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Table 1 Major element concentrations( % ) measured in whole-rock samples from the Dawazi section

in Luoping County, Yunnan Province

- {(um% Si0, | TiO, [ALO; |Fe, 05| MnO | MgO | CaO |Na,0| K,0 | P,0s | LOI | gk % m m
PM27-165 |17.23]1.39 [ 0.03 |0.52 | 0.27 [0.007 | 1.40 |53.77|0.03 | 0.22 | 0.02 | 42.55 | 100.21 [0.026| 269 0.59
PM27-164 |16.73]2.53 | 0.04 | 0.89 | 0.44 [0.009 | 2.36 |51.58|0.04 | 0.41 | 0.03 | 41.68 | 100.01 |0.046| 265 0.60
PM27-158 |15.52|4.86 | 0.07 | 1.58 | 0.67 |0.009 | 3.56 [48.87|0.06 | 0.82 | 0.04 | 39.45 | 99.99 |0.073| 225 0.64
PM27-152 |14.46|6.86 | 0.08 | 2.11 | 0.92 |0.012|4.34 |44.67|0.05 | 1.21 | 0.05 | 39.55 | 99.86 |0.097| 206 0.63
PM27-147 [13.27]4.22 | 0.06 | 1.23 | 0.62 |0.009 | 2.09 [49.67|0.04 | 0.70 | 0.03 | 40.98 | 99.64 |0.042| 170 0.60
PM27-144 |12.92[4.95 | 0.07 [ 1.32 | 0.70 |0.012 | 3.54 {47.80|0.05 | 0.75 | 0.03 | 40.76 | 99.99 |0.074| 268 0.58
PM27-139 [12.19]4.27 [ 0.05 | 1.22 | 0.80 |0.008 | 1.61 |50.50|0.03 | 0.68 | 0.04 | 40.75 | 99.97 |0.032| 132 0.53
PM27-136 |11.82]3.05 | 0.04 [0.79 | 0.42 [0.009 | 2.75 [51.09|0.05 | 0.42 | 0.03 | 41.03 | 99.68 |0.054| 348 0.58
PM27-132 |11.23]7.40 | 0.09 [ 1.79 | 1.40 |0.012|4.22 [44.41|0.07 | 1.20 | 0.07 | 39.24 | 99.91 |0.095| 236 0.49
PM27-128 |10.87|3.01 [ 0.03 | 1.03 | 0.73 [0.010[10.30|41.48|0.10 | 0.48 | 0.05 | 42.81 | 100.05 |0.248 | 1000 0.51
PM27-125 [10.46|4.35 | 0.05 | 1.32 | 0.61 |0.009 | 1.74 |50.21|0.08 | 0.71 | 0.06 | 40.96 | 100.1 |0.035| 132 0.62
PM27-122 [10.09|2.59 [ 0.02 | 0.84 | 0.46 |0.012|6.01 |47.14|0.07 | 0.37 | 0.06 | 42.63 | 100.21 |0.127| 715 0.57
PM27-118 | 9.68 |3.42 | 0.04 | 1.08 | 0.47 [0.007 | 1.92 {50.93|0.04 | 0.55 | 0.06 | 41.51 | 100.03 |0.038| 178 0.63
PM27-115 | 9.41 [ 1.93 [ 0.02 | 0.44 | 0.60 [0.008 [11.00[41.45|0.08 | 0.27 | 0.06 | 44.01 | 99.84 |0.265 | 2500 0.35
PM27-112 |9.10 |2.21 | 0.02 | 0.64 | 0.35 |0.009|6.76 |46.00| 0.10 | 0.26 | 0.07 | 43.22 | 99.64 |0.147 | 1056 0.57
PM27-109 | 8.79 |4.42 | 0.06 | 1.26 | 0.56 |0.008 | 4.01 |[47.84|0.05 | 0.56 | 0.13 | 41.13 | 100.02 |0.084 | 318 0.63
PM27-101 | 8.00 |3.54 | 0.03 [0.92 | 0.40 [0.007 | 5.66 |46.63|0.06 | 0.38 |0.07 | 41.99 | 99.69 |0.121| 615 0.63
PM27-96 | 7.67 |3.56 | 0.03 [ 1.07 [ 0.48 |0.009|5.58 |46.50|0.05 | 0.49 | 0.06 | 41.86 | 99.7 |0.120| 521 0.62
PM27-90 | 7.24 |4.62|0.05 | 0.63 | 0.62 |0.011|6.65 |44.88[0.07 | 0.62 | 0.08 | 41.53 | 99.77 |0.148 | 1056 0.43
PM27-88 | 7.17 | 5.00 | 0.05 [ 1.59 | 0.74 [0.011|6.50 [43.82|0.06 | 0.66 | 0.08 | 41.37 | 99.88 |0.148| 409 0.62
PM27-83 | 6.83 [11.90|0.15 [3.92 | 1.35 |0.015| 4.06 |40.68|0.07 | 1.47 | 0.08 | 36.63 |100.32 |0.100| 104 0.68
PM27-82 | 6.76 |7.70 | 0.12 | 2.48 | 1.06 |0.014|8.51 {39.59|0.14 | 0.93 | 0.05 | 39.23 | 99.83 |0.215| 343 0.64
PM27-79 | 6.42 | 7.30 | 0.09 [2.42 | 1.04 |0.013|8.09 [40.29|0.08 | 0.95 | 0.13 | 39.57 | 99.97 |0.201| 334 0.63
PM27-77 | 6.20 | 7.35 | 0.10 [2.37 | 1.63 |0.014|6.62 [41.59|0.16 | 0.98 | 0.17 | 38.95 | 99.93 |0.159| 279 0.52
PM27-70 | 5.27 | 4.18 | 0.06 [ 0.99 | 0.44 [0.009| 1.66 |51.06|0.08 | 0.43 | 0.03 | 40.88 | 99.82 |0.033| 168 0.62
PM27-67 | 4.83 | 1.74 | 0.01 [0.52 | 0.15 |0.004|0.76 |53.77[0.02 | 0.25 | 0.03 | 42.56 | 99.83 |0.014| 146 0.72
PM27-65 |4.64 | 2.47 | 0.03 [0.67 | 0.32 |0.007|3.46 |50.25[0.03 | 0.35 | 0.06 | 42.60 | 100.24 |0.069 | 516 0.61
PM27-61 | 4.41 | 0.97 | 0.01 | 0.35 | 0.47 |0.007|13.70(39.37[0.02 | 0.09 | 0.04 | 44.77 | 99.8 |0.348|3914 0.36
PM27-56 | 4.23 | 1.91 | 0.01 [0.43 | 0.18 [0.005|3.08 |50.89|0.03 | 0.15 | 0.05 | 43.02 | 99.77 |0.061| 716 0.64
PM27-52 | 4.07 [3.14 | 0.03 [0.74 [ 0.33 [0.005| 1.72 {50.79|0.03 | 0.46 | 0.09 | 42.04 | 99.38 |0.034| 232 0.63
PM27-50 | 4.05 | 1.26 | 0.01 [ 0.15 | 0.17 |0.005 | 4.44 [49.98|0.05 | 0.12 | 0.04 | 43.36 | 99.58 |0.089 | 2960 0.39
PM2747 | 3.87 | 1.81 | 0.02 | 0.57 [ 0.25 [0.006|7.31 |45.77]0.03 | 0.23 | 0.08 | 43.71 | 99.78 |0.160 | 1282 0.63
PM2746 |3.83 | 1.30 | 0.01 | 0.34 |[0.15 |0.005|1.07 |53.59|0.03 | 0.17 | 0.05 | 43.06 | 99.78 |0.020| 315 0.62
PM2745 |3.78 |3.86 | 0.01 [0.27 | 0.08 [0.003| 1.71 [51.35|0.03 | 0.18 | 0.04 | 41.98 | 99.52 |0.033| 633 0.71
PM2744 | 3.74 |2.28 | 0.01 [0.08 | 0.12 |0.006 | 4.28 [49.55]0.04 | 0.07 | 0.06 | 43.19 | 99.68 |0.086 | 5350 0.32
PM2743 | 3.69 | 1.48 | 0.02 [0.32 | 0.27 |0.005| 6.36 |47.04|0.04 | 0.15 | 0.07 | 43.66 | 99.39 |0.135| 1988 0.47
PM2742 | 3.65 | 1.39 | 0.01 [0.06 | 0.10 |0.003|2.76 |51.79]0.04 | 0.07 | 0.04 | 43.22 | 99.48 |0.053 | 4600 0.31
PM2741 | 3.61 |3.18 | 0.02 [0.01 | 0.16 |0.004|2.74 [51.15|0.03 | 0.13 | 0.06 | 42.27 | 99.65 |0.054 |27400 0.04
PM27-37 | 3.49 | 0.93 | 0.01 [0.39 | 0.19 [0.006|5.14 [49.07[0.03 | 0.10 | 0.09 | 43.61 | 99.57 |0.105| 1318 0.60
PM27-33 | 3.39 | 1.35 | 0.01 [0.20 | 0.14 [0.006 | 1.86 |53.32(0.03 | 0.12 | 0.09 | 43.20 | 100.33 |0.035| 930 0.51
PM27-29 |3.22|1.46 | 0.02 | 0.30 |0.16 |0.005|2.30 |51.95|0.03 | 0.16 | 0.05 | 42.98 | 99.41 |0.044| 767 0.58
PM27-26 | 3.09 | 4.45 | 0.01 [0.46 | 0.14 [0.005| 2.93 {50.23|0.05 | 0.14 | 0.04 | 41.73 | 100.18 |0.058 | 637 0.71
PM27-23 | 2.87 [33.80|0.29 [11.50(2.55 |0.018|3.13 | 4.44 [0.06 | 2.60 | 0.03 | 41.12 | 99.54 |0.705| 27 0.77
PM27-21 | 2.57 | 5.41 | 0.02 [0.55 | 0.31 [0.005|0.78 |50.99|0.03 | 0.20 | 0.05 | 41.20 | 99.55 |0.015| 142 0.57
PM27-19 | 2.42 [26.20|0.06 |3.97 | 0.65 |0.015| 1.33 |35.75]0.05 | 0.88 | 0.08 | 31.18 | 100.19 |0.037| 34 0.82
PM27-16 | 2.17 | 7.67 |0.020|0.68 | 0.33 [0.008 | 1.61 [49.43|0.152] 0.23 |0.033 | 40.02 | 100.19 |0.033 | 237 0.60
PM27-14 | 1.98 |3.82 | 0.01 [0.36 | 0.18 [0.008 | 1.20 [52.46|0.03 | 0.07 | 0.03 | 42.24 | 100.41 |0.023| 333 0.59
PM27-9 | 1.45(2.99 | 0.03 | 0.84 | 0.39 |0.010|14.40|36.73|0.05 | 0.25 | 0.03 | 44.35 | 100.1 |0.392| 1714 0.61
PM27-2 | 0.50 | 1.40 | 0.01 | 0.31 | 0.13 |0.005|2.08 |53.42]0.02 | 0.08 | 0.09 | 42.53 | 100.08 |0.039 | 671 0.63
PM27-1 | 0.18 |2.25|0.02 | 0.63 | 0.30 |0.010|18.10(33.53|0.04 | 0.18 | 0.02 | 45.05 | 100.14 |0.540 | 2873 0.6l
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R2ZESFFEAMTIER L METESNER(x107°)
Table 2 Rare earth and trace element concentrations ( x10 °) measured in whole-rock samples from the Dawazi section

