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Fig. 1

Simplified geological map of study area and adjacent areas
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Fig. 2 Primitive mantle-normallized trace elements spider diagram (a) and chondrite-normalized REE patterns (b)

of mudstone from Linxi Formation in Aluke’erqin Qi, Inner Mogolia
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Table 1 Major (%) and trace element composition ( X 10™¢) of mudstones from Linxi Formation
in Aluke’erqin Qi, Inner Mogolia
5 38HX [41. 8HX|75. 2HX| 95HX |161. 4HX|178. 2HX|186. 3HX]|203. 5HX|227. 8HX| 242HX | 249HX | 271. 4HX | 277. 8HX [286. 4 HX
Fapis WE | H WA WA A WA A eH A boE =y e Vi) ey biePey
SiO; 62.07 | 64.04 | 63.46 63.51 62.90 | 63.32 65.01 64. 61 65.20 | 62.87 | 62.10 60. 85 65.78 | 63.48
TiO, 0.78 0. 69 0.73 0.79 0. 75 0.78 0. 80 0. 76 0.63 0.59 0.61 0.76 0.67 0.67
Al; Og 17.45 | 17.34 16. 36 16. 42 16. 84 16. 41 15. 66 15.93 15.62 17. 42 16. 00 17. 48 16. 29 17. 85
TFe; O3 5.75 5. 14 6. 46 5.71 6. 10 5.58 6. 00 5. 05 4. 77 6. 60 5.62 7.92 5.23 5. 60
FeO 3. 77 4.22 5.21 4.72 4. 88 4. 54 4. 67 4. 13 3. 86 5. 24 4. 85 6.33 4.22 4.45
MnO 0.10 0.10 0.12 0.11 0.12 0.15 0.15 0. 10 0.11 0.16 0.09 0.17 0.08 0.07
MgO 2.06 1.76 2.13 1. 83 1. 82 1. 69 1. 75 1. 55 1. 58 1. 80 1. 80 1. 94 1.58 1. 80
CaO 0. 62 1.13 0.97 1. 05 1. 44 1. 84 1.77 1.53 1. 66 0. 56 2.55 0. 90 0. 88 0.61
K,O 4. 82 4.13 4.02 4. 46 3.90 3.52 2.91 3. 10 2.98 3. 86 3.59 3. 87 3.65 4. 37
Naz O 1.11 1. 89 1.43 1.70 1.71 2.08 2. 38 2.56 2.71 1.70 1. 64 1. 44 2.09 1. 25
P,0s 0.21 0. 16 0.18 0.18 0.19 0.17 0.21 0.18 0. 14 0. 20 0.22 0.21 0.14 0.17
b 11.82 | 10.14 12.99 11.13 10. 81 10. 27 11.15 9.70 10. 09 10. 34 11. 24 11.09 9.70 10. 07
Th 8. 50 8.56 8. 34 8. 86 8. 31 7.97 8. 26 7.95 8. 70 9.33 7. 44 8.98 9. 34 9.54
U 3.21 3.42 3. 31 3.70 3. 20 3.17 3.17 3.45 3.31 4. 38 4.74 3.33 3. 40 2. 86
Ta 0.73 0.68 0. 64 0.65 0.47 0. 64 0. 83 0.43 0.48 0. 69 0. 67 0. 83 0.78 0. 87
Cs 27.18 | 19.14 24.53 20.12 17.19 17.09 16.80 | 13.31 15.37 17.91 15.62 15. 25 11. 10 15. 64
Mo 0. 86 0. 38 0.53 0.49 0.41 0.45 0. 31 0. 32 0. 47 0. 59 6. 54 0. 50 0.42 0.15
Ba 621.45] 689.97 | 492. 65 | 615.96 | 554. 57 | 572.09 | 483. 24 | 527.60 | 538. 23 | 600. 85 | 672. 12 | 563.59 | 601.11 |645.76
Cr 115. 28| 332.07 | 59.24 | 64.19 52.00 | 53.62 65.52 | 62.00 | 44.40 | 50.80 | 51.85 85. 05 65.88 | 45.88
Cu 53.95 | 24.03 39. 90 33.62 34.79 34.76 35.37 30. 78 22.17 40. 39 45. 32 38.61 26.58 33.59
Nb 14.57 | 15.20 14. 30 16. 10 15.02 14.71 15. 69 13.79 15.75 13.43 11. 39 16. 51 17.17 15. 96
Ni 43.27 | 35.32 41. 14 39.59 38.97 31.52 49. 69 29.41 25.41 35. 80 26.53 38. 46 19.08 44. 22
Rb 186. 05| 166.93 | 168.22 | 166.59 | 149.37 | 133.05 | 125.61 | 114.70 | 111.86 | 148. 10 | 145.61 | 157.20 | 144.04 |184. 33
Sr 104. 46| 242. 63 | 208. 70 | 161.58 | 212.73 | 278. 63 | 272. 27 | 177.75 | 215.05 | 137.93 | 230.47 | 118.49 | 133.38 |110.70
\% 147.77| 93.15 | 128.89 | 108.02 | 108. 33 | 106.45 | 114.21 | 102. 76 | 84.39 | 130.38 | 162.55 | 122.42 86.61 |112.27
Zn 132.92|107.34 | 105.33 | 91.46 | 103.46 | 88.80 | 92.12 | 82.89 |105.79 | 95.54 | 87.11 | 100.75 91. 11 79.53
Zr 208.45] 211.39 | 207. 13 | 236.29 | 201. 03 | 232. 73 | 236. 39 | 242.79 | 285.07 | 212. 23 | 176.35 | 214.97 | 238.71 |215.79
Co 16. 69 9.14 15. 30 16. 03 19. 04 12.86 | 22.20 13.41 12. 67 15.29 11.41 17. 49 10. 21 17. 20
Pb 24.53 | 29.23 25.76 27.61 32. 86 23. 34 18. 07 23.94 26.50 37. 34 25.92 31. 84 25.58 20.51
Ga 23.67 | 22.45 | 22.97 20.68 | 22.02 | 21.81 21.23 | 20.50 | 20.83 | 22.91 22.22 24.00 21.12 | 24.53
B 166. 02| 66.55 77.83 38.00 | 56.94 | 45.58 | 32.35 | 40.24 | 31.79 | 61.84 | 52.53 72.68 53.30 | 60.60
