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Fig. 1 Geotectonic sketch(a)of Bogda orogenic belt

and geological sketch (b) of the study area
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Fig. 2 Volcanic rock profile PMO01 of Carboniferous Liushugou formation in Bogda orogenic belt
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Fig. 3 Microscopic photo of bimodal volcanic rock in the west Bogda orogenic belt
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Table 1 Major elements of Carboniferous volcanic rocks in the west Bogda orogenic belt
b G LSG - 38 LSG -39 LSG - 40 LSG - 47 LSG -43 LSG - 45 LSG-51 LSG - 54
SiO, 46.53 46. 56 46. 27 46.18 76.10 76.06 76.21 76.25
TiO, 1.68 1.70 1.67 1. 69 0.27 0.24 0. 26 0.23
Al Oy 16. 63 16. 24 16. 49 16.61 10. 27 10. 31 10. 38 10. 40
Fe; O3 1. 85 1. 46 2.03 1.98 2.58 2.76 2.68 2.71
FeO 7.86 8.17 7.89 7.85 2.47 2.48 2.31 2.16
MnO 0.15 0.16 0.18 0.14 0.03 0. 04 0.02 0.03
MgO 9.09 8.87 9. 35 9.57 0.15 0.13 0. 14 0.16
CaO 9.75 10. 32 9. 34 9.35 0.19 0.16 0.18 0. 15
Na, O 2.27 2.61 2.27 2.28 1.83 1. 80 1.98 1. 84
K, O 0. 44 0. 38 0. 44 0. 45 5.64 5.66 5. 57 5.61
P, 05 0. 26 0. 27 0. 26 0.28 0. 04 0.05 0.03 0. 04
LOI 3.87 3.70 3.85 3.95 0. 70 0.68 0.63 0.72
Total 100. 38 100. 44 100. 04 100. 33 100. 27 100. 37 100. 39 100. 30
Mg*# 62.98 62.51 63.17 63.91 5.29 4. 46 5.02 5. 84
c 2.08 2.51 2.25 2.34 1. 69 1.68 1.72 1. 67
A/CNK 0.76 0. 69 0.78 0.78 1.08 1.10 1.08 1.11

A s/ %

Z A SO, & & (w (Si0,) = 46.81% ~
46.53%) , LA (K,O+Na,O) & 8B4 T 2. 71 % ~
2.99% . FEK I TAS FE (& 4a) b B0 B S
F Tr-Trvine 43 L6 5 . ¥ A 8P R 49000 % 5854
X 3§, ; 78 w(TFeO) /w(MgO)—w(SiO,) Efit (& 4b)

o B PE ARLBE R ) X5, A T HL B X A &R
G5 0E w (Si0,)—w (Zr) /w (TiO, ) F fi (& 4d)
O T AR TR A BEYE X R . TR
& Na %7 K, w(Na,O)/w (K,OQ) =5.07 ~6.87; H
w(Ti0,) =1 67%~1.70%, T N~ MORB ] w(TiO,) =
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Table 2 Calculations of CIPW standard minerals of Carboniferous volcanic rocks in the west Bogda orogenic belt
i S LSG - 38 LSG -39 LSG - 40 LSG - 47 LSG -43 LSG - 45 LSG-51 LSG - 54
Q 42.62 42.78 42.22 43.16
An 35.11 32.53 34. 83 35.03 0.68 0.47 0.70 0.48
Ab 19.9 22.83 19.97 20.02 15.55 15. 28 16.79 15. 64
Or 2.69 2.32 2.70 2.76 33.47 33.55 33.00 33.29
C 0.91 1.05 0. 84 1.13
Di 10. 70 15.04 9. 34 9.03
Hy 13.92 5.00 14. 89 13.63 2.40 2.28 1.99 1. 84
Ol 10. 96 16. 11 11.29 12.55
1l 3.31 3.34 3. 30 3.33 0.52 0.46 0. 49 0. 44
Mt 2.78 2.19 3.06 2.98 3.76 4.01 3.90 3.93
Ap 0.62 0.65 0.63 0.67 0.09 0.12 0.07 0.09
Total 100. 00 100. 01 100. 01 99. 99 100. 01 100. 00 100. 00 100. 00
A 4. 11 3.84 4. 14 4.22 48.71 48.62 49. 44 48.71
P 53.59 53. 84 53. 36 53.59 0.99 0.68 1.05 0.70
DI 22.59 25.15 22.67 22.78 91. 64 91.61 92.01 92.09
SI 42,26 41,28 42.54 43. 24 1.18 1.01 1. 10 1.28
AR 1.23 1.25 1.23 1.24 6.00 5.96 6.02 5.81
A/MF 0. 46 0. 45 0. 44 0. 44 1.43 1. 40 1.47 1.50
C/MF 0.49 0.52 0. 45 0. 45 0. 05 0.04 0. 05 0.04
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Fig. 4 A series diagram of bimodal volcanic rocks in the west Bogda orogenic belt
a. TAS K fi# . KPS Le Maitre(2002) ;
b. w(TFeO) /w(MgO)—w(SiO:) K fi . E K4 Miyashiro(1974)
c. A/NK—A/CNK [ f# , FEHE Winchester Fil Floyd(1977) ;

