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Chen HD, Li J, Zhang CG, Cheng LX and Cheng LJ. 2011. Discussion of sedimentary environment and its geological
enlightenment of Shanxi Formation in Ordos Basin. Acta Petrologica Sinica, 27(8) ;2213 —2229

Abstract Late Paleozoic of Ordos Basin has undergone a huge change of the level, and occurred many times the transgression
which, on the Benxi-Taiyuan background of epicontinental deposition by long-term studies have reached a broad consensus, while the
conversion of a critical period in the sea deposition of Shanxi has a rather controversy. In view of the actual, this article was known as
the starting point of previous achievement. According to the distribution of marine strata, paleontology, sedimentary structures,
petrography, diagenesis and other geological basis for the reference, comprehensive calculation of boron law paleosalinity, Sr/Ba ratio
and boron gallium rubidium content of the relationship between the three elements of different geochemical test results, mainly for the
Early Permian Shanxi Period which is the conversions of marine-continental facies sedimentary environment for a more in-depth
analysis. That Shanxi 2 is still in the context of epicontinental marine sedimentation stage Shanxi 1 is the conversions of marine-
continental stage as a critical period of transition, and Xiashihezi Period before they are fully into the new evolution of continental
basins stage. Establishing the geochemical proxies section of east-west and north-south in Ordos Basin. Summed up the ancient salinity
and Sr/Ba ratio from south to north, from west to east, there is the general trend of decreasing. And such trends in the early and mid-
Shanxi 2 were most clearly, as the latter regression continues to expand, disappeared late in the Shanxi 1. The reason can be atiributed
to the ancient geography of the period and what impact the two sea water level differences. On this basis, the Ordos Basin Late
Paleozoic sedimentary evolution is divided into three stages, and it is base on super long-term base level cycle eventually to the
establishment of the sequence stratigraphic framework.

