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Petrogenesis of bimodal volcanic rocks from Maoershan Formation in
Zhangguangcai Range: evidence from geochronology and geochemistry

TANG Jie XU Wendiang WANG Feng GAO Fu-hong CAO Hua-hua
College of Earth Sciences [Jilin University Changchun 130061 China

Abstract: LA-JCP-MS zircon U-Pb dating and geochemical data of the volcanic rocks from Mesozoic Maoers—
han Formation in Zhangguangcai Range were obtained for to constraining their formation time and the regional tec—
tonic background. Zircons from two representative volcanic rocks are euhedral-subhedral in shape and display
striped absorption or oscillatory zoning in CL images with high Th/U ratios ( 0. 40 ~2.08) implying their magmat—
ic origin. The dating results indicate that the volcanic rocks from Maoershan Formation were formed in the Early Ju-
rassic ( 179 ~ 184 Ma) which is older than the previously believed Late Jurassic. The volcanic rocks from the Mao—
ershan Formation display a bimodal volcanic rock association based on their petrographic and geochemical data. The
trachyte and trachyandesite are characterized by high alkali ( especially K,0) enrichment in large ion lithophile el-
ements ( LILE) and light rare earth elements ( LREE) in contents whereas the rhyolites are chemically similar to
the A-type rhyolite. The bimodal volcanic rock association in Lesser Xing’an Range and Zhangguangcai Range in

the studied areas implies an intense extensional environment. Combined with the spacial compositional variation of
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the Early Jurassic igneous rocks it is suggested that the volcanic rocks from Maoershan Formation were formed un—
der an extensional environment similar to back-arc basin which could be related to subduction of the Paleo-Pacific
plate ( Izanagi) beneath the Eurasian continent.

Key words: Zhangguangcai Range; Maoershan Formation; bimodal volcanic rocks; zircon U-Pb chronology;

geochemistry; tectonic setting
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1 LA-ICP-MS U-Pb

Table 1 LA-JCP-MS zircon U-Pb dating results for the volcanic rocks from Maoershan Formation in Bindong region