in Luoping County, Yunnan Province

FE La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Y YREE | La/La*
PM27-165 |2.91 |5.31 [0.61 |2.29 | 0.42 |0.10 |0.46 [ 0.08 | 0.40 | 0.08 [0.20 | 0.03 | 0.16 | 0.03 | 1.58 | 13.08 1.06
PM27-164 |4.08 | 8.10 [ 0.94 |3.58 | 0.65 | 0.16 |0.71 [ 0.11 | 0.56 | 0.11 [0.30 | 0.04 | 0.28 | 0.04 | 2.01 | 19.66 0.99
PM27-158 |5.65 |11.40|1.36 |5.10 | 0.91 | 0.21 |0.93 [0.15 |0.73 | 0.15 [0.41 | 0.06 | 0.39 | 0.06 |2.90 | 27.51 0.92
PM27-152 | 8.77 |14.30]1.63 |5.79 | 1.05 | 0.24 | 1.08 [ 0.16 | 0.84 | 0.17 [ 0.44 | 0.07 | 0.43 | 0.07 | 3.13 | 35.04 1.08
PM27-147 |8.44 |15.40(1.92 |6.89 | 1.15 |0.28 | 1.20 [ 0.17 |0.78 | 0.15 [ 0.38 | 0.05 | 0.35 | 0.05 |2.79 | 37.21 0.90
PM27-144 |13.70|28.50|3.81 |14.00|2.55 | 0.54 | 2.37 [ 0.31 | 1.56 [ 0.28 [ 0.68 | 0.09 | 0.56 | 0.09 | 5.99 | 69.04 0.77
PM27-139 |5.91 |11.20|1.32 |4.86 [ 0.83 | 0.20 | 0.83 [ 0.12 | 0.61 | 0.13 [0.32 | 0.05 | 0.30 | 0.04 |2.83 | 26.72 0.96
PM27-136 | 4.50 | 8.82 | 1.05 |3.81 [0.71 |0.18 |0.70 [ 0.10 | 0.52 | 0.11 [0.27 | 0.04 | 0.25 | 0.04 | 2.37 | 21.10 0.89
PM27-132 | 7.55 |15.30| 1.81 | 6.51 | 1.16 | 0.26 | 1.14 [ 0.17 | 0.83 | 0.16 [ 0.49 | 0.07 | 0.43 | 0.06 | 3.70 | 35.94 0.86
PM27-128 | 4.10 | 7.85 [ 0.96 |3.47 | 0.65 | 0.15|0.66 [ 0.09 | 0.53 | 0.10 [0.26 | 0.04 | 0.23 | 0.03 |2.21 | 19.12 0.88
PM27-125 |3.71 |6.90 [ 0.82 |2.98 | 0.54 | 0.13 | 0.54 [ 0.08 | 0.41 | 0.08 | 0.21 | 0.03 |0.18 |0.03 | 1.87 | 16.64 0.94
PM27-122 | 3.67 |7.07 [ 0.84 |3.02 | 0.57 | 0.13 | 0.57 [ 0.08 | 0.43 | 0.09 [0.24 | 0.03 | 0.21 | 0.03 |2.23 | 16.98 0.90
PM27-118 |3.43 |6.89 [ 0.79 |2.90 [ 0.52 | 0.12 | 0.52 [ 0.08 | 0.43 | 0.08 [0.23 | 0.03 | 0.21 |0.03 |2.12 | 16.26 0.92
PM27-115 |2.06 |4.10 [ 0.48 | 1.72 {0.32 | 0.07 |0.32 | 0.05 |0.29 | 0.05 | 0.15]0.02 | 0.13 | 0.02 | 1.53 | 9.78 0.88
PM27-112 |2.99 |6.42 [ 0.79 |3.15 |0.69 | 0.20 | 0.73 [ 0.12 |0.76 | 0.16 | 0.43 | 0.06 | 0.40 | 0.07 |3.65 | 16.97 0.95
PM27-109 |4.91 |9.74 | 1.11 |4.18 |0.75 |0.19 |0.78 [ 0.12 | 0.67 | 0.14 [ 0.38 | 0.05 | 0.32 | 0.05 |3.79 | 23.39 0.98
PM27-101 |2.71 |5.43 [ 0.62 |2.31 [ 0.42 |0.13 |0.41 [0.06 |0.34 | 0.07 [0.20 | 0.03 | 0.19 | 0.03 | 1.79 | 12.95 0.95
PM2796 |3.89 [7.930.92 |3.36|0.59 |0.14 [0.58 | 0.08 | 0.45 | 0.09 {0.26 | 0.04 | 0.23 | 0.04 | 2.44 | 18.60 0.89
PM27-90 |4.99 [9.49 | 1.07 {3.89 |0.69 | 0.16 [0.68 | 0.10 | 0.54 | 0.11 {0.28 | 0.04 | 0.27 | 0.05 | 2.92 | 22.36 0.97
PM27-88 |5.73 [10.70| 1.24 | 4.41 | 0.79 {0.19 | 0.78 | 0.12 {0.62 | 0.12 | 0.35 | 0.05 | 0.32 | 0.05 | 3.41 | 25.47 0.93
PM27-83 {10.50(19.80|2.28 {8.32 | 1.49 | 0.31 | 1.41 |0.20 {1.08 | 0.22 | 0.62 | 0.09 | 0.58 | 0.09 | 5.79 | 46.99 0.97
PM27-82 | 7.57 |15.60| 1.82 | 6.46 | 1.17 | 0.27 | 1.15]0.17 [0.96 | 0.19 | 0.54 | 0.07 | 0.52 | 0.08 | 5.05 | 36.57 0.84
PM27-79 | 7.46 [14.90|1.72 | 6.22 | 1.11 | 0.24 [ 1.04 | 0.15 | 0.80 | 0.16 | 0.45 | 0.07 | 0.41 | 0.07 | 4.03 | 34.80 0.90
PM27-77 | 7.34 [14.50| 1.67 | 6.08 | 1.08 | 0.25 | 1.02 | 0.16 {0.85 | 0.17 | 0.47 | 0.07 | 0.46 | 0.07 | 4.26 | 34.19 0.92
PM27-70 | 3.65 |7.57 | 0.91 {3.26 |0.62 | 0.15 [0.63 |0.10 | 0.52 | 0.10 {0.30 | 0.04 | 0.27 | 0.04 | 2.70 | 18.16 0.82
PM27-67 1.45 | 3.02 1 0.37 | 1.36 {0.28 | 0.07 | 0.28 | 0.05 | 0.27 | 0.05 [ 0.16 | 0.02 | 0.15 | 0.02 | 1.32 | 7.55 0.83
PM27-65 |2.07 |4.16 |0.51 {1.83 | 0.34 | 0.08 | 0.34 | 0.05{0.29 | 0.06 |0.18 [ 0.02 | 0.17 | 0.03 | 1.55 | 10.13 0.83
PM27-61 1.69 |3.14 1 0.36 | 1.33 {0.24 | 0.05 | 0.23 | 0.04 | 0.19 | 0.04 | 0.11 | 0.02 | 0.10 | 0.01 | 1.19 | 7.55 1.01
PM27-56 1.51 {2.91 |0.33 |1.19 [ 0.21 |0.05|{0.22 | 0.04 |0.20 [ 0.04 | 0.11 {0.02 [0.10 | 0.01 | 1.27 | 6.94 0.94
PM27-52 | 3.48 |6.74 | 0.78 |2.75 [ 0.48 | 0.09 | 0.49 | 0.08 [0.41 | 0.09 | 0.24 | 0.03 |0.22 | 0.04 |2.73 | 15.92 0.89
PM27-50 1.26 |2.2510.25 [0.90 {0.17 | 0.04 | 0.19 [ 0.03 | 0.17 {0.03 [ 0.09 | 0.01 {0.08 | 0.01 | 1.18 | 5.48 1.04
PM2747 |3.02 | 6.20 | 0.69 |2.58 | 0.48 | 0.09 [0.52 | 0.09 | 0.47 | 0.10 {0.27 | 0.04 | 0.23 | 0.04 | 2.89 | 14.82 0.96
PM2746 |5.58 [10.50| 1.24 {4.72 | 0.93 {0.13 | 0.91 |0.14 {0.84 | 0.16 | 0.43 | 0.07 | 0.43 | 0.07 | 4.10 | 26.15 1.02
PM2745 |2.45 | 4.86 | 0.60 |2.23 | 0.44 | 0.07 | 0.42|0.07 {0.38 | 0.08 | 0.22 [ 0.03 | 0.20 | 0.03 | 2.08 | 12.08 0.89
PM2744 1.5512.98 10.33 | 1.27 {0.22 | 0.05 | 0.27 | 0.05 | 0.24 | 0.05 | 0.14 | 0.02 [ 0.12 | 0.02 | 1.75 | 7.31 1.09
PM2743 1.92 {3.67 | 0.42 | 1.55]0.28 | 0.06 | 0.30 | 0.05 | 0.27 [ 0.06 |0.16 [ 0.02 [0.14 | 0.02 | 1.91 | 8.92 0.98
PM2742 1.06 | 2.06 | 0.24 {0.90 [ 0.17 | 0.05 [ 0.20 | 0.03 | 0.18 {0.04 [0.11 | 0.02 |0.10 | 0.02 | 1.28 | 5.18 0.98
PM2741 1.44 | 2.81 [ 0.34 | 1.35]0.28 | 0.07 | 0.29 | 0.05 | 0.30 | 0.06 | 0.18 | 0.03 | 0.16 | 0.03 | 1.92 | 7.39 1.05
PM27-37 1.49 |2.78 10.34 | 1.28 {0.25 | 0.06 | 0.28 | 0.05 | 0.28 | 0.06 [ 0.16 | 0.03 | 0.15 | 0.02 | 1.96 | 7.23 0.98
PM27-33 1.29 {2.48 | 0.31 |1.19 [ 0.26 | 0.07 {0.29 | 0.05 | 0.29 [ 0.06 |0.17 [ 0.03 [0.18 | 0.03 | 1.84 | 6.70 0.96
PM27-29 1.58 {3.31|0.40 | 1.38 | 0.26 | 0.06 | 0.28 | 0.04 [ 0.24 {0.05 [0.15]0.02 |0.12 | 0.02 | 1.75 | 7.91 0.76
PM27-26 |2.76 | 4.47 |0.45|1.67 | 0.29 | 0.05 | 0.34 | 0.05{0.30 | 0.07 |0.20 [ 0.03 | 0.16 | 0.03 | 2.40 | 10.87 1.33
PM27-23 {10.50(24.90|2.96 |11.10|2.14 {0.31 | 1.98 | 0.32 | 1.87 | 0.37 | 1.09 | 0.16 | 1.11 | 0.18 | 9.70 | 58.99 0.78
PM27-21 2.99 14.80 [0.62 |2.27 {0.41 | 0.08 | 0.40 [ 0.07 | 0.37 | 0.08 {0.22 | 0.03 | 0.21 | 0.03 | 2.47 | 12.58 1.02
PM27-19 |18.40(33.20|4.09 |{15.10|3.02 | 0.37 |3.15|0.52 {3.20 | 0.66 | 1.92 | 0.31 | 2.05 | 0.33 | 19.4 | 86.32 0.97
PM27-16 |5.48 [10.79]1.42 |5.01 | 0.97 | 0.11 [0.99 | 0.16 | 0.98 | 0.20 | 0.58 | 0.09 | 0.55 | 0.09 | 5.82 | 27.40 0.77
PM27-14 |5.44 |8.60 | 0.86 {3.09 | 0.57 | 0.06 | 0.76 | 0.11 {0.75 | 0.16 | 0.48 | 0.07 | 0.41 | 0.07 | 6.86 | 21.43 1.30

