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Fig. 1 Geological sketch map of Beipiao and Yixian area in West Liaoning
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Tab. 1 The REE elements analyses of Yixian volcanic cycle
La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm | Yb Lu Y

p7x5 62.88(112.90]9.73 [43.68|8.03 | 1.87 [5.65 | 1.34 [ 4.55]0.91 |2.40 {0.35]2.22|0.35]22.03
p7x6 66.14(77.8819.63 (38.80(6.19 | 1.48 [4.960.63 (3.02]0.52 |1.65(0.22|1.23|0.20 |13.93

Ky p7x8 41.30|70.27(5.20 ({19.59]3.07 [{0.80|2.15]0.30 [ 1.04|0.21 {0.61 |0.10|0.24 | 0.10 | 2.78
T p7xll 46.86|72.08(6.29 (24.79]3.99 (1.0312.2310.45(1.82]0.29 (0.760.10|0.56|0.10|7.05
p7x17 45.72]72.64]6.50 |26.70|4.31 [1.04 | 3.05(0.47(2.08|0.36 [1.07 |0.15 [0.80 [ 0.14 | 8.60
p7x18 39.89167.99(5.57 |21.94(3.53 [0.85]2.44 (0.31|1.46|0.28 |0.74 [ 0.10 [ 0.44 | 0.10 | 4.91
p2x47 31.36(61.73|5.25 (23.53]4.35 | 1.45[2.28 10.68 |3.45]0.73 |1.93 (0.26 | 1.67 | 0.27 |16.21
p6x11 26.22(52.58]4.51 (19.38]3.95 | 1.23 (4.18 1 0.63 (3.120.61 |1.63 [0.21 | 1.22 | 0.20 |12.70
Kiy>| p24x0 33.21528(5.80|21.4|4.14]1.123.32(0.46]2.51(0.521.420.18 [1.02]0.15 | 15.4
p7x2 67.36(130. 80]10. 30 (44.29(7.92 | 2.09 [ 6.82 | 1.00 [ 4.23 |10.78 | 2.16 [ 0.27 | 1.52 | 0.27 |16. 68
p7x3 69.73(123.40/10. 62 (44.71|7.70 | 1.86 [ 5.74 | 1.02 [ 4.16 | 0.71 | 2.12 [ 0.26 | 1.52 | 0. 26 |16. 89
124x1 82.29(150.10[11.99|48.38(7.74 [ 1.98 | 6.05 [ 0.81 | 3.32]0.63 | 1.79 {0.21 [ 1.23 | 0.20 [14.53
1274x2 42.14]79.39|6.86 |29.28|4.55 (1.44 | 4.11 [0.582.80|0.51 [1.62]0.21 [1.26 |0.20 [12.89

, p9x12 51.99160.21(8.12 |33.11(5.69 [ 1.08 | 5.09 [ 0.77 | 3.02 |0.57 | 1.60 [ 0.20 | 1.20 | 0.20 [12.72
K p9x13 49.77173.16|7.34 |26.78|4.16 [ 0.84 | 3.46 [0.432.25(0.49 [1.55]0.23 [1.34(0.21 |11.13
p21x11 29 533 ]7.56(29.1] 4.6 [1.07(3.07| 0.4 [1.89]0.36 (0.94 [0.12|0.68 [0.093] 10.4
p23x11 13 1251]3.42(13.6(3.26(0.71(2.19| 0.3 [1.55]0.31 [ 0.8 [0.11 |0.57[0.08]09.08

