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Table 1 Analysical results of major elements of Wufeng Formation and Longmaxi Formation sandstones and

mudstones from Houping profile in Chengkou County, northern margin of Yangtz Block( %)

FESL (M2 RS (N B (m)| SiO, | ALO5 | Fe,O5 | MgO | CaO | Na,O | K,0 | MnO | TiO, | P,O5 | FeO e | BEE
HP1 7.05 | 77.57 | 8.52 1.18 | 0.65 | 0.17 | 0.44 | 2.29 | 0.00 | 0.41 | 0.16 | 0.40 8.22 100. 02
HP2 7.25 | 77.38| 7.56 | 0.95 1.01 | 0.80 | 0.41 1.95 | 0.01 | 0.43 | 0.11 | 0.45 9.03 100. 09
HP3 Hwes 7.35 |78.13 | 7.66 | 0.75 | 0.55 | 0.17 | 0.66 | 1.97 | 0.00 | 0.36 | 0.08 | 0.63 9.20 100. 15
HP4 e 7.45 | 78.50 | 6.74 1.07 | 0.49 | 0.23 | 0.57 1.79 [<0.004| 0.34 | 0.06 | 0.46 9.82 100. 06
HP5 RRA 7.55 | 76.34 | 6.36 1.05 | 0.39 | 0.06 | 0.94 1.50 |<0.004| 0.42 | 0.04 | 0.63 12.37 100. 10
HP6 7.75 |56.21 | 11.47 | 3.21 | 0.92 | 0.09 1.20 | 3.10 [<0.004| 0.66 | 0.07 | 0.98 22.59 100. 49
HP7 7.95 |53.40 | 11.09 | 1.34 | 0.87 | 0.32 | 1.14 | 3.10 |<0.004| 0.62 | 0.07 | 0.65 27.46 100. 06
HPG2 | MH&MFEE | 8.11 |69.71 | 3.41 | 1.74 | 4.31 | 6.99 | 0.28 | 0.89 | 0.14 | 0.17 | 0.16 | 0.67 11.66  |100. 13
HPG3 WA 8.12 | 69.03 | 5.62 1.92 | 2.31 | 7.39 | 0.74 1.83 | 0.06 | 0.34 | 2.93 | 0.55 7.40 100. 12
HP8 8.40 |76.63 | 8.80 | 1.09 | 0.60 | 0.08 | 0.86 | 2.48 | 0.00 | 0.45 | 0.07 | 0.79 8.43 100. 28
HP9 8.53 | 75.99| 7.72 | 1.54 | 0.58 | 0.25 | 0.62 | 2.25 | 0.01 | 0.39 | 0.05 | 1.00 10.33 100. 71
HP10 | JpEiE4 8.58 | 78.16 | 6.72 1.42 | 0.47 | 0.19 | 0.66 1.95 |<0.004| 0.34 | 0.06 | 0.47 9.65 100. 08
HP11 A 8.66 |70.91 | 9.20 | 3.45 | 0.68 | 0.23 | 0.64 | 2.64 |<0.004| 0.46 | 0.05 | 0.82 11.27 100. 34
HP12 8.78 | 77.28 | 7.85 1.19 | 0.60 | 0.29 | 0.63 | 2.18 [<0.004| 0.40 | 0.04 | 0.62 9.13 100. 19
HP13 9.48 |79.43 | 7.28 | 0.91 | 0.54 | 0.09 | 0.63 | 2.02 |<0.004| 0.38 | 0.08 | 0.44 8.28 100. 09
%2 BFRAIGHNERENTEGE— L DRERE TRTESTER (%)
Table 2 Analysical results of major elements of Wufeng Formation and Longmaxi Formation mudstones from
Mengmengxi profile in Chengkou County, northern margin of Yangtz block( %)
Fefh |2 A R (m)| Si0, | AlO, | Fe,05 | MgO CaO | Na,O0 | K,O0 | MnO, | TiO, | P,Oy FeO B (MEs
MM1 0.58 |73.86| 9.61 | 4.1 |0.853|0.115[0.166 | 2.97 | 0.005 | 0.548 | 0.127 | 2.36 7.26  |101.97
MM2 1.22 | 67.57| 5.67 | 8.11 | 0.416 | 0.159 | 0.72 | 1.42 | 0.004 | 0.323 | 0.038 | 1.24 15.2  [100. 87
MM3 2.68 |73.08 | 7.97 1.46 | 0.55 | 0.141 | 0.845 | 2.24 | 0.006 | 0.418 | 0.041 | 0.67 12. 84 100. 26
MM4 3.55 | 83.36 | 4.61 1.38 [ 0.319 | 0.117 | 0.374 | 1.27 |<0.004| 0.243 | 0.035 | 0.73 8.07 100. 51
MMS5 4.02 [74.78 | 9.04 | 1.38 [ 0.619 | 0.15 | 0.791 | 2.47 |<0.004| 0.466 | 0.086 | 1.14 9.94 100. 86
MMo6 4.54 [ 87.16 | 4.26 | 1.03 | 0.285|0.145|0.365 | 1.14 | 0.004 | 0.195 | 0.058 | 0.9 5.05 100. 59
MM7 5.30 | 68.96 | 11.48 | 3.25 | 0.773 | 0.221 | 1.05 | 2.98 | 0.004 | 0.591 | 0.094 | 1.85 10.25 101. 50
MMS v 5.88 72.3 1 9.07 | 4.31 | 0.516 | 0.146 | 1.18 | 2.33 [ 0.004 | 0.52 | 0.048 | 0.78 9.14 100. 34
MM9 e 7.57 |78.93| 7.04 | 1.96 | 0.411 | 0.125 | 0.813 | 1.93 |<0.004| 0.427 | 0.052 | 0.77 7.98 100. 44
MM10 7.86 | 71.13 | 9.52 | 5.16 | 0.584 | 0.133 | 1.07 | 2.59 | 0.007 | 0.532 | 0.061 | 0.87 8.67 100. 33
MM11 8.15 |75.63 | 7.79 | 3.25 | 0.473 10.129 | 0.933 | 2.17 [ 0.004 | 0.44 | 0.065 | 1.57 8.72 101. 17
MM12 8.73 | 71.63 | 8.18 | 3.97 [ 0.496 | 0.123 | 0.972 | 2.24 | 0.006 | 0.458 | 0.065 | 1.07 11.3 100. 51
MM13 9.14 |71.61 | 9.38 | 3.64 |0.567 | 0.163 | 1.02 | 2.61 | 0.005 |0.557 | 0.05 | 1.59 9.93 101. 12
MM14 9.55 |80.21 | 6.37 | 2.49 |0.472|0.222 | 0.617 | 1.72 | 0.006 | 0.333 | 0.066 | 0.74 7.15 100. 40
MM15 9.84 | 74.44 | 9.58 2.6 [0.639 |0.131 | 0.772 | 2.73 | 0.007 | 0.551 | 0.054 | 0.96 8.04 100. 50
MM16 10.06 | 72.15 | 10.63 | 2.38 | 0.737 [ 0.146 | 0.715 | 3.05 | 0.007 | 0.619 | 0.057 | 2.15 9.02 101. 66
MM17 10.49 | 84.36 | 5.03 | 1.49 | 0.569 | 0.644 | 0.416 | 1.4 0.01 | 0.259 | 0.093 | 0.94 5.46 100. 67
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Fefh |2 A R (m)| Si0, | AlOy | Fe,05 | MgO CaO | Na,O0 | K,O0 | MnO, | TiO, | P,O5 | FeO Bkl | BEE
MM18 10.86 | 79.22 | 7.17 | 2.68 | 0.475 | 0.158 | 0.579 2 <0.004| 0.38 | 0.072 | 0.88 6. 86 100. 47
MM19 11.15 | 72.26 | 9.62 | 4.43 | 0.696 | 0.25 |0.764 | 2.67 | 0.005 | 0.529 | 0.073 | 0.81 8.28 100. 39
MM20 11.44 | 74.79 | 9.07 | 3.23 | 0.592 | 0.148 | 0.715 | 2.48 |<0.004| 0.497 | 0.077 | 0.98 7.98 100. 56
MM21 12.02 | 71.77 | 10.38 | 2.67 | 0.733 | 0.136 | 0.581 | 2.86 | 0.009 | 0.562 | 0.063 | 1.05 9.87 100. 68
MM22 12.31 | 70.93 | 11.73 | 2.07 | 0.824 | 0.213 | 0.767 | 3.22 | 0.004 | 0.615 | 0.087 | 1.82 9.02 101. 30
MM23 12.60 | 74.6 | 8.17 | 2.44 | 0.514 | 0.269 | 0.902 | 2.19 | 0.004 | 0.459 | 0.089 | 1.01 10. 12 100. 77
MM24 13.04 | 70.38 | 9.63 | 4.44 | 0.607 | 0.161 | 0.942 | 2.53 | 0.007 | 0.485 | 0.074 | 1.04 10. 26 100. 56
MM25 13.55 | 72.17 | 10.04 | 2.9 |0.649 | 0.193 | 0.889 | 2.67 | 0.008 | 0.566 | 0.101 | 0.99 9.44 100. 62
MM26 14.42 | 72.43 | 8.03 | 4.93 | 0.51 | 0.128 | 0.842 | 2.07 | 0.007 | 0.422 | 0.104 | 0.96 10.2 100. 63
MM27 15.29 | 39.57 | 4.82 |31.79|0.337 | 0.123 | 0.423 | 1.23 | 0.005 | 0.302 | 0.07 | 1.27 21.33 101.27
MM28 16.45 | 75.04 | 7.27 3.7 |10.467 | 0.16 [0.756 | 1.92 | 0.008 | 0.389 | 0.109 | 1.08 9.88 100. 78
MM29 16.89 | 76.78 | 7.56 | 2.63 | 0.482 | 0.131 | 0.795 2 0.005 | 0.416 | 0.111 | 0.73 8.87 100. 51
MM30 17.25 | 70.16 | 7.49 7.4 10.485(0.134 | 0.784 | 2.03 | 0.007 | 0.431 | 0.117 | 1.41 10. 66 101. 11
MM31 19.07 | 77.29 | 7.08 | 2.83 | 0.457 | 0.143 | 0.727 | 1.85 | 0.006 | 0.384 | 0.102 | 1.32 8.85 101. 04
MM32 20.59 | 77.81 | 7.01 | 2.97 | 0.437 | 0.129 | 0.757 | 1.83 | 0.007 | 0.354 | 0.091 | 1.4 8.24 101. 04
MM33 22.12 | 77.77 | 6.61 | 2.93 |0.402 | 0.119 |0.749 | 1.7 | 0.006 | 0.33 | 0.082 | 1.05 8.97 100. 72
MM34 22.70 | 72.96 | 8.56 | 3.79 | 0.504 | 0.124 | 1.08 | 2.11 | 0.007 | 0.427 | 0.088 | 1.63 10. 18 101. 46
MM35 23.86 | 72.35] 10.3 | 1.46 | 0.694 | 0.125 | 1.15 | 2.82 |0.004 | 0.581 | 0.05 | 1.23 10. 08 100. 84
MM36 25.53 | 68.32 | 10.85 | 4.16 | 0.661 | 0.141 | 1.12 2.6 | 0.009 | 0.563 | 0.108 | 2.92 10. 96 102. 41
MM37 | JBEIEL | 26.62 |62.52 | 14.98 | 3.27 | 0.997 | 0.157 | 1.67 3.8 [0.008 | 0.868 | 0.094 | 1.86 11.33 101. 55
MM38 by 29.02 | 75.03 | 8.16 2.3 [0.517 | 0.128 | 0.987 | 2.15 | 0.005 | 0.477 | 0.039 | 1.49 9.71 100. 99
MM39 30.47 | 69.39 | 11.75 | 2.27 | 0.782 | 0.135 | 0.918 | 3.12 | 0.005 | 0.598 | 0.085 | 1.79 10.7 101. 54
MM40 30.54 | 74.53 | 8.45 | 2.71 | 0.513 | 0.131 | 1.04 2.3 [0.006 | 0.493 | 0.039 | 1.43 9.49 101. 13
MM41 31.04 | 74.14 | 9.01 | 3.08 | 0.566 | 0.118 | 1.11 | 2.33 | 0.01 | 0.478 | 0.043 | 1.14 8.78 100. 81
MM42 31.60 | 76.96 | 7.76 | 2.82 | 0.456 | 0.12 | 1.04 | 1.99 |[0.008 | 0.435 | 0.04 | 0.98 8.05 100. 66
MM43 32.54 | 72.15 ] 9.75 | 3.37 | 0.623 | 0.112 | 1.04 | 2.53 | 0.009 | 0.505 | 0.046 | 1.08 9.44 100. 66
MM44 32.98 | 74.92 | 8.64 | 2.78 | 0.576 | 0.121 | 0.981 | 2.29 | 0.006 | 0.475 | 0.047 | 1.39 8.75 100. 98
MM45 33.61 | 77.27 | 7.84 | 2.06 | 0.48 | 0.115| 1.13 | 1.94 | 0.005 | 0.41 | 0.046 | 1.15 8.34 100. 79
MM46 34.24 | 68.75 | 13.06 | 3.41 | 0.794 | 0.152 | 1.39 | 3.24 | 0.009 | 0.648 | 0.086 | 2.56 8.29 102. 39
MM47 34.86 | 73.92 1 10.73 | 2.93 [ 0.669 | 0.14 | 1.12 | 2.76 | 0.009 | 0.533 | 0.056 | 0.94 6. 86 100. 67
MM48 35.49 | 72.5 | 11.36 | 3.18 | 0.764 | 0.132 | 1.13 | 2.94 | 0.009 | 0.57 | 0.06 | 0.97 7.03 100. 65
MM49 36.12 | 75.23 | 9.59 | 3.19 | 0.602 | 0.137 | 1.08 | 2.49 | 0.008 | 0.487 | 0.075 | 1.12 6.85 100. 86
MM50 37.37 | 72.41 | 11.18 | 3.06 | 0.683 | 0.149 | 1.49 | 2.78 | 0.008 | 0.546 | 0.069 | 0.95 7.3 100. 63
MM51 38.94 | 73.11 | 9.54 | 4.93 | 0.639 | 0.192 |0.949 | 2.54 | 0.008 | 0.512 | 0.071 | 2.49 7.29 102. 27
MM52 40.07 | 70.61 | 11.48 4 0.775 1 0.158 | 0.993 | 2.97 | 0.01 | 0.582 | 0.091 | 0.98 8.03 100. 68
MM53 40.50 | 73.69 | 10.26 | 3.32 | 0.655 | 0.186 | 1.04 | 2.78 | 0.004 | 0.552 | 0.044 | 2.24 7.12 101. 89
MM54 40.63 | 72.02 | 11.4 2 0.717 1 0.136 | 1.25 | 2.87 | 0.006 | 0.574 | 0.041 1 8.65 100. 66
MM55 41.13 | 74.68 | 10.11 | 2.39 | 0.66 | 0.119 | 0.905 | 2.72 | 0.005 | 0.544 | 0.045 | 1.17 7.48 100. 83
MM56 42.22 | 71.52 | 10.47 | 3.11 | 0.698 | 0.126 1 2.79 | 0.006 | 0.586 | 0.054 | 1.1 9.29 100. 75
MM57 43.75 | 75.33 | 9.71 | 2.52 | 0.691 | 0.114 | 0.696 | 2.58 | 0.004 | 0.52 | 0.049 | 1.43 7.31 100. 95