PM27-9 4.2018.59 |1.02 {3.87 |0.72 [{0.16 |0.71 | 0.10 | 0.59 | 0.11 | 0.32 {0.04 [ 0.25 | 0.04 |3.64 | 20.72 0.93
PM27-2 2.24 1 4.19 [ 0.55 | 1.83 | 0.36 | 0.12 | 0.41 [ 0.08 | 0.38 | 0.08 [0.22 | 0.03 | 0.21 |0.03 |2.94 | 10.73 0.74
PM27-1 2.37 | 4.87 [ 0.59 |2.14 {0.42 | 0.09 | 0.43 [ 0.07 | 0.38 | 0.08 [0.24 | 0.03 | 0.23 | 0.04 |2.43 | 11.98 0.84
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BER cii lg(Ce/Ce™ ) % ;%“V % Se | Ti | Vv | c | Co| N | znl| Ba| S| 7 Hf
PM27-165 | 0.92 ~0.04 19.7 | 0.91 [1.22]0.43 | 162 |21.4 [6.43 | 1.49 [ 19.6 | 1.79 [ 67.1 | 2737 [5.91 | 0.2
PM27-164 | 0.95 ~0.02 18.3 [0.91 [1.07 | 0.88 | 323 |21.9 | 10.4 | 1.94 |22.2 | 2.66 | 75.6 | 3484 | 11.6 | 0.41
PM27-158 | 0.95 ~0.02  |19.3]0.94 | 1.11 [2.02 | 523 |36.1 [14.5[2.89 | 21 |6.21 |39.0| 890 [17.7 | 0.61
PM27-152 | 0.87 ~0.06 18.4 0.98 [1.21 [3.02 | 622 | 56.8 | 21.8 | 3.56 | 24.3 | 8.11 |42.3 | 860 |22.5 | 0.86
PM27-147 | 0.88 ~0.05 18.6 [1.05 [1.75 | 1.81 | 375 |24.6 |11.3 |1.97 | 18 |6.48 | 42.7 | 805 | 12.1| 0.45
PM27-144 | 0.91 ~0.04  |21.4]0.94|2.17 |2.04 | 599 |[31.7 | 14.7 [2.93 [20.4 |5.24 | 47.4 | 1045 | 21.0 | 0.64
PM27-139 | 0.93 ~0.03  [21.7]1.00 | 1.41 | 1.73 | 360 |32.9 |12.7 | 2.2 [20.3 | 12.2 |23.1| 747 |13.4| 0.04
PM27-136 | 0.94 ~0.03  |21.6]0.93 | 1.34 | 1.11 | 316 |29.9 | 11.1 |2.15 [ 19.6 | 2.78 | 423 |14018|10.9 | 0.32
PM27-132 | 0.95 ~0.02  |23.1]0.98|1.34[3.27 | 606 |47.7 | 16.6 [2.77 [ 20.1 |4.73 | 46.6 | 804 |21.2 | 0.68
PM27-128 | 0.91 ~0.04  |22.1]0.93 |1.33 | 1.37 | 292 |36.6 | 12.8 [2.52 [19.4 |3.33 | 64.5 | 720 |9.63 | 0.30
PM27-125 | 0.91 ~0.04  [23.4]0.95|1.45| 1.2 | 230 |27.2 |13.5|2.32 | 24 [3.97 |45.4 | 1212 |8.59 | 0.26
PM27-122 | 0.93 ~0.03  |24.7]0.93|1.280.94 | 207 |26.7 | 18 |2.19 [20.5|10.9 [45.0 | 1662 |8.48 | 0.23
PM27-118 | 0.97 ~0.02  |26.5]0.95|1.20 | 1.56 | 311 |48.1 |13.9 [2.68 [23.1 |9.01 |59.1 | 1295 | 11.4 | 0.32
PM27-115 | 0.95 ~0.02  130.7]0.94 |1.18 | 0.53 | 196 |55.1 [9.99 |2.02 [20.1 |4.24 | 17.2| 739 | 6.8 | 0.18
PM27-112 | 0.96 ~0.02  |22.8]0.72|0.63 | 1.18 | 266 | 63.7 |6.94 | 2.17 [22.7 | 5.12 | 28.2 | 847 |10. 2| 0.24
PM27-109 | 0.96 ~0.02 27 [0.93 [1.11 |1.27 | 570 | 132 |13.6 |3.17 |23.7 | 12.7 | 457 | 1526 | 18.7 | 0.47
PM27-101 | 0.97 ~0.01  |25.6]0.93|1.04|0.72 | 297 | 102 | 10.9 [2.49 [20.3 |3.35 | 620 | 1664 | 10.6 | 0.29
PM27:96 | 0.97 ~0.01  |27.1]0.98 | 1.28 | 1.04 | 321 |55.8 [9.25|2.65 [21.4 |34.7 | 268 | 741 |11.7 | 0.30
PM27-90 | 0.95 ~0.02  126.5]0.97 |1.27 | 1.2 | 423 |61.7 | 12.8 |3.06 [20.4 | 7.3 | 263 | 637 | 14.9| 0.37
PM27-88 | 0.93 ~0.03  |28.4]0.99 | 1.24 | 1.59 | 463 | 69 |13.4[2.99 | 20 |6.29 | 308 | 604 |17.3 | 0.42
PM27-83 | 0.93 ~0.03  |26.3]0.96|1.26 | 4.25 [ 1052 | 103 [27.1]5.05 [22.7 | 13.7 | 122 | 419 [35.3 | 0.93
PM27-82 | 0.97 ~0.01  |26.6]0.98 | 1.12 |2.82 | 864 |54.7 [23.3 | 4.03 [20.6 | 16.1 | 285 | 531 |28.1| 0.74
PM27-79 | 0.96 ~0.02  |25.2]0.97 | 1.34 | 2.61 | 691 |74.5 [ 11.8 [ 4.52 [21.3 | 13.5 | 76.9 | 501 |22.4 | 0.6
PM27-77 | 0.96 ~0.02  |25.1]0.97 | 1.16 |2.68 | 721 | 64.1 | 17.2 |5.08 | 21.7 | 2513 | 82.5 | 543 |24.3 | 0.65
PM27-70 | 0.96 ~0.02 27 10.92]1.08 |0.63 | 432 |24.5|13.8 |1.89 | 18 |4.82 |25.1 | 648 | 14.7 | 0.37
PM2767 | 0.95 ~0.02  126.3]0.83]0.790.03 | 94 |35.8[3.53]0.99 [17.7 [1.12 |45.2| 833 |4.99 | 0.16
PM2765 | 0.93 ~0.03  |25.9]0.94 |0.96|0.02 | 182 | 60.4 |5.82 | 1.38 | 14.8 | 2.02 | 19.4 | 590 |9.00 | 0.21
PM2761 | 0.93 ~0.03  |29.7]0.94|1.15]0.04 | 85 [30.8 |11.2 [1.28 [16.7 | 1.68 | 14.7 | 319 | 3.48 | 0.09
PM27-56 | 0.95 ~0.02  |31.8]0.99 | 1.05|0.02 | 131 |53.8 [4.94|1.43 |18.6| 2.3 |63.3 | 1061 [5.80 | 0.15
PM27-52 | 0.94 ~0.03  [30.3]1.02 |1.13]0.58 | 338 |93.5 [10.4 |2.22 [21.2{3.27 |22.2 | 792 | 14.7 | 0.37
PM27-50 | 0.92 ~0.04  139.4]0.92|1.00|0.19 | 85 |54.6 |5.61|1.07 [15.6(6.03 |25.7 | 669 |3.87 | 0.09
PM2747 | 0.99 0.00 28.910.90 |0.96 | 0.12 | 155 | 65.7 | 8.3 | 1.09 [ 16.4 | 10.2 | 11.9 | 577 |8.27 | 0.21
PM2746 | 0.92 ~0.04  |25.6]0.84|0.92]0.16 | 108 |52.6 [7.99 | 1.19 [27.3 | 7.08 | 14.4 | 993 |9.36 | 0.20
PM2745 | 0.92 ~0.03 2 |0.86]0.96|0.14 | 70 |39.5 | 4.9 |0.97 | 17.8 |2.35 | 19.9 | 1173 | 7.93 | 0.14
PM2744 | 0.96 ~0.02 35 10.940.88|0.01 | 88 |49.1|6.66|1.18 | 20 |3.00 | 18.4 | 1044 | 4.15 | 0.09
PM2743 | 0.94 ~0.03  |31.9]0.94 |0.96 | 0.11 | 172 | 81.6 | 14.4 | 1.62 [23.9 | 4.38 | 358 | 933 |7.90 | 0.18
PM2742 | 0.94 ~0.03 32 (0.89[0.770.05| 76 |47.5 |4.87|1.3217.9 | 1.97 | 86.3 | 1305 | 3.65 | 0.08
PM2741 | 0.93 ~0.03  |31.9]0.76 | 0.68 | 0.26 | 147 | 74.9 | 15.2 | 1.41 [20.6 | 17.1 | 85.6 | 1051 | 5.32 | 0.14
PM2737 | 0.90 ~0.05  |32.7]0.85[0.72]0.44 | 121 |75.1 |8.62 | 1.54 |23.3 [33.2 |23.1| 884 |4.35| 0.10
PM27-33 | 0.90 ~0.04  |30.6]0.75 |0.55|0.38 | 101 | 60.4 [7.34|1.26 [20.9|3.77 | 28.6 | 879 |4.20 | 0.11
PM27-29 | 0.96 ~0.02  [35.1]0.97 |1.06|0.52 | 164 |75.2 | 7.9 | 1.42 [22.4 [3.12 | 21.8 | 768 |5.03 | 0.14
PM27:26 | 0.91 ~0.04  |34.3]0.98 |0.90 | 0.39 | 111 |63.8 [8.46 | 1.27 | 18.6 | 1.98 | 68.1 | 2300 [ 4.90 | 0.13
PM27-23 | 1.03 0.01 26.2 10.87 |0.85 | 1.34 | 311 | 124 [10.9|2.24 |21.7|5.17 [ 20.3 | 566 [16.10 0.33
PM2721 | 0.81 ~0.09  130.9]0.95|0.94 | 0.81 | 255 | 795 |11.6|2.45 [26.8 |21.1 |15.7 | 854 |9.98 | 0.29
PM27-19 | 0.88 ~0.05  |29.5]0.85|0.64 |2.15 | 516 | 592 [12.4 | 1.99 | 14.5|20.3 |44.0 | 787 |68.7 | 2.25
PM27-16 | 0.89 ~0.05  |29.7]0.92]0.82]0.90 | 196 | 274 | 14.4 | 2.54 [17.96|7.89 |32.14| 901 |10.39| 0.27
PM27-14 | 0.90 ~0.05  |42.9]0.95|0.67|0.46 | 118 | 95.5 |7.28 |3.52 [ 19.8 [ 2.32 | 66.7 | 960 |4.65 | 0.12
PM27-9 | 0.96 ~0.02  |33.1]0.89 |1.30 | 1.55 | 316 |51.2 [10.8 2.29 [19.1 | 10.7 | 28.1| 582 |12.0| 0.31
PM272 | 0.87 ~0.06  |36.7]0.96|0.84 |0.62 | 123 | 25 | 11 |1.05[17.6 | 2.5 | 1683 | 2049 | 5.11 | 0.14