/Ma
Th/U
W7pL /35U lo 206 pp, /238y lo 07pL /35U lo 26 pp, /238 lo
HYI24 01 1. 14 0.21829  0.0471  0.02852  0.00062 200 39 181 4
HYI124-03 1.72 0.22444  0.01579  0.02834  0.00047 206 13 180 3
HYI24 06 1.89 0.19813  0.02428  0.02863  0.00055 184 21 182 3
HYI2440 1.32 0.19268  0.03976  0.02837  0.00072 179 34 180 5
HYI2441 0. 68 0.20549  0.02299  0.02819  0.00052 190 19 179 3
HYI2442 0. 64 0.17873  0.01058  0.02815  0.00035 167 9 179 2
HYI2443 1.02 0.20911  0.04671  0.02845  0.00107 193 39 181 7
HYI2445 1.79 0.20707  0.01302  0.02788 0. 00049 191 11 177 3
HYI2447 0.68 0.20584  0.0166  0.02806  0.00045 190 14 178 3
HYI2148 1.49 0.17722  0.01043  0.02791  0.00036 166 9 177 2
HYI24 22 1.67 0.21875  0.01992  0.02863  0.00056 201 17 182 4
HYI24 24 2.08 0.28146  0.01992  0.02775 0. 00052 252 16 176 3
HYI24-26 0.4 0.20933  0.01714  0.02826 0. 00054 193 14 180 3
HYI2427 0.58 0.17352  0.02154  0.02733  0.00074 162 19 174 5
HYI24-28 1.19 0.21818  0.03665  0.02773 0. 00067 200 31 176 4
HYL34-03 0.93 0.22249  0.01963  0.02913 0. 00065 204 16 185 4
HYL34 04 0.82 0.2463  0.07115  0.02892  0.00105 224 58 184 7
HYL34-05 1.35 0.19375  0.0157  0.02893  0.00045 180 13 184 3
HYL34-06 0.71 0.21465  0.02447  0.02915 0. 00081 197 20 185 5
HYL34-07 1.2 0.19999  0.03117  0.02834 0. 00059 185 26 180 4
HYL34-08 1 0.2262  0.01775  0.02894 0. 00053 207 15 184 3
HYL34-09 0. 88 0.2347  0.03575  0.02906  0.00066 214 29 185 4
HYL3440 1.43 0.18953  0.01198  0.02914 0. 00044 176 10 185 3
HYI3441 0.81 0.26114  0.05305  0.02906  0.00107 236 43 185 7
HYL3442 1.24 0.20834  0.0182  0.02889  0.00083 192 15 184 5
HYL3443 0. 67 0.25187  0.0253  0.02898  0.00073 228 21 184 5
HYL344 0.78 0.24954  0.04032  0.02902 0. 00067 226 33 184 4
HYI3445 1.1 0.22122  0.01751  0.02916  0.00063 203 15 185 4
HYL3446 1.22 0.22309  0.02084  0.02932  0.00053 204 17 186 3
HYL3448 1.09 0.22228  0.02017  0.02899  0.0006 204 17 184 4
HYL3449 1.01 0.27515  0.04903  0.02933  0.00142 247 39 186 9
HYIL34 20 1.18 0.24588  0.01258  0.0291  0.00054 223 10 185 3
HYL3421 0. 82 0.27337  0.02009  0.02887  0.00064 245 16 184 4
HYL3422 0. 84 0.23464  0.01632  0.02886  0.00052 214 13 183 3
HYL34 24 0.79 0.21996  0.01952  0.02897 0. 00067 202 16 184 4
HYI3425 1. 04 0.23171  0.01579  0.0289  0.00052 212 13 184 3
HYL3427 0.94 0.24521  0.0255  0.02885  0.0007 223 21 183 4
HYI3428 0.92 0.26459  0.02119  0.02897  0.00062 238 17 184 4
HYL34 29 1.25 0.22537  0.01539  0.02873 0. 00054 206 13 183 3
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2 (%) ( x107%)
Table 2 Major ( %) and trace elements ( x10 ~°) compositions for the volcanic rocks from Maoershan Formation
HYI.24 HYI2=2 HYI2-6 HYL34 HYL3=2 HYI24 HYI2=2 HYI2-6 HYL34 HYL3=2

Si0, 61.8 61.49 62. 05 71. 89 72.08 Y 32.9 26.7 29.5 25.6 25.5

TiO, 0.95 0.94 0.92 0.28 0.27 Zr 228 188 218 235 231
Al, O, 17.29 16. 58 16.8 15. 16 14. 01 Nb 11.7 9.6 11.2 14.8 15.1
Fe, 0, 5.95 6.55 5.97 1.12 1.25 Cs 5.25 5.89 4.79 3.06 3.84

MgO 1. 05 1.56 1. 46 0.01 0.17 Ba 1168 298 729 950 952
CaO 3.44 4.24 3.93 0.05 0.34 La 30. 1 24.9 27.9 35.6 37.3
Na, O 4.26 6.47 4.44 5.31 4.48 Ce 61.3 51.1 56.8 72.2 73.5
K,0 3.52 2.47 2.45 4.46 5.13 Pr 7.73 6.5 7.15 8.5 8.37
MnO 0.13 0.17 0.15 0. 06 0.15 Nd 31.3 26 29 31.1 30.3
P, 05 0.3 0.3 0.28 0. 06 0. 06 Sm 6.13 5.22 6.12 5.63 5.19
LOI 1.33 0. 06 1.51 1.58 1.97 Eu 1.87 1.59 1. 68 1. 15 1.07
Total 100. 01 100. 83 99. 96 99.97 99.91 Gd 5.76 4.84 5.53 4.5 4.47
Mg# 53 56 62 45 34 Th 0.87 0.73 0. 84 0. 69 0. 68
Li 27.2 25.4 27.7 4.35 6 Dy 5.33 4.36 4.98 4.02 4.09