RIGFHMPRALEBOEFHNEREE—LESREAW REMELRIMRITELER (x107)

Table 3 Analysical and calculated results of minor elements of Wufeng Formation and Longmaxi Formation sandstones and

mudstones from Houping profile in Chengkou County, northern margin of Yangtz block (x10™)

FE HP1 HP2 HP3 HP4 HP5 HP6 HP7 HPG2 | HPG3 | HP8 HPY9 | HP10 | HPI11 | HP12 | HP13
Sc 10.2 | 6.59 5.4 5.01 3.75 | 8.75 12 5.63 4.72 6.5 5.56 | 5.95 | 6.57 6.5 4.84
A% 1200 921 1253 1129 233 326 295 55.2 50.7 654 1219 902 1079 1100 565
Cr 204 114 116 124 37.6 80 75.3 19.7 25.1 102 75.3 | 62.8 102 69.6 | 55.2
Co 1.11 2.5 10.995|0.876 | 0.826 | 2.19 | 2.67 5.88 8.21 1.4 |0.867 | 0.901 | 1.92 | 0.743 | 0.745
Ni 65.7 68 64.7 | 63.7 | 22.4 | 27.6 | 40.6 59 73.5 85.2 | 73.2 72 93.5 | 79.5 | 63.3
Cu 21.8 | 37.5 17.9 | 53.9 | 27.3 | 33.3 19.8 15.3 18.7 19.5 15.3 | 21.4 | 30.7 | 30.8 | 24.7
Zn 25.2 | 34.6 | 20.2 17.9 | 20.9 | 32.8 | 27.9 85.8 48.6 | 49.1 19.5 | 43.6 | 21.4 | 58.1 10.7
Rb 97 81.7 | 79.4 | 69.7 | 60.7 135 135 36.4 55.3 | 98.3 | 92.4 | 80.2 106 95 83
Sr 33.4 | 44.7 | 31.6 | 30.1 27.1 44.1 50.4 312 458 43.5 | 40.6 | 39.7 49 51 41




