Appendix 1 Major element concentrations (wt%) of Liuling Group sedimentary samples

Sample Si0, ALO; FeO Fe, 05 MgO CaO Na,O KO MnO TiO, P,0s Loss Total CIA Lith
Tongyusi Formation: Eryuhe section
TY37 61.41 18.4 4.19 2.1 3.04 0.44 1.03 3.87 0.07 0.85 0.13 3.7 99.24 73 FGS
TY39 82.47 3.81 1.88 1.5 1.19 3.28 1.12 0.26 0.17 0.25 0.11 3.27 99.31 49 MSS
TY41 80.68 6.27 1.83 1.61 12 2.05 1.76 0.51 0.08 0.44 0.14 2.8 99.37 50 MSS
TY47 63.8 6.81 1.65 1.08 1.9 11.33 1.76 1.12 0.15 0.46 0.17 9 99.23 49 FGS
TY49 60.94 17.56 3.25 3.12 3.49 1.4 1.11 432 0.05 0.71 0.14 3.33 99.42 68 FGS
Q104 78.33 7.24 1.72 1.43 1.49 2.03 0.68 1.72 0.06 0.51 0.16 4.16 99.53 64 MSS
Q106 78.47 8.91 2.53 1.83 1.64 0.76 1.48 1.53 0.08 0.66 0.22 2.3 100.41 62 FGS
Q120 79.55 7.26 2.55 0.6 1.3 221 0.16 1 0.09 0.49 0.17 4.6 99.98 82 FGS
Q121 70.27 10.36 3.16 1.11 1.9 3.9 0.21 1.58 0.09 0.61 0.57 7.13 100.44 81 FGS
Qingshiya Formation: Banfangzi Section
Qs1 65.26 12.58 2.78 2.41 3.17 4.47 2.28 3.08 0.06 0.74 0.19 2.33 99.35 54 MSS
Qs2 54.65 15.98 3.72 1.71 2.87 4.11 0.88 4.49 0.04 0.71 0.15 10 99.31 67 FGS
QsS4 76.15 10.43 231 1.85 1.31 1.49 2.48 1.87 0.05 0.68 0.17 0.67 99.46 54 MSS
QS5 68.95 14.83 3.82 1.66 1.93 0.32 1.5 2.69 0.04 0.69 0.18 2.67 99.28 71 MSS
Qs6 67.6 15.23 1.92 3.32 2.1 0.42 1.02 3.64 0.06 0.85 0.15 3.27 99.58 70 MSS
Qs7 66.17 15.06 2.12 3.42 2.42 1.04 1.13 3.56 0.07 0.87 0.16 3.43 99.45 67 MSS
Qs9 68.31 14.39 2.15 2.71 2.23 0.91 1.13 3.47 0.06 0.83 0.18 3.13 99.5 66 MSS
QS11 74.99 9.27 1.92 1.92 1.6 2.37 1.37 1.78 0.12 0.47 0.11 3.6 99.52 59 MSS
Qingshiya Formation: Zhashui Section
ZS2 65.02 12.95 34 1.93 2.72 4.86 2.54 3.13 0.11 0.73 0.14 2.03 99.56 52 FGS
ZS3 66.47 12.64 2.85 2.72 3.07 5.09 1.79 2.53 0.11 0.76 0.17 1.44 99.64 59 FGS
7S84 66.95 13.58 32 2.13 2.96 291 2.44 3.42 0.08 0.79 0.17 0.97 99.61 54 FGS
ZS5 67.56 11.31 2.5 2.05 2.56 6.21 1.95 2.52 0.11 0.67 0.15 2.04 99.63 55 FGS

Chigou Formation: Qingchuan Section
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GF6 69.02 11.53 1.95 2.85 3.67 4.1 0.97 2.87 0.1 0.7 0.2 1.76 99.72 65 FGS

