Supplementary Table S1. Concentrations of REE and calculated parameters in samples from Fengcheng Formation in Mahu Sag

For- lithlogy Samples  Depth La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y EREY LREE HREE Y/Ho Ce'anomaly  (La/Yb)N  (La/Sm)N  (Gd/Yb)N
mation
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Dolomite mudstone F7-4 3151.7 20.48 39.17 54 22.15 49 1.03 4.55 0.8 4.62 1.05 294 0.47 3.14 0.47 28.11 139.28 93.14 46.14 26.89 0.86 0.48 0.61 0.88
Dolomite mudstone F7-5 3151.9 5.03 11.6 1.42 6.06 1.45 0.32 1.42 0.24 1.45 0.36 1.04 0.18 1.19 0.18 10.31 4225 25.88 16.38 29.02 1 0.31 0.5 0.72
Dolomite mudstone F7-6 3155.5 8.61 18.89 217 8.26 1.66 0.36 1.4 0.23 1.23 0.27 0.78 0.13 0.91 0.14 7.76 52.83 39.95 12.87 28.51 1.01 0.7 0.75 0.93
Dolomite mudstone F7-7 3156.5 19.21 44.23 5.35 21.38 4.57 0.96 3.87 0.62 3.26 0.66 1.76 0.28 1.71 0.26 16.79 124.92 95.71 29.21 25.46 1.01 0.83 0.61 1.37
Tuffaceous mudstone F7-8 3158.8 18.49 40.68 4.56 17.57 3.6 0.7 3.12 0.53 2.94 0.66 1.86 0.32 1.98 0.3 17.62 114.93 85.6 29.33 26.5 1.02 0.69 0.75 0.95
Tuffaceous mudstone F7-9 3173.5 18.05 4217 5.08 21.75 527 1.02 5.06 0.89 52 1.11 2.89 0.46 2.81 0.42 29.65 141.85 93.34 48.5 26.77 1.02 0.47 0.5 1.09
Tuffaceous mudstone F7-10 3176.2 19.02 39.57 5 20.99 4.76 1.09 442 0.76 4.29 0.94 27 0.42 2.59 0.4 24.58 131.54 90.43 41.11 26.05 0.94 0.54 0.58 1.03
Tuffaceous mudstone F7-11 3179.2 18.81 41.25 533 21.49 4.82 0.88 4.66 0.77 4.34 0.93 244 0.39 238 0.35 24.49 133.32 92.57 40.76 26.32 0.95 0.58 0.57 1.19
Tuffaceous mudstone F7-12 3180.9 20.73 44.97 5.69 23.41 528 1.13 4.79 0.81 4.49 0.99 2.68 0.43 2.61 0.39 26.68 145.1 101.22 43.88 26.83 0.96 0.59 0.57 1.11

Dolimitic siltstone F7-13 3182.9 23.98 52.34 6.35 26.31 5.82 1.1 5.57 0.96 5.59 1.24 333 0.53 3.09 0.45 31.37 168.02 115.89 5213 25.3 0.98 0.57 0.6 1.09

Dolimitic siltstone F7-14 3186.8 7.53 16.9 1.85 7.18 1.48 0.3 1.27 0.21 1.24 0.28 0.84 0.15 1.01 0.15 8.33 48.72 3525 13.47 30.25 1.04 0.55 0.74 0.76

Dolimitic siltstone F7-16 3198.3 15.78 31.86 37 15.62 3.88 0.84 3.74 0.61 3.42 0.72 1.89 0.31 1.81 0.27 18.76 103.23 71.69 31.55 25.89 0.96 0.64 0.59 1.25




