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Abstract The Upper Carboniferous Liushugou Formation bimodal volcanic rocks consisting of basalt basaltic andesite
keratophyre—quartz keratophyre and rhyolite are widely distributed in Sepikou area which is located in the eastern margin of Bogda
Mountain  Xinjiang. The rocks in the studied area have lowX ( K,0 =0.17% ~4.07%) and high-Na ( Na,0 =3.09% ~6.47%) ;
Si0, contents between 48.07% and 77.62%; AR exponent between 1.35 and 4.7; Na, O + K, O contents between 3.74% and
9.02% ; the low K,0/Na,O ratios (0.04 ~1.04) ; these data shows that it belongs to calc-alkalic alkalic rocks. The basalts basaltic
andesites have slight high-Al low-Mg low K,0/TiO, and K,0/P,0; radios ( the values are 0. 13 ~1.81 0.36 ~6.00) indicating
that fractional crystallization is not clear. The basalt basaltic andesite keratophyre are characterized by high abundance K Rb Th
Ba; and depletion in HFSE (Nb Ta Zr Hf) and slightly depletion in Ti. The basalts are characterized by ( Th/Nb) y =1.36 ~
6.55 ratios and Nb/La=0.29 ~0. 44 ratios and low Nb/Zr =0. 03 ~0. 05 ratios. Chondrite-normalized REE patterns for basalts—
keratophyre is slightdeaning parallel curve clusters together with slight enrichment in LREE contents and low HREE/LREE ratios the
keratophyre exhibits slightly negative Eu anomalies ( 6Eu =0. 81 ~ 1. 17) . The rhyolite is characterized by high abundance K Rb Th
Ba and high abundance in HFSE (Nb Ta Zr Hf) high rhyolite Y,REE contents low HREE/LREE ratios They also exhibit that
the fractionated REE patterns with prominent negative Eu anomalies ( 8Eu = 0.27 ~ 0.50)  suggesting stronger crystallization
differentiation of magma. In situ U-Pb ages and Hf isotopes of quartz keratophyre were analyzed on the basis of micro area studies upon
zircon. Zircon U-Pb ages of the quartz keratophyre are 314.9 £1.2Ma (n=16 MSWD =0.4) respectively with their Th/U ratio of
0.56 ~1.21. The quartz keratophyre zircons with their "*Hf/""" Hf ratios varying in 0. 282897 ~0. 283097 have high positive &, ( 11
~18 averaged at 14) and depleted mantle model ages between 180Ma and 628 Ma which are almost equal to their U-Pb ages. In the
"SHf /" Hf-g,;, discrimination diagrams these zircons are potted on the depleted mantle evolution line. Above characteristics showed
that Late Carboniferous volcanic formed in continental rift. Basalt and quartz keratophyre have the same characteristics. Petrology
geochemistry Hf Nd isotopic characteristics indicate that they are originated from depleted mantle of contamination by crustal
materials. The Late Carboniferous rhyolite formed from both fractional crystallization of basaltic magma of contamination by crustal
materials and the partial melting of crust.