GF7 67.01 14.37 25 2.07 2.41 2.76 1.83 5.31 0.08 0.69 0.19 0.49 99.71 55 FGS
GF10 74.6 10.35 2.9 0.99 2.61 1.77 2.54 1.86 0.06 0.54 0.12 1.29 99.62 52 FGS
GF11 75.74 9.63 2.8 1.09 22 1.57 2.4 2.33 0.07 0.82 0.16 0.85 99.65 51 MSS
GF13 71.16 11.68 3.45 1.33 2.42 2.98 1.98 2.75 0.09 0.71 0.15 0.88 99.58 55 MSS
GF16 65.98 12.7 2.9 22 2.77 491 1.69 3.19 0.09 0.76 0.19 2.24 99.61 58 FGS
GF17 64.79 12.68 3.1 2.02 3.02 6.4 2.5 3.19 0.1 0.66 0.18 0.96 99.6 52 FGS
GF18 68.74 11.23 1.95 243 2.56 5.99 2.61 2.28 0.11 0.6 0.19 1.04 99.73 50 FGS
GF22 70.01 10.83 225 1.56 243 5.35 293 233 0.08 0.53 0.14 1.25 99.69 47 FGS
GF24 75.3 10.35 1.9 1.55 2.03 222 2.05 2.67 0.06 0.63 0.14 0.87 99.71 52 MSS

Niuerchuan Formation: Niuerchuan Section

NR66 66.04 13.92 2.38 3.15 3.06 4.42 1.88 223 0.1 0.77 0.17 1.37 99.49 62 FGS
Q272 85.08 6.59 0.76 1.51 0.45 0.7 1.75 1.49 0.08 0.47 0.09 1.14 100.1 53 MSS
Q274 84.29 6.61 0.81 1.08 0.52 1.1 2.11 1.65 0.07 0.32 0.08 1.37 100.01 48 MSS
Q275 81.97 7.22 0.72 1.5 0.36 1.43 1.88 1.9 0.08 0.34 0.1 2.06 99.55 48 MSS
Q314 78.88 9.1 1.82 1.35 1.33 0.57 2.19 1.51 0.05 0.56 0.15 2.21 99.71 59 MSS

Notes: Sample “*” are from He et al. (2005); FGS, deep grey fine-grained silty sandstone; MSS, light grey coarse-grained silty sandstone; CIA = Chemical Alteration

Index after Nesbitt and Yong (1982). Calculated from mole fractions as molar [Al,O3/(Al,03 + CaO* + Na,O + K,0)] x100 , where CaO* is CaO in silicates only. If

the mole fraction of CaO > Na,O, then we assumed that the moles of CaO = Na,O (McLennan et al., 1993).



Appendix 2 Trace element concentrations (ppm) and element ratios of Liuling Group clastic sediments

Sample Sc v Cr Co Ni Cu Ga Rb Sr Ba Y Zr  Hf Nb Ta Cs Pb Th U Ba/Nb Cr/Ni V/Cr V/Ni Th/Sc Cr/Th Lith
Tongyusi Formation: Eryuhe section
TY37 18.8 129 124 18.1 535 172 243 181 551 680 31.6 316 8 184 14 11 243 172 27 37 2.3 1 2.4 0.9 7.2 FGS
TY39 33 243 33.1 58 166 173 4.1 99 804 55 166 122 32 49 04 05 185 51 09 11.3 2 0.7 1.5 1.6 6.5 MSS
TY41 6.3 419 51.9 102 18 236 73 226 397 118 187 209 56 86 07 13 5.3 92 1.6 13.8 29 0.8 2.3 1.4 5.6 MSS
TY47 5.3 35.1 395 8 172 103 72 509 192 238 251 364 95 108 09 41 134 98 2 22 2.3 0.9 2 1.9 4 FGS
TY49 15.8 123 105 19.6 488 45 244 200 139 782 313 314 82 177 14 127 138 171 29 442 22 1.2 2.5 1.1 6.1 FGS
Q104 6.1 47 72 8.1 25 5.7 8.9 73 71 517 189 357 10 94 08 4.6 99 13 55 2.9 0.7 1.9 1.6 7.3 MSS
Q106 8.2 53 85 12 43 42 11 67 74 248  26.6 402 11 12 13 6.9 12 19 207 2 0.6 1.2 1.5 7.1 FGS
Q120 7.1 42 69 8.9 32 2.8 9.6 51 217 259 159 338 93 10 1.1 349 100 1.2 259 22 0.6 1.3 1.4 6.9 FGS
Q121 10 61 74 13 42 4 12 70 258 805 193 222 64 15 13 321 97 1.7 537 1.8 0.8 1.5 1 7.6 FGS
Qingshiya Formation: Banfangzi Section
QS1 12.6 97.9 80.4 128 338 7.1 179 135 166 526 27.6 215 5 142 1 1.1 95 123 25 37 2.4 1.2 2.9 1 6.5 MSS
Qs2 17.1 115 99.9 9.5 48 254 226 191 715 551 327 324 74 171 12 103 55 139 24 322 2.1 1.2 2.4 0.8 72 FGS
Qs4 10.3 64.7 57.5 92 237 107 142 110 158 276 281 266 63 142 11 64 301 183 23 19.4 2.4 1.1 2.7 1.8 3.1 MSS
QS5 13.2 86 80.4 1.1 329 276 203 106 71 555 26 262 62 17 14 43 166 181 24 326 2.4 1.1 2.6 1.4 4.4 MSS
Qs6 12 92.5 98.9 151 376 36 215 188 504 599 303 405 94 199 14 11 8 143 27  30.1 2.6 0.9 2.5 1.2 6.9 MSS
QSs7 14.7 99 104 15 401 43 20 173 763 678 355 378 88 182 13 11 75 156 26 373 2.6 1 25 1.1 6.7 MSS
QS9 14 99.8 96.5 144 353 94 201 173 694 469 283 343 78 188 13 107 6.6 16 26 249 2.7 1 2.8 1.1 6 MSS
Qsl11 7.3 62.6 53 1.5 269 38 123 812 99.1 240 162 116 28 92 07 55 5 79 11 26 2 1.2 2.3 1.1 6.7 MSS
Qingshiya Formation: Zhashui Section
ZS2 14.2 84.2 72.4 158 314 6 17.1 145 132 573 332 311 78 15 12 175 95 144 26 382 2.3 1.2 2.7 1 5 FGS
ZS3 15.8 88.7 81.7 188 336 84 192 131 148 450 39 283 78 175 14 11 121 161 33 257 2.4 1.1 2.6 1 5.1 FGS