pl7x5 17.41 29 (4.39|17.13.45]0.85]2.51(0.37]2.23(0.46|1.29|0.18 [1.15]0.18 | 13
pl7x13 34.7163.4(9.52|36.3|5.28(1.25]3.09(0.42]2.22(0.45(1.230.16(0.87]0.13 [12.8
pl17x28 18.7 1421 (5.8521.6 |4.04]1.01 | 26 [0.38]2.17[0.43]1.18]0.16(0.97]0.14(11.2
p17x60 21.8147.6 [5.86 | 25 |4.21]0.9212.63(0.36]1.79(0.36(0.94]0.12 [0.69 |0.093( 10.3
pl7x70 23.3139.2(5.61 |19.2|3.06(0.68|1.78 (0.22]1.12(0.22 |0.64 |0.078(0.41|0.06 [ 6.93
pl7x72 22.1137.8 5 19.813.3210.76 [ 1.99]0.25[0.13 [0.26 |0.69 |0.097]0.52 [0.076| 7. 34
pl7x79 25.2 1424 (5.37 |122.3|5.161.08]2.87(0.39]2.03(0.39|1.06|0.14 [0.76]0.11 [ 10.5
p2x112 37.82(75.51]6.50 (29.31]5.66 | 1.73 [5.05]0.70 |3.32]0.56 | 1.66 [0.19 | 1.22 | 0.20 |14. 13
p2x4 67.79(144.30/12. 78 [60. 17(12.38| 3.31 [10. 13| 1. 16 | 5.07 | 0.89 | 2.29 [ 0.24 | 1.49 | 0.24 |20. 11
p2x9 45.78]77.70]6.49 |28.76|5.16 [ 1.49 | 4.91 [0.76 | 3.58 [0.71 [1.88 | 0.24 [ 1.55 | 0.24 [17.72
Kiy'| p2x13 38.23|74.86(6.10 |25.98(4.52 [ 1.3214.16 [0.55]2.70{0.49 | 1.45{0.19 [ 1.09 | 0. 17 [11.48
p2x15 33.45]66.62(5.71 |24.55(4.10 [ 1.23 | 3.66 [ 0.44 | 2.24 10.43 [ 1.24 10.15 [0.88 | 0.14 ] 9.49
p2x20 43.47180.55|7.06 (29.00|5.06 [ 1.46 | 3.96 [ 0.45|2.54 |0.47 (1.40 | 0.18 [ 1.02 | 0.17 |10.90
p2x24 33.52160.34(4.97 |22.38(4.21 [1.31]3.93(0.53|2.80(0.54 |1.64 (0.20 (1.33]0.22 (14.18
p3x4 32.38162.86(6.18 |27.19(5.21 [ 1.73 | 4.23 [ 0.60 | 3.38 [0.67 | 1.95 [ 0.26 | 1.52 | 0.25 [15.71
p3x8 39.56(78.56|6.38 [28.76(5.33 | 1.58 [4.58 1 0.63 (2.93|0.55|1.68 [0.21 | 1.29|0.21 |13.72
p3x20 125. 50282. 90|22.89193.36(11.71|2.89 [ 7.54 [ 1.14 | 3.38 |0.59 | 1.60 [ 0.15 [ 1.04 | 0. 17 {12.70
p3x21 106. 00231. 60|18.92|78. 17 (10.422.55 [ 7.20 [ 0.86 | 3.09 [0.57 | 1.71 [ 0.20 [ 0.90 |0. 141(1. 123
p3x44 45.67193.84|7.98 |34.47|6.34 [1.9215.95(0.71[3.640.74 [1.83]0.22 [ 1.29 [ 0.21 |14.73
p3x49 36.55(67.02(5.54 |123.15(3.97 [ 1.18 | 3.83 (0.44 | 2.40|0.52 | 1.45{0.20 [ 1.11 | 0. 16 |11.32
p31x3 38.8 (653 19.52(34.1] 5.5 |1.313.63]0.44(2.22|0.37{0.92]0.120.71 | 0.1 |12.9
pl7 p21 p23 p24  p3l , (2001 )
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Tab. 1 The REE elements analyses of Yixian volcanic cycle
ZREE [H}:;E/ LdYb | La/Sm | G&/Yb | Sm/Nd [Eu/Sm| OFEu OCu | (YD) n [La/Yb) | Ce/Yb) yfLa/Sm) y
p7x5 278.89] 6.01 [28.32| 7.83 | 2.55 [ 0.18 | 0.23 | 0.81 | 0.98 |10.67 [18.70 | 13.01 | 4.77
p7x6 226.48| 7.59 [53.77 | 10.68 | 4.03 [ 0.16 | 0.24 | 0.80 | 0.65 | 5.91 [35.51|16.20| 6.51
p7x8 147.76] 18.62 [172.08|13.45 | 8.96 | 0.16 | 0.26 | 0.91 | 0.98 | 1.15 [113.63|74.91 | 8.20
oy p7x11 169.40| 10.80 [ 83.68 [ 11.74 | 5.77 [ 0.16 | 0.26 | 0.86 [ 0.87 | 2.69 |[55.2532.93| 7.16
p7x17 173.63] 9.38 [57.15|10.61 | 3.81 [ 0.16 | 0.24 | 0.84 | 0.89 | 3.85 [37.74 |23.23 | 6.47
p7x18 150.55] 1297 [90.66 | 11.30 | 5.55 [ 0.16 | 0.24 | 0.85 | 0.96 | 2.12 [59.86|39.53 | 6.89
p2x47 157.15| 4.33 | 18.78 | 7.21 | 2.56 | 0.18 | 0.33 | 1.03 | 1.05 |8.051 | 2.40 | 9.46 | 4.39