Key words Bogda rift; Liushugou Formation; Bimodal volcanic; Hf isotopes; Xinjiang
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Fig.1 The volcanic distribution and sampling position sketch in Sepikou area Xinjiang
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Fig.3  Petrography of gray olive basalt ( a) and celadon rhyolite keratophyre ( b)
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1 (wit%) . ( x107%)
Table 1  Major elements ( wt%) and trace elements ( x 10 ™°) composition of Liushugou Formation volcanic rocks
XIV4 VI3 ) V7 Vi VI4 Lii4d VA4 V4 V3 ViII2 V2 XN5 XNV2 XIV6 XIV3
Si0, 48.07 50.38 50.08 55.7 56.39 55.53 53.88 52.68 52.71 65.58 65.58 70.67 77.62 75.14 74.37 70.81
TiO, 1.35 1.70  1.46 1.35 .38 1.10 1.36 0.8 1.32 0.73 0.70 0.49 0.18 0.23 0.28 0.37
Al, O, 16.55 15.27 17.67 15.59 16.5 16.6 16.39 16.59 16.62 14.96 15.71 14.06 10.62 12.11 12.14 14.64
Fe, 04 4.16 8.58 3.17 3.5 1.67 2.62 4.26 2.01 3.38 0.75 1.36 0.1 2.66 2.03 2.39 1.82
FeO 5.36 1.32 5.03 5.42 6.61 507 397 6.65 4.64 418 206 2.8 0.42 1.31 1.23  1.28
MnO 0.18 0.13 0.16 0.16 0.15 0.11 0.14 0.18 0.12 0.13 0.088 0.11 0.023 0.11 0.073 0.094
MgO 4.22 3.38 4.45 3.58 3.78 4.77 3.46 4.9 4.29 1.42 1.13 0.46 0.12 0.11 0.11 0.20
CaO 879 7.67 8.16 6.33 2.74 2.57 6.22 5.28 6.61 2.03 2.31 1.73 0.24 0.26 0.37 0.42
Na, O 3.09 4.8 4.41 4.37 533 491 3.8 461 45 6.33 6.26 6.47 3.48 3.69 4.06 5.18
K,0 0.65 .22 0.33 0.17 0.58 1.21 2.46 1.00 1.50 0.77 1.51 0.65 3.39 3.84 4.07 3.84
P, 0y 0.49 0.27 0.26 0.47 0.31 0.36 0.41 0.21 0.30 0.17 0.20 0.14 0.014 0.018 0.026 0.053
LOI 6.75 475 4.32 2.97 4.22 4.69 3.16 4.54 3.48 2.48 2.68 1.80 0.91 0.8 0.59 0.9
Total 99.66 99.53 99.50 99.61 99.66 99.54 99.59 99.51 99.56 99.53 99.59 99.51 99.68 99.70 99.71 99.70
Mg* 44.1 71.9 46.9 39.8 36.4 48.5 46.6 42.4 48.0 25.4 354 14.0
K,0/Na,O 0.21 0.25 0.07 0.04 0.11 0.25 0.63 0.22 0.33 0.12 0.24 0.10 0.97 1.04 1.00 0.74
K,0/TiO, 0.48 0.72 0.23 0.13 0.42 1.10 1.81 .16 1.14 1.05 216 1.33 18.8 16.7 145 10.4
K,0/P,0s 1.33 4.52 1.27 0.36 1.87 3.36 6.00 4.76 500 4.53 7.55 4.64 242 213 157 72.5
ALK 3.74 6.08 4.74 4.54 591 6.12 6.34 561 6.09 7.10 7.77 7.12 6.87 7.53 8.13 9.02
AR 1.35 1.72  1.45 .52 1.89 1.94 1.78 1.69 1.71 2.44 2.52 2.64 4.44 3.96 4.70 3.99
A/CNK .32 1.11 1.37  1.43 1.91 1.91 1.30 1.52 1.31 1.64 1.56 1.59 1.49 1.55 1.43 1.55
Cs 0.25 1.31 0.84 0.14 0.76 0.52 1.09 0.47 1.46 0.14 0.86 0.91 1.19 0.74 0.36 3.39
Rb 8.52 22,7 5.8 236 9.92 18.6 47.7 13.9 26.6 9.80 24.8 10.6 57.0 81.3 63.4 61.8
Sr 598 271 414 131 617 306 728 568 1010 169 370 262 26.4 39.3 32.3 44.4