Key words Conversions of marine-continental ; Sedimentary environment; Shanxi Formation; Ordos Basin
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Fig. 2 The comparision of stratum of Shanxi Formation in southeastern Ordos Basin
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Fig. 4 Sedimentary structures of Shanxi Formation
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Fig. 5 Different lithology characteristic of Shanxi Formation
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Table 1  The data of clay minerals, the calculated data of trace element and “equivalent boron” content and paleosalinity
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L1011 3361.1 H7 186.08 652.23 0.29 34.62 133.95 39.47 30 36(20) 14 20 58.8 7.2 14 14.97 6. 80
L1010 3368.8 H7  285.24 794.29 0.36 40.68 115.85 39.47 30 33(20) 26 11 56.4 6.6 26 14.91 6.77
L1008 3425.2 H8 237.57 521.15 0.46 44.97 121. 43 43.81 22 30(20) 48 — 46 6 48 17.95 7.83
L1009 3427.3 H8 171.27 486.51 0.35 44.08 131.51 51.13 25 14(10) 46 15 37.6 1.4 46 25.67 10. 35
Y2001 2376.0 H8 324.00 841.75 0.38 50.87 120. 09 35.52 37 21(10) 27 15 55.9 2.1 27 13.94 6.43
Y2002 2377.2 H8 240.05 749.44 0.32 34.72 144.77 63.45 42 20(10) 27 11 60 2 27 23.41 9. 64
Y2003 2378.0 H8 269.40 807.38 0.33 42.64 184. 69 48.79 42 31(10) 19 8 69.9 3.1 19 16.01 7.16
L1006 3429.2 (111 206.26 619.74 0.33 47.53 164. 84 57.27 34 29(10) 23 14 60.1 2.9 23 21.27 8.94
L1005 3430.8 lj11 178.37 486.00 0.37 39.26 123. 46 79.66 30 6(10) 64 — 354 0.6 64 38.52 14.22
L1004 3432.7 1li11 215.16 624.52 0.34  49.69 157.36 63.09 38 16(10) 32 13 52.4 1.6 32 25.77 10. 39
LT1001 2348.6 1111 299.25 877.54 0.34 38.33 213.05 56.74 50 25(10) 17 8 72.5 2.5 17 18.19 7.91
LT1002 2350.1 1111 225.68 668.07 0.34 42.53 130. 20 48.78 36 12(10) 51 — 46.8 1.2 51 20.27 8.61
LT1003 2352.0 1111 288.95 1108.20 0.26 43.78 177.22 70.65 50 20(15) 21 9 67 321 23.95 9.81
S23801 3976.6 1111 193.24 591.97 0.33 41.48 166. 77 38.72  — — — — - — — —
S23802 3978.7 111 196.31 544.51 0.36  46.89 93.03 57.46 18 23(5) 42 17 39.9 1.2 42 28.21 11.15
Y2004 2379.0 1li11 202.16 529.38 0.38 43.35 116. 24 48.34 41 17(10) 32 10 56.3 1.7 32 18.55 8.03
Y2005 2379.9 (111 222.25 742.92 0.30 54.63 137.76 56.39 44 15(10) 35 6 57.5 1.5 35 21.04 8.87
Y24001 2683.6 1li11 247.08 619.40 0.40 59.76 239.03 127.8 — — - = — — — —
9 111 256.34 495.22 0.52 35.65 182.12 76.35 63 21(15) 12 4 80.9 3.2 12 22.34 9.29
f-14 11 138.85 486.12 0.29  38.60 165. 07 70.31 37 25(15) 32 6 58.3 3.8 32 25.80 10. 40
H-15 11 105.10 714.93 0.15 35.05 175.17 49.71 36 56(25) 6 3 78 14 6  14.37 6.58
DI5001 2769.2 1112 211.81 589.66 0.36 49.91 185. 67 80.99 54 18(10) 21 7 70.2 1.8 21 26.52 10. 62
D15002 2771.2 1112 155.05 414.82 0.37 33.56 141.22 60.95 44 31(10) 14 12 71.9 3.1 14 19.80 8.45
D8001 2639.0 1112 190.79 489.20 0.39  38.22 152.33 76.75 43 28(15) 19 10 66.8 4.2 19 26.05 10. 48
D8002 2645.8 11112 388.72 583.18 0.67 43.83 104. 94 54.83 25 30(25) 36 8 47.5 7.5 36 22.75 9.42
DB001 3753.3 (112 149.83 406.20 0.37 43.28 66. 64 — — — - - = = — — —
DB002 3757.7 1112 244.44 519.30 0.47 41.44 75.90 33.78 40 15(10) 30 15 53.5 1.5 30 13.68 6.33
DB003 3771.9 1112 187.88 566.56 0.33 52.79 179. 37 44.75 39 26(10) 35 — 62.4 2.6 35 15.44 6.96
DB004 3774.4 1112 167.87 637.89 0.26 40.23 154. 19 69.34 51 10(15) 22 17 59.5 1.5 22 26.37 10. 57