pox11 132.37| 4.40 [21.49 | 6.64 | 3.43 [ 0.20 | 0.31 | 0.93 | 1.06 | 5.87 [14.19 | 11.03 | 4.05
Kiy?| p24x0 143.5( 4.74 |32.55| 8.02 | 3.25 | 0.19 | 0.27 0.9 | 0.83 | 4.90 [21.49 |13.24 | 4.89
p7x2 206.49| 7.79 |44.32 | 8.51 | 4.49 | 0.18 | 0.26 | 0.86 | 1.06 | 7.31 [29.26 [22.02| 5.18
p7x3 296.49] 7.90 [45.88 1 9.06 | 3.78 [ 0.17 | 0.24 | 0.83 | 0.97 | 7.31 [30.29|20.77 | 5.52
124x1 331.25[10.51 [66.90 [10.63 | 4.92 | 0.16 | 0.26 | 0.86 | 1.01 | 5.91 |44.18 |31.22| 6.48
1274x2 187.84] 6.77 [33.44 1 9.26 | 3.26 [ 0.16 | 0.32 | 1.01 | 1.01 | 6.06 [22.08 | 16.12 | 5.65
p9x12 185.57] 6.31 [43.33 |1 9.14 | 4.24 [ 0.17 | 0.19 | 0.61 | 0.63 | 5.77 [28.61 | 12.84 | 5.57
o p9x13 183.14| 7.68 |37.14 |11.96 | 2.58 | 0.16 | 0.20 | 0.66 | 0.81 | 6.44 |24.53|13.97 | 7.29
p21x11 142.58] 6.94 [42.65| 6.3 4.51 [ 0.16 | 0.23 | 0.83 | 0.83 | 3.27 [28.16]20.05| 3.84
p23x11 74.08 | 3.94 |22.81 [ 3.99 | 3.84 | 0.24 [ 0.22 | 0.77 [ 0.87 | 2.74 | 15.06 [ 11.27 | 2.43
pl7x5 93.56 | 3.38 |15.13 [ 5.04 | 2.18 0.2 0.25 | 0.85 [ 0.76 | 5.87 [ 9.99 | 6.45 | 3.07
pl7x13 171.82] 7.04 [39.89 | 6.57 | 3.55 [ 0.15 | 0.24 | 0.88 [ 0.81 3.85 [26.34 ] 18.64 | 4.01
pl7x28 112.53] 4.85 [19.28 | 4.63 | 2.68 [ 0.19 | 0.25 0.9 |1 0.94 | 5.53 [12.73 | 11.1 | 2.82
p17x60 122.67| 6.1 [31.59| 5.18 | 3.81 [ 0.17 | 0.22 | 0.79 | 0.97 | 1.97 [20.86 | 17.65| 3.16
pl7x70 102.51] 7.95 [56.83 | 7.61 | 4.34 [ 0.16 | 0.22 | 0.83 [ 0.79 | 2.50 [37.53 |24.46 | 4.64
pl7x72 100. 13| 7.82 [ 42.5 | 6.66 | 3.83 [ 0.17 | 0.23 | 0.84 | 0.82 | 3.65 [28.06| 18.6 | 4.06
pl7x79 119.76] 5.56 [33.16 | 4.88 | 3.78 [ 0.23 | 0.21 | 0.79 | 0.82 | 3.27 [21.89 | 14.27 | 2.98
p2x112 183.56| 5.79 |31.00 | 6.68 | 4.14 | 0.19 | 0.31 | 0.98 | 1.05 | 5.24 |20.47 | 15.83 | 4.07
p2x4 342.35] 7.23 [45.50 | 5.48 | 6.80 [ 0.21 | 0.27 | 0.89 | 1.09 | 7.16 [30.04 | 24.78 | 3.34
p2x9 196.97| 5.24 [29.54 | 8.87 | 3.17 [ 0.18 | 0.29 | 0.90 | 0.95 | 7.45 [19.50 | 12.83 | 5.41
Kiy!'| p2x13 173.29| 6.78 |35.07 | 8.46 | 3.82 | 0.17 | 0.29 | 0.92 | 1.06 | 4.42 |23.16 | 17.57 | 5.16
p2x15 154.33] 7.27 [38.01 | 8.16 | 4.16 [ 0.17 | 0.30 | 0.96 | 1.05 |25.10 | 4.23 | 19.37 | 4.97
p2x20 187.69| 7.90 [42.62 | 8.59 | 3.88 [ 0.17 | 0.29 | 0.97 | 0.99 | 4.90 [28.14]20.20| 5.24
p2x24 152.10| 5.00 |25.20 | 7.96 | 2.95 | 0.19 | 0.31 | 0.98 | 0.99 | 4.20 | 16.64 | 11.61 | 4.85
p3x4 164.12| 4.74 [21.30 | 6.21 | 2.78 [ 0.19 | 0.33 | 1.10 | 0.99 | 7.31 [14.07 | 10.58 | 3.79
p3x8 185.97| 6.21 [30.67 | 7.42 | 3.55 [ 0.19 | 0.30 | 0.96 | 1.07 | 6.20 [20.25 | 15.58 | 4.52
p3x20 567.56( 19.05 [120.67[10.72 | 7.25 | 0.13 | 0.25 | 0.89 | 1.16 | 4.33 | 79.68 | 69.59 | 6.53
p3x21 473.46| 17.35 |117.78(10.17 | 8.00 | 0.13 | 0.24 | 0.86 | 1.14 | 6.39 |77.77 [ 65.84 | 6.20
p3x44 219.54] 6.49 [35.40 | 7.20 | 4.61 [ 0.18 | 0.30 | 0.95 | 1.08 | 3.99 [23.38 | 18.61 | 4.39
p3x49 158.84| 6.41 (32.93 | 9.21 | 3.45 ( 0.17 | 0.30 | 0.92 | 1.00 | 3.32 [21.74 | 15.45| 5.61
p31x3 175.94] 7.22 [54.65| 7.05 | 5.11 [ 0.16 | 0.24 | 0.85 | 0.78 | 3.41 [36.08 |23.53 | 4.3