Dolimitic siltstone F7-17 32091 1117 2429 288 1162 259 053 237 041 235 052 14 022 139 021 1452 7645 53.07 23.39 27.79 0.99 0.59 0.63 1.03
Dolomite mudstone F7-18 3210.1 2642 4867 737 3294 825 126 814 143 835 192 501 079 444 062 5174  207.34 1249 82.44 26.94 0.8 0.44 0.47 1.11
Dolomite mudstone F7-19 3218.6 313 5979 7.69 3041 511 1 391 063 35 085 253 048 324 052 2253 1735 135.31 382 26.45 0.89 0.71 0.89 0.73
Dolomite mudstone F7-20 32205 165 3754 483 2094 518 1.01 503 087 495 111 297 048 296 043 2992 13473 86.01 48.72 27 097 0.41 0.46 1.03

Dolimitic siltstone F7-21 3222.3 655 1558 196 786 166 038 159 028 159 035 094 015 097 014 998 49.99 34 15.99 28.44 1 0.5 0.57 0.99

Dolimitic siltstone F7-22 3225.8 7.29 1689 222 9.38 207 045 183 0.3 168 039 112 019 1.3 0.19 1096 56.29 38.31 17.97 27.93 0.97 0.41 0.51 0.85

Dolimitic siltstone F7-24 3231.3 808 1818 231 989 271 075 257 044 246 053 146 025 1.6 024 1373 65.19 4191 23.28 25.76 097 0.37 0.43 0.97

Dolimitic siltstone F7-25 3233.1 766 1619 203 813 202 051 197 035 193 043 112 018 109 016 1046 5423 36.54 17.69 24.58 0.95 0.52 0.55 1.09

Dolimitic siltstone F7-26 32342 1509 3331 426 1795 465 108 431 075 416 094 252 04 242 035 2328 11546 76.34 39.12 24.66 0.96 0.46 0.47 1.08

Dolimitic siltstone F7-27 32367 752 1646 211 927 269 065 247 041 232 053 146 023 141 02 138 6163 38.71 2292 26.14 0.95 0.39 0.41 1.06