HS1001 774.1 1112 170.76 374.10 0.46 37.22 83.05 — — — - - = — — — —
HS1002 775.6 1112 230.59 596.97 0.39 53.01 161.03 65.69 35 15(20) 39 11 47 3 39 28.19 11. 14
HS1003 776.9 1112 245.78 583.77 0.42 47.46 161.52 70.57 20 30(20) 40 10 44 6 40 30.95 11.99
HS1004 778.3 1112 323.90 510.80 0.63  47.57 152.46 65.83 40 20(10) 40 — 58 2 40 23.85 9.78
S23803 3992.8 1l112 217.13 608.97 0.36  45.81 175. 86 43.43 44 27(10) 20 9 68.3 2.7 20 14.54 6. 64
S23804 3996.5 1112 162.77 448.88 0.36  40.18 101. 02 42.64 — — - - = — — — —
Y24002 2688.0 11112 172.76 460.71 0.37 31.84 135.70 47.79 34 41(15) 13 12 68.9 6.2 13 15.89 7.12
Y24003 2690.5 1lj12 175.78 409.36 0.43  42.31 94.22 34.99 47 20(10) 23 10 65 2 23 12,19 5.79
Y24004 2691.3 11112 190.32 600.62 0.32  40.37 180. 79 67.12 48 27(10) 12 14 72.3 2.7 12 21.89 9.14
77001 4380.1 1112 192.39 760.75 0.25 45.36 203. 50 92.23 50 27(10) 19 4 74.3 2.7 19 28.68 11.29
77002 4435.8 1112 143.16 530.42 0.27 36.88 112. 48 195.8 33 10(10) 47 10 42 1 47 90.21 27. 64
F1-10 112 277.43 310.15 0.89 45.99 190. 17 75.12 25 28(20) 39 8 47.4 5.6 39 31.33 12. 10
f-12 112 150.46 531.41 0.28 35.21 177. 00 78.29 53 26(15) 17 4 75.1 3.9 17 24.07 9.85
D15003 2780.1 (l113 159.32 860.08 0.19 36.87 110. 49 — — — - = = = — — —
DI5004 2782.4 1113 194.86 1478.03 0.13 42.28 202.79 92.07 76 16(10) 3 5 90.4 1.6 3 25.03 10. 15
DI15005 2789.5 1113 129.97 386.66 0.34 68.30 96. 45 178.2 24 — 76 — 24 — 76 103.61  30.80
HT1001 3699.1 1113 211.05 917.48 0.23 51.85 252.30 120.9 62 28(10) 7 3 87.2 2.8 7 33.45 12.74
HT1002 3700.5 1113 148.13 593.43 0.25 36.05 191. 55 82.6 56 26(15) 12 6 78.1 3.9 12 24.86 10. 10
HT1003 3701.3 (113 158.26 525.98 0.30 33.12 159. 08 58.41 — — - - = = — — —
L1007 3463.8 (113 166.92 505.52 0.33 40.45 143. 66 — — — - - = = — — —
L1002 3464.7 1113 207.32 799.34 0.26 41.25 217.07 60.13 51 30(10) 12 7 78 3 12 18.22 7.92
LT1004 2380.1 11113 231.98 681.57 0.34 37.88 150. 43 67.28 42 31(15) 13 14 68.4 4.7 13 22.75 9.42
LT1005 2381.1 1113 253.74 641.77 0.40 32.33 134.25 42.29 30 42(20) 15 13 63.6 84 15 14.78 6.73
LT1006 2382.2 11113 220.20 756.55 0.29 32.97 155.38 65.3 46 18(15) 17 19 61.3 2.7 17 24.40 9.95
LT1007 2383.6 11113 230.56 678.00 0.34 33.87 153. 18 61.58 39 33(15) 13 15 67.1 5 13 2L.15 8.90
NTOO1 3657.1 1113 193.91 622.99 0.31 44.03 174. 67 71.17 36 27(15) 25 12 59 4.1 25 26.47 10. 61
NT002 3658.2 1113 167.51 556.16 0.30 45.41 185.45 55.9 33 22(15) 25 20 51.7 3.3 25 23.45 9.65
NT003 3660.0 11113 183.57 508.80 0.36 43.73 140. 71 71.57 25 24(15) 27 23 454 3.6 27 33.16 12. 65
S23805 3997.8 1113 199.44 605.30 0.33 40.93 178.90 40.79 39 34(15) 13 14 67.9 5.1 13 13.84 6.39
S23806 3998.3 (113 197.35 593.45 0.33 48.54 132.39 47.23 31 17(10) 40 13 46.3 1.7 40 20.66 8.74
Y2006 2417.0 1113 378.22 1070.33 0.35 59.20 249.93 109.3 — — - = — — — —
Y2007 2418.5 1113 234.57 935.04 0.25 39.91 200. 17 74.18 55 26(10) 15 4 78.4 2.6 15 22.22 9.25
Y5001 2201.8 113 125.02 407.87 0.31 45.11 218.47 59.21 59 19(15) 18 5 752 2.9 18 18.26 7.94
Y5002 2202.2 (113 138.40 316.97 0.44 41.86 165.92 67.78 37 19(20) 22 22 52.2 3.8 22 28.99 11.39
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Y24007 2744.9 1122 102.19 189.29
Y61001 2534.4 11122 301.13 286.94
Y61002 2538.9 11122 320.00 531.56