6 oo T 2021 4E
FE HP1 HP2 HP3 HP4 HP5 HP6 HP7 HPG2 | HPG3 HP8 HP9 HP10 | HP11 | HP12 | HPI13
Y 31.1 30.6 23.5 20.4 17.8 42.8 42.8 18.3 68 10.3 17.9 21.2 35 22.5 19.7
Sh 0.661 | 1.41 | 1.85 | 3.47 | 5.8 | 1.76 | 2.27 | 6.34 | 7.16 | 9.25 | 6.54 | 3.63 | 22.1 | 7.54 | 5.63
Cs 8.48 5.77 5.69 4.77 3.75 10.7 10.5 1.79 1.89 44 5.88 4.93 7.32 6.07 5.25
Ba 2126 3041 1659 1748 1674 2260 2676 3554 3022 2702 2649 2954 3222 3015 3117
La 38.1 | 37.7 | 31.4 | 28.7 | 30.7 | 57.4 | 58.2 | 143 | 453 | 26 | 31.8 | 28.4 | 35.5 | 30.2 | 26.5
Ce 67.5 65.9 54.7 46.8 49.9 94.9 101 24 74.2 41.4 53.4 46.9 61.5 49.3 45.1
Pr 8.71 8.76 7.42 6 5.61 9.83 10.7 3.14 9.15 4.96 6.71 6.05 7.82 5.9 5.61
Nd 35.8 35.4 28.6 23 19.5 37.8 42.1 12.9 39.8 17 24.4 22 29.5 21 21.2
Sm 6.63 | 6.66 | 5.26 | 3.71 | 2.65 | 6.25 | 7.14 | 2.45 | 7.47 | 2.25 | 3.16 | 3.07 | 3.71 | 2.52 | 3.58
Eu 1.43 1.33 1.08 | 0.809 | 0.651 1.09 1.2 0. 862 2.07 10.475 | 0.716 | 0.738 1.15 | 0.633 1.09
Gd 6.52 6.17 5.07 3.87 3.11 6.83 7.48 2.58 7.62 2.41 3.31 3.32 4.09 2.89 3.32
Th 1. 06 1.04 | 0.778 | 0.619 | 0.482 1. 11 1.2 0.412 1.37 1 0.349 | 0.515 | 0.556 | 0.691 | 0.458 | 0.568
Dy 6.06 | 5.63 | 4.47 | 3.59 | 2.77 | 6.33 | 6.73 | 2.17 | 7.95 | 1.98 | 2.93 | 3.13 | 4.13 | 2.92 | 3.16
Ho 1.24 1.2 0.852 | 0.738 | 0.612 1.46 1.44 0. 461 1.92 10.394 | 0.601 | 0.693 | 0.919 | 0.64 | 0.656
Er 3.11 3.13 2.36 2.05 1.77 3.92 3.98 1.47 4.91 1.17 1.73 1.98 2.83 1. 88 1.97
Tm 0.578 | 0.543 | 0.399 | 0.354 | 0.315 | 0.726 | 0.705 | 0.245 0.83 [ 0.216 | 0.299 | 0.322 | 0.486 | 0.354 | 0.334
Yb 3.50 | 3.4 | 239 | 2.3 | 205|478 | 453 | 1.62 | 5.06 | 1.56 | 1.95 | 2.19 | 3.04 | 2.21 | 2.26
Lu 0.523 | 0.515 | 0.36 | 0.328 | 0.304 | 0.716 | 0.668 0.22 0.724 | 0.234 | 0.291 | 0.328 | 0.407 | 0.339 | 0.314
Pb 16.5 10.3 21 35.9 31.3 33.1 50.7 10.7 14.4 22.17 31.9 20. 8 49 23.8 23
Th 9.45 | 7.68 | 7.99 | 8.07 | 7.29 | 16.3 | 13.7 | 3.97 | 6.64 | 10.8 | 8.79 | 8.39 | 7.48 | 9.02 | 8.21
] 7.6 | 9.83 | 10.9 | 7.65 | 18.1 | 22.3 | 35.2 | 3.46 | 5.38 | 26.5 | 23.5 | 23.9 | 23.3 | 19 | 13.4
Nb 14.6 10.1 9.96 9.81 11.1 17.7 18.7 4.41 7.46 9.47 9 7.72 11.3 9.44 8.61
Ta 0.795 | 0.777 | 0.755 | 0.656 | 0.809 1.37 1.58 0.312 0.51 0.854 | 0.718 | 0.611 | 0.778 | 0.681 | 0.634
7r 97.5 | 82.4 | 70.5 | 63.7 | 73.7 | 126 | 142 34 86 | 71.3 | 63.9 | 59.3 | 83.3 | 68 | 59.3
Hf 2.22 2.41 1.95 1.75 2.03 3.35 3.6 0.779 2.5 2.19 1.83 1.63 1.74 1.78 1.39
SREE 180.77 | 177.38 | 145. 14 | 122.87 | 120. 42 | 233. 14 {247.07 | 66.83 |208.37 [100.40|131.81 | 119.68 | 155.77 | 121.24 | 115. 66
% 7.00 7.20 7.70 7.87 9.55 8.01 8.24 6.28 5.86 11.08 | 10.34 | 8.56 8.39 9.37 8.19
La/Yb | 10.85 | 11.09 | 13.14 | 12.48 | 14.98 | 12.01 | 12.85 | 8.83 | 8.95 | 16.67 | 16.31 | 12.97 | 11.68 | 13.67 | 11.73
(La/Yb)y| 7.79 | 7.95 | 9.42 | 8.95 | 10.74 | 8.61 | 9.22 | 6.33 | 6.42 | 11.95 | 11.70 | 9.30 | 8.38 | 9.80 | 8.41
SEu 0. 66 0.63 0.64 0. 65 0.69 0.51 0.50 1.05 0.84 0.62 0. 68 0.71 0.90 0.72 0.97
6Ce 0.91 0.89 0. 88 0.87 0.93 0.98 0.99 0. 88 0.89 0.89 0.90 0. 88 0.90 0.91 0.91

RAGFHBLAGHORRZI T REE—RZ D ZHAREMBILRSMRITHELER (x107°)

Table 4 Analysical and calculated results of minor elements of Wufeng Formation and Longmaxi Formation mudstones

from Mengmengxi profile in Chengkou County, northern margin of Yangtz Block ( x107*)

A MM1 MM2 MM3 MM4 MM5 MM6 MM7 MMS8 MM9 | MMI10 | MMI1 | MMI2 | MM13 | MM14
Sc 9.13 4.4 6.76 3.92 7.26 3.06 8.77 6.18 8.38 8. 68 5.3 7.88 7.01 5.65
A% 473 231 714 342 526 195 585 420 221 396 272 343 356 258
Cr 111 39.8 82.6 45.7 73.2 25.3 76.5 64.9 40.6 62. 1 42.8 47.8 59.6 40.9
Co 4.3 3.36 2.02 0.726 1.08 1.63 1.98 3.84 0.993 6.03 1.58 4.91 3.39 6.79
Ni 78.5 26.8 97.5 52.6 66. 8 48.5 66.2 75. 4 38.6 85.3 44.7 73.6 68.8 86.2
Cu 36.2 34.1 64.5 18 23.2 20 29.7 36.2 14.8 74 25 58.6 40.5 49.2
Zn 30.3 16.5 26.6 17.5 43.2 27.9 25.4 13.8 19.3 30 21.8 30.9 36. 1 77.6
Rb 119 59.4 91.8 53.7 103 40.1 150 95.8 69.5 108 76.4 88.9 108 72.2
Sr 54.8 33.9 60 48.4 93.3 53.9 129 63.9 60. 1 69. 6 51.1 58.1 74.5 55.2
Y 28.9 17.9 21.3 14 21.6 14.3 26.8 17.4 13.5 22.2 15.8 19.2 22.5 22.4
Sh 2.76 8.71 16.5 5.51 4.21 1.91 11.7 7.39 2.26 6. 44 1.79 2.42 3.37 1.5
Cs 7.97 3.84 53.6 2.97 6.24 2.18 8. 64 5.27 3.88 6.38 4.25 4.91 6.61 4.07
Ba 1159 1191 2765 2418 3340 2316 3070 2844 6480 4152 3519 3745 3738 5764
La 49 26.3 32.5 20.7 34.6 13.9 45.5 33.9 29.5 38.7 28.2 35.4 42.2 26. 1
Ce 79.4 44 60.5 36.3 59.4 25.6 79.3 57.9 48.8 69. 6 51.4 62.6 73.6 47.5
Pr 8.92 5.04 8.04 4.8 7.43 3.39 10.7 7.25 6.02 9.04 6.41 7.96 8. 66 6.09
Nd 30.9 17.8 30.5 18.4 26.3 14.2 39.9 23.8 21.3 34.1 23.3 31.7 31.8 23.5