Y 29.54 | 26.47 31. 85 34. 33 31.22 29.16 34.10 26.57 32.42 37.09 25.70 30. 54 32. 36 32.29
La 34.66 | 36.41 34.18 | 39.65 35.06 | 35.43 38.39 | 33.42 | 39.84 | 40.27 | 27.48 36.73 41.92 | 32.03
Ce 69.75 | 71.81 67.76 78.05 68. 04 70.73 75.06 | 63.94 | 75.94 79.65 | 54.21 73.38 81. 04 64. 89
Pr 8. 88 9.13 8. 60 9.90 8.73 8.95 9.49 8. 20 9. 86 10. 20 6.99 9. 00 10. 32 8. 24
Nd 33.78 | 34.40 33.16 38.47 33.79 34.33 36. 76 30. 67 37. 60 39.52 26.58 33. 34 39.19 31.28
Sm 6. 66 6.69 6. 85 7.88 6. 74 6.78 7.59 5.63 7.41 8.13 5.28 6. 66 7.70 6. 34
Eu 1. 09 1. 28 1.21 1. 49 1. 33 1. 26 1.61 1. 21 1. 15 1. 38 1. 17 1. 31 1. 27 1. 31
Gd 5. 80 5.58 5.91 6.76 5. 90 5. 86 6. 90 5. 00 6. 44 7.05 4. 69 5.89 6.33 5. 57
Tb 1. 05 0.97 1. 08 1. 20 1. 06 1. 05 1. 19 0. 88 1.12 1. 26 0. 85 1. 05 1.13 1. 03
Dy 5.68 5. 20 5. 88 6. 37 5. 68 5.63 6.42 4.95 6. 05 6. 82 4.79 5. 66 6.12 5.72
Ho 1.11 1.01 1.16 1. 24 1.12 1. 09 1.23 0. 99 1. 20 1. 32 0. 94 1.13 1. 20 1.18
Er 3.18 2.96 3. 40 3.59 3.27 3.19 3. 50 2.99 3. 45 3. 87 2.77 3.40 3. 46 3.47
Tm 0.53 0.48 0. 56 0.58 0.52 0.53 0. 57 0. 50 0. 57 0. 63 0. 46 0.58 0.58 0. 57
Yb 3.54 3.24 3. 80 3.95 3.58 3.51 3. 80 3.53 3.78 4. 26 3.15 3.85 3.98 3. 90
Lu 0.57 0.52 0.59 0.62 0.56 0.55 0.61 0. 54 0. 60 0. 66 0. 50 0.61 0.61 0.62
SREE 176. 28| 179.66 | 174.13 | 199.73 | 175.37 | 178.89 | 193. 12 | 162. 45 | 195.02 | 205. 02 | 139. 85 | 182.60 | 204.84 |166.13
LREE 154. 81| 159. 71 | 151.76 | 175.43 | 153.69 | 157.47 | 168.89 | 143.07 | 171.81 | 179.15 | 121.70 | 160.43 | 181.45 |144.09
HREE 21.47 | 19.95 22.37 24.30 | 21.68 | 21.42 | 24.22 19.39 | 23.21 25. 87 18. 15 22.17 23.40 | 22.04
LREE/HREE 7. 21 8. 00 6.78 7.22 7.09 7.35 6.97 7.38 7.40 6.93 6.71 7.24 7.75 6. 54
(La/Yb)n 7.01 8. 06 6. 45 7.20 7.02 7.25 7.24 6.79 7.55 6.78 6. 25 6. 84 7.56 5.90
0Eu 0.52 0.62 0.57 0.61 0.63 0. 60 0.67 0. 68 0. 50 0. 55 0.70 0.63 0. 54 0. 66
6Ce 0. 95 0.94 0. 94 0. 94 0.93 0. 95 0. 94 0.92 0.91 0. 94 0.93 0. 96 0.93 0. 96
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gx1
= 310. 6HX315. 2HX|327. 5SHX|344. 2HX| 355HX |365. 4HX]|380. 2HX|382. 4HX| 414HX |419. 2HX]|445. 1HX] 463. 1HX| 472HX §80. 4HX
Ak A | WA | A | A | WA | A | RE | WA | Ba | RE | WA A ks | WA
SiO; 63.00 | 63.78 | 66.59 | 62.42 | 60.22 | 65.12 | 64.61 | 62.65 | 62.32 | 63.50 | 60.05 62.02 63.71 | 63.60
TiO; 0.58 0. 64 0. 66 0. 66 0. 66 0.65 0.77 0. 83 0.67 0. 81 0. 65 0.78 0.73 0. 66
Al, Os 18.16 | 16.08 | 15.58 | 17.49 | 17.81 | 17.13 | 16.00 | 17.20 | 17.32 | 16.79 | 17.02 17.02 17.00 | 17.22
TFe; O3 5. 60 5. 85 5.28 6.22 8. 66 5.05 5. 50 6.01 7.06 5. 36 6. 80 7.25 6.07 5. 81
FeO 4. 38 4.72 4. 27 4. 90 6.69 3.95 4.49 4.76 5.57 4.31 5. 64 5.75 4.72 4. 54
MnO 0. 06 0.12 0.07 0.11 0.09 0.07 0. 09 0. 09 0.10 0.07 0. 06 0.10 0. 08 0.07
MgO 1. 83 1.58 1. 87 1. 81 1. 97 1. 60 1. 54 1. 59 1. 85 2. 64 1.70 1. 85 1.73 1.78
CaO 0.48 1. 04 0.62 0. 84 0. 64 0. 56 1. 30 0.99 0. 67 1. 10 1. 30 0. 86 0.72 1.01
K, O 4.45 3.56 3.61 4.23 4. 68 4.23 3.29 4.17 4. 11 4.03 4. 35 3.91 4.24 4. 28
Na, O 1. 65 2.06 1.74 1. 65 0. 94 1. 86 2. 26 1.72 1. 30 1. 86 1.27 1. 44 1.77 1.27
P, 0; 0.11 0. 30 0.17 0.21 0.16 0.13 0. 31 0.18 0.18 0.17 0. 33 0.21 0.13 0. 14
b 10.05 | 9.80 11.97 | 10.35 | 11.05 9. 37 9. 65 9.25 10.66 | 15.72 9.96 10. 89 10.15 | 10. 34
Th 10.41 | 10.19 8.90 10. 37 9.97 9.24 9. 30 8.72 9.58 8. 69 8.59 8. 85 9.79 9.97
U 6. 26 4.41 3.10 3. 34 2.51 3.15 2.98 3.23 3.37 2. 64 3.02 3.34 3.63 3. 54
Ta 0.83 0.73 0.79 0.72 0. 83 0. 63 0. 83 0. 60 0. 86 0.78 0.53 0. 80 0. 57 0. 69
Cs 20.70 | 16.46 | 16.47 | 15.11 | 29.98 | 17.73 | 16.77 | 18.34 | 19.86 | 17.70 | 18.68 15.09 15.53 | 17.67
Mo 0.61 0. 35 0. 31 0.51 0.13 0.17 0. 29 0.56 0.33 0.18 1. 83 0. 36 0.18 0.18