Be 1. 85 1.74 1.58 2.2 2.25 Ho 1.07 0. 86 0.96 0.8 0.8
Sc 15 13.1 14.3 4.53 4.52 Er 2.98 2.43 2.75 2.4 2.32
\Y 126 106 111 10. 6 11.8 Tm 0.47 0.36 0.4 0.36 0.36
Cr 2.06 2.06 1.96 1.07 0.3 Yb 2.84 2.2 2.6 2.46 2.39
Co 11.4 11 11.4 0.85 0.76 Lu 0.45 0. 36 0.4 0.4 0.41

Ni 1.7 1.57 1. 68 0.31 0.29 Hf 5.86 4.76 5.56 6.57 6.5
Cu 16.92 6.35 6.48 4.4 2.03 Ta 0.72 0.6 0. 69 1.17 1. 14
Zn 70.7 104 74.3 31 182 Pb 14. 43 14. 69 11.17 9.47 16.24
Ga 20. 4 19.5 19.8 17.8 16 Th 4.75 3.89 4. 49 12. 96 12. 65
Rb 74.3 45.9 52.7 117 141 U 1.36 1. 15 1.32 4.43 4. 14

Sr 429 384 458 129 133 Sr/Y 13.05 14. 36 15. 54 5.04 5.2

: LOL H,0 +CO,; Mg#=100Mg/ ( Mg+ Fe,)

8.94%) . TAS 131.45 ~ 158.2 pg/g ( La/Yb) 7.16 ~
( 5). Si0, -K,0 7.65 LREE HREE (  2);
( 6), Eu (8Eu=0.87 ~0.95) ( 7a).
3.2.2 Sr Y. Yb Sr/Y
(SREE)  169.81 ~ 13.0 ~15.5;
171.25 pg/g  (La/Yb) | 9.86 ~10. 55 ( LILE) Nb. Ta.
( LREE) Ti ( HFSE) P( 7b),
(HREE) ( 2); Eu (8Eu 3.3 Hf
=0. 66 ~0. 68) “v” R S VAR 5 )
( 7a). 0.282 835 ~0.282 989 &, (1) +5.92 ~ +
( LILE) Nb. Ta. Ti 11.43 Hf ( Tow)
( HFSE) Srv P (1 7h) . ( Tow) 386 ~ 621 Ma

( SREE) 625 ~1 125 Ma ( 3).
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Table 3 Zircon Hf isotopic data for the volcanic rocks from Maoershan Formation
t (Ma) "Yb/'HE YOLu/YHE TOH/TTHE YOHE/HE ( cor) 20, enr (0) ey (V) 20 Towyng Toweng  Sramme
HYL24 02 182 0.055608  0.002173  0.282978 0.282982 0.000031 7.43 11.16 1.11 395 648 -0.93
HYL24 04 180 0.074111 0.002905  0.282833 0. 282837 0.000027 2.3 5.91  0.97 619 1123 -0.91
HYL24 05 180 0.057272  0.002287  0.282917 0.282921 0.000044 5.27 8.95 1.56 486 847 -0.93
HYL24 07 179 0.095127  0.003726  0.282917 0. 282921 0.000026 5.26 8.75 0.92 506 865 -0.89
HYL24 08 181 0.051325  0.001971 0. 282868 0. 282872 0.000024 3.54 7.28 0.86 553 999  -0.94
HYL34 01 185 0. 070301 0.002748  0.282885 0. 282889 0.000053 4.13 7.86 1.87 540 950 -0.92
HYL34 02 185 0.038829  0.001582  0.282963 0. 282966 0.000047 6.87 10.74 1.68 411 688 -0.95
HYL34 03 184 0.042767  0.001707  0.282871 0. 282875 0.000025 3.65 7.48 0.9 544 983 -0.95
HYL34 04 184 0.069299  0.002767  0.282831 0. 282835 0.000039 2.21 5.92 1.38 621 1125 -0.92
HYL34 05 184 0.057986  0.002386  0.282986 0.282989 0.00004 7.68 11.43 1.41 386 625 -0.93
HYL34 07 184 0.039279  0.001581 0. 282912 0. 282916 0.000032 5.08 8.92 1.14 484 852  -0.95
HYL34 08 184 0.048399  0.001954  0.282876 0. 28288 0.000028 3.82 7.62 0.99 541 970  -0.94
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