5% 4 W XIFFAAE A7 T AU B R 20— 5 B 20 2 AP M BRAL 22 R A SR X A i 7 55 7
EET MM1 MM2 MM3 MM4 MM5 MM6 MM7 MM8 MM9 | MMI10 | MMI1 | MMI2 | MM13 | MM14
Sm 5.04 2.62 4.35 2.74 3.78 2.77 6.3 2.82 2.92 5.01 3.23 5.03 4.14 4.48
Eu 1.03 0. 602 1.06 0.789 1.03 0.896 | 0.958 | 0.369 | 0.695 1.21 0. 985 1.68 1.21 1.12
Gd 4.71 2.83 4.1 2.57 3.56 2.24 4.75 2.68 2.92 4.77 3.19 4.51 4.06 3.85
Th 0.688 | 0.423 | 0.675 | 0.374 0.53 0.378 | 0.774 | 0.413 | 0.392 | 0.701 | 0.463 | 0.681 | 0.588 0.64
Dy 4.02 2.29 3.42 1.94 2.9 1.98 3.65 2.14 2 3.61 2.43 3.49 3.12 3.55
Ho 0.919 | 0.521 | 0.645 | 0.416 | 0.631 | 0.422 | 0.705 | 0.447 | 0.399 0.72 0.48 0.664 | 0.663 0.7
Er 3.14 1.57 2.01 1.29 2.05 1.24 2.08 1.37 1.31 2.26 1.54 1.98 2.21 2.09
Tm 0.616 | 0.258 | 0.303 | 0.219 | 0.353 | 0.197 | 0.365 | 0.251 | 0.235 | 0.347 | 0.253 | 0.313 | 0.381 | 0.374
Yb 4.18 1.62 1.94 1.42 2.34 1.26 2.6 1.81 1.47 2.23 1.63 2.08 2.47 2.34
Lu 0.687 | 0.256 | 0.281 | 0.227 | 0.366 | 0.199 | 0.386 | 0.255 | 0.253 | 0.344 | 0.272 | 0.326 | 0.411 | 0.357
Pb 35.1 28.2 21.8 15.7 27.4 8.25 34.8 29 16.6 25.5 18. 4 20.8 28.2 15.6
Th 12. 4 6.6 9.78 5.3 8.88 4.05 11 8.37 7.62 12. 4 8.78 10. 6 11.4 8.53
U 4.07 14.2 23.7 10.3 14.3 8.95 16.7 11 8.04 16.3 10.2 13.8 13.3 16.2
Nb 19.9 8. 66 10. 4 6.36 12.2 4.15 14.6 11.7 8.76 13.1 9.22 11.3 17.3 12.7
Ta 1.02 0.563 | 0.752 0.45 1 0.31 1.42 0.845 | 0.603 | 0.909 | 0.656 | 0.707 1.04 0. 806
Zr 135 55.9 71.5 39.6 77.1 29.3 104 86.7 59.3 82.7 62.3 78.8 110 82.8
Hf 3.2 1.47 1.85 1.16 2.16 0. 896 2.61 1.88 1.74 2.4 1.81 2.08 3.17 2.29
SREE | 193.25 | 106.13 | 150.32 | 92.19 | 145.27 | 68.67 | 197.97 | 135.41 | 118.21 | 172.64 | 123.78 | 158.41 | 175.51 | 122.69
Ei]]ii 9.19 9.87 10.24 9.90 10. 41 7.68 11.93 | 13.46 | 12.17 | 10.52 | 11.07 | 10.28 | 11.62 7.83
La/Yb 11.72 | 16.23 | 16.75 | 14.58 | 14.79 | 11.03 | 17.50 | 18.73 | 20.07 | 17.35 | 17.30 | 17.02 | 17.09 | 11.15
(La/Yb)y| 8.41 11.65 | 12.02 | 10.46 | 10.61 7.91 12.55 | 13.43 | 14.39 | 12.45 | 12.41 | 12.21] 12.26 8.00
6Eu 0.65 0.68 0.77 0.91 0. 86 1.10 0.54 0.41 0.73 0.76 0.94 1.08 0.90 0.82
6Ce 0.93 0.94 0.92 0.89 0.91 0.91 0.88 0.91 0.90 0.91 0.94 0.91 0.94 0.92
FE i MM15 | MM16 | MM17 | MM18 | MM19 | MM20 | MM21 | MM22 | MM23 | MM24 | MM25 | MM26 | MM27 | MM28
Sc 7.02 7.67 4.53 4.83 7.33 6.81 7.34 8.72 5.6 8.4 9.31 6.47 5.2 5.94
A% 339 283 163 288 316 320 263 401 260 352 301 272 263 263
Cr 50.9 59 28.4 41.7 51 55.8 48.5 69. 1 47.6 55.9 60. 4 48.2 38.9 43.6
Co 5.21 5.18 5.48 4.97 7.74 7.26 6.12 1.72 3 8.79 10. 4 9.07 8.78 8.36
Ni 80.2 72.4 58.2 73.9 91.7 94.6 63.7 58.6 62.7 105 104 102 98.7 103
Cu 48.7 43.2 30.4 44.8 62.3 53.3 47.4 19.5 26.6 68. 8 67.2 55.1 53 50
Zn 30.9 45.3 143 30.2 63.7 66.2 53.4 33.3 47.5 117 139 148 59.5 114
Rb 100 124 57.3 78.2 104 106 111 148 83 110 109 79.1 58.8 71.8
Sr 61.7 94.6 64.5 58.2 56.4 76.5 87.2 123 88 81.3 68. 4 59.4 42.6 53.5
Y 19.8 24.4 21.9 22.5 25.2 27.8 29.2 41.4 20.9 28.6 32.9 28.6 18.5 26. 1
Sb 6.91 5.94 0. 568 4.34 5.2 2.47 2.33 1.76 4 5.36 4.82 3.6 4.11 4.07
Cs 6. 06 7.72 2.91 4.04 6.22 6.08 6.79 8.57 4.51 6.57 5.84 4.48 2.71 4.08
Ba 3179 3291 3629 7278 3258 3184 3319 3170 5053 4699 4625 5299 3451 3579
La 40.6 53.7 18.2 19.8 34.9 38 45.1 53 29.6 38.3 37.7 29.1 22.4 26.9
Ce 68. 4 96.3 33.5 36.3 59.5 68.9 84.2 97.1 53.2 69.7 68.6 51.5 38 48.3
Pr 8.23 11.3 4.44 4.75 7.04 8.49 9.53 12.8 6.3 8.89 8.47 7.12 4.99 6.31
Nd 29.6 41.5 17.7 19.1 26 32.2 35 45.3 23.5 35.8 32.9 28.5 18.1 23.6
Sm 3.82 5.28 3.62 4.23 4.88 5.61 5.02 6. 64 3.83 6.47 6.76 6.24 3.21 4.95
Eu 1.13 1.39 1.42 1 1.52 1.57 1.47 0.999 | 0.838 1.6 1.56 1.51 0.36 1.52
Gd 3.92 5.29 3.24 3.61 4.35 5.02 4.7 5.52 3.54 5.69 5.56 5.31 2.84 4.23
Th 0.55 0.703 | 0.534 | 0.645 0.7 0.806 | 0.718 | 0.919 | 0.549 | 0.936 1 0.922 | 0.508 | 0.725
Dy 3.14 3.42 1.94 2.9 1.98 3.65 2.14 2 3.61 2.43 3.49 3.12 2.61 3.81
Ho 0.635 | 0.645 | 0.416 | 0.631 | 0.422 | 0.705 | 0.447 | 0.399 0.72 0.48 0.664 | 0.663 | 0.515 | 0.789
Er 1.98 2.01 1.29 2.05 1.24 2.08 1.37 1.31 2.26 1.54 1.98 2.21 1.45 2.26
Tm 0.356 | 0.303 | 0.219 | 0.353 | 0.197 | 0.365 | 0.251 | 0.235 | 0.347 | 0.253 | 0.313 | 0.381 | 0.251 | 0.384
Yb 2.24 1.94 1.42 2.34 1.26 2.6 1.81 1.47 2.23 1.63 2.08 2.47 1.69 2.25
Lu 0.362 | 0.281 | 0.227 | 0.366 | 0.199 | 0.386 | 0.255 | 0.253 | 0.344 | 0.272 | 0.326 | 0.411 | 0.246 0.36
Pb 18.9 21.8 15.7 27.4 8.25 34.8 29 16.6 25.5 18.4 20.8 28.2 20.1 16.2
Th 12.2 9.78 5.3 8.88 4.05 11 8.37 7.62 12.4 8.78 10.6 11.4 7.37 8.75
U 10. 8 23.7 10.3 14.3 8.95 16.7 11 8.04 16.3 10.2 13.8 13.3 13.1 18.2
Nb 19.7 10. 4 6.36 12.2 4.15 14.6 11.7 8.76 13.1 9.22 11.3 17.3 7.68 8.88