Dolimitic siltstone F7-28 32384 859 1734 207 804 195 05 192 034 18 04 1.08 018 109 016 998 55.51 38.49 17.01 24.68 0.95 0.58 0.64 1.06
Dolomite mudstone F7-29 3243 2387 4675 551 2367 552 084 261 036 16 035 098 016 113 017  9.08 12259 106.15 16.43 26.28 0.94 1.56 0.63 1.39
Dolomite mudstone F7-30 32447 919 1714 195 799 273 083 353 056 283 055 129 019 114 017 1284 62.9 39.82 23.08 23.37 0.93 0.6 0.49 1.88
Dolomite mudstone F7-31 32485 1528 3303 405 1665 404 091 344 058 327 082 267 052 354 051 2343 11275 7397 38.78 28.69 0.97 0.32 0.55 0.59
Dolomite mudstone F7-32 3251 12.82 26 293 991 136 027 11 02 109 024 072 013 086 014 679 64.56 53.3 1126 27.79 0.98 1.1 1.37 0.77
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Dolimitic siltstone F7-49 3673.6 8.02 17.8 2.15 8.29 1.47 0.28 1.1 0.17 0.93 0.22 0.68 0.12 0.77 0.12 6.22 48.33 38.01 10.33 28.05 0.99 0.77 0.79 0.87
Dolimitic siltstone F7-50 3674.6 6.88 15.36 1.87 7.75 1.61 0.29 1.03 0.15 0.68 0.14 0.42 0.07 0.49 0.08 4.01 40.83 33.76 7.07 279 0.99 1.04 0.62 1.27
Plfl Dolimitic siltstone F7-51 3677.1 9.07 19.2 2.26 9.1 1.89 0.38 1.5 0.23 1.21 0.25 0.76 0.15 1.14 0.2 7.15 54.49 41.9 12.59 28.48 0.98 0.59 0.7 0.8
LREE=La+Ce+Pr+Nd+Sm+Eu; HREE=Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu+ Y; Ce/Ce »+ = CeN/(LaN*PrN)1/2, where REEN represent the value normalized by PAA
Supplementary Table S2. Concentrations of major elements and TOC in samples from Fengcheng Formation in Mahu Sag
lithlogy Na:0 MgO Al20s SiO:z P20s K0 CaO TiO2 MnO Fe203 LOI TOC
For- Sam- De-
matin ples pth(m) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
Pelitic siltstone F7-1 3069.3 2.01 3.89 1404 5876 019 335 376 061 0108 703 2 oo
Dolomite mudstone F7-2 3102.8 3.94 22 13.91 70.07 0.09 2.09 1.43 0.39 0.054 3.14 2.84 0.02
Dolomite mudstone F7-3 3124.1 3.47 3.32 15.59 61.99 0.11 227 3.16 0.41 0.095 5.2 4.44 0.01
Dolomite mudstone F7-4 3151.76 1.72 5.72 14.37 57.18 0.15 3.16 391 0.58 0.099 6.4 6.58 null
Dolomite mudstone F7-5 3151.9 0.31 248 2.98 79.15 0.06 0.38 6.51 0.16 0.05 1.54 8.18 2.03
Dolomite mudstone F7-6 3155.57 1.81 8.08 6.62 55.32 0.03 3.52 8.23 0.26 0.074 2.71 14.18 0.84
Dolomite mudstone F7-7 3156.5 15 478 11.73 60.34 0.1 2.78 5.39 0.43 0.087 4.56 9.07 0.56
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Dolimitic siltstone F7-23 3228.3 5.21 1.39 13.44 64.27 0.05 4 2.04 0.22 0.054 3.56 6.92 0.44
Dolimitic siltstone F7-24 3231.36 244 5.02 8.98 56.76 0.05 4.49 6.32 0.34 0.084 3.25 13.06 1.5
Dolimitic siltstone F7-25 3233.1 2.59 5.79 10.92 59.23 0.06 5.96 3.29 0.44 0.071 3.81 8.82 0.27
Dolimitic siltstone F7-26 3234.25 2.17 428 9.49 57.2 0.06 5.42 6.79 0.38 0.122 3.9 10.64 null
Dolimitic siltstone F7-27 3236.7 2.61 1.24 11.87 68.62 0.07 6.58 1.67 0.53 0.056 3.08 4.41 0.46
Dolimitic siltstone F7-28 3238.45 2.56 5.34 11.17 60.4 0.06 6.38 3.13 0.44 0.074 3.77 7.36 0.19
Dolomite mudstone F7-29 3243 1.54 6.68 7.75 60.51 0.02 4.94 5.66 0.31 0.069 2.83 10.45 0.3
Dolomite mudstone F7-30 3244.7 1.13 6.37 6.62 59.34 0.03 4.36 7.5 0.28 0.078 2.84 12.3 0.19
Dolomite mudstone F7-31 3248.5 2.7 1.43 10.5 69.2 0.22 5.61 2.76 0.29 0.073 2.67 4.67 null
Dolomite mudstone F7-32 3251.05 1.26 8.44 5.34 60.61 0.01 3.16 6.65 0.21 0.053 2.54 12.6 0.26
Dolimitic siltstone F7-33 3315 3.34 5.39 11.22 53.31 0.06 5.44 6.35 0.25 0.106 3.95 9.76 0.03
Dolimitic siltstone F7-34 3365.3 2.38 6.16 10.98 60.69 0.05 6.59 2.1 0.43 0.05 4.01 6.12 0.3
Dolimitic siltstone F7-35 3461.2 1.76 6.13 7.88 58.61 0.04 473 6.62 0.24 0.097 3.19 11.67 0.05
Tuffaceous mudstone F7-36 3462 2.72 8.2 10.14 53.6 0.04 5.18 5.47 0.3 0.087 3.64 10.34 0.56
Dolimite with flint band F7-38 3463.1 247 6 10.49 56.9 0.03 5.85 4.63 0.37 0.09 4.02 8.69 0.34