Ba 805.43| 615.16 | 614.59 | 643.42 | 640. 84 | 652.97 | 610.09 | 661. 68 | 607.33 | 931.67 | 611.59 | 625.73 | 774.53 |642.98
Cr 24.06 | 41.08 | 42.85 | 43.27 | 50.36 | 40.51 | 49.64 | 58.20 | 61.06 | 60.03 | 49.99 54.75 41.54 | 42.81
Cu 18.08 | 29.49 | 31.12 | 29.65 | 10.21 | 25.78 | 38.72 | 36.01 | 34.58 | 42.51 | 45.84 34.99 88.25 | 63.88
Nb 18.20 | 16.14 | 14.83 | 15.79 | 12.76 | 15.94 | 15.69 | 16.23 | 15.16 | 17.03 | 12.34 15.58 17.10 | 16.23
Ni 16.09 | 20.45 | 30.88 | 25.04 | 41.22 | 20.25 | 30.76 | 38.92 | 37.42 | 31.13 | 37.07 35.27 34.65 | 32.79
Rb 174. 40| 154. 49 | 150. 86 | 165. 84 | 213. 60 | 162. 13 | 138.47 | 153. 99 | 166. 13 | 163.73 | 178.29 | 156.04 | 167.92 |181. 60
Sr 128.41|136.87 | 159.25 | 117.77 | 116. 36 | 120.49 | 151. 03 | 120. 79 | 108. 37 | 178. 35 | 104. 83 | 85.73 | 156.52 |113.71
\Y% 63.88 | 91.66 | 102.46 | 107.11 | 116.45 | 100. 01 | 102. 59 | 113. 55 | 103. 84 | 107.59 | 122. 61 | 115.71 | 100. 46 |105. 34
Zn 101.32| 97.16 | 90.69 | 103.04 | 88.16 | 78.70 | 88.73 |100.71 | 99.83 | 89.65 | 115.93 | 99.63 98.62 | 91.42
Zr 326. 72| 250.55 | 204. 54 | 226.18 | 205. 24 | 231. 41 | 248.18 | 223. 80 | 206. 23 | 243. 03 | 189.59 | 211.23 | 241.24 |224.89
Co 9.14 | 10.90 | 15.21 | 11.69 | 15.60 | 10.23 | 13.63 | 14.21 | 15.81 | 13.64 | 16.02 17.16 16.20 | 14.12
Pb 28.08 | 25.36 | 25.84 | 25.45 | 13.36 | 15.70 | 28.09 | 13.81 | 30.74 | 23.94 | 28.34 27.41 22.65 | 22.61
Ga 23.30 | 21.14 | 21.36 | 22.83 | 23.25 | 23.12 | 21.12 | 21.72 | 23.31 | 22.30 | 23.40 22.24 22.68 | 23.83
B 50.82 | 54.71 | 33.43 | 55.05 | 50.61 | 54.70 | 38.34 | 60.94 | 53.45 | 46.20 | 40.56 59. 32 47.33 | 54.21
Y 40.98 | 33.77 | 34.48 | 33.21 | 27.20 | 33.14 | 34.90 | 34.50 | 31.72 | 34.69 | 30.39 32.40 33.38 | 36.35
La 45.37 | 40.60 | 37.21 | 40.66 | 30.62 | 33.92 | 38.43 | 36.94 | 33.64 | 38.45 | 30.39 45.04 41.10 | 36.80
Ce 91.27 | 78.65 | 73.36 | 78.02 | 58.98 | 67.69 | 78.39 | 72.18 | 66.04 | 75.45 | 60.20 84. 95 81.32 | 72.98
Pr 11.58 | 9.77 9.03 9.79 7.21 8.59 10. 06 9.25 8. 27 9.73 7.81 10. 29 10. 19 9.42
Nd 44.12 | 36.88 | 34.56 | 36.98 | 26.92 | 32.56 | 38.81 | 36.44 | 31.54 | 37.98 | 30.20 38. 45 38.18 | 36.89
Sm 8.97 7.09 6.79 7.20 5. 06 6.54 8. 15 7.51 6. 36 7.58 6.33 7.78 7.92 7.58
Eu 1. 67 1. 55 1.32 1.37 1. 38 1. 14 1.70 1.25 1.17 1.62 1. 57 1.29 1.39 1.42
Gd 7.93 6.29 5.88 6. 15 4. 47 5.78 7.02 6.71 5. 76 6.70 5.59 6.75 6.61 6. 70
Thb 1. 40 1. 09 1. 08 1.12 0. 82 1. 06 1. 25 1.19 1.03 1.19 1.03 1. 19 1. 20 1.18
Dy 7.65 6.07 6.05 6.11 4.93 6.06 6. 70 6.42 5. 84 6.31 5. 67 6. 30 6.43 6. 56
Ho 1.47 1. 20 1. 22 1. 24 1. 05 1.23 1. 29 1. 25 1.18 1.23 1.13 1. 22 1.23 1.31
Er 4. 24 3.65 3.59 3.70 3.22 3. 64 3. 66 3.58 3.43 3.58 3.29 3.50 3.58 3.83
Tm 0. 68 0.61 0.58 0.61 0. 54 0.61 0.58 0.57 0.58 0.58 0.54 0.56 0.59 0.63
Yb 4.58 4.29 3.96 4. 14 3.73 4. 14 3.83 3. 86 3. 86 3.90 3.65 3. 66 3.94 4.32
Lu 0.71 0. 66 0.61 0. 64 0.59 0.63 0. 60 0. 60 0.62 0. 60 0.57 0.57 0.61 0. 65
SREE 231.65] 198.41 | 185.24 | 197.72 | 149.51 | 173.59 | 200.47 | 187.75 | 169. 30 | 194. 89 | 157. 95 | 211. 54 | 204. 30 |190. 28
LREE 202.98| 174.55 | 162.25 | 174.02 | 130. 17 | 150.44 | 175.54 | 163. 57 | 147.02 | 170. 80 | 136.50 | 187.80 | 180.10 |165.10
HREE 28.67 | 23.87 | 22.99 | 23.70 | 19.35 | 23.15 | 24.93 | 24.18 | 22.28 | 24.09 | 21.46 23.74 24.20 | 25.18
LREE/HREE 7.08 7.31 7.06 7.34 6.73 6.50 7.04 6.76 6. 60 7.09 6. 36 7.91 7. 44 6.56
(La/Yb)n | 7.10 6.79 6.73 7.05 5. 89 5. 88 7.19 6. 87 6. 26 7.07 5.98 8. 84 7.48 6. 11
oEu 0.59 0. 69 0.62 0. 61 0. 87 0. 55 0. 67 0.53 0.58 0. 68 0.79 0. 53 0. 57 0. 60
o6Ce 0.95 0. 94 0.95 0. 93 0. 94 0. 95 0. 96 0.93 0. 94 0.93 0.93 0. 93 0. 95 0. 94