#-11 1122 62.85 217.49
DI15007 2823.2 11123 241.28 433.35
DI15008 2831.0 1123 151.00 417.12
D15009 2847.6 11123 292.82 522.33

2
0
6
gl003 961.4 (1123 209.72 686.29
4
8
0

54 63.56 13.33 — — — - - = = — — —
05 69.76 16. 38 27.95 32 5(10) 53 10 36.5 0.5 53 13.98 6.44
60  52.60 110. 50 — — — - - = — — — —
29 40.98 80.22 60.6 15 7(15) 61 17 21 1.1 61 41.25 15. 00
56 77.28 180. 84 121.7 44 7(10) 38 11 50.3 0.7 38 50.57 17.59
36 66.27 82.37 162.1 23 — 7 — 23 — 77 95.92 29. 00
56 45.34 120. 42 — — — - - = — — — —
31 41.77 140. 64 — — — - - - — — — —

gkl
Continued Table 1
o ) ) ) : Ao KIER+ N
) 3ES B Sr . Bd76 St/Ba Gd76 Rh,é B . it YEE(%) TR (%) T’)LIE?HE EEXIEN
(m) (x107°) (x107°) (x107°) (x107°) ( x107°) (x107°) Sp(%o)
I /S K Ch I S K
-9 1113 107.82 353.99 30 43.14 171. 08 67.94 22 37(25) 41 — 49.8 9.3 41 26.28 10. 55
£-13 113 114.93  468.37 25 30. 95 119. 34 55 31 41(20) 24 4 63.8 8.2 24 18.61 8.05
D15006 2801.1 11121 244.13 819.96 30 43.09 152. 60 62.27 66 8(5) 22 4 73.6 0.4 22 19.63 8.40
HS1012 794.7 1321 180.12 507.59 35 42.27 140. 55 54.83 46 13(10) 34 7 57.7 1.3 34 20.50 8. 69
HS1005 797.9 121 240.76 537.07 45  43.08 195.79 79. 59 52 23(15) 19 6 71.6 3.5 19 25.50 10. 30
HS1006 805.4 (121 153.11 505.07 30 44.44 196. 44 73.58 50 17(10) 27 6 65.3 1.7 27 25.23 10. 22
HT1004 3705.6 11121 173.27 554.86 31 35.47 163. 94 38.74 — — _ = = = — — —
HT1005 3706.7 11121 250.81 772.42 32 45.91 219.59 93.49 55 25(15) 12 7 76.3 3.8 12 28.81 11.33
HT1006 3708.3 1121 238.18 835.30 29  51.95 223.60 59.68 55 34(10) 6 4 856 3.4 6 16. 80 7.44
L1001 3466.6 11121 247.27 1114.32 22 51.34 337.81 101.7 65 30(10) 2 3 92 3 2 27.04 10. 78
L1003 3467.2 1lj21 220.88 1009.26 22 46.03 266. 62 106. 1 60 35(10) 2 3 91.5 3.5 2 28.29 11. 17
S23807 4014.1 (1121 284.09 817.05 35 39. 19 79. 40 11.49 11 70(35) 15 4 56.5 25 15 3.96 2.41
S23808 4016.8 11121 244.97 1021.68 24 44.10 151.87 43.74 20 30(20) 38 12 44 6 38 19.35 8.31
Y5003 2203.9 11121 195.25 234.83 83  48.86 86. 65 45.73 15 20(15) 47 18 32 3 47 25.27 10.23
Y5004 2204.4 11121 122.36 425.24 29  44.82 201. 26 90.42 49 21(15) 24 6 66.9 3.2 24 30.37 11. 81
Y5005 2205.8 11121 135.47 367.22 37 39. 81 173.32 58.66 49 15(20) 26 11 61 3 26 21.25 8.94
H-12 121 56.37 211.96 27  35.31 91.59 98.79 39 27(15) 34 — 62 4.1 34 34.08 12.92
-7 1121 124.16  253.17 49 39.77 126. 16 76. 49 27 23(15) 50 — 46.6 3.5 50 31.46 12. 14
k-7 1121 128.34 403.81 32 32.67 139. 63 75.19 46 36(20) 15 3 74.8 7.2 15 22.88 9.47
&-12 121 135.92 676.60 20 15. 81 88.41 33.99 40 49(25) 11 — 76.8 12 11 13.55 6.29
D8003 2669.0 (1122 210.03 488.42 43 36.27 142.53 46.84 32 31(20) 30 7 56.8 6.2 30 17.37 7.63
D8004 2671.3 1122 85.81 226.93 38 59.49 15.79 — — — _ - = — — — —
DB005 3787.2 1122 166.21 614.24 27 39.23 215.78 56.06 48 33(10) 11 8 77.7 3.3 11 17.07 7.53
DB006 3791.4 (1122 136.48 660. 44 21 31.74 138. 65 — — — —_ — = = — — —
gl001 942.8 (122 223.27 563.70 40 36. 45 129. 39 73.09 47 13(15) 33 6 58.1 2 33 27.16 10. 82
gl002 957.2 1122 223.69 536.22 42 36. 60 123.76 77.74 44 12(15) 38 5 54.2 1.8 38 30.09 11.72
HS1007 806.6 1122 241.24 591.30 41  48.00 205. 20 99. 1 56 16(10) 23 5 70.4 1.6 23 32.20 12. 36
HS1008 810.7 122 184.04 385.91 48 30. 26 91.47 23.41 45 12(10) 38 6 55.8 1.2 38 8. 88 4.52
HS1009 815.6 [[J22 225.76 528.47 43 37.23 125.77 34.68 49 13(10) 32 6 60.7 1.3 32 12.50 5.90
LT1008 2429.5 11122 332.93 1286.41 26 50.59 201.76 82.55 73 14(10) 8 5 85.6 1.4 8 23.37 9.62
LT1009 2431.8 11122 262.84 691.75 38  40.50 19. 12 39.97 — — 100 — — — 100 39.97 14. 64
Y24005 2737.4 11122 275.84 616.07 45 37.79 129. 85 47.18 39 49(20) 10 2 78.2 9.8 10 13.78 6.37
Y24006 2739.1 122 156.97 477.69 33 52.38 101. 49 69. 18 21 7(10) 72 — 27.3 0.7 72 37.89 14. 04
9
4
9