Dolimite with flint band F7-39 3464.61 1.87 7.23 8.75 49.78 0.03 5.24 7.93 0.4 0.152 4.26 15.04 1.73
Dolimitic siltstone F7-40 3471.7 2.28 10.06 7.67 48.2 0.01 3.68 9.17 0.31 0.096 345 15.8 0.53
Pifs
Dolimite with flint band F7-41 3477.8 2.62 11.74 8.13 41.67 0.01 3.85 10.86 0.29 0.096 3.43 17.81 0.76
Dolimitic siltstone F7-42 3521.2 1.92 10.09 5.9 49.65 0.01 2.72 10.36 0.3 0.082 3.31 15.7 0.63
Dolimitic siltstone F7-43 3529.5 0.72 3.87 6.05 64.17 0.03 453 8.25 0.21 0.07 2.44 10.54 0.61
Dolimitic siltstone F7-44 3550.2 1.53 9.06 8.89 54.21 0.02 6.8 5.24 0.37 0.065 3.1 10.37 0.27
Dolimitic siltstone F7-45 3554.1 1.1 11.2 6.78 42.48 0.04 5.13 13.07 0.18 0.097 2.24 17.83 0.26
Dolimitic siltstone F7-46 3569.4 2.31 7.91 7.58 56.88 0.02 3.62 6.86 0.25 0.096 3.03 12.04 0.61
Dolimitic siltstone F7-47 3572.45 0.94 3.89 2.82 75.73 0.01 1.25 5.68 0.12 0.054 1.68 9.07 0.2
Dolimitic siltstone F7-48 3636.7 1.1 5.63 8.76 50.78 0.05 6.64 9.57 0.33 0.1 3.69 13.11 0.27
Dolimitic siltstone F7-49 3670.9 1.98 13.17 4.89 52.01 0.01 3.6 8.02 0.2 0.057 2 15.32 0.63
Pyfi Dolimitic siltstone F7-50 3673.6 4.55 11.06 3.85 55.85 0 2.65 5.37 0.18 0.048 1.81 13.58 0.73
Dolimitic siltstone F7-51 3674.6 2.1 3.23 5.88 70 0.06 2.18 459 0.22 0.05 3.05 8.94 0.15
Silicalite F7-52 3677.1 0.9 9.4 4.87 62.58 0.01 3.83 6.38 0.22 0.048 1.93 11.49 0.66



Silicalite F7-53 3690 1.75 12.55 8.49 46.88 0.01 6.35 7.64 0.28 0.064 2.93 13.6 0.27
Supplementary Table S3. Concentrations of trace elements in samples from Fengcheng Formation in Mahu Sag
lithlogy Sc A% Cr Ni Cu Rb Sr Zr Mo Ba Th
Formation Samples  Depth(m)

(ppm)  (ppm) (ppm) (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm)  (ppm)

Pelitic siltstone F7-1 30693 1597 10034 8462 10367 3412 778 21034 19222 11 18926 546

Dolomite mudstone F7-2 3102.8 9.62 62087 10819 3865 2317 4746 19467 18566 249 48579 542

Dolomite mudstone F7-3 3124.1 971 8101 5535  49.64 3455 4701 28714 15478 288 37251 46

Dolomite mudstone F7-4 3151.76 1681 12393 6322 7035 4779 7465 237.89 17989 071 25317 527

Dolomite mudstone F7-5 3151.9 4.74 555 1475 1734 3117 878 19234 7154 122 9807 216

Dolomite mudstone F7-6 3155.57 606 7363 2641 2572 3234 3949 5046 6746  69.14 15988 12

Dolomite mudstone F7-7 3156.5 945 15678 5376 3844 6142 5451 20438 11802 238 25365 3.6

Tuffaceous mudstone F7-8 3158.8 1295 14151 4673 3978  33.06 4807 24182 119.03 068 22117  3.98

Tuffaceous mudstone F7-9 31735 1283 14863 6162 5265 7295 8643 19795 17591 041 20044  4.69

Tuffaceous mudstone F7-10 3176.2 1168  109.63  79.07  59.46 5955 6717 20558 14845 034 22266 441
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51.49
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27.54
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43.16
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28.14
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28.82