8 oo T 2021 4E
FE & MM1 MM2 MM3 MM4 MMS5 MM6 MM7 MM8 MM9 MM10 | MMI11 MM12 | MM13 MM14
Ta 1.67 0.752 0.45 1 0.31 1.42 0. 845 0. 603 0. 909 0. 656 0.707 1.04 0.589 0. 637
Zr 110 | 71.5 | 39.6 | 77.1 | 29.3 | 104 | 86.7 | 59.3 | 82.7 | 62.3 | 78.8 | 110 57 65.2
Hf 3.47 1.85 1.16 2.16 0. 896 2.61 1.88 1.74 2.4 1.81 2.08 3.17 1.32 1. 88
SREE 164.96 | 150.32 | 92.19 | 145.27 | 68.67 | 197.97 | 135.41 | 118.21 | 172.64 | 123.78 | 158.41 | 175.51 | 97.17 | 126.39
% 11.51 10.24 9.90 10. 41 7.68 11.93 13.46 12.17 10. 52 11.07 10. 28 11.62 8.61 7.54
La/Yb | 18.13 | 16.75 | 14.58 | 14.79 | 11.03 | 17.50 | 18.73 | 20.07 | 17.35 | 17.30 | 17.02 | 17.09 | 13.25 | 11.96
(La/Yb) y| 13.00 12.02 10. 46 10. 61 7.91 12.55 13.43 14. 39 12.45 12.41 12.21 12.26 9.51 8.58
SEu 0.89 0.77 0.91 0. 86 1.10 0.54 0.41 0.73 0.76 0.9 1.08 0.90 0.36 1.02
6Ce 0.92 0.92 0.89 0.91 0.91 0. 88 0.91 0.90 0.91 0.9%4 0.91 0.9 0. 88 0.91
FE 5 MM29 MM30 | MM31 MM32 | MM33 MM34 MM35 MM36 MM37 MM38 MM39 MM40 | MM41 MM42
Se 6.36 6.99 6.08 5.38 4.6 6.44 7.19 8.77 9.5 5.79 9.25 5.99 8.83 7.79
\ 227 286 220 232 162 199 194 281 240 195 254 179 180 146
Cr 45.1 49.9 43.2 41.4 31.5 42.5 47.6 61.1 68.2 48.6 67.9 49.4 49.4 40.8
Co 8.05 8.3 8.38 7.58 6.49 10.6 1.01 11.4 5.03 2.68 1.75 5.3 8.21 6.03
Ni 87.5 92.7 93 102 73 86 43.9 116 59 47.3 50.2 54.1 73.6 54.3
Cu 43.5 | 59.5 | 43.2 | 41.7 | 31.2 | 50.3 21 76.8 | 38.4 | 32.4 | 26.4 | 58.3 | 85.7 | 67.4
Zn 83.2 42.6 117 67.4 52.3 101 26 164 47.7 24.5 35.8 29.1 37.6 25.4
Rb 76. 6 85.9 73.9 70 54.9 76.4 108 107 141 83.8 130 96 97.8 78.5
St 55.9 | 67.7 | 49.3 | 44.7 | 43.4 | s54.2 | 81.3 134 102 122 145 69 71.4 | 63.3
Y 25.8 24.4 26.5 24. 1 17.5 22 16. 4 23.1 31.8 16 25.2 20.5 26.5 19
Sh 0. 686 4.08 2.96 2.81 1.9 2.56 3 3.73 3.35 0.308 2.07 1.81 0.979 2.45
Cs 4,32 4.57 4.07 3.75 2.75 4.17 5.73 6.24 8.49 4.43 6.83 5.76 5.51 4.31
Ba 3484 | 3391 | 3397 | 2733 | 2874 | 3816 | 3772 | 3203 | 5192 | 9693 | 3502 | 3471 | 5463 | 3560
La 28.7 31 25.6 22.9 20.4 29.9 48.7 44.9 74.8 33.3 50.9 36.6 38 31.2
Ce 49.8 53.2 47.6 39.9 36.7 52 87.8 82.6 133 56 88.6 66. 1 66.6 54.7
Pr 6.43 7.24 6.22 5.73 5.04 6.47 10.4 10.7 14.3 6.9 11.2 7.9 8. 86 6.74
Nd 24.5 27.3 23.8 22.2 20.1 25.3 37.3 42.2 52.7 24.2 43.9 27.4 29.7 24
Sm 5.2 5.37 4.96 4.43 4.14 5.03 4.85 7.38 8.06 3.45 6.99 3.66 4.49 3.6
Eu 1.58 1.63 1.59 0.917 0.754 1.53 1.11 1.55 2.01 0.901 1.8 1.25 0. 962 1.38
Gd 4.36 4.52 4.4 4.04 3.4 4.08 4.42 5.57 6.94 3.37 5.69 3.82 4.26 3.63
Th 0.769 | 0.756 | 0.777 | 0.737 | 0.555 | 0.695 | 0.628 | 0.878 | 1.11 | 0.486 | 0.852 | 0.594 | 0.707 | 0.58
Dy 4.04 3.9 4.2 3.69 2.92 3.62 3.33 4.38 6.01 2.55 4.54 3.23 4.04 3.12
Ho 0. 839 0. 808 0.904 0.738 0. 545 0.756 0. 609 0. 807 1.17 0.517 0. 886 0. 693 0. 849 0.617
Er 2.42 2.35 2.42 1.92 1.4 2.15 2.01 2.64 3.59 1.68 2.87 2. 14 2.85 1.91
Tm 0. 405 0.383 0.39%4 0.314 0.225 0.328 0.343 0.413 0.613 0.282 0.483 0.363 0.471 0.315
Yb 2.45 2.42 2.38 2.03 1.53 2.13 2.22 2.67 3.82 1. 88 3.1 2.23 2.98 2.08
Lu 0.4 0.386 0.372 0.278 0.21 0.333 0. 361 0.424 0. 568 0.334 0.474 0. 365 0.477 0.319
Pb 14 20.3 | 14.5 | 13.7 | 10.7 | 158 | 19.9 | 20.6 | 26.2 | 14.8 | 29.7 21 21 17.9
Th 9.57 10.5 8. 46 7.16 6.6 10.4 11.9 12.9 15.8 9.59 14.9 12.3 12.6 11
U 17.5 16.6 18.5 13.2 11.2 20 13.9 125 16. 8 8.6 18.4 12.8 14.3 12. 1
Nb 9.13 10.4 8. 86 7.72 6.83 10.5 13.3 21.3 35.9 11.8 18 13.8 13.3 10.7
Ta 0.662 | 0.746 | 0.613 | 0.525 | 0.438 | 0.68 | 1.06 | 1.45 | 3.69 | 0.75 | 1.12 | 0.881 | 0.852 | 0.724
Ir 73.1 74.8 65.6 57.3 48.8 64.5 108 119 227 77.6 121 92.6 106 73.1
Hf 2.02 2.2 1.94 1.31 1.03 1.81 3.22 3. 66 7.54 2.21 3.54 2.63 2.76 2.09
SREE | 131.89 | 141.26 | 125.62 | 109.82 | 97.92 | 134.32 | 204.08 | 207. 11 | 308.69 | 135.85 | 222.29 | 156.35 | 165.25 | 134. 19
% 7.41 8.10 6.93 6.99 8.08 8.53 13. 66 10. 65 11.96 11.24 10.76 10. 64 8.93 9.67
La/Yb 11.71 12.81 10.76 11.28 13.33 14. 04 21.94 16. 82 19. 58 17.71 16. 42 16.41 12.75 15.00
(La/Yb) 5| 8.40 9.19 7.72 8.09 9.56 10. 07 15.74 12. 06 14.05 12.71 11.78 11.77 9.15 10. 76
SEu 1.01 1.01 1.04 0. 66 0.61 1.03 0.73 0.74 0. 82 0. 81 0.87 1.02 0.67 1.17
5Ce 0.90 | 0.87 | 0.92 | 0.85 | 0.89 | 0.92 | 0.96 | 0.92 | 1.00 | 0.91 | 0.91 | 0.95 | 0.89 | 0.92
=T MM43 | MM44 | MM45 | MM46 | MM47 | MM48 | MM49 | MM50 | MM51 | MM52 | MM53 | MM54 | MM55 | MM56 | MM57
Se 7.3 7.19 6 10.2 9.76 10.6 8. 11 7.73 7.78 9.85 6.87 7.25 7.12 9.03 8.46
A% 185 180 164 150 98.2 155 117 120 132 129 116 108 135 148 148
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EaT MM43 | MM44 | MM45 | MM46 | MM47 | MM48 | MM49 | MM50 | MM51 | MM52 | MM53 | MM54 | MMS55 | MM56 | MM57
Cr 52.8 | 53.2 | 48.5 | 57.1 54.8 60 47.1 51.3 | 52.6 | 58.1 47.2 | 47.4 | 51.2 | 54.5 45.2
Co 10.6 | 6.42 | 3.85 | 6.99 | 9.36 13.6 8. 66 1.1 12.1 15.8 | 5.91 5.09 | 5.57 | 6.63 2.33
Ni 97.8 | 55.2 | 42.9 | 53.6 | 51.7 68.8 43 38.9 | 64.5 | 67.6 | 23.7 | 21.5 | 39.8 | 46.6 22.8
Cu 89.7 | 50.5 68 57.4 78 45.5 42.6 | 42.8 | 42.2 | 60.5 | 43.9 | 66.6 | 62.1 66.3 45.3
Zn 16.4 | 30.5 32.1 40.9 | 29.7 120 48.4 | 54.4 112 120 33.6 | 32.5 | 37.5 | 37.8 35.2
Rb 101 98.6 | 85.3 116 119 129 105 115 110 122 109 117 113 124 117
Sr 67.5 | 66.3 | 68.2 119 85.4 80.3 83.1 79.7 | 98.4 | 89.7 | 78.4 | 74.5 | 75.3 | 70.8 93.7
Y 19.1 19.3 18 21.9 | 20.6 27 20 14.1 19.7 16. 4 15.9 19.1 18.7 19.2 22.8
Sh 2.85 | 2.81 2.73 | 0.889 | 1.62 0.64 | 0.823 1.1 1.31 1.34 | 0.765 1.3 1.29 1.8 0. 644
Cs 4.96 | 5.44 | 4.83 | 6.64 | 5.75 7.14 5.3 6.18 | 5.47 | 7.35 | 6.38 | 6.88 | 6.48 | 7.19 6.28
Ba 2652 | 3444 | 3496 | 2908 | 2751 3392 3907 3085 | 6231 3026 | 3559 | 3023 | 3624 | 2980 6738
La 32.6 | 34.4 34 37.8 | 36.7 39.4 34.1 32.6 | 33.9 | 35.2 34 35.8 | 37.4 | 36.7 38
Ce 60 61.6 | 57.4 | 69.6 71 72.5 62.1 60.2 62 69.5 | 62.4 | 70.1 69.2 67 67.9
Pr 7.87 | 7.62 | 6.93 | 8.92 | 9.43 8.85 7.63 | 6.73 | 7.91 7.22 | 7.29 | 6.98 | 8.54 | 7.04 8.8
Nd 28.3 28 25.7 | 32.5 34.2 33.8 29.2 | 23.5 | 29.4 | 28.3 | 27.1 25.9 29 25.5 31.9
Sm 4.42 | 3.97 | 3.85 5.7 6. 06 6.73 4.87 | 3.34 | 5.19 4.7 3.51 4.01 4.4 3.83 5.29
Eu 0.769 | 1.27 1.09 1.3 [0.982 | 1.64 1.56 | 0.797 | 1.22 | 0.566 | 1.19 | 0.593 | 1.31 | 0.583 1.07
Gd 3.58 | 3.74 | 3.68 | 4.66 | 4.76 5.45 4.18 | 3.02 | 4.28 | 3.69 | 3.31 3.17 | 3.82 | 3.26 4.24
Th 0.586 | 0.61 | 0.576 | 0.765 | 0.779 | 0.936 | 0.69 | 0.457 | 0.692 | 0.564 | 0.472 | 0.511 | 0.583 | 0.5 0.714
Dy 3.04 | 3.27 | 3.04 | 3.81 4.12 5.01 3.54 | 2.44 | 3.56 | 2.98 2.5 2.7 3.25 | 2.91 3.95
Ho 0.597 | 0.668 | 0.612 | 0.739 | 0.782 | 0.97 0.72 | 0.438 | 0.709 | 0.514 | 0.484 | 0.539 | 0.625 | 0.548 | 0.816
Er 1.69 | 2.04 1.92 | 2.36 | 2.17 2.94 2.16 1.52 | 2.05 1.85 1.68 1.93 | 2.02 2 2.61
Tm 0.285 | 0.344 | 0.337 | 0.377 | 0.359 | 0.473 | 0.367 | 0.239 | 0.351 | 0.253 | 0.29 | 0.286 | 0.343 | 0.279 | 0.456
Yb 1.94 | 2.26 | 2.16 | 2.38 2.4 3.06 2.38 1.48 | 2.22 1. 66 1.84 1.79 | 2.12 1.76 2.89
Lu 0.272 | 0.348 | 0.353 | 0.377 | 0.333 | 0.471 0.4 |0.237 | 0.351 | 0.257 | 0.291 | 0.266 | 0.34 | 0.274 | 0.477
Pb 21.8 | 22.5 19.9 18 18.2 18.2 17.8 20 23.6 19.3 | 23.4 15.8 24 20.3 24.6
Th 12.6 10.9 | 9.59 13.2 12 13.9 11.6 12. 4 13.3 12.1 11 12.2 13 10.9 12.3
U 9.65 10.8 8.5 10.7 12. 1 12.7 9.6 8.27 | 20.6 15.7 | 7.35 12.9 11.6 10.3 11.7
Nb 10.9 12.3 | 7.83 13.3 12.1 14.1 12. 4 14.1 12.7 14.3 13.3 15 16.3 14.9 15.9
Ta 0.865 | 0.894 | 0.343 | 0.94 | 0.834 | 0.963 | 0.863 | 0.851 | 0.899 | 0.851 | 0.853 | 1.02 | 0.944 | 0.771 | 0.933
Zr 81.9 | 81.5 | 70.7 104 104 104 89.6 105 113 107 96. 1 125 113 91.2 121
Hf 1.89 2.4 1.91 2.95 | 2.59 3.04 2.38 | 2.85 | 3.18 | 2.58 | 2.77 | 3.09 | 2.91 2.01 2.75
SREE |145.95|150.14 | 141.65|171.29 [ 174.08 | 182.23 | 153.90 [ 137.00 | 153.83 | 157.25 | 146.36 | 154.58 | 162.95 | 152. 18 | 169. 11
EI:]:LE 11.17 | 10.31 | 10.17 | 10.07 | 10.09 | 8.44 9.66 | 12.94 | 9.82 | 12.36 | 12.47 | 12.81 | 11.44 | 12.20 | 9.47
La/Yb | 16.80 | 15.22 | 15.74 | 15.88 | 15.29 | 12.88 | 14.33 | 22.03 | 15.27 | 21.20 | 18.48 | 20.00 | 17.64 | 20.85 | 13.15
(La/Yb)y| 12.05 | 10.92 | 11.29 | 11.39 | 10.97 | 9.24 | 10.28 | 15.80 | 10.95 | 15.21 | 13.25 | 14.35 | 12.65 | 14.96 | 9.43
6Eu 0.59 1.01 0.89 | 0.77 | 0.56 0.83 1.06 | 0.77 | 0.79 | 0.42 1.07 | 0.51 0.98 | 0.50 0.69
6Ce 0.92 | 0.93 | 0.92 | 0.93 | 0.94 0.95 0.94 1.00 | 0.93 1.07 | 0.97 1.09 | 0.95 1.02 0.91

