3.97 5.37 5.86 3.56 4.92 4.05 4.11 7.92 3.92 4.34
Ho 1.59 1.19 0.797 1.17 1.30 0.725 1.06 0.849  0.838 1.66 0.844  0.925
Er 4.58 3.38 2.28 3.32 3.76 2.09 3.03 2.39 2.45 4. 80 2.41 2.73
Tm 0.691  0.506  0.345  0.497  0.539  0.303  0.458  0.354  0.369 0.724  0.357  0.410
Yb 4.39 3.28 2.25 3.24 3.58 1. 96 2.98 2.38 2.45 4. 64 2.36 2.73
Lu 0.683  0.504  0.359  0.489  0.571  0.304  0.458  0.362 0.370  0.734  0.365  0.426
Hf 4.16 3.47 1.85 3.38 3.566 1.90 2.65 2.54 2.571 4.05 2.371  2.661
Ta 0.209  0.224  0.092  0.209 0.177  0.123  0.151  0.165 0.141  0.191  0.142  0.128
Pb 6.98 5.70 3.29 5.10 10.5 5.71 3.65 4.94 5.19 5. 80 3.59 4.40
Th 2.73 2.58 1.20 2.36 2.04 1.54 1.91 2.50 1.55 1.96 1.75 1.62
U 0.963  0.972  0.631  0.83  0.847 1.06 0.732  0.728  0.502  0.704  0.766  0.579
Nd /" Nd 0.512903 0. 512909 0. 512936 0.512900 0.512842 0.512935 0.512951 0.512861 0.512918
("3Nd/™*Nd) 0.512584 0. 512602 0. 512621 0.512574 0.512540 0.512621 0.512622 0.512545 0. 512603
exal 1) 6.8 7.1 7.5 6.6 5.9 7.5 7.5 6.0 7.1

tpy( Ma) 664 586 557 717 722 554 586 755 602
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(a) ( TAS ); (b) A/NK-A/CNK (e Si0, MELTS
( Thy et al. 1990; Beard and Lofgren 1991) ;
N Chen et al. (2011) . (2011)  Xie et al. (2016a) 5. 17

Fig. 4 Diagrams of geochemistry from the Baiyanggou felsic ignimbrites

(a) total alkalis vs. silica ( TAS); (b) A/NK vs. A/CNK; (cH) binary diagrams of major oxides versus SiO, the curves are the liquid curves
calculated by MELTS program under different conditions. The shadow fields are after previous experimental melts of hydrated basaltic and andesitic
rocks (Thy et al.  1990; Beard and Lofgren 1991); data of the Baiyanggou basalts and rhyolites from Xiong et al. (2011) Chen et al. (2011)
and Xie et al. (2016a) also in Fig. 5 and Fig. 7
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1987)

Fig. 6 Plots of Zr vs. 10000Ga/Al ('a) and ( Na,O +K,0) /CaO vs. (Zr+Nb +Ce +Y) (b) of the Baiyanggou volcanic rocks

( after Whalen et al. 1987)

Data source of the Baiyanggou rhyolites is from Chen et al. (2011)

7 Nb (a) 6Eu(b) La
ab -
4, ¢

ena(1)

Sm/Nd (c)
( AFC: DePaolo 1981) 10%

Fig. 7 Plots of Nb (a) and 8Eu (b) vs. La and gy,(t) vs. Sm/Nd of the Baiyangou volcanic rocks

The calculated solid curves in (a) and ( b) represent assimilation-ractional crystallization trends ( AFC; DePaolo

1981) with ticks at 10%

increments of crystallization and the parameters for the calculation are listed in Table 4. Fig. 4( c¢) shows the effect of magma mingling and feldspar

accumulation

( magma mingling) Eu
Eu (6Eu=0.8~1.1)
o DePaolo ( 1981)
- ( AFC) o 07Y-524 (
) +Chen et al. (2011) 641
4
( 7a b) el t) Sm/Nd
AFC ( 7¢)o

4 AFC

Table 4

partition coefficients for AFC model

Selected two end-number samples and trace element

Sample No. Nb La Sm FEu Gd

07Y-524 .8 52 35 13 42
641 39 231 6 05 5.4
D
(75%) 0.01 0.01 0.02 0.3 0.05
(1%) 0.01 0.01 0.004 0.005 0.004

(20%) 0.008 0.2 0.3 0.3 0.6
(19%) 0.001 0.032 0.015 0.03 0.034

(3%) 0.07 0.7 0.0260.0250.018

0.011 0.069 0.076 0.286 0. 158

2011

Chen et al. 2011

GERM website( http: //
www. earthref. org/
databases /KDD/

main. htm)
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