Zs4 14.9 100 81.6 16.6
ZS5 12.6 74.2 69.1 15.5
Chigou Formation: Qingchuan Section
QCl1 12.4 77.1 69.5 13.7
QC2 12 72.1 73.8 12.3
QC3 14 85.9 73.5 14
QC4 17.7 88.9 83.8 17.9
QCs5 16 99.5 87.8 17.5
QC7 18.6 97.8 94.3 19.6
QC8 11.9 77.7 66.4 11.7
QC9 18.3 99 89.5 17.5
C10 5.7 48.6 36.1 6.8
QCl11 19.3 113 90.1 19
QC14 19 113 98.8 204
QC15 18.3 92.6 94.3 18.9
QCl16 16.9 94.3 83.8 17.6
QC18 18.6 117 92.6 19.1
Chigou Formation: Zhashui Section
7855 16.5 122 105 19.8
ZS857 14.9 108 95.7 18.2
ZS59 19.9 139 118 18.2
7561 10.3 65.7 76.4 9.7
7562 16.8 115 106 18.5
7564 10.3 87.8 86.1 13.6
ZS65 11.4 88.2 78.6 11.5

Chigou Formation: Guofenglou Section
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Notes: Sample “*” are from He et al. (2005); FGS, deep grey fine-grained silty sandstone; MSS, light grey coarse-grained silty sandstone.



Appendix 3 Rare earth elements and element ratios of Liuling Group clastic sediments