SN (1

1130 http://www. geojournals. cn/dzxb/ch/index. aspx 2019 4
gR1
5 197. 5SHX513. 4HX|538. 7HX|567. 4HX|575. 2HX| 587HX | 605HX |612. 8HX|615. 3HX|625. 4HX|632. 3HX]| 654. 6HX| 655. 6HX 658. 2HX
T ks | E kE | WE | BE | BE | BE | ke s | A et WA WA s
SiO; 60.93 | 66.54 60. 85 61. 39 63.51 64.97 65. 60 63. 60 62. 04 64.83 64.08 61.47 60. 80 61.59
TiO, 0.63 0.70 0. 65 0.73 0. 83 0.74 0.74 0.71 0. 68 0.74 0. 60 0. 66 0. 69 0.62
Al O3 18.74 | 15. 44 18. 33 16. 86 17. 00 16. 41 16. 30 17.05 17. 20 16. 39 17.94 17.76 17.05 17. 88
TFe; O4 6.16 4. 86 6. 65 7. 30 5.91 6.01 5.69 6.18 7.17 6. 15 5.06 6.97 6.92 6. 46
FeO 4. 85 3.98 5.26 5. 80 4.63 4.72 4. 54 4. 85 5.62 4. 94 3.96 5.10 5.57 5.03
MnO 0.08 0.07 0.08 0.11 0. 10 0.08 0. 06 0. 10 0.09 0.11 0. 04 0.10 0.18 0.09
MgO 1. 87 1.51 1.78 1. 87 1. 59 1.72 1. 65 1.70 2.42 1.74 1. 68 1. 85 1.79 1. 77
CaO 0. 90 1.23 0.97 1.27 0.71 0.77 0.48 0. 82 0. 66 1.01 0. 48 0.96 1.92 0. 81
K,0O 4.72 3.58 4.99 4.08 4. 04 3. 37 3. 955 3.98 4. 10 3.99 4. 87 4. 31 4.03 4. 84
Na, O 1. 20 2.32 0. 88 1. 34 2. 04 1.78 1.77 1. 55 1. 22 2.04 0. 94 1.08 1.38 1. 10
P,0Os 0. 14 0. 20 0.17 0. 24 0.17 0.22 0.15 0.19 0.17 0. 15 0.11 0. 26 0. 26 0.18
b 10. 00 9.77 9.70 11. 07 9. 36 10. 46 10. 14 9.96 14. 06 10. 63 9. 38 10. 43 10. 52 9.89
Th 12.59 8.78 10. 98 9.26 8. 98 9.07 9. 34 9.92 10. 26 8.99 9.15 9. 81 9. 34 9.70
U 4. 83 3.23 3.55 3.17 3.42 3. 64 3. 64 3.70 3. 54 2.53 4. 31 3.07 2. 84 3.28
Ta 0. 80 0. 56 0.44 0.62 0. 70 0.71 0.65 0. 70 0. 77 0.69 0.42 0.72 0.70 0. 47
Cs 17.01 | 12.58 15. 68 21.16 16. 70 11. 39 10. 10 16. 28 16. 42 17. 44 23.66 15. 49 16. 90 18. 49
Mo 0. 31 0.48 0.21 0. 24 0. 27 0.41 0.33 0. 27 0.45 0.11 0.11 0. 20 0.32 0.45
Ba 646.77|726.11 | 618.63 | 648. 65 | 627.46 | 594. 01 | 583.59 | 593. 95 | 584. 83 | 681.97 | 691. 63 | 663.17 | 604.60 |736.10
Cr 40.50 | 44.59 43. 25 53.43 48.91 85. 00 45.07 44.74 48.55 47. 48 45.99 47. 49 48. 15 44. 20
Cu 34.93 | 30.83 35. 34 36.41 39.59 39.50 31.53 37.00 67. 38 79.98 46. 38 36. 34 54.60 | 47.18
Nb 17.38 | 15.99 16. 03 15.03 16. 56 17.37 16. 70 16. 59 15.01 16. 32 13.74 14. 50 16. 01 12.95
Ni 28.06 | 25.23 28. 26 30. 45 31. 45 23.06 24.51 27.09 32. 04 34. 21 30. 18 33. 89 37. 40 33. 86
Rb 193. 72| 146.89 | 194.99 | 171.27 | 147.13 | 132. 56 | 136.60 | 156.09 | 160. 81 | 159.38 | 182.45 | 158.79 | 160.09 |180. 60
Sr 106. 44| 187.52 | 71.34 | 118.34 | 136.87 | 129.00 | 117.35 | 130.62 | 105. 34 | 211. 33 | 107. 26 | 83. 64 135.60 |104. 32
\ 96.37 | 90.37 | 110.81 | 112.53 | 106.20 | 95.49 96.29 | 100.04 | 106.59 | 112.27 | 118.35| 115.87 | 111.62 |110. 88