pPM27-1 | 0.95 ~0.02  |30.4]0.88]0.82]0.82 | 259 [42.2 |9.84 [1.26 [ 13.1 |4.88 | 14.7 | 321 | 10.5 | 0.26
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PM27-165 |3.39 |0.48 |4.20 [2.97 | 0.59 | 4.71 [0.020] 40.8 | 0.16 0.83 |0.11| 0.52 |3.3313.15/8.75|1.93
PM27-164 | 5.95 | 0.89 | 4.20 [ 6.71 | 1.21 | 10.4 0.020| 46.1 | 0.20 0.81 |0.00| 0.50 |2.11|11.44|4.72 | 1.87
PM27-158 | 7.46 | 1.48 |4.86 | 14.1 | 1.86 | 14.0 |0.078]22.8 | 0.21 0.69 |0.05| 0.63 |2.49|7.27|3.281.82
PM27-152 | 10.4 | 1.76 | 4.50 |20.8 | 2.18 | 18.5 |0.108|20.3 | 0.21 0.74 |0.05| 0.70 |2.61|6.83|2.56|1.77
PM27-147 | 5.94 |0.99 |3.23 |9.37 | 1.28 | 10.7 |0.087| 18.9 | 0.16 0.55 |0.05| 0.58 |2.189.14 |3.26 |1.81
PM27-144 | 4.96 | 1.33 |3.55 [10.7 | 2.2 | 10.2 [0.089|22.0 | 0.17 0.70 |0.05| 0.61 |2.16|6.96 |2.67|1.78
PM27-139 | 5.06 | 0.90 | 2.91 |9.58 | 1.31 | 9.93 [0.083|32.3 | 0.17 0.73 |0.07| 0.62 [2.59|9.23|3.23|1.81
PM27-136 | 3 |0.80 |2.33 |6.47 | 1.14 | 6.50 |0.005(33.1 | 0.19 0.90 |0.08| 0.60 [2.69|9.12|2.911.79
PM27-132 | 10.5 | 1.69 | 4.08 | 24.8 | 2.25 | 10.8 |0.116] 17.3 | 0.25 0.51 [0.04| 0.70 |2.87|7.26|2.41|1.76
PM27-128 | 5.42 |0.71 | 2.11 | 10.6 | 1.01 | 8.45 |0.108| 11.2 | 0.27 1,40 |0.11| 0.65 [2.86|7.70 |2.97 |1.80
PM27-125 | 6.54 | 0.58 |2.47 |6.89 | 0.81 | 9.31 [0.058(26.7 | 0.12 0.77 |0.08| 0.53 |2.0110.34|4.26 | 1.85
PM27-122 | 4.2 |0.60 | 1.98 |7.02 | 0.76 | 11.9 |0.056|36.9 | 0.23 1.83  |0.17| 0.57 |1.48]9.36|3.30|1.82
PM27-118 | 5.2 |0.91 |3.68 [11.1 | 1.06 | 14.2 [0.042|21.9 | 0.24 112 |0.10| 0.68 |3.46|8.62|4.041.85
PM27-115 |3.29 |0.47 | 2.2 |6.08 | 0.68 | 13.3 |0.084|43.0 | 0.27 1,69 |0.17| 0.73 |5.52/9.95 |4.68 | 1.87
PM27-112 | 4.88 | 0.52 |2.83 |5.59 | 0.81 | 18.5 |0.082{30.0 | 0.26 1.81 |0.19| 0.74 |9.18 |10.46|5.44 | 1.88
PM27-109 | 6.06 | 1.37 |7.59 | 13.8 | 2.02 | 27.3 |0.041{3.34 | 0.30 0.88 |0.07| 0.85 |9.71|7.48 |5.54|1.89
PM27-101 | 2.13 | 0.81 | 6.02 |8.62 | 1.01 | 25.6 |0.033|2.68 | 0.27 1,38 |0.11| 0.83 [9.36|8.15|7.43 | 1.91
PM2796 [2.83 [1.14 |5.57 [12.2 | 1.18 | 18.5 |0.094|2.76 | 0.30 1.47 |0.12| 0.72 |6.03|8.08 |4.89 | 1.87
PM2790 |2.76 | 1.41 |5.46 [ 16.8 | 1.57 | 22.4 |0.134|2.42 | 0.33 1,02 |0.07| 0.75 |4.82|6.67|3.87|1.84
PM2788 |2.80 [1.61 |6.48 [18.0 | 1.78 | 18.8 |0.141]1.96 | 0.33 1,00 |0.07| 0.78 |5.15/6.69 |4.02|1.85
PM27-83 | 5.38 [3.65 | 6.78 [59.2 | 3.86 | 24.3 |0.277|3.43 | 0.49 0.56 |0.03| 0.82 |3.80|4.50 |1.86|1.70
PM27-82 | 4.61 [2.66 |3.43 [38.2 |3.28 | 17.8 |0.204| 1.86 | 0.49 0.56 |0.03| 0.73 |2.35|5.11|1.29 |1.59
PM27:79 | 2.88 [2.13 |7.95 [31.1 |2.46 | 21 |0.201|6.51 | 0.39 0.84 |0.04| 0.78 |6.31|4.71|3.73 | 1.84
PM27-77 | 3.85 |2.12 | 10.3 [31.1 |2.63 | 29.7 [0.200] 6.58 | 0.38 0.85 [0.04| 0.75 |3.73|4.27|4.86|1.87
PM27-70 | 2.15 [0.95 |3.63 [9.27 | 1.56 | 10.2 |0.108|25.8 | 0.26 0.53 |0.05| 0.58 |1.78]9.52|3.82|1.84
PM2767 |2.32 [0.23 |2.34 [2.71 | 0.29 | 8.69 |0.037| 18.4 | 0.13 1,65 |0.30 | 0.67 |10.1|17.88|10.17|1.94
PM2765 |5.70 [0.54 | 3.00 [5.03 | 0.74 | 9.48 |0.092] 30.4 | 0.17 0.77 |0.08| 0.80 |10.4 |10.72|5.56 | 1.89
PM27-61 | 3.14 | 0.26 | 1.49 [2.39 | 0.35 | 7.02 [0.170| 21.7 | 0.32 2.14 |0.28| 0.65 |2.75/13.05|5.73 | 1.89
PM2756 | 3.25 [0.36 | 2.40 [3.61 | 0.54 | 10.8 |0.036| 16.8 | 0.29 239 |0.31| 0.74 |10.9|13.01]6.67 | 1.90
PM2752 [10.2 [1.02 |5.81 [8.31 | 1.28 | 21.6 |0.049|35.7 | 0.22 .23 |0.12| 0.82 [8.99|9.55|5.70 | 1.89
PM2750 | 2.40 [0.24 | 1.83 [2.28 | 0.37 | 6.96 |0.058|26.0 | 0.23 1.79 | 0.26 | 0.78 [9.73 |14.6 |7.63 | 1.92
PM2747 | 4.86 |0.47 | 2.54 [3.85 | 0.88 | 7.50 |0.081|48.5 | 0.20 0.91 |0.14| 0.80 |7.92|15.0|5.40 | 1.88
PM2746 | 8.29 [0.35 | 2.28 [2.46 | 1.55 | 16.4 [0.039] 69.0 | 0.17 1.99 | 0.46 | 0.66 |6.58|22.9|6.51 1.9
PM2745 | 4.40 [0.28 | 1.79 [2.36 | 2.09 | 4.87 |0.020|58.9 | 0.16 1,62 |0.30| 0.69 |8.06|18.46.391.90
PM2744 |2.230.26 |1.99 [1.67 | 0.4 | 6.09 [0.045|56.7 | 0.29 1,97 |0.33| 0.71 [7.37]16.9|7.65 |1.92
PM2743 [3.14 [0.41 |3.63 [3.40 | 0.73 | 13.8 |0.042| 2.61 | 0.27 1.35 |0.20| 0.77 |5.67|14.8 |8.85|1.93
PM2742 [ 1.72 [0.19 | 2.24 [ 1.55 | 0.31 | 6.54 |0.018] 15.1 | 0.27 220 10.30| 0.73 |9.75|13.6 |11.79] 1.95
PM2741 | 2.81 [0.36 |3.03 [2.73 | 0.53 | 36.3 |0.029] 12.3 | 0.25 118 |0.17| 0.78 |4.93|14.6|8.42|1.92
PM27-37 | 9.25 | 0.35 | 2.64 | 2.57 | 0.39 | 13.6 |0.053|38.3 | 0.31 2.57 10.39| 0.76 |8.71|15.1]7.54|1.92
PM2733  [2.20 [0.29 |2.95 [2.36 | 0.37 | 5.74 |0.053|30.7 | 0.24 2.10 |0.35| 0.74 |8.23|16.6(10.17]1.94
PM2729 | 3.46 [0.51 |5.34 [3.38 | 0.53 | 14.2 |0.050| 35.2 | 0.25 118 |0.19| 0.77 |9.52|15.8 10.47|1.94
PM2726 | 2.41 | 0.45|2.79 [3.97 | 0.42 | 7.09 0.017|33.8 | 0.34 2,12 |0.31| 0.77 |7.54|14.6|6.20 | 1.90
PM27-23 | 8.44 | 1.03 | 5.48 [8.80 | 1.58 | 22.3 |0.246|27.9 | 0.04 0.13 [0.01| 0.85 |11.4|9.69(5.321.88
PM2721 [5.76 [0.91 | 6.68 [7.36 | 1.09 | 43.9 |0.045| 54.4 | 0.44 2.04 |0.22| 0.97 |68.5|10.97.341.91
PM27-19 [ 15.3 [10.6 | 7.04 [31.1 | 10.2 | 26.1 |0.148] 17.9 | 0.43 0.55 |0.04| 0.98 |47.7/7.29 |0.66 |1.33
PM27-16 | 5.44 | 0.94 | 4.57 [9.87 | 1.35 | 20.3 |0.069|28.0 | 0.52 2,12 |0.15| 0.94 |19.1]7.08 |4.87 | 1.87
PM27-14 | 11.8 [0.34 |3.17 |2.99 | 0.47 | 19.8 |0.065| 14.4 | 0.51 5.87 |0.33| 0.8 |13.1]5.63]9.321.93
PM279 | 11.6 |0.99 [2.87 [8.88 | 1.09 | 12.3 |0.13320.7 | 0.43 1.27 |0.11| 0.73  |4.748.34 |2.90 | 1.79
PM272  [2.10 | 0.49 [4.19 [ 1.43 [0.48 |9.40 |0.019|1.22 | 0.22 .75 |0.29| 0.59 |2.27|16.8|8.55]1.92
PM27-1 | 3.39 | 0.81 |3.60 |5.35|0.95 | 7.67 [0.241]21.8 | 0.36 1,05 |0.11| 0.76 |4.29 [10.4 | 4.44 | 1.86
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SR, BA 8 B LREE 5 451 (Pry/Smy =0.72 ~
1.05, F¥{E K 0. 93; Pry/Yby =0.55 ~2. 17,414
B0 1.08) , 53T j# ] 1 TR P S (BT 73 ith 2k 4
AEAHAT , 1055 R A - 0 i 2 B 3R B I e
IR AR T BRI o 2B 2 2 s B 55 1 I
S A RO LR B W] R A T 5
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