LREE Lay Lay Gdy
Sample La Ce Pr Nd Sm  Eu Gd Tb Dy Ho Er Tm Yb Lu YREE La/Yb Eu/Eu* Ce/Ce* Ba/La Th/La La/Nb Lith
/HREE /Yby  /Smy /Yby
Tongyusi Formation: Eryuhe section
TY37 48.8 867 11.1 406 729 1.68 641 099 578 1.15 336 047 334 048 218.15 8.85 14.61 987 421 1.56 0.75 0.87 1393  0.35 2.65 FGS
TY39 14 276 346 143 29 063 283 049 293 059 164 024 155 022 7338 5.93 9.03 6.1 3.04 148 0.67 0.93 3.93 0.36 289  MSS
TY41 228 41.6 505 204 377 093 359 058 35 0.69 2.06 0.3 2.08 033 107.67 7.14 1096  7.41 3.81 14 0.77 0.91 5.18 0.4 2.66  MSS
TY47 286 53 693 266 496 1.04 448 075 449 0.87 258 037 252 037 137.56 7.31 1135  7.67 3.63 144 0.67 0.88 8.32 0.34 2.65 FGS
TY49 459 901 10.1 377 652 159 59 097 575 1.14 345 049 338 046 21344 8.84 1358 9.18 443 141 0.78 0.98 17.04  0.37 259  FGS
*Ql04 255 524 51 206 334 0.82 399 0.66 352 067 207 0.3 2.18 038 121.53 7.71 11.7 7.9 481 148 0.69 1.08 2027 039 2.71 MSS
*Ql06 326 63 748 273 492 1.17 534 083 505 098 287 0.4 292 043 15531 7.18 11.16 754 417 148 0.7 0.95 7.61 0.37 2.72 FGS
*QI20 252 442 487 18 361 0.77 378 059 359 0.66 171 026 1.87 027 109.38 7.53 1348 911 439 1.64 0.64 0.93 10.28 0.4 2.52 FGS
*Ql21 255 531 62 263 509 131 447 078 3.79 073 211 0.3 22 033 13221 7.9 11.59 783  3.15 1.65 0.84 0.99 31.57  0.38 1.7 FGS
Qingshiya Formation: Banfangzi Section
Qsl1 377 66.6 8.67 32 544 131 498 079 455 091 278 039 2.68 038 169.18 8.61 14.07  9.51 436 151 0.77 0.86 1395 033 2.65 MSS
Qs2 459 832 101 381 689 157 6.1 095 548 1.08 3.16 043 3.02 045 20644 8.91 152 1027 419 1.64 0.74 0.91 12 0.3 2.68 FGS
Qs4 438 795 951 343 611 125 539 086 485 095 28 041 273 04 19285 9.42 16.04 10.84 4.51 1.6 0.67 0.91 6.3 0.42 3.08 MSS
QS5 519 926 11.1 414 682 147 597 088 47 093 274 0.4 2775 04 22406 10.86 18.87 12.75 479 176 0.7 0.9 10.69  0.35 3.05 MSS
Qs6 50.8 912 112 407 7.01 156 632 092 5.09 1 297 041 287 041 22246 10.05 17.7 11.96 456 1.78 0.72 0.9 11.79  0.28 2.55 MSS
QSs7 462 823 9.66 368 645 147 6.05 098 583 1.15 343 048 33 048 204.57 8.36 14 946 451 149 0.72 0.91 14.68  0.34 2.54  MSS
QSs9 504 90.1 112 408 7.1 149 6.1 09 489 095 277 0.4 282 043 22035 1037 17.87 12.08 447 175 0.69 0.89 9.31 0.32 2.68  MSS
QS11 273 49 61 217 38 09 337 053 284 055 161 022 155 022 119.77 9.91 17.61 11.9 443 176 0.76 0.89 8.79 0.29 296  MSS
Qingshiya Formation: Zhashui Section
YAy 437 8l1.6 9.62 359 658 146 6.06 099 587 1.1 337 055 338 0.52 2007 8.12 12.93 874 418 145 0.71 0.93 13.11 0.33 291 FGS



ZS3 507 937 11 407
Zs4 508 925 105 405
ZS5 427 794 977 36.1
Chigou Formation: Qingchuan Section
QCl 381 68 799 304
QC2 44 762 9.08 32.1
QC3 389 729 861 326
QC4 426 766 892 333
QCs 423 82  9.69 345
QC7 448 829 928 325
QC8 379 65 7.63 28.6
QC9 385 71.8 825 30.6
C10 22.1 365 463 177
QCl11 44.1 839 936 352
QCl4 46.5 86.7 9.69 362
QC15 422 781 9.18 347
QCl16 421 798 9.16 332
QC18 46.1 822 8.89 313
Chigou Formation: Zhashui Section

7855 484 919 11 414
7857 46.1 864 10.8 407
7859 473 848 102 39.8
7561 36.6 64.1 834 308
7562 482 90 11 40.6
7564 378 64 874 327
7865 373 659 864 31.6