(1973)

[8]
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Fig-3 REE distribution pattern of the
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Rare earth element characteristics of volcanic rocks from
Yixian formation of Western Liaoning

PENG Yan-dong"’, ZHANG Li-dong"’, ZHANG Chang—ie’,
GUO Sheng-zhe®, XING De-he>’, JIA Bin"’,

CHEN Shu-wang"*DING Qiu-hong"’
( 1. Northeast University, Shenyang 110004, China; 2. Jilin University, Changchun 110061, China;
3. Shenyang Institute f Geology and Mineral Resources, CGS, Shenyang 110033, China)

Abstract: Volcanic rocks of mesozoic were widely distributed in Western Liaoning province. Yixian volcanic
Cycle of early Cretaceous is divided into four subcycles. From early to late, the magma of Yixian volcanic
cycle evolved gradually from basic, intermediate-basic and intermediate to acidic. The ZREE of volcanic
rocks of Yixian volcanic cycle is high and rich in LREE. T he spider patterns are the right-ncline and there
is a slight low Eu negative abnormality and low Ce postive abnormality. REE characteristics show that vol-
canic rocks of Yixian volcanic cycle were generated in responsing to lithosphere extension in the continent
intraplate orogenic belt. T he lithogenesis take partial melting as a major part.

Key words: Yixian volcanic cycle; volcanic rocks; rare earth elements; partial melting
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