2 2 p B EL ORI B0 T i 50 3R BC 70 i 2 (DR
AE AR, 1990 5 35 5 {07 F TRR )1 149 {81 40 T 2R bk
2% .2010)

Fig. 2 PAAS-normalized REE patterns of the samples from
the Dawazi section in Luoping County, Yunnan Province
(REE concentrations of deep-sea clay after Shen Huati,
1990; the average of REE concentrations in coastal and

estuarial deposits after Ma Ronglin et al. , 2010)

RIMF-HIHEAE R TR S (R 2) 5K
RO BT (B (PAAS) A EE, BR V. Ba Sr U
FILRMEE LM, S Cr Co Ni Zr Hf \Th Rb %7T
R, V.U, CoNi . Zn I Cr 554 b1 I
BOTRM S EITZE T KA TR 2R, FERN
P ] A A (I 3a ~ 3f) . B — R TE
2. 42m [ffiE , WERRIT A E) 2. 42m, V Zr Th JCHRAE
2.42 ~2.87Tm M — PR EFERFEF A ZE, X
Ml N A AR . o5 — W B2 2 AE 6.20m [ff i, A
2. 87m JFHREANTHY & B A EBK, 2] 6. 20m Ff i
KB, Zn .Cr JLETE 6.20 ~ 6. 83m [ffir A —1
BE TR