S R R R e e e A e s R e e e e s S i e e e e i e e s e e i e i

21004  967. 1123 180.88 319.76 57 23.82 51.31 — — — - = = — — — —
HS1010 827. 1123 178.68 493.53 36 44.09 80. 78 153.7 19 — 81 — 19 — 81 97.92 29.47
HS1011 829. 123 76.96 110.86 69 8.72 24.32 23.51 — — - - = — — — —
Y20010 2455.1 11123 269.04 782.93 34 29.88 134.97 63.21 62 16(10) 17 5 76.4 1.6 17 19.40 8.32

Y2008 2451.9 1123 170.10 590.77 29 49.45 100. 68 77.81  — — - = = — — — —
Y2009 2453.3 (1123 237.97 650.02 37 30.72 133.33 69.93 55 17(10) 22 6 70.3 1.7 22 22.81 9.44
Y61003 2544.0 11123 241.06 400.41 60 45.97 87.03 78.09 45 9(10) 40 6 53.1 0.9 40 33.25 12. 67
Y61004 2553.6 11123 254.37 451.58 56  34.86 107. 25 79.82 39 11(10) 42 8 48.9 1.1 42 33.65 12. 80
7ZT003 4439.4 11123 73.64 137.97 53  53.68 65. 40 — — — - - = — — — —
77004 4442.0 11123 89.30 112.33 79  75.11 39.61 143.8 — — 100 — — — 100 143.75 39.78

-3 1123 162.44 416.36 39 42.33 172.42 101.8 54 9(10) 35 5 62.1 0.9 35 3570 13. 40

-5 123 56.37 211.96 27 35.31 91.59 100.1 21 17(15) 55 6 355 2.6 55 49.60 17.32

a9 1123 135.70 383.22 35 34.70 95. 80 90.2 37 19(15) 40 4 53.2 2.9 40 34.92 13.17
Y24008 2769.4 K1 369.51 851.80 43 47.36 196. 63 — — — - - = — — — —
Y24009 2774.4 K1 386.18 736.55 52 33.22 82.54 30.36 43 9(5) 42 6 51.6 0.5 42 12.19 5.79
7ZT005 4443.9 K1 132.37 137.83 96  78.41 46.32 166.4 — — 100 — — — 100 166.42  44.60

77006 4446.7 K1 126.31 185.60 68 57.22 82.96 196 6 — 94 — — 94 166.42 44.54

4 K1 230.75 341.09 68  38.42 84.29 87.84 43 4(10) 45 8 46.6 0.4 45 37.83 14. 02
=7 K1 136.12  333.49 0.41  37.01 109. 99 76.22 40 12(15) 43 5 50.2 1.8 43  30.81 11.94

TE e TR A 123 4, B SR INIUAE b 102 £, 7 B e e 0 1 0 45 P35 o A S 0 2 S8 L, BRAT s e - ol JROR 5 45 8 7 3 (1CP-
MS, %[F PE 2wl Az, #5 DRC L) , J7 3@ W)y DZ/T0223-2001 3 B b4 4 &tk A0 e il 102 £, 76 BHR BE T2 bR b 224k T2 B 52
I MRAAR A XA A (B4 B DMAX-3C) Kl SY/T-6210-1996



MRS R S M AL B AR IR T IR R W R B R

2221

Sr/Ba

45 0.1 0.3 0.5 0.8 1.0
I T Y Y |

H7 )
)
|
= H8 I
1| &
?‘A
3| A
H8F
[
i1
1
M 112
1
B 113
e
i1
1 1
9 12
1B g
p.N
J&
7

K8 BRI IXHER L2 i R

Fig. 8 The histogram of comprehensive geochemical analysis in the study area
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Fig. 9 The small layer of Shanxi Formation ancient salinity trend in the eastern Ordos Basin (from north to south)
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Fig. 10 The small layer of Shanxi Formation ancient salinity trend in the southern Ordos Basin (from west to east)
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The relationship of strontium, barium content in the study
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Fig. 12 The small layer of Shanxi formation Sr/Ba trend in the eastern Ordos Basin ( from north to south)
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Fig. 13 The small layer of Shanxi formation St/Ba trend in the southern Ordos Basin (from west to east)
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Fig. 14 Triangle of boron, gallium, rubidium content
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