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Petrogenesis and Geological Implications of the Early Permian Yakou Bimodal Volcanic
Rocks in the Bogda Belt Chinese Northern Tianshan
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Abstract: In order to determine the fuzzy tectonic environment of the Chinese Northern Tianshan in Permian the Yakou
bimodal volcanic rocks which are mainly composed of basalt and rhyolite in the Bogda belt have been systematically
studied in this paper. The SHRIMP U-Pb age of ( 295.6+2.3) Ma for zircons of rhyolite indicates that the bimodal vol-
canics were erupted in Early Permian. The Yakou rhyolite belongs to the high=silicon I4ype rhyolite that was a product of
partial melting of the upper crust under relatively low pressure. The abundant captured or inherited zircons in the rhyolite
may lead to the increase of its Zr and Hf contents and then the artifact showing geochemical features of A-type rhyolite
and decoupling phenomenon of its Nd-Hf isotopes. Both magmas of the Yakou basalt and the Bogda Late Carboniferous ba—
salts could be derived from the similar depleted mantle source that was metasomatized by subduction materials though the
Yakou basalt was obviously contaminated by crustal materials during its magma ascending. In general the sudden addition
of ancient crustal materials into basaltic magmas from late Carboniferous to early Permian in the Bogda belt based on all
evidences suggests that the paleo-Tianshan ocean was closed in the northern part of Chinese Northern Tianshan before 296
Ma and then the crustal materials from surrounding ancient terranes were added into the ascending basaltic magmas in the
Bogda area.
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Fig.2  Simplified stratigraphic column of the study area
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Fig.3 Field features and microscopic photographs of the volcanic rocks
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Fig.4 SHRIMP U-Pb concordance curve and CL images

of zircons from the Yakou rhyolite
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Fig.5 Geochemical diagrams of the Yakou volcanic rocks
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3 Nd-Hf
Table 3 Analytical results of Nd-Hf isotopes of bimodal volcanic rocks in the Yakou area
XC16-A1 XC16-A3 XC16-A6 XC16-A8 XC16-A16

Sm/( x107°) 11.70 9.78 5.74 4.22 4.40
Nd/( x107°) 60. 40 41.30 26. 00 18. 40 18.70
47Sm /1 Nd 0.117 032 0. 143 070 0. 133 384 0. 138 569 0. 142 162
Nd/1*Nd 0.512 691 0.512 727 0.512 786 0.512 825 0.512 842
+20 0. 000 008 0.000 011 0. 000 010 0. 000 008 0. 000 010
(" Nd/"™Nd) , 0.512 691 0.512 727 0.512 786 0.512 825 0.512 842
enal 1) 1.0 1.7 2.9 3.7 4.0

Lu/( x107%) 0. 56 0.51 0.33 0.32

HE/( x107°) 11. 60 11.20 3.43 2.84

176 L/ HE 0. 006 833 0. 006 443 0.013 501 0.015 906
6 Hf /1T HE 0.282 941 0.282 870 0.282 986 0.283 008
+20 0. 000 012 0. 000 007 0. 000 007 0. 000 010
("Hf/TTHS) 0.282 941 0. 282 870 0. 282 986 0. 283 008
end 1) 6.0 3.5 7.6 8.3

N .OIB.N-MORB.E-MORB Sun  McDonough( 1989) ; UC.LC Rudnick  Gao( 2003) ;
(2017) ; Xie (2016a 2016b 2016c)
6 (a ¢) REE (b d)

Fig.6 The Primitive mantle-normalized trace elements diagrams (a ¢) and Chondrite-normalized

REE diagrams (b d) of the Yakou bimodal volcanic rocks

( 6d) 4.0 TSHE/TTHE 0. 282 835 ~ 0. 282 904
LREE (Lay/Yby  4.9~9.8 Dy,/Yb, en(t) 8.6~11.0 .
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Fig.7 Harker diagrams of the Yakou bimodal volcanic
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MORB+0IB GLOSS Chauvel (2008 2009) ; Xie (2016a 2016b) ; DMM.HIMU.
EM1.EM2 Stracke (2003 2012) ; Zhang (2014) Cao (2017) .
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Fig.8 Diagrams of gy,(#) vs. Sm/Nd( a) and g, 7) vs. ey () of the Yakou bimodal volcanic rocks

4 EC-AFC
Table 4 EC-AFC parameters for basalts from the Yakou area
/C 1 300 Nd Hf Nd Hf Nd Hf
/C 1 300 /(x107%) 0. 581 0. 157 27.6 4. 06 6.7 5.04
/C 1 000 BNA/MND TOHETTHE | MN/MNd TOHE/TTHE | NN TR/ T HE
/C 300 0.512 892 0. 282 98 0.512 0.282 8 0.512 203  0.282 658
/C 900
/C 980
! 1/(kg*K) 1 484
/ 1/(kg*K) 1370
/(J/kg) 396 000
/(J/kg) 270 000

1 ( <300 MPa) Si0,
; ( Qz-Ab-Or)
Nd-Hf ( Gualda et al. 2013) ,
( Pin and Paquette 1997) 4.3
o ( Sengor et al.
() 1993; Wilhem et al. 2012) . -
( Thy et al. 1990; Beard and Lofgren
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P ( 6c 2) . « ”
Sio, (

77.5% o 2001; 2004, 2014,
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