—SERAHAS RS 3R OC &R, W Ti Zr Sc Fl Th
s AT AR S O 3g ~ 3j R, LR
Ti Sc 7 6.20 ~ 6. 83m KA — > 35 Y % 31 5t
JCR Zr Th 7£2. 42 ~2. 87Tm WA —A> B & AT
F 25 IR B ARE

4 g

4.1 WiAEERFFTRIMER AT E S

HI FRRIRER & h A e oo R Mo LI R 20 Ay
MEREMS AR RTINS AR I B TC R S 103 3 A
FRAE, BRUHCRT B D78 B B R 6 5 B I PR 5 (o
AR ,2009) o FATT AR B B AR K e BE A5 A1 D vl it
TEMRBERE TN G 09 b dE 15 S5 2 PEAN a1 AR
BE, — Bk UL, Mn/Sr LB AR T 2.0, 8" Oy fEH 5 T
~ 10%of BT i TN Ry EE A AT DL 22008 ( Rk
AUFN JE B 5, 2009 ; Kaufman et al. , 1993 ; Kaufman
and Knoll ,1995) . M EITH b 50 £ B A4 i 1Y 43 A
ZE R E , H Mn/Sr L E M 0.005 ~0.277, - #1{H
0. 086 , MEIEALT 2, 14347 28 14 198" Oy
EI R T — 10%0 (PIMEESF,2009) , R R ATTIN A
XA Y A 1 BEAS 7T L) 220, ] L s ke
KB E . AR 3 PR, ME TR Y
BRIREL A EE R I3 CaO Fll MgO 189 AH S PEHR L #5
22 (FRREr1 /0T 0.4,n =50) , RBIRE TR
SRR ER & BUEE PSRN

H T i AR i 2 DA s TR e b R IR 2
3, RUHCTE AT IR BR B 4 1) i 38 0 250 VE A 5 18 )
JHIE . WF9E R, AL/ (AL + Fe + Mn) FU{E AT L)
JHK S W S SR REIRER (Fe Mn LUK Al Z8AL &Y
SE Rt IR T AR ) i A BV VR BR8P YRR B (o et
al., 2010) . #I7f_F 50 FFFEM L BR T 3. 61m b4
ih PM2741 230 ARAG AT AL/ (AL + Fe + Mn) FU{H
( =0.04) 51, HAFeE M LU 0.31 ~0.82 A4y,
1 Fe/Ti— Al/(Al + Fe + Mn) [Ef# (K 5) #, ¥ 5
F A T Rl IR v oG B, 0 B DT ARG R oA
LA SRR 7/IDE PN

XS PR A B ) BT i AR PR B 4 1 2 A
FAAERFEMAE? BEFEINA , WG ST R & X
ALTi 8 Th 2L RAFALMEOC R, JF H ALTI DL
K Th /)& i 52 5US AHIE, BT sl TR s
T BB TG AR 322 ol B IR S AR A, A AR R
53 ¥r ( Calvert and Pedersen, 1993; Tribovillard et
al. , 1994 ; Hild and Brumsack, 1998 ; Boning et al. ,
2004 ) o FRATTE BN R M55 A RE A Y AL O,
TiO, F1 Th )& fE B BAL TP 5UE (PAAS) fE (I
F1,R2),RIPER,LRZHMEITCRSTHY
AL O, \TiO, 5 Ti (AR RBAIRE/IN(|r] <0.5,n =
50) , BERAfR TR & i 5 AL O, \TiO, 2 Th ZIC R
HARA RUFIILMESC R, R R X 2R
TEDIRR G R A B 2 B IR o A (H TR P it
OGRS IR B 1 R
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Table 3 Correlation matrix for major, trace element concentrations measured in whole — rock samples from the Dawazi section in Luoping County, Yunnan Province

Si0, | TiO, |AL,O;|Fe, 05| MnO MgO Ca0O Na,O | K,0 | P,04 Y Se Ti Vv Cr Co Ni 7n Ba Sr Zr Hf | Pb | Th U Rb | Nb | Cu
Si0, | 1.00
TiO, | 0.80 | 1.00
ALO310.92 |0.94 | 1.00
Fe; 051 0.73 |1 0.94 | 0.86 | 1.00
MnO [ 0.70 | 0.79 | 0.74 [ 0.84 | 1.00
MgO [-0.13/-0.01{-0.03/ 0.12 | 0.26 | 1.00
CaO |-0.77|-0.76/-0.85-0.76| -0.71| —0.47| 1.00
Na,0]0.23 |0.350.23 |0.48 | 0.55 | 0.21 [ -0.26| 1.00
K;0 10.80 [0.96 | 0.91 |0.95| 0.82 | -0.04| -0.72| 0.35 | 1.00
P,0510.07 | 0.12 [0.06 | 0.25 | 0.21 | 0.07 | -0.05| 0.31 [0.16 |1.00
Y [0.82(0.46|0.60 |0.42| 0.60 | -0.14| -0.49| 0.21 |[0.49 | 0.12 | 1.00
Sc [0.44 10.64 |0.47 |0.72 | 0.79 | 0.10 | -0.36| 0.51 [0.73 |0.30 | 0.41 | 1.00
Ti [0.40 [0.65|0.44 | 0.68 | 0.76 | 0.12 | -0.33| 0.53 | 0.69 | 0.39 |0.38 | 0.93 | 1.00
V ]10.41 (0.03|0.16 |0.01 | 0.07 | -0.22| -0.11| 0.01 [ 0.05 |0.10 | 0.51 | 0.07 | 0.07 | 1.00
Cr [0.30]0.52|0.33 0.57 | 0.64 | 0.14 | -0.27| 0.52 | 0.56 {0.25 | 0.25 [ 0.80 [ 0.80 | 0.06 | 1.00
Co |0.31]0.55|0.37 |0.64 | 0.70 | 0.11 | -0.27| 0.62 |0.59 {0.46 |0.29 | 0.83 |0.86 | 0.08 | 0.72 | 1.00
Ni |-0.02/0.19 |0.10 | 0.19 | 0.05 | -0.27| 0.10 | 0.08 |0.21 |0.23 [-0.12{0.23 | 0.22 |0.13 {0.32 | 0.37 | 1.00
Zn |0.07 [0.17 |0.10 [ 0.35 | 0.24 | 0.08 | -0.09| 0.49 |0.16 {0.55 | 0.06 | 0.24 | 0.27 |-0.02/ 0.18 | 0.41 | 0.08 | 1.00
Ba [-0.09/-0.06/-0.07/-0.09] -=0.09| -0.05| 0.12 | =0.07|-0.09( 0.27 |-0.04{-0.01| 0.02 |-0.08| 0.09 |-0.01{-0.03|-0.03| 1.00
Sr |-0.10/-0.08/-0.09/-0.12| -0.06 | -0.18| 0.20 | -0.08 |-0.09/-0.18/-0.10/-0.07/-0.07|-0.09/-0.06/-0.08| 0.01 {-0.06] 0.24 | 1.00
Zr |0.67 [0.49 |0.50 | 0.50 | 0.70 | -0.03| -0.39| 0.34 |0.57 |{0.32 [0.830.71 [ 0.73 |0.43 | 0.54 | 0.53 |-0.04] 0.16 |-0.04/-0.09/1.00
Hf |0.630.42 [0.43|0.42 | 0.65 | -0.05| -0.33] 0.30 [0.51 |0.27 | 0.81 |0.67 | 0.67 | 0.44 |0.50 | 0.47 |-0.06| 0.13 [-0.04/-0.06]0.97|1.00
Pb 10.46 |0.25]0.34 |0.26 | 0.36 | -0.10| -0.27| -0.01|0.34 |-0.01/ 0.62 [ 0.35 | 0.23 | 0.34 [0.19 | 0.22 | 0.15 |-0.06/-0.26/-0.14/0.51|0.54|1.00
Th |0.65]0.33|0.40 [0.34 | 0.57 | -0.05| -0.32| 0.23 | 0.41 {0.27 |0.86 | 0.54 | 0.55|0.52 {0.38 | 0.36 |-0.15/0.10 |-0.02{-0.08[0.96|0.96|0.50|1.00
U ]0.43 (0.46 |0.40 | 0.50 | 0.48 | -0.07| -0.27| 0.34 |0.47 | 0.63 |0.40 | 0.53 [0.63 | 0.40 | 0.39 | 0.67 {0.27 | 0.49 | 0.17 |-0.14{0.57]0.52|0.15]0.49|1.00
Rb |0.46 | 0.59 |0.45]0.64 | 0.73 | 0.11 | -0.34| 0.53 | 0.64 {0.42 | 0.46 {0.89 [ 0.93 |0.17 |{0.76 | 0.82 | 0.14 | 0.27 |-0.01{-0.14{0.78]0.71|0.24{0.66 |0.61|1.00
Nb [0.66 |0.38 [0.43 {0.38 | 0.59 | -0.08| -0.33| 0.27 |0.46 [ 0.27 [ 0.86 | 0.57 [ 0.59 | 0.48 {0.41 | 0.39 |-0.10[ 0.13 |-0.05/-0.08/0.97{0.96|0.51|0.98]0.49|0.68|1.00
Cu |0.3810.30(0.28 {0.31| 0.26 | -0.11|-0.21| 0.25 [ 0.29 {0.44 | 0.36 [ 0.32 [ 0.39 | 0.63 | 0.40 | 0.52 | 0.45 [0.26 | 0.04 |-0.19(0.39]0.36|0.25|0.35|0.70{0.41|0.35|1.00
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BT LR RE Wiz TR A R e I AR
AARBAFEE TE (Murray et al. , 1992) , H'EA7E
Vg K H R A B LR AR, TR A B R
TR AT RE 0 G 0 Ak A 45 2R o W2 oy iR
BT S RO T i I ERR A i~
Tl (PAAS) 1 SREE {f (184.8 x 10 %) , {3t B 52 fili
Y BURZIR /N o K M50 TH SO A a9l B
F75.16 x107° ~86.32 x10 7%, SE-3 {8 K 21.46 x
10 %3t/ PAAS (st s S UTRY T iR
T IC R Z IR R AR