Ba 258 298 159 44.1 230 343 550 779 393 205 394 136 131 250 417 620
Ga 28.36  28.5 24.71 17.91 27.04 31.35 41.90 50.13 35.05 22.88 30.85 14.71 20.21 29.08 32.44 44.67
Nb 5.22 3.55 4.80 597 526 6.24 473 313 490 415 7.98 579 18.75 16.74 14.46 15.49
Ta 0.29 0.22 0.30 0.36 0.31 0.40 031 0.14 0.31 0.24 0.50 0.34 1.04 0.9 0.8 0.93
Zr 158 132 138 171 161 177 127 62.5 147 158 255 193 695 655 543 588
Hf 3.79 3.44 3.25 4.06 4.17 4.37 3.38° 1.77 3.56 4.46 6.30 5.01 16.38 16.19 12.81 14.57
Th 0.8 0.70 2.71 4.14 2.44 2.18 2.88 1.47 3.83 1.64 2.82 450 4.8 4.93 3.09 3.43
A 202.6 154.4 226.1 209.7 234.8 159.9 196.9 260.4 212 69.4 54.06 30.34 3.24 3.59 4.40 7.00
Cr 173.5 96.83 96.87 30.83 47.62 117.2 16.00 37.97 108.5 12.41 24.51 23.26 3.05 9.49 3.75 270
Co 36.72 39.81 39.15 29.24 28.06 26.80 27.40 32.69 32.73 13.56 9.25 4.57 2.41 4.48 1.66 4.79
Ni 44.34 30.26 57.63 12.07 18.93 46.52 86.23 16.57 38.26 11.29 14.34 9.04 6.46 9.19 6.44 8.30
Li 20.46 41.03 37.53 19.39 19.85 37.48 20.76 20.83 36.25 1.83 0.35 0.03 2.65 1.30 0.97 3.57
Se 21.48 26.6 17.96 19.34 17.73 16.81 18.30 25.95 23.8 835 2.00 4.63 1.71 1.40 3.41 4.64
U 0.27 0.37 4.11 5.42 1.56 1.04 1.07 0.8 4.74 0.96 1.80 5.95 370 2.13 1.01 1.96
La 16.57 9.31 11.4 15.73 11.95 16.36 13.11 10.84 13.49 8.41 12.89 11.06 22.14 39.56 23.09 23.8I
Ce 41.56 25.00 28.67 39.54 30.24 40.04 31.59 24.86 33.26 25.29 35.17 32.42 62.73 98.21 64.36 61.84
Pr 5.43  3.51 3.68 500 3.43 4.82 400 3.12 4.18 296 3.99 332 599 10.31 6.40 6.90
Nd 26.00 17.97 17.38 23.39 16.34 21.86 18.82 14.57 19.57 14.62 17.95 15.18 25.06 43.69 27.16 29.37
Sm 5.97 4.68 4.05 536 3.94 4.69 434 314 4.47 3.60 3.76 3.27 508 873 536 6.10
Eu 1.83 1.59 1.38 1.63 1.17 1.42 1.64 1.14 1.48 1.0l 1.08 0.8 0.44 1.03 0.84 0.94
Gd 6.57 5.60 4.78 6.14 4.69 525 518 3.69 525 430 4.24 3.83 576 9.02 587 6.49
Th 0.92 0.8 0.68 0.87 0.67 0.73 0.70 0.46 0.75 0.65 0.5 0.53 0.8 1.24 0.88 0.96
Dy 5.4 5.12 405 5.28 413 433 405 278 4.63 3.98 319 315 539 7.00 535 599
Ho 1.06 1.05 0.80 1.05 0.8 0.82 0.8 0.56 0.91 0.8 0.64 0.65 1.10 1.34 1.09 1.23
Er 3.05 3.05 2.28 3.10 2.47 2,38 235 1.58 2.58 235 1.8 1.92 3.27 3.86 3.41 3.66
Tm 0.42 0.42 0.32 0.43 036 0.32 032 0.22 0.37 034 0.27 0.27 047 0.52 0.50 0.52
Yb 2.50 2.41 .90 2.53 2.03 220 214 1.54 213 214 1.60 1.60 3.04 3.17 3.34 3.25
Lu 0.42 0.41 0.32 0.45 0.37 0.32 0.33 0.24 038 0.35 0.26 0.28 0.48 0.55 0.52 0.56
Y 25.71 24.83 19.72 26.45 21.15 19.93 19.33 13.54 22.06 18.49 14.93 14.61 23.90 28.74 24.55 25.94