Zn 113.93| 84.72 | 107.14 | 100. 95 | 97. 43 96. 76 99.25 | 103.12 | 111.33 | 98. 24 84. 87 96. 77 93. 40 96. 29
Zr 226.64|234.03 | 234.16 | 204.83 | 242. 31 | 238.04 | 221.50 | 209. 26 | 207.30 | 216. 11 | 215.21 | 222.71 | 219.20 |216.04
Co 9.93 12.77 12. 23 14. 42 14. 77 14. 38 10. 67 10. 46 15.16 16.12 10. 85 14.52 16. 67 13.67
Pb 31.84 | 29.40 31.62 23. 44 24.16 27.76 24.73 27. 24 31.87 21. 26 25.42 31.92 24. 34 32. 64
Ga 24.56 | 20.25 24.73 23.27 | 21.34 | 20.87 22.13 23.40 | 22.64 20. 86 24.99 24. 33 21. 85 23.83
B 72.49 | 31.85 72.07 53.75 49. 45 53. 34 31. 65 48.21 44. 40 40. 81 63.99 61.02 66.72 67.67
Y 38.02 | 32.43 36. 11 35.47 35.67 36. 65 32.92 34.09 32.85 29. 96 37. 14 36. 28 42. 33 34.53
La 46.40 | 38.13 41. 86 36. 95 40. 96 44, 34 42.47 39.02 41. 26 35. 24 39. 34 40. 30 40. 95 38. 87
Ce 88.56 | 74.89 82. 25 73.01 80.24 | 85.03 82.98 | 75.92 80. 75 69. 27 76.93 80. 20 81. 45 77.91
Pr 10. 73 9.45 10. 36 9.67 10. 34 10. 79 10. 44 9.53 9.91 8.72 9. 80 10. 17 10. 66 9.72
Nd 38.32 | 36.02 39.11 36. 99 40. 36 40.78 39.12 36. 05 37.49 32. 80 37.59 39. 60 42. 30 36. 91
Sm 7.73 7.20 7.94 7.54 8. 12 8.01 7.69 7.06 7.37 6.63 7.97 8. 06 9.09 7.39
Eu 1. 35 1. 48 1. 46 1.72 1. 60 1. 37 1.17 1. 35 1.32 1. 30 1. 50 1. 45 1.71 1. 37
Gd 6. 80 6. 35 6. 88 6.61 7.22 7.17 6.61 6. 34 6. 65 5. 67 6.83 7.03 8. 31 6.42
Tb 1. 24 1.13 1. 26 1.21 1. 28 1. 27 1. 15 1. 14 1.18 1.02 1. 31 1. 25 1.53 1. 19
Dy 6. 86 6. 05 6. 77 6.52 6. 86 6.75 6.22 6.20 6. 30 5.57 7.14 6. 82 7.94 6.51
Ho 1. 37 1. 19 1. 32 1. 24 1. 30 1. 31 1. 20 1. 21 1. 20 1. 10 1. 36 1. 32 1.47 1. 27
Er 4. 04 3.47 3. 81 3.58 3.75 3. 83 3.57 3.59 3.54 3. 16 3.92 3.78 4.12 3. 81
Tm 0. 65 0.57 0. 64 0.59 0. 60 0.62 0.59 0.58 0.59 0.51 0. 64 0. 60 0.63 0.63
Yb 4. 46 3.81 4. 26 3. 87 3.92 4.12 3.91 3.99 3.88 3.53 4. 26 4. 17 4. 27 4.16
Lu 0. 68 0.59 0. 66 0.61 0.63 0. 64 0. 60 0.62 0.62 0. 54 0. 67 0. 65 0. 65 0. 65
SREE 219.19] 190. 32 | 208. 57 | 190.09 | 207.16 | 216.03 | 207.74 | 192.59 | 202. 04 | 175. 06 | 199. 26 | 205. 41 215.09 [196. 82
LREE 193.09| 167.17 | 182.97 | 165.88 | 181.61 | 190. 33 | 183.87 | 168.92 | 178.09 | 153. 96 | 173.14 | 179.79 | 186.15 |172.17
HREE 26.10 | 23.15 25.59 24.21 25.55 25.70 | 23.87 23.67 23.95 21.10 26.12 25.62 28.94 24. 65
LREE/HREE 7. 40 7.22 7.15 6. 85 7.11 7.41 7.70 7.14 7.43 7. 30 6.63 7.02 6.43 6.98
(La/Yb)n 7.46 7.18 7.05 6. 86 7.49 7.73 7.79 7.02 7.63 7.17 6.62 6. 94 6. 88 6.71
0Eu 0.56 0.65 0.59 0.73 0.63 0.54 0.49 0. 60 0.57 0.63 0.61 0.57 0.59 0.59
6Ce 0. 94 0. 94 0.94 0.93 0.93 0.92 0. 94 0.94 0.95 0.94 0.93 0.95 0.93 0. 96