=) A N L e e T S Y =g = o
BUAAE T GE R AL, REHAE TR R A2
Rl I Bk A (H A o0 R S Jo R 2 R IR ) i
()R M ER A/ )N, PR MR 48 50 R b Bk A 2 R A1 >k A
DU & LU AT HE 1Y
4.2 HEIE

MgO/ CaO fi f2& S A% A8 A 1 R 4745 7 7, 25 40
i RS D IR YRR A S TR fE T R AR SR
T, MgO/CaO 18 i , B2 B, 1 78 3 1 < 55
T, A UK A ) CaO 357, MgO #/), it MgO/Ca0
A AR T IR 7= W A 5 T 2 B
PRER S Gy i RIS HUTTE AT, H Mg0/Ca0 IR {H
AK™ Na ™ BARXT i fE A A 46 78 1 A (FERLW
B M4t ,2009b ) o K M) i JK A H K,0,Na,O
SRR 0.48% 0.05% , A L K* Na* Frit
AR, W G IR IL TP A S 5005E. KAW
MgO/CaO {H &%, & 0.014 ~ 0.705, -3 {8 K
0. 118 457 Hh = Z 142 Je P P b IX AL T L R
S

X R THT 351 T R A 7 48 ) 67 R A9 e R B, 2
Hby DX K IR EE R BTE 27 ~32°C Z J8], F-3412h 29°C
Zids (PN 55,2009 ) |, 15 B > Bk A=A b 50 3 12
SR, B DX = B {2 T2 3 Ok IR R 1
SARIRES 18 A AR Y 0 R i B . X R
b DB A DL R R s R A A i AL
4.3 HAREEXNEGEFEEZL

Sr/Ba {2 R BT VTR A B 0 — D EZE SR,
— A HEAATTRR Sr/Ba > 1, TR AHTTFY Sr/Ba < 1
(A HENTSE,2005 ;X — PHAIELE A, 1994) . KM+
BT E a1 Sr/Ba (R 1. 22 ~68. 96, ~F-J4{H
h 24. 35, R EA TR AE AR FREE rh UORR M A

BEFRLME m = 100 x MgO/ AL O, 2R R T
)2 MgO 1R, AL O, Y 38 Rl PR AE 1T A 7
IHAER R o TEARIZR B DURA SR o m (H Y AR

R : OMRIKTURRIAEE m < 15 QR
DURRIASE m 2 1 ~ 105 @I KPIRRIEE (K A4 ER B2
> 30. 63% )m Ay 10 ~500; @15 (S5 W
PRERER H VTR RS ) m > 500, 75526 Py 1A,
BEE WK BT RAL , BRI m B 0 2B T R
P T AR A, m (BT RLAE Sy TR IR 1 AR
Z—o WA TEHE , m (HAT 1R N FER 2 2 3R
25 L 52 ISR AR W I S0P 455 170 ) W s s (48
85,2005) o JIr 4y M K ARG om B 27.22 ~
27400, *F- ¥ (B 3k 3| 1432, & W0 A BR 52 by 7K 1A 4
T JIE TR A A5 114 il 2 6 BBk R 15 b PN BN
HEREE

BTV e FE A TR ) La IR, P22
BCE MR LREE 545, DLACBAIRAY Y/ Ho HUAE , X
SRR B 43 3T 7] I/ 7T AR %) REE 4#1E ( Lawrence
and Kamber, 2006; Bolhar and Van Kranendonk,
2007 ) , HAe 43 i 2 W o AN ] 7 TRt DU RR ) ith 2
ik, 1055 30T 400 1 ICAR A M 2R RRAE AR L. 53 AMUTSE
& B, Rb/K Lt {8 Bfi £h & 1 28 ( Campbell and
Williams, 1965) , —f& 1 B9 AH U5 % HL(E R
T 0. 006, fUF K T4 1% LA K T 0. 004, i 7 3T
FRAIZ FH 2y 0. 0028 ( 2= i3 o AR A 4, 2003 ), ]
T b K A B9 Rb/K FEAE R 0. 0004 ~ 0. 0052, -
I{E 9 0. 0027 , 1 5590 PURRY FEAE A o 7R K M
TR ICE T, R AT DA 58 4 O AR LA R i 2
s ¥ b4 (Hu Shixue et al. , 2011) , B4h Tk
1~ DX A B 45 2R A A, WF TSN e 2
B TIRIKIAEE (Fu Wanlu et al. , 2010) 33X 26 3l Bk
AR HE S A A MRS Y 2R B2 0 AR TR A R A
RAEN XU T oty b A B B8 000, >k A Bl
MO AR i A1 RS A A7 LA RO BIR K R Y
S A ARG I B RIS 15 L SE B ORI

EVERFIE T DA SRR AR A ARG RV, DA BE 5
15 A a B E TR R IR B, CLLC3 [ CS e i
IKRFER 5, C2 . C4 S BRK AR R R 8 T AT
FRHMEEE ALK V. T F1 P Y & i AR K BRI
SRS, BT T T sl K IR S T Y
AR (TE B A R 4L ,2009a) o 573 4k Co \Ni Mo,
Cu ST ) J7 [0 3 i, Co/Ti I Ni/Ti {fA] £f:
Oy Bt L B PR A, SRR B 5 ) 496 o i
BEOR (X6 2% 45,2005 ) o £ K M5 i -, C1 3
C2.C3 3| C4 XA R AR T, V. Ti ALK
PETTRM G R/ROEERN B WAL, 7E
2.42m F1 6. 83m A P 1Y % 5 3 0 g g A, 3R
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samples from the Dawazi section in Luoping County, Yunnan Province
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IR K AN AR R . Co/Ti Al Ni/Ti HofE s &7 i
YR L AR K, 2 B 2 s A 385, ¥ P T A % T
([l 3a, 3g, 31 ~30) . X 5APERHE R W 17K 4
XTSRRI 2 — B0, 7E C2.C4 X A4 P B
WER, ALK V. Ti P S8R & & L & Co/Ti Ni/Ti
FOAE 22 B 2 A AR A [, AR TRl £ S A vtk
L S 00 0 VP T T 0 P T A AR A A 25

M 3p Rl DL i Bl K 1k, AL/ (AL
+Fe + Mn) LA 3G K, F Wi 7K i A Bl U5 6% 8 )
JEH i, Rb/K B AE AT 2K 38 /R iy #h B A8 46 5 AE
( Campbell and Williams, 1965) , Rb/K £ X FL1E
R (B 3q) , RBIERBESG I, 3% 55 i Y5050 )8 4 o 1
IE—50r (& 4) o

25 L RTIR %8 M X 7 rp = S I e i T
VIR TR, (FL R AR 2 B0 H T R A R BAE 1) Vi - T
FEXE BT 003 Bl PR T 1 T B R AR TS 4
JC i AT WK R B A
4.4 FXFERE

U.V #l Mo HA ZR 402, DUBUN 32 A ik
W FRZS R M 2, e VTR s B A e 1 24K
N BEA S AR LT R RS AR T
R AR TE s . BRI, ULV R Mo SR &2 oy 1 1
SEAGIE R BIABFE AR . AR TR sl LR R U
V Mo 5 Ni,Cu /)& 48 m B AT 85U 1IEAH G K
Z, AT LA R e TR B 2R B8 AR AT RE 2 Bk A2
(HARIESE ,2009) o FTH EATA AR ULV 5
Ni Cu (& 85, U 5 Ni Cu 230 H B0 19 1EAH
KXF(r =0.27,n=50;3r =0.70,n=50),V 5 Ni,
Cu tBZEMH EMFEME(r =0.13,n=50;r =0.63,n
=50) , 2 B 2415 TR IR B R AR X R AR 8

H1 F IS 0 R AR 1 AR RS T

1000

HAEE BT
PR PR
it 76 40 )
- —— HUK BB
@
100 = o
£ C o °
= C
P L 3
%
10F ks 9200 T 3 7 20 4%
E 7 ) 18 DR 00 S G 4L 4
LTl N e LT A
1 1 1 1 1 1 1 1 1
0 0.3 0.6 0.9

Al/ (Al+Fe+Mn)

Kl 4z &P B R MR TR G ) Fe/Ti— AL/ (AL +
Fe + Mn) [&Ifi# (#& Tto Z£,2005)
Fig. 4 Fe/Ti vs. Al/(Al + Fe + Mn) plots for the samples
from the Dawazi section in Luoping County, Yunnan
Province ( after Ito et al. , 2005)