HEARBEIR (K1), ZHEERS AL, T &N
4.26% ~ 14.98% , - 8.98% , Bk T b 26 71 &
16. 9% , AKX TN B K T —R00] , (H g & TR (%
2), TUEZ ALO, &N 4.26% ~ 11.48% , V-1
7.95% , e BiE A ALO, Tl 4. 82% ~14.98% , -
¥19.429% , e TR & T A, SRR AR
g H MgO Fl CaO 7 = 43 5l v T 0.393% ~
1.01%, ¥ ¥ 0.642%, 0.064% ~ 0.803%, ¥ ¥
0.227% B Mr B & st i T A e DA, 7
B4 2. 31% ~4. 31%FH1 6. 99% ~7. 39% ; 5252 1% W %
RN 0.285% ~ 0.997%, ¥ 14 0.59%,
0.112%~0. 644% , V-3 0. 156% , 5 JEEHF- & 5 AH Y,

A AR F )1 /K 7—00 MgO fil CaO 5 &
3.0%F1 9. 51% I F- {8 ( 224655 55 ,2015) . )il
K7 —00 & A HUEZ B Sio, &85, ALO, & &
%, AAYZ B Si0, &Ik, ALO, & & &, X
BANUE S Si0, & a5 AR gR AL S 2 AR
YIREE NG 56, A LB AL O, & 38 in 5 Fifi U5
TR T8 W o i A DG (2805 55 ,2015) , MH BRI K
T—X0H] i AR bk 0 R EEEA = Sio, FIMIE MO
CaO BT, W3R 11 06 2 — e Eh IR AL e )
205 B D TR R R S R i e O L KT —
XSUTR] Hb DX A 5 A K S ST 2 47
HEERITTEIFE T A bR R T RS
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F Wufeng-Longmaxi Kuaiyingiao Member Wufeng-Longmaxi Formation mudstones
Formation mudstones sandstones and mudstones
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(a)J& B (Houping) (b)%# 5¢ 1% (Mengmengxi)
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Fig. 2 NASC-normalized patterns of major elements of the Wufeng Formation and the Longmaxi Formation sandstones and

mudstones in Chengkou County, northern margin of Yangtz Block

100 FiE— R HREHARE ___ NERRDRSE 100F _ FigE— R BREHARE
Wufeng-Longmaxi Kuaiyinqiao Member E Wufeng-Longmaxi
Formation mudstones sandstones and mudstones Formation mudstones
410 1 10F
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(a) E¥F (Houping) (b)5 5 1% (Mengmengxi)
0.01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.01 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
Sc V Cr CoNi RbSr Sb Cs Ba Th U Nb Ta Zr Hf Sc V Cr CoNi RbSr Sb Cs Ba Th U Nb Ta Zr Hf