#:b=100X (MgO/Al;03) .
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I8, Z A VE R R /N Ff T R LA ] &
WS TR U8 DX B AT AR S R X — A
s B (Taylor et al. , 1985; Culler, 1995; Savoy
et al. ,2000; Liu Shilin et al. , 2006 ; Shen Weizhou
et al. ,2009;Zhang Yingli et al. ,2011), V& -
TR AP AR E G RN BER TR EE.
LU RY— REZHD Eu TR AA W] B 1Y 7
SRR XS B e R LT R ARG B R 2
Wi BB XAV 1Y I i P ok A B b e .

TR AL O, /TiO, /N 14 B LR 2 U5
ATRESR B F B R A A . AL O, /TiO, {H7E 19~28
INF 95T RE R U T AE b A o M8 2 TN I T (2
15 A 80D %5 £ (Girty et al. , 1996) , B 58 IX
AL O, /TiO, +F 19.70~31. 12, X H Y IH FE K
N EMED NEK S,

MG e R R M & AT LLE e A A A
R EAH LAY Bl 0 3R 23 A6 B 20 B 20, HB L 43
Nb.Ta.Sr, &% Rb.Ba.La,Ce,Pb.Nd,Sm %} }F
fiE s A F 3R B JT R ARRAE T 5 BT AR 10 L e X
PTG FEoR A T B e KRS BUE A .

25 BT WE S X A )2 B IR DX A
SR AR DU BE A A IR Xy L G 0 il iRz
TURI ™90
4.2 MELS

Roser et al. (1986) i & Xf 4% 4 X € F1 44 15 75
SR E e s LR s DU £ TR
FRAES3 AT N FEEITR 1 K, O/Na, O Fo Rt 2 Bt
oy 3 B 05 (R B A A HE B L 3R T S10,-K, O/Na, O

o 3t 5 5 0 A o o R D0 T XA Y 4 e
FE it LT A0 96 TE 15 3 R Bl 20 2% X8, A 1) 7 78 1
Bl KR8 2 X (& 3a) » & B0 58 X UURR 9 1) 490 5L X
5 UL 32 B R Rl 1 4 i A 3 PR O 32 W) I AT RE L
SRR B M & E = T YR KA. K
F1.F2 H0 50 ok 50 b A 3t 545 0 50 5 ok (8
(Bhatia,1983;Zhen Yan et al. ,2012) , 473K & 4>
Br 78 F1—F2 #3050 F (& 3b)  ARPS 48 5 4 i
FOLT AR AE TS 3l K Rl 21 2% X, A 3 B BF 5 DX ) D
DX S5 LA 32 8l Rl G by s PR e Ol 3

R RS PR MR TR S EROTR M R E
P# A . Cr.Co. Th,Sc.La #l Zr 7E UL FUAEE o R 15
e AT LA LA 5 U8 D1 B M 4 3t R B8 L AE Th-
Co-Zr/10 38 5] 1] 1, BOHhe: s AR v 78 il &5 9K i)
Y0 R Y CEL 3¢ B B i X0 Ry KBl & R4 3 5 5t
ONIPIE SO

Hir 0 R FRAE 45T o 0 e AR AR TR
B & S sl IR XM, Murry et al. (1990) 9
WFFE BT, Ce S8 15 0 AR 42 3 10 49 385 5 56 A G, DA
AU 35 VU AE M bR EAL M BE VR 0 400km Z NG Y™
S BT, A B R Ce i3, Ce (A 0.29 X
107 s R R P55 R Ce fA 53 H{H A 0. 55 X
107° s KFli i & X/ Ce WM R 80#H M IER %, Ce
fHATF 0.9X10 °~1.30X 10 °; BF 58 X T K AR 7Y
HIR AR Ce AT 0.91X10 °~0.96X10°
Z 1), S AR 58 0 7 5 AT U B 1 24 I A (90 AR PR 5
INSETS DN L I8 RE-S VS RPN ipuE- $2 138