d. w(Si02) —w(Zr) /w(TiOz) E fft , B JEEH% P. D. Maniar I P. M. Piccoli(1989)
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1.15%5Y 5 w (ALO,) 16.24% ~ 16.63% .
w(Ca0)=9.34% ~10. 32% 1l w (MgO) =28.87%
~9.57%, WK E  Mg® =62.51~63.91, 1% &
T MORB ) Mg* = 60, B AL T H 5] J5 4k 5 9% 1Y
Mg® =65; [A if . Z R A 1 w(K,0)/w (P, 0;) =
1.41~1.69,w(K,0) /w(TiO,) =0. 22~0. 27, FL{H
Bk ARSI . X 53 CIPW bR it
AR - (W 2, L aA B s R A
(Hy&EHRT 3% (5.00% ~14.89%), H A HL
i A1 (OD L, TAH(Q) .

ME A S0, & & w (Si0,) = 76.06% ~
76.25% @ mEE SUE . H e (K, 0+ Na, O)
TERNT 7.45% ~7.55% AL N, A5 KA
TAS Kl (B 4a) i, B AE IR I 80 X &8 T
WA M 2 B A RN B BCE X 8 R w (S10,)—
w(Zr) /w(TiO,) [ i (B 4d) ThE 57 4 B 5 R 4
N W B M B T Bl. A/CNK 2R 1.08 ~
Lo 11 db 7R R 5T — 55 38 B0 T B) 1 R AR (I 4o) o T
A E K3 Na,w(Na,0) /w(K,0)=0.32~0. 363
w(AlLO;) =10.27% ~10.40% ,w (Ca0) =0. 15%
~0.19% ,w(MgO)=0.13%~0. 16 % , WXk T 5 H
AR Z R B AR X A R AR 5R
w(Ti0,) =0.23% ~0.27% , w(P,0;) =0. 03 % ~
0.05% ,Mg® =4.46 ~ 5. 84, ¥ A%, 5 7~ H KK
Ti.Mg B8 s HSCH 1 w(K, 0) /w(P,0;) =

113.20~185. 67, w (K,0) /w ( TiO, ) = 20. 89 ~
2439, kM W E R T HEHMAEN TR A, 5H
CIPW RS Wi A 45 R — 8 (L3R 2, R 8UA FF
kR 5 9 A (Hy) & & 3 /0N F 306 (18420 ~
2.40%) , HA A (Q) JEi8 #5 4 (DD M A (0D,
KA (Ab=15.28% ~16.79%) B B & T4 K A
(An=0.47%~0.70%) , 7 SHHH(DD ¥ 8 & F X
R HRTF 90, THH AR S FRERES,
3.2 BITERNERE

LR 1T M TCR AT A R LR 3 iR,

ZRAEM TR AR TRECAER TR &
U] B AL s w(LREE) /w(HREE) = 3. 00~ 3. 12;
Hii b 70 28 BRORL I A B AL TC 43 181 (8T Sa) iR Xk
it Lot R B A LREE M) & % HREE % & 75 4
FOARE R AR G2 W A 0 A7 4R w (La) y/w(Yb)
=1.69~1.80, w(La)y/w(Sm)y = 1. 06 ~ 1. 09,
w(Gd) y/w(Yb)y=1.03~1. 10, Al &% . FH 1+ 2
) B % L FE s A PR O B A I AR AE Y s KRS Eu
IE SRR GEuAF 1.10~1.17) , 8 Kk 82 35 F
WA oA 2, 5 v R 2% 2 0w B A= UK
fiti 4 2 AT B I A L. R T R
Pras R woR , K £ A0 E (LILE)Rb Ba FIAAH
HouE K P X E %, Ta.Nb, Ti & oc &
(HFSE) FUAHHZS G ER Th U FHXT 7 45 4 F#1E . Nb, Ta
BEHH U, Th. Ti 7H 2 H“ VRS (& 6a),