K 3 b 1 T — e SR AL e s i Ju R AL S5E U bR ik Al ik K 1]
Fig. 3 NASC-nornalized spider diagram of trace elements of the Wufeng Formation and the Longmaxi Formation sandstones and

mudstones in Chengkou County, northern margin of Yangtz Block

H— DR A VA 1Y Fe,0, +FeO (HI 424k TFeO) |
MgO . CaO . MnO, Fl P,0, 7 B AR T AL 2L U4
Na,0 . K,0 1 TiO, & &t 546 38 vUA AT, M W& A
B2 b Jé%s MgO,CaO \MnO, FI P,0, & 53k
s TALRTUA (K 2) , X 5 A TR AR AR
F_L AR )RR IR DR A B 43 ¢ (BEEI IR, 2020) 5
SR NIEH— T DEARA TR TR T ERER
PR (K] 2) . ERITTRILETUAbRE E
R T AR JE SRS 5 R L R T — 3]
Si0, & W B MgO . CaO Il MnO, 5 4 T 15 19 45
fE, SE51E Fe,0,+FeO ( Bl 24k TFeO) £ 2 AH X4
o, U e R A b | R A el TR T
X —FHIE A R IAE ) R T — R0 e iR A T
i, R WX — B W] RB AL T i Rz T, AN DTRBUK
PR B R, A R TR 4 TP R R 2
FROE, AT RESEAE SR A R B ALRHS, JZ 0 8%

Hexe

3.2 WERLE

YO RISESHE HE A — b RS A T
TCR I TUA R AE LR P & (1] 3) R, ALl —
o RS R TR BRI A S, FE
H—Ip HRH A KEFEATTE Se,Sr ALK T
FAEXT T, 6 F Sb Ba HHXTE 5, 10U BORD |
Y4 Sc .Rb.Cs X 5451, Sr . Sb Ba JC R AR & 4,
FIEH—E DR A Ve A F P IT R V XTI TS
EHE Co JLEMI T, Cr Ni LR SR, M
HWFBD e V. Cr,Co TTEAMX T, X 5 Tk
H—Jp HR A B A VLTS B B W R ) A
K, HIEH— DB A AT E U AL
KT E %, Zr Hf TTEAXT 7P, Nb Ta TTE S &
FHIE T RSP AT B e = e E A A
Ik (K 3) .
3.3 ®BiE

JEPPN S5 R F G4 — e IR A Rb A F +
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Fig. 4 NASC-normalized patterns of major elements of Wufeng Formation and Longmaxi Formation sandstones and

mudstones in Chengkou County, northern margin of Yangtz block

JER ML R W 3 Ik 4, Lo RILE TUA R
HEALEIANIE 4 frs . SCH 8Ce 1 SEu 58 43 il #%
8Ce=Ce\/(LaxPr)"? 86Eu=Eu,/(SmxGd) "> 2
A4S (Taylor and McClennan, 1985)

JEIE G — e R AR Je s+ Ion R =
Y REE 4 66. 83 ~247.07 pg/g, ¥ 149.77 pg/g
(#3), HrpHgEA FFY REE 2 120. 42~247. 07
pe/g, FH4 175. 26 pe/g, WEMFBL 2 i X REE
H 66. 83 we/g Fl208. 37 we/g ZALEE K, Jo IR
> REE 4 100. 4 ~155. 77 pg/g, 148 124. 09 pg/
g, WK G4 Y REE B8 & T IR 4 (£ 3)
LREE/HREE (5.86 ~ 11.08) Hl ( La/Yb ) (6. 33 ~
11.95) #WEEM +HE HER LT (R 3) ;FHFEER
HIEH— BEHWR AT LR & X REE
68. 67~308.69 pg/g, T 151.18 pg/g(F 4), H
h g4 ¥ REE N 68.67 ~ 226.69 pg/g, ¥
143.65 pg/g, M) L&A M e SE A X
REE 7 97.17~308. 69 pg/g, ¥ 158.28 ug/g, B
AFE K LR ARk (£ 4) ; LREE/HREE
(6.53~13.66) Fl (La/Yb) (4. 68 ~15.74) {1 ) Bk
ThRWEEE ERLETH(EL) .,

JEIFRSE52E HGH— I BIR AW A +
TC R A3 TUAFRUE AL FRIN N WAl 1) A A A B 43
KR (] 4) , ZBEA 5Ce th 54, WL EHF B I
B4 EoR i SEu IERH, IF Eu R HEEHERT
@E*}Wkﬁfjlﬂgﬁﬁ( Klinkhammer et al. , 1983; ™
TERAE,2009) , [ HT 402 v R o 19 B i A 25 8 0
LI T X R IR B I A7 AE (A S0 A8, 2017) , ]

KW EAEBEXH A EHEMWETERE R (Roser and
Korsch, 1988)
Table 5 Variables and their coefficients of discriminant

function for provenance of sandstone and mudstone

A5k | TiO, |ALO; |Fe,05| MgO | CaO | NayO | K,0 | %%k
Fll Z#1-1.773]0.607| 0.76 | -1.5 |0.616|0. 509 |-1.224|-9. 09
le 250 0.445 | 0.07 |-0.25|-1.142|0. 438 |1.475| 1. 426 |-6.816
HHIBIAR  F=a, 0, +ayn, +++ cta,x, +CHA v —x, i n AN

AR ) —a, JHA R, C HEL

RESIZMN I 58 T G RIS R R EEA K,
SLAE T R v 8 A T B e 2R T B A, O
BB KB EA W A IR TE BT TR A ) e |
P (164255, 2016) .
4 g
4.1 WiESH

ARLTORR 3 5 TT R B g R AR MR X
B9 S5 ZH AR AIE ( Rollinson, 1993) , Roser I Korsch
(1988) e 42 Hh T b | ¢ A5 W U5 DX R i BR B (3R
5), FRIGRAGREE (F,'-F,") /R (F 5a),
T AR AL L 2 —Jp B IR A A e v LR LA
REGAFEBYIRI(P,) .

M TH 10K REE KR 9890% Th Zr HE
Ta Nb Sc Fll Co SF A Ik i 70 R AE DU AR AR
FHig AR BAT B i BUT B 1, e 7% B DU
hRE SRl ) MR AL 27 P, PR X SE5T R
B REAR 448 /m H 4 U545 & ( Taylor and McLennan,
1985; Bhatia and Crook, 1986; Prudencio et al.
1989 ; Crichton and Condie, 1993) , %% iz i FH Tt
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Fig. 5 Discrimination diagram of major elements for provenance(a) and tectonic setting(b) of Wufeng Formation
and Longmaxi Formation sandstones and mudstones in Chengkou County, northern margin of Yangtz Block
PR KL E IR X P, — M JOLEEWIIR X 5 Py — R PE KOS PR X P, — IR Bl A S B R X s PM— Bl i 2% ; OTA— RV 590K
CIA— KB 9T ACM—{E 316 %5 (a) F,'=F," #1515 (Roser and Korsch, 1988) 5 (b) F,—F, #1515 ( Bhatia, 1983)
P, —basic volcanic provenance; P,—intermediate volcanic provenance; P;—acid volcanic provenance; P,—matured — continental quartziferous
provenance; PM—passive margin; OIA—oceanic island arc; CIA—continental island arc; ACM—active continental margin; (a) F,' -

F," discrimination function ( Roser and Korsch, 1988) ;(b) F,~-F,discrimination function ( Bhatia, 1983)
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Fig. 6 Discrimination diagram of trace elements for provenance of Wufeng Formation and Longmaxi Formation sandstones and
mudstones in Chengkou County, northern margin of Yangtz block
(a) La/Th—Hf [Ef# (Floyd and Leveridge, 1987) ;(b) Co/Th—La/Sc Ef# (Gu et al. , 2002)
(a) La/Th—Hf diagram ( Floyd and Leveridge, 1987) ;(b) Co/Th—La/Sc diagram (Gu et al. , 2002)

& 6 WEMISINEH 5 AT E R H R (Bhatia, 1983)

Table 6 Variables and their coefficients of discriminant function for tectonic setting of sandstone

i Si0, TiO, AlLO; | Fe,0, FeO MnO MgO | CaO Na, 0 K,0 P,0s HH
Fy ¥ | -0.0447 | -0.472 | 0.008 | -0.267 | 0.208 | -3.082 | 0.14 | 0.195 | 0.719 | -0.032 | 7.51 0.303
Fy Z¥0 | -0.421 | 1.966 | -0.526 | -0.551 | -1.61 2.72 0.881 | -0.907 | -0.177 | -1.84 | 7.224 | 43.57

TE AR F=a,x,+ayny+eoees va,x, +CHH 6 —x, N 0 DHBIER, 0 —a, HIHAIRREL, C AHEL,

FBURIX 943 BT ( Taylor and McLennan, 1985), fdfE ARG IRX B2 1A S IPIRIX . £ Co/Th—La/
JCE La/Th—Hf I (I 6a) £ Jbk 0 Tl Se K (E 6b) I, KB4 8 A B A I i A % e e
H—IE HR A REZEHS e A5 KA 550 ) Co/Th {H, /T 0.1~1.0 Z[a], 1 La/Sc MI{E K
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Fig. 7 Discrimination diagram of major and trace elements for tectonic setting of Wufeng Formation and
Longmaxi Formation sandstones and mudstones in Chengkou County, northern margin of Yangtz block