LA UL Bk 2= E SR 45 R T LU L AR A

100.00 10.00 P
(a) goof (D)
6.00F
10.00} 4.00¢
Q, 2.00F
<
Z 2 0.00F
Q, 1
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P03 PR SR BT R IR 0 TP T A 9 S 3 S R i)
Fig. 3 Discrimination diagram for tectonic setting of mudstones from the Linxi Formation in Aluke’erqin Qi, Inner Mogolia
OTA— R & 9 s CTA— KBl & 9K s ACM— 115 8y Bl 11 4 s PM— i 8l KBl i1 2% 5
AW 5 B— KBl & 91 5 C— {3 3l KBl 14 %% s D— B3 K Bl il %

OIA—Oceanic island arc; CIA——continental island arc; ACM-—active continental margin; PM-—passive continental margin;

A—oceanic island arc; B—continental island arc; C—active continental margin; D—passive continental margin
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T B TUR R BEFE BT 5 30 R ki &% 9 A9 33 2l Bl
WG PR I5
4.3 HIEE

M ICER V/(VAND 7] LR BT A it A4k
WA, V/ (VAND >0, 46 il JFFAEE, V/(V+
Ni) < 0.46 & & fk 3 3 (Hatch and Leventhal,
1992) ., BEFE X ARG 4 1 V/(VHND A T
0.70~0. 86 Z [, V4 0. 77,35 K F 0. 46, F2 B bk
VG 2HTE BT 30 i PR 85 3 X0 A HILT DR A7 LU A R

AR TR 2 MgO By R AL O; (1955
Rili 5 AE . AT DL ST BE R U fE b (b =100 X (MgO/
AL O)) K H WK 74 8 BE 1) 7% (Wang Kaiming et
al,2009) . PR ERBE B IR 7K 10 ¥ /K i U B b (B 23
B A K AR R 7 185 O T 4 iR K U PR B b<<1,
ki 7t 3 P DORR IR G b O 1~ 10, i K PR AL b
k10~ 500, Bifi 2% 9 21 55 (ElV5 0 ik R 46 5 DT R 3
5 b>500, WFFEXARPGA R b {H %4 K Z5HE 1~
10 Z 8] (9.25 ~ 10.89), # 43 fF 10 ~ 500 Z [f]
(11. 05~15. 72) . L W B AT s Pl 6 2o 90 DU AR R 85

BEBEA Sr/Ba HAE AT 1 Sty 3 B A 0 Y AR
AR TE AR FEK A A, BRI DL B R AR 1T 2
B, KA BE R R B 2 R, gL BaSO,
ML B S UTUE - B R AR A iy SR AR X B 4. 2
IR B 3 BE T R B — 5 i E AR L SrSO, B JE 5(
ULVE . PRMTC AR TURRY) i B8 BEF0 Sr/Ba HofH
SR R R A IE A G &R Al R il BRI
M Fr % (Zheng Rongcai et al. ,1999; Li Chengfeng
et al. ,1988) . — MR YFIRAKA TP Sr/Ba {H
AINT LT A DR Sr/Ba (KT 1, Sr/Ba ff
H1.0~0.6, N2 /KM (Wang Yiyou et al. ,
1979;Zhang Jian et al. ,2013), [ D1 J 42 -+ 5
Sr/Ba {H 3 A TE 0. 12~0.56 Z[a], S {H N 0. 24,
SR FOIRAK S

B/Ga O E 2 0 Wr oy 35 B Y o5 — Fh 5 i il iR
VAR R BEITE R, R K2R R G A M i BT
SRR 5 TUURE . A T8I /%% HE B mT 46 75 o 86
J# (Li Jinlong et al. ,2003) . #ll/4% tWAH/NF 4 MR
K, KF 7 B 20 i /K (Wang Yiyou et al. ,1979),
Yan Qinshang et al. (1979) Nk &, B/Ga {H ¥ #H
VOB v — T 4. 2, 1 i AR T A H A — S/
T 3.3, WEFEIXRE D1 JF 42 fFRE 5 20 A 7E 1. 43 ~
T.0OLCHPI A B {E 3. 39.7. 01, F {5 Ny 2. 43, 4K
it LA E SCHR 23 BT » F2 44 S W S R /K P15 FT RE A7 AE SR
IK T IR 7K 5 A 1 2 JRK B 8

DL b 2R A 2 23 A 48 75 o Bl 6 BE 2K 0 T b XAk
VG 2H AR IS 7K A B 55 32 2 Sy ol 6 2o 30 B 05 194 2 Sl K
PS5 FR K B85, 38 W AR VY 2 350 AR 3 K A B4 358
FAE— D BRI L FE

254 VA A A s R AR S 1 AR G A 23 B U X
fIE JH 38 5 5% Bl BT AR PG 4H AT RB P AT O R BG
By A T 2 Kl 20 2 by i BR5 , BEE TR IX ) o & 2
DU 3 B A I X O 2, 52 8 VAR o 70 il 48 365 1L AR
PR SE W, Bl 5246 T1 o i i Je 90 A 28 ¥ 4 2 O [ A
AT ORI AR s Il 3 368 A 58 19 2 ol K 8 i e
78 Wt AH BRIR 0K
4.4 HAARRHREYERER