®3 FEERZELTERARENLEMERBLITESNER

Table 3 Analysis of trace elements and REE of Carboniferous volcanic rocks in the west Bogda orogenic belt, Xinjiang

e S LSG - 38 LSG -39 LSG - 40 LSG -47 LSG -43 LSG -45 LSG-51 LSG - 54
Cr 301. 48 177.56 245. 85 159. 44 7.49 5.98 7.35 6.93
Rb 5. 54 4.79 6.21 5.62 184. 28 174.49 174. 39 183. 20
Cs 0.98 0.52 1. 34 1.38 3.31 2.97 3.71 2.94
Sr 253.41 287.58 277. 24 55. 39 60. 49 61.54 66.43 64. 38
Ba 72.28 47. 86 118.61 86. 04 206. 37 190. 84 194. 81 213.04
Ni 131. 20 128. 86 144. 32 127. 80 4.70 4.97 4. 30 3.94
Sc 31. 25 35.46 35.78 33. 87 0. 69 0.67 0.97 1.27
Nb 5.49 4.23 5.57 5.65 31. 77 36.73 29.37 27.49
Ta 0. 38 0. 28 0. 37 0. 37 1. 80 2.09 1. 74 1. 64
Zr 219. 24 91. 28 156. 41 164. 84 997. 24 983.01 949. 34 947. 32
Ti 1007. 16 1019. 15 1001. 17 1013. 16 161. 87 143. 88 155. 87 137.89
Hf 7.48 4.97 6. 84 5.97 38. 74 39.78 25.97 19. 87
U 0.08 0.13 0.17 0.16 0.78 0. 81 0. 84 0. 88
Th 0.43 0.48 0. 66 0.35 13. 84 14. 32 13.74 13.91
La 8.32 8.68 8. 04 8.23 93.14 94.63 87.13 97.15
Ce 21.43 22.41 21.33 21. 15 187.12 210.07 195. 14 213.88
Pr 3.66 3.84 3.68 3.66 30. 93 30. 14 27.24 31.79
Nd 17.83 18. 47 17.75 17.58 127.41 125. 24 114.09 131. 27
Sm 4. 81 5.07 4. 77 4. 81 28.03 28. 17 26. 38 29.48
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Fig. 5 Chondrite-normalized REE pattern of the bimodal volcanic rocks
in the west Bagda orogenic belt, Xinjiang
(ERRLI A #4551 B Boynton, 1984)
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Fig. 6 Prot-mantle-normalized trace element pattern of the bimodal volcanic rocks

in the west Bagda orogenic belt
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Fig. 7 Genetic discrimination diagram of basalt in the bimodal volcanic rock in the west Bogda orogenic belt
a. w(Nb)—w(Zr) Ff## ;b. w(Dy) /w(Yb) —w(La) /w(Yb) K i O E g Miller,1999) ;
c. w(La) /w(Ba)—w(La) /w(Nb) F f# Ui K 45 Miller,1999)
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Geochemical characteristics and genesis of the Carboniferous
bimodal volcanic rocks in the west Bogda orogenic

belt, Xinjiang Autonomous Region
ZHANG Zhenkun' , SUN Jiandong®, JIANG Hui’, LU Fan',
YUE Jizong' , WU Shouzhi'
(1. Chengdu University of Technology . Chengdu 610051, Chinas
2. Nanjing Center of China Geological Survey, Nanjing 210016, China;
3. Sichuan Northwest Geological Team Sichuan ,» Mianyang 621051, Sichuan, China;
4. Jiangxi Provincial Nuclear Industry Bureau 265 Brigade, Yingtan 335001, Jiangxi, China)

Abstract: A large number of bimodal volcanic assemblages occur in the Liushugou Formation on the
southern side of the Bogda Peak of the Bogda Orogenic Belt. Basalt is depleted in K and rich in Na, Ti, Al
and Mg with lower values of w(K,0)/w(Ti,O) and w(K,0)/w(P,0;) and limited range. Generally the
basalt is slightly contaminated by crustal materials with relative HREE enrichment and without HREE
and LREE fractionation. The basaltic magma may originate from partial melting of the depleted mantle.
Rhyolite is rich in K, but poor in Na, low in Ti, Mg. Differing from the basalt the rhyolite is higher in
REE with obvious HREE and LREEE fractionation and a right slope distribution model and stronger neg-
ative Eu anomaly (§Eu=0. 17 - 0. 20). The rhyolite may be formed by the remelting of crustal material.
Comprehensive analysis shows that the Bogda area was under continental rift environment in Late Carbon-
iferous Epoch and the rock assemblage is closely related to the subduction of the Paleo-Asian Ocean be-
neath the Junggar-Taha block along the Clamary collision zone.

Key Words: Bogda orogenic belt; Liushugou Formation; bimodal volcanic rock; continental rift; Xin-

jlang Autonomous Region