(a) K,0/Na,0—TiO, [Eff# ( Roser and Korsch, 1986) ; (b) TiO,—TFeO/MgO Elf#Fl(c) Al,0,/Si0,—Hf & f# ( Bhatia, 1983);(d) La/
Y—Sc/Cr [&lfi#; (e) La—Th—Sc EIf#HI(f) Th—Sc—7r/10 [&lf# ( Bhatia, 1983; Bhatia and Crook, 1986); A—JiH %3l ; B—fili & 91
C—IE BhRt% ; D—Be stk

(a) K,0/Na,0—TiO,diagram ( Roser and Korsch, 1986) ; (b) TiO,—TFeO/MgO diagram; (c) Al,0,/Si0,—Hf diagram ( Bhatia, 1983) ;(d)
La/Y—Sc/Cr diagram; (e) La—Th—Sc diagram; (f) Th—Sc—71r/10 diagram ( Bhatia, 1983; Bhatia and Crook, 1986) ; A—oceanic island arc;

B—continental island arc; C—active continental margin; D—passive continental margin

15, ZHORT 4 B 540 DXCBUTE R 0 BT K 1L FAE
B Z ], R s AR e s 3 A R i
2 I Bra A TR A
4.2 HEER

Bhatia (1983) il it 0 & i oL 200, e 4R
Hh T IR 0 D M A 3 PR 4 | e (36 5) B —
R 8 A 1 M 1& 28 358 4] 1) & fi#, Roser il Korsch
(1986) AN SHb A AR AE Bk 05 AT | DU 25 40
PR S M BRAL SRR A A AL, ELAT AR ) 5 P IR AT AR
PG 5 PR, AR ITCAR ) i) it JT 2 N
JCR Bz T OORR IR X R B )
KB A K B9 43 1 ( Bhatia and Taylor, 1981; Taylor
and MclLennan, 1985; Bhatia, 1985; Bhatia and
Crook, 1986) ,

TE T 7 3 1 0 2 eR RO 38 145 ok 50K 1] 15
(F,=F,) (Bl 5b) i i AR Atk 0 Fovde 20— g S 40
W VA 24V 18 1 8 K i X 38 N 5 K, 0/ Na, 0—Si0,
P I, JLT BT A R S AR E 6 Bk sl ki 2 X, 20
ST 3l bl 2% X (I 7a) 5 7E TiO,—TFeO/MgO #
Al,0,/Si0,—TFeO/MgO [Elfif (TFeO fR3F 28k i,
B Fe,0,+Fe0) (I 7b 7c) 1 i AR b 11 e 41—
RN Yot 4 R 2B A B i 2 X, D4
FEIE BB 2% X, i LR La/Y—Se/Cr 14 1 58
FBNE (B 7d) AR Ak g — e TR A
b VA KA TR e BIBE S X P, A BE Kl & 50
X ; La—Th—Sc % (Kl Te) v, W5 X 2 BU0RE 5L 7%
P B i % R Sl i 2 XS0, A 07E KB S KX
M7E Th—Se—Zr/10 (1 76) b #5280 1
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OS2 S RS 70 X VAR Ry N /| R w2 33
AR AL IR 1 e A —Jp ER AL A TR DX
TE IR ARG 1 5 5% R R Bl B B 2 IR, DO TS
S i 2 B 55 A5

WFIEN R4 FAREAL A ot i — oy ARG
] — N AR ZR I T (R PRI ) 20 B 1 R 7 7 A
BBl RE 1 2 (KR 1990; 1L 5%, 1990) ,
AL BB ] ( ~ 470Ma) T84 1 b B 40 e AR
PP P A At B R 2% Bl st K B il ke Ak R T
SRR %, 4% b He db S 4 3h Bk 120 2% % A= i B
RS (AEEI PR AR, 2017) , iZ B AL T3 10 AL 55 FH
AT LIRS, R B g B e s e
bl (AR, 1992) , BEAE B L B A2 4 i HR T
S TR 1 LR Ml X3 AR BE PR R 2 A kLl
B, SRR LA, A E A 1 X Ak R UR R
BET YR (B, 1987) o KA LLHb IX IR
il J b DX ARty AR AR (R R 2 R R R o
Ve E) AT EAS LA, S BORE vy Bg ik -
TR I 5 0 Bl % i — A, = AT Re S R
WA E (BFIBAE,1990) , HL, P42 —d B o
238 T AR S D vy i R E 1L R Sk 2N
VR VE AR W7 i B T 4 OR TR, /0 8 4R TR th vf
Rk A Al me k9 T Sl i % R KBt S I 5, e b
P Z AT 2058 PH— S — A7 L — 7 Jy B b e r = A=
(8 K L A 3T Sh A B s T — s AR

5 4k

ARSCGE X TR g B 20— S B 2 2 A8
W e M UTR b ER LA R AR HT A5 T DU LS
g5 .

(D) Zdedk 0 Fg 2 —Jp R4 b e 7 &
HEILH Al 0, MgO CaO MnO, 1 P,0, & & ] BAL
FALE WA, Si0, Na,0 K,0 Fl TiO, &5t i
FAEIT  AH H ) R T — R0 g A — e Eh R A
P wARdL 0 B 5 Sio, MK MgO Al CaO 1Y 4F
S A T — T TR AL U A R 4 B LUK
0 ST FIRE 5T S B 2 S o

(2) i ITE Se \Sr.Co Zr Hf &b 26 W A A X
4, V.U, Sb Ba X} & 4, Cr \Ni Nb Ta 7 &
VT, LREE/HREE Hl(La/Yb) ¥J R M T3+ &
S e 1

(3) i £ e A6 36 U7 bn AL 1 3R 30y W66 F 1)
ARt BB, Z8CEA 6Ce T8 WL E L
AUp R B 7R SEu IE 5%, H5 7R T i i A7 78

R AR Bl

(4) F B ITR B P IR AL i T 5 (R R
TURIR X s BT ZAE R T oy, LK BB
& IR T AE R BRI L5 A 241035 PR
P AP 3 1 5 5 B N BB R SR BR B, 5 J0 O 1 Bl il
SRRl By A5, X 547 7 M B AL S oot 10—
T A QAL T sl Rt i % ) DX Il o 5 5 — 2

Brigi - TP AN B] AT 2 08 AT T 61 A E 81l
TR IISHFAAE B, AR & SO A SR T2
gt AR ORI Ll SCRE R (A /D e TR SR
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Geochemical characteristics of mudstones and its provenance and
tectonic setting during the Ordovician—Silurian period
in northern margin of Yangtze Block

LIU Chunlai” , XIONG Guoging’*’, DONG Guoming'’, CUI Wei'’
1) The 2nd Geological Brigade of Hebei Bureau of Geology and Mineral Resource Exploration, Tangshan, Hebei, 063004 ;
2) Chengdu Center of Geological Suvery, China Geological Survey, Chengdu, 610081
3) Key Laboratory of Sedimentary Basin & Oil and Gas Resources, Ministry of Natural Resources, Chengdu, 610082

Objective: In recent years, It is all along argued that whatever sedimentary and tectonic setting in northern

margin of Yangtze Block is during the Ordovician—Silurian Period.
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Method ; Systematically sampling sandstones and mudstones of Wufeng Formation and Longmaxi Formation
and analyzing their major and minor elements, their provenance and tectonic setting are discussed from the
perspective of their geochemical features in this paper.

Conclusions: Major element SiO, contents of sandstones and mudstones range from 39. 57% to 87. 16%, and
mostly are higher than North America Average Shale’ Content( NASC) , while Al,O, contents change from 3.41%
to 14.98% and are all lower than those of NASC. NASC normalized major elements spider diagram show that these
contents such as MgO, CaO, MnO, and P,Oy are clearly lower than NASCs’. Compared to major elements of
contemporary mudstones from Changning —Shuanghe region located in southern margin of Sichuan basin, these
sandstones and mudstones in northern margin of Yangtze block are charactered by higher SiO, and lower MgO ,CaO
contents, which indicates that material components of the latter are mainly dominated in terrigenous clast. Relative
to minor elements of NASC, some elements such as Sc, Sr, Co, Zr, Hf are relative depleted, some V, U, Sb, Ba
are relative enriched, the other Cr Ni ,Nb Ta have approximate contents. The ratios of LREE/HREE and (La/
Yb)  show that sandstones and mudstones of Wufeng Formation and Longmaxi Formation might have a feature with
LREE depletion and HREE enrichment. NASC-normalized trace element pattern of sandstones and mudstones in
this study are entirely featured by slight right —tilted ones with bulk 6Ce negative abnormalies, 6Eu positive
abnormalies of Kuanyinchiao Member and Longmaxi Formation indicate some hydrothermal activities of oceanic floor
during that time. Provenance and tectonic setting diagram of these sandstones and mudstones display their source
rock of provenance have multiple kinds of material components, which principally inherited from felsic rocks and
mixed with granitic and andesitic rocks. Tectonic setting during source rocks formation is mostly located in passive
continental margin and partly in active continental margin and continental island arc, which is coincident with
regional geological background of passive continental margin in northern margin of Yangtze block during the late
proterzoic—early palezoic period.

Keywords: Northern margin of Yangtze Block; the Ordovician — Silurian; major and minor elements;
provenance; tectonic setting
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