JEARRL , (HAEHA A AR RS B AT BTl 5 | i
T EATTHEAN [R) 9 A8 3 S R 5 v %) 2 R o S
FER 2253, PR RT DA FH 36 26 50 3R 1Y BU R 3547 26
B (H AR IESE,2009) o AR RIS Y
V/(V + Ni) k¢t {8 ( Rimmer, 2004; Hatch and
Leventhal, 1992) . V/Cr H.{H (Jones and Manning,
1994) . Ni/Co Lt {H ( Jones and Manning, 1994;
Scheffler et al., 2006 ). U/Th [t {H ( Jones and
Manning, 1994 ) 235 AT by 15 ol v 9 4L A0 A Dt B
B E SR I TR R bR (R 4) R

x4 2T FEXUFRETELEREN LR

Table 4 Characteristics of element concentration ratios of the samples from the

Dawazi section in Luoping County, Yunnan Province

BRI
FARIE = AT TR i B - AABE BERLR IR
PRA
V/(V +Ni) 0.50 ~0.98,F-I{E K 0.72 >0.50 0.45 ~0.60 <0.45 Rimmer, 2004 ; Hatch and Leventhal, 1992
V/Cr 1.48 ~68.53,F-H{E 4y 8. 18 >4.25 2.00 ~4.25 <2.00 Jones and Manning, 1994
Ni/Co 4.27 ~22.94 SEH{E M 10.70 >7.00 5.00 ~7.00 <5.00 Jones and Manning, 1994 ; Scheffler et al. , 2006
U/Th 0.66 ~11.79 I (H Ky 5. 48 >1.25 0.75~1.25 <0.75 Jones and Manning, 1994
% 1.33 ~1.95, -44(H 1. 85 >1 <1 A 1999
lg(Ce/Ce™ ) -0.09 ~0.01,F{H -0.03 > -0.1 < -0.1 Wright et al. , 1987
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EAZRAE(1999) R FHAh S M B AE s SR & T
8U(SU =2U/(U +Th/3) ) KF | BRAE I BE . K
H Ce 5% 5 F AL I8 5 30 55 A 1R 4 19 X O¢ &
( German and Elderfield, 1990) , X2 [K & Ce 284
JCE FEEALIREE TR S M Ce* ALy Ce'* B
BOMERS i (1) CeO, ULIE, 3 MUK H Ce 54, BRI
Wright 4 (1987) £t R F1 2%k 1g( Ce/Ce ™ ) K H1 531
K AR AT (K 4) .

W4 Rl LUE W, BT RCEFE R V/(V +
Ni) .V/Cr Ni/Co . U/Th 2502 FL I i ,oU g
(Ce/Ce™ ) ZHUBWMEL S, 4673 H DU R EE A AE X
A WK AR BE RE RN, TR )Z TR A KA
W, AR R A VR S5, R, 27 7 Ml X AL Ak
8B N G T B B A — e R R
il TR I KRR T2 A8 4, 8 B K AL AN
MNTATTE B2 5 P TR 8 2 i Sl AR B 5%

16 V/Cr Fifi i) 1o J5 B2 22 A ZR T (8] 3r) FeAi ]
RI, WA VT AR B, V/Cr FUAEE R, Bi ]
JEHRAKAAR I 5 R D, Ak T SR R R, Ak
AU ITER V.U Co Ni Zn Fl Cr 2846t ] DA
FRR KRB A AL IR ) PR 22 4k ( Tribovillarda et al. |
2006 ; Morford and Emerson, 1999) , 7 C1 3| C2.C3
FI| C4 33X WA 5 P 5 48k T PO 0T, B X T R R
BRI ARXT b, 3% 2ETT R AN 4, e K 4
AR . 7E C2.C4 XA PEBLNER, V.U Co,
Ni Zn F1 Cr 5 5 B AR AOIR Hh LR AL, SR I B T
YT S B RS B, JEC B A AR R 3 g ] B il 4, X
L5 B A UL 7 T PO AR 3 B W M 0 IR 4R 2 — B0
(RS, 2010) o 1F 2 3P i) BjCH: sl S 24 5,
A5 =S 22 JE 3910 S Ml X R A 8, T
AEPIFET I AR L SE A DR A, 4G — S8 D2 0 5
PR Bz o R AR ) Bl A 9 sl B DL R BETR K
UNIIRERESUE SR ey (W R Y E VY SRVl N
A KA AT, e B8 B A R AN 26
(OIRERECE 7/ f v S
5 Hhie

(1) BB A ™ )2 AR i Mn/
Sr FUAE R 0. 005 ~0. 277, SEH{E K 0. 086 , 35 A% T
2, S W A VR T3 55 , AT LA S iy K a8
HICR S5 ALO, TiO, 3 Th A HAREF L
FZ ,SREE Jy5.18 x 10 ~86.32 x 10 °, - 35{H
7 21.46 x 10 °, i lEF PAAS 1 SREE {# (184. 8
x107°) , BT s LR A i e R R o

KBV JE 520N, AT DL F AT AR

(2) )1 K FE A K0, Na,O & 111K,
Mg0/CaO {E( 0. 014 ~0. 705, F-H{H K 0. 118) %%
1%, B2 e 5 P-4 [X A v = B 122 JE 300 O 18 I 9 1)
S %A

(3) JRAEFES ) St/Ba H 1,22 ~ 68. 96, SF-H4{i
g 24.35 ,m {HHy 27. 22 ~ 27400 , - {H ik 5] 1432,
i + e R R - 22 5 & 1355 19 LREE 5 4, DL
WA Y/ Ho LA, # 1 1E 2 #h 28 5 30 5 0 11 TR
PR IEAN L, 25 A A AL B HFAE , HIT D S22 )
B 2 8 Tl iR £R 6 b Y 2 HL AR
TR R, A 85 2 0% Bl U505 T8 0 Joe 2 vy o AR i
ALKV Ti f1 P 4562 & it A M Co/Ti Fil Ni/Ti L
EAFAE S BT, 27 1l D T RS AR 86, e T
PR R A 8 T T TR ARG TP 36 3

(4) KAEFERR ULV 5 Ni Cu B8 i s H
BRI IEM X ZE,V/(V +Ni) V/Cr Ni/Co U/
Th Z550% HfH .8U  lg(Ce/Ce™ ) S S RUH AR 1
SRR K AR A AR G i AR R 8 . AE €2, C4 X
A MBS, Ak R EUEOTE V.U Co Ni Zn
A Cr S5 2 B0 B AR R i R RRE , R IR IR A 58 4
SRS PR, T Pt o T T TR R 0 RT3, SIS K
PRI g TRLERE AR, 32 v = & {22 Je S 20 7 b
X R A B A A I BE T S A5 LSS RS R AT AL
AR

(5) 454 M Bk fh 27 Kt )2 22 WORE, 40 28 ) I v
B TR T DX Ak R I N ) S R 1Y)
TR IR £ 5 i PN AR A HE , Ve AR ) R A, X — B
V- TR T A A SR 00 5, A R R A R A 174 e~ T
FEXF b Th 2, Bl -1 BT IR AR TR iR
AERARS, & Wb A XA — 2 T2 B L PR
TR R 1) 3 48, DA T T BRCAIG BE | Sk 4 1 B A
Bi, B 1k T AET A s R A I 2 A i, A5 A SELFARAT
IR LA .

Bigh: i o B RO o el E R B
I bR A 2 5 i 50 B, B SC s AR v 5 e ]
K2z (D) B s BT T A s T, d ERE
SRR R AR AL T A ORI Fg, I T
TR, 7 — R BRI

2 % X W /

FER, SREER, P, WHE, RIKH, A%, B 2010, B
V- A YRR IR R P 0PI - O B DA SE A IIESE. TR
1R, 28(4) . 762 ~767.
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Layers of Middle Triassic Luoping Biota, Yunnan Province

ZHOU Changyong, ZHANG Qiyue, LU Tao, HU Shixue, XIE Tao, WEN Wen, HUANG Jinyuan
Chengdu Center of China Geological Survey, Chengdu, 610081

Abstract; In order to study the geochemical and sedimentological record of environmental changes in the the
Anisian Luoping Biota, 50 fresh samples were collected from the Member II of the Middle Triassic Guanling
Formation, Dawazi section. and analyzed for major and trace elements. The low K, Na concentration and Mg/Ca
ratio, indicating a warm and humid paleoclimate. The high Sr/Ba ratio (1.22 ~68.96, averaged 24.35) and
magnesium/aluminium ratio (m =100 x MgO/AlL, 0, , 27.22 ~27400, averaged 1432) , moderate or weak LREE
depletion, and low Y/Ho ratio, similar to the characteristics of REE patterns of coastal and estuarial deposits,
indicating that the Luoping area is located in a intraplatform basin nearby the land. From bottom to top of the
section, Al, K, V, Ti and P concentrations and Co/Ti, Ni/Ti ratios, show repeated fluctuations, reflecting
frequent change of the sea-level. It is confirmed that two large-scale sea-level rise events occurred during the
deposit time of the Luoping area. The high V/(V +Ni), V/Cr, Ni/Co, and U/Th ratios, and U, lg(Ce/Ce" )
values, reflect low-energy, anoxia conditions in this area. Redox sensitive elements such as V, U, Co, Ni, Zn and
Cr change in multiple cycles in the section, indicating overall anoxia of the bottom water with intermittent
reoxgenation related to the sea-level change. Based on the stratigraphical and geochemical data, it is concluded that
the Luoping area is located in an intraplatform basin during the Anisian, Middle Triassic. The climate was warm

and humid. The bottom water was anoxic in general with periodical reoxgenation associated with sea-level change.

Key words: sedimentary environment; geochemistry; Luoping Biota; Middle Triassic; Yunnan Province