RV ZH AR R 622 08 M DX 32 40 A1 L G ARk A2 W)
Hby 22 04 I 58 6 AR BR AT T HE— 25 1 R 3
Zheng Yuejuan et al. (2013) 8} 5% T A< 2% i 1 — 4
Y7 1 TR R AR A B A SR A A I
T 22 7 F18 6 V8 2H AT 5 8 5 AR B 2K DR g 1 ) T ) A
il V8 20 5 B JIC HU2H b R BB AT B R BOM 4 T R K
] ( Wuchiapingian ) M H—kK X ¢
(Changhsingion ), 5 Zhang Yongsheng et al.
(2012) 38 A PR PG B v r 5 e — & i i B A Ak
A B RBOM 24, ARy e & 1 i 8] 5 Zhang
Xingzhou et al. (2011) 7¢ PN 52 1 BE 7 S b & A & B
TR TS SR e T AR
1. BRI )2 S W 5T R R B R e
b DAR PG 2H AR IR AN O e — S 1

Zheng Yuejuan et al. (2014b) %f N 52 7 fi] & R
IR 0 i e Y by DXOPK PG 20 R AT 0 B A Y A
B T AR B AR IR WE{E N 261 Ma; Zhang Haihua et
al. (2015) X <08 DX B AR Ze i i — 8 AR oY 2 0 4T 1
J B A0 1) 6 2 AR BIF I L 45 8] T 266 Ma /NI (AR
B 5 AS YB3 Ao o B 5 A 2 D0 JEE B 9 ) T B
R BE R 85 A0 AR AR 2 00 BT L B IS 5 A 1 e /N I
RN 263Ma, 5 Zheng Yuejuan et al. (2014b) #f
MR - R ZEWMZWICRNRAZ T
263Ma, N B — F IECAR . DA I B 2 R PR A
SEAR M ERRNE A AR b 25 bk [R) I A7 7R AR L AR B
AP AT ) A B 1 49 A5 B, AR 7 30 AR S
AEJE AR R 5 PG AR A AR R R BE 28 T fi 0 i il 42 i
P ARG B R I AR AR e 5 PE A A A B B i A
M BB 2 G RE MG (5 R

LG A A AR AR bR ARVE 4 T BRI LT AR I R
Fili {2 I A 395 2l Bl 340 25 4 3 PR B L B TR X B
e LIRS A A IR X 320 ORI K A dy i 6
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T BRI 1 2 JBU K 2 W A A8 Ry Bl A IR OK L R
RSl I VA B vl 2 T N2 B A A AR A AL R
263Ma, 4 Ji 55 A1 4F % 15 18 0 15 5 X 3R Ak 2 15 B
FHMR PG AT A 2 W U5 AR 28 10 e o5, R R
H AR A& b e, HL ) B A7 A A2 A A S R0 Py 45 ) IE AR
i 5 A5 8., 3 B AR A He 55 V8 A1 1 S AR B 1) B
LA RN EM SR 2 )5 .

5 g

LA
/EuujU\T nlb

(1) b BR b 25 53 17 22 W I 53 XM P 2L 0 i o i
JEBE AR X ) R 2% (R DT AR I 32 DK B A
AT DN 3 ARVE 20 8T 58 3 K Bl & 900 3% 3l K
il 171 2 1) 385 8 5%

(2) BRTG A y 8858 1 0 9IS 72 b 1 i 2o 31
i AH R BT o 7K A e I B 3 I A ) 2 K 8 AR
Ry Bl AH IR K

(3) 3 A %of o 5 Bk % 90 T ) 9 78 ) T U oR 4R
(1 B 5 A0 AR AR 20 B W B R A 1 /) A {1 4 1
hy 263Ma( ) R R LA HE N BHER BIZE # )2
TR RS 2 T 263Ma, b A g — & VTR, U0
YR B Z R PE R e vk . R WA JE AR B 5 94 10
VA B 1) e 2 A 5 B () N i AE e — S e 2 S .

Hl R AR 2 R A 2R AR AU 2 A AT
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Geochemical characteristics of mudstone from the Late Permian Linxi Formation
in Aluke’erqin Qi, Inner Mogolia and its structural significance
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Abstract

The Taohaiyingzi section of the Linxi Formation in Aluke’erqin Qi, Inner Mongolia, is one of the
typical sections in northeastern China. It consists mainly of black and gray-black sandstone and slate. The
newly found conchostracans, pollen and spores, along with the detrital zircon age, suggest that the section
is late Late Permian in age. The samples from the Linxi Formation are dominantly dark mudstones. The
major chemical compositions are SiO, 62. 90%, Al,0,16.85%, MgO 1.78%, CaO 1.01% , Na,O 1. 64%,
K,04.0%, K,O/Na,O between 1.10 and 5.66, Al,0;/(CaO+ Na,O) between 3.57 and 12.69. The
SREE ranges from 139. 85X 10 ° to 231. 65X 10 %, with an average of 190. 74. SEu ranges from 0. 49 to
0. 87, with an average of 0. 61. §Ce ranges from 0. 91 to 0. 96. The clastic rocks are characterized by LREE
enrichment and HREE depletion. Trace elements are characterized by depletion of Nb, Ta, Sr, enrichment
of Rb, Ba, La, Ce, Pb, Nd and Sm. The analysis above shows that the Linxi Formation formed in the
active continental marginal structural background near the continental island arc. Based on detrital zircon
age, the sediment sources of the Linxi Formation are diverse and complex. Besides the blocks in the
northeast, provenance information also points to the North China plate and the Siberia plate at the same
time, suggesting that the North China plate and the Siberia plate may have started subducting process

during the deposition period of the Linxi Formation.

Key words: Aluke’erqin Qi; Linxi Formation; late Late Permian; geochemistry, structural

significance