57.17

63.76
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34.59

60.05
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163.06

195.46
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384.95

357.62

132.82

151.22

171.64

74.99

91.27

117.1

98.54

164.06

142.81

157.43

70.76

68.76

68.18

101.65

96.85

2.54

512

1.62

35.95
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26.48

54.82

63.92
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5.74

6.42

4.6

1.22

1.93
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Dolimitic siltstone F7-26 3234.25 821 9031 6197 2814 2483 3974 47097 10448 2017 18924 217
Dolimitic siltstone F7-27 3236.7 4.01 49.86 51.05 3534 3592 50.62 137.03 12879 2276 20472  1.67
Dolimitic siltstone F7-28 3238.45 587  88.86 5643  29.07 30.18 6434 34658 10026  17.33 26552 124
Dolomite mudstone F7-29 3243 493 7557 3437 2016 3285 5772 45149 9656 2634 17929 36
Dolomite mudstone F7-30 3244.7 6.65 7486 3685 2779 3302 3725 45087 7487 4173  180.8  0.99
Dolomite mudstone F7-31 32485 44 5019 2936 2027 2225 3327 31414  56.09 5.81 9055  6.14
Dolomite mudstone F7-32 3251.05 5.11 72.7 2631 2177 2995 4602  451.09 5139 4812  141.14  0.89
Pife Dolimitic siltstone F7-33 3315 6.9 9697  30.14 2843 2338 4562 58995 8512 1334 54811  1.33
Dolimitic siltstone F7-34 3365.3 442 9476 5414 3108 374 7975 14535 11044 1849 23214  1.03
Dolimitic siltstone F7-35 3461.2 672 8503 4515 2974 2348 3843 47283 7326 2751 29499 13
Tuffaceous mudstone F7-36 3462 603 851 3604 2574 2777 5649 41035 8558 2671 36696 0.9
Dolimite with flint band F7-38 3463.1 792 10781  43.96 331 3445 6604 35904 10201 217 27007  0.92
Dolimite with flint band F7-39 3464.61 104 12878 4245 3502 5161 6043 53825  79.78 2138 29025  1.09
Dolimitic siltstone F7-40 34717 9.64 87.8 36.3 2957 3054 637 54409 5751 3264 20008  0.92
Dolimite with flint band F7-41 3477.8 874  83.66 34.1 2982 3003 66.65 62265 5747  11.04 22352  1.07



Dolimitic siltstone F7-42 3521.2 562 7865 3053 2832 2942 4726 69637 5284 3763 21617 071
Dolimitic siltstone F7-43 3529.5 6.76 67.88 28.12 21.84  40.17  39.79  550.24 56.77 15.61  419.78 274
Dolimitic siltstone F7-44 3550.2 6.95 9848  39.85 2744 2662 7351 39586 29949 1856 9439  1.13
Dolimitic siltstone F7-45 3554.1 6.08 92.01 30.33 26.84 175 4177  753.74 78.13 2424 24047 091
Dolimitic siltstone F7-46 3569.4 748 8794 3485 2855 265  59.68 44188  69.99 1847 30493  0.89
Dolimitic siltstone F7-47 3572.45 7.73 76.98 15.61 13.9 1364 1473 34115 25.32 10.4 21391  1.05
Dolimitic siltstone F7-48 3636.7 8.41 98.37 42.74 3752 4054 59.78  583.82 76.06 2826 24127  1.98
Dolimitic siltstone F7-49 3670.9 7.6 63.74 26.1 2265 1721 5685 60027  61.13 793 11662 1.1
Dolimitic siltstone F7-50 3673.6 9.1 58.14 21.6 20.89 1462 525 42362  57.79 522 33593  0.78
Dolimitic siltstone F7-51 3674.6 4.6 5846  29.39 2598 3581 2454  390.69 15678 2691 15323  3.22
Pifi
Silicalite F7-52 3677.1 4.9 68.82 2829 2212 1603 59.84 42763 11218  11.09 13507  0.54
Silicalite F7-53 3690 737 9353 4595 3207 2338 7374 1011.32 21986 2222 23054  3.39