SREE 117.7 80.95 81.68 110.5 82.63 105.5 89.41 68.74 93.46 70.79 87.44 78.32 141.8 228.2 148.2 151.6
(La/Yb)y 3.94 2.3 357 3.69 3.5 443 3.65 418 3.75 234 479 411 433 7.42 411 4.35
S6Eu 0.98 1.05 1.06 0.96 0.92 0.97 1.17 1.13 1.03 0.86 0.91 0.81 0.27 0.39 0.50 0.50

: Mg* =100 x MgO/( MgO + FeO)



N U-Pb Hf 3545

4 KA2-8I
Fig.4  KA2-SI map of Liushugou Formation volcanic in

Sepikou area
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Fig. 6 PM-normalized trace element patterns of basalts—
keratophyre ( a) and rhyorites ( b) from Sepikou ( normalized
values from Sun and McDonough 1989)
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3 LA-MCHCP-MS Lu-Hf
Table 3 The LA-MCHCP-MS Lu-Hf isotopes result of Liushugou Formation quartz keratophyre zircons in Sepikou area

Toyp/\THf  YSLu/'"HE  YOHE/THE pwi oM
M 2 (0 ) ; . "
( Ma) o enr(0) en( ) ( Ma) ( Ma) Srum
SPRZ1-01 319 0. 133861 0. 002646 0. 283097 0. 000025 11.51 18 228 180.2 -0.92029
SPRZ1-03 313 0.093471 0.001977 0. 282967 0. 000021 6.89 13 415 471.5 —0. 94044
SP-RZ1-04 314 0. 123856 0. 002657 0. 283047 0. 000025 9.74 16 303 297.0 -0.91997
SP-RZ106 316 0. 079829 0.001715 0. 282962 0. 000017 6.74 13 418 476. 5 —0. 94835
SP-RZ1-07 317 0. 099504 0. 002120 0. 283007 0. 000022 8.32 15 357 379.6 -0.93616
SP-RZ1-08 314 0. 085476 0. 001797 0. 283000 0. 000021 8.08 15 364 392.3 —0.94588
SP-RZ109 313 0. 135438 0. 002800 0. 282950 0. 000024 6.31 13 449 519.3 -0.91565
SP-RZ140 317 0. 094468 0. 001986 0. 282897 0. 000021 4.42 11 517 627.6 -0.94019
SPRZI41 316 0. 098897 0. 002129 0. 282979 0. 000021 7.32 14 399 444.6 -0.93589
SP-RZ142 313 0. 082322 0. 001862 0. 283009 0. 000023 8.38 15 352 374.1 -0.94392
SP-RZ143 315 0.075138 0. 001639 0. 282964 0. 000021 6. 80 13 415 471.6 -0. 95064
SPRZ144 315 0. 069508 0. 001475 0.282974 0. 000017 7. 14 14 399 447.8 -0. 95557
SP-RZ145 316 0. 091680 0.001998 0.282978 0. 000024 7.29 14 399 444.3 -0.93983
SP-RZ146 314 0. 149826 0. 003154 0. 283033 0. 000023 9.24 16 328 335.3 -0.905
SP-RZ147 314 0. 096485 0. 001996 0.282976 0. 000024 7.21 14 402 450. 4 -0.93989
SPRZ148 313 0. 098324 0. 002021 0.282981 0. 000021 7.39 14 395 439.8 -0.93913
Hf Eur ( 2007) :
ene(0) = (OHE/TTHE) o /( "CHE/THE) cqup o — 1 x 10000
enr(t) ={ (SHITTH) = (TLa/THE ¢ x (M 1)/ (TSHITHE cpug o = (T Lu/THE guur x (M =1 =1} x 10000
topy =1/ N xIn{ 1+ ("CHE/TTHE) g - (TOHE/TTHE) by /1 (7CLu/THE) g = (7 Lu/ T HE) py
tows =towr = (town =) X (fue =£2) 1(fue =fom)  Frawme = (7 Lu/ T HE) o /(7 Lu/ ' HE) cyop - 1 ("Lu/THE) g (OHE/'THE)
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