7.51
7.38
6.89

55
6.47
6.14
6.17
6.55

59
5.18
5.57
3.24
5.93
7.15

6.1
6.11
5.67

6.84
7.28
6.71
5.46
6.93

5.75

1.6
1.63
1.48

1.12
1.22
1.46
1.28

1.57
1.23
1.51
0.84
1.69

1.45
1.26
1.3

1.63

1.64
1.14
1.69
1.22
1.33

6.93
6.4
6.26

1.01
1.01

0.83
0.98
1.04
0.98
1.03
0.93
0.84
0.86
0.51
0.89
1.07
0.94
0.99
0.94

0.86
1.09
0.98
0.83
1.03
0.86
0.81

6.67
6.22
5.98

5.03
5.73
5.98
59
6.27
5.39

491
2.94
5.17
6.36
5.45
5.73
5.61

4.78
6.59
5.67
4.72
597
4.99
4.66

0.89

1.09
0.96
1.18
1.03
0.9

4.13

3.4

2.86
3.27
3.45

3.71
3.19
2.84
2.87
1.72
3.02
3.78
3.27
3.27
3.3

2.61
3.94

2.79
3.54
3.07
2.6

0.63
0.56
0.527

0.48
0.53
0.52
0.57
0.56
0.47
0.43
0.47
0.27
0.49
0.58
0.48
0.49
0.52

04
0.59
0.44
0.41
0.49
0.44
036

3.02
4.19
3.27
2.81
3.33
2.89
2.53

0.62
0.5
0.49

0.45
0.49
0.49
0.58
0.5
0.51
0.45
0.42
0.25
0.52
0.54
0.46
0.48
0.52

0.46
0.59
0.46
0.42
0.46
0.42
0.34

230.7
226.16
198.7

170.12
190.6
182.76
191.78
199.43
197.59
164.12
174.87
96.01
200.53
211.15
192.03
193.28
196.87

220.01
218.03
212.19
164.5
221.06
169.58
168.09

7.89
7.8
7.18
7.32
7.68
8.5
7.7
8.3
7.65
8.77
7.97

7.87
8.14

10.59
7.67
8.68
8.05
8.69
7.81
8.49

12.49
14.68
12.13

12.37
13.13
11.28
10.98
12.63
14.22
13.54
13.37
13.48
13.45
12.7
13.57
12.64
12.43

16.03
11
14.46
13.02
1447
13.08
14.74

8.44
9.92
8.2

8.36
8.88
7.62
7.42

9.61
9.15
9.03
9.11
9.09

9.17
8.54
8.4

10.83
7.43
9.77
8.8
9.78
8.84
9.96

4.25
4.33
39

436
428
3.99
435
4.06
4.78
4.61
435
429
4.68
4.09
435
434

4.45
3.99
4.44
422
438
3.97
4.08

0.68
0.72
0.69

0.63
0.59
0.73
0.63
0.76
0.81
0.72
0.85
0.81
0.87
0.7
0.76
0.62
0.7

0.79
0.8
0.75
0.66
0.76
0.65
0.73

0.93
0.94
0.91

0.91
0.89
0.93
0.92
0.95
0.95
0.9

0.94
0.85
0.97
0.96
0.93
0.95
0.95

0.93
0.91
0.9
0.86
0.92
0.83
0.86

17.76
13.79

11.47
8.5
16.09
7.35
17.57
24.93
14.09
29.22
17.65
38.23
14.54
17.82
12.8
15.47

20.41
38.39
21.52
10.6
12.51
11.67
13.86

0.32
0.31
0.33

0.28
0.28
0.31
0.3
0.33
0.31
0.28
0.35
0.29
0.33
0.34
0.36
0.32
0.35

0.37
0.37
0.34
0.36
0.33
0.37
0.28

29
2.85
2.75

291
3.41
2.76
2.71
2.04
2.87
3.03
2.45
2.88
2.61
2.8

2.51
2.75
2.66

2.78
2.55
2.61
2.61
2.54
2.72
2.68

FGS
FGS
FGS

FGS
FGS
FGS
FGS
FGS
FGS
FGS
FGS
MSS
FGS
FGS
FGS
FGS
FGS

FGS
FGS
FGS
MSS
FGS
FGS
FGS



Chigou Formation: Guofenglou Section

GF1 31.1 555 6.63 244 448 097 403 06 34 063 188 031 196 028 136.17 9.33
GF2 32 551 695 256 462 105 3.69 059 32 059 173 025 1.73 024 13734 10.34
GF3 486 79.6 107 404 752 161 7.07 1.13 663 121 3.63 055 338 051 21254 7.75
GF4 478 8 103 388 736 147 65 1 554 1.03 284 043 273 041 2142 9.39
GF5 472 867 985 355 638 128 548 0.88 4.66 0.88 259 039 256 041 204.76 10.4
GF6 383 735 854 31 582 127 523 089 508 094 298 046 2.87 044 17732 8.32
GF7 383 70 831 309 5.69 139 556 086 526 093 291 046 299 044 174 7.89
GF10 327 518 721 273 534 1.18 493 076 426 0.73 218 033 196 03 14098 8.05
GF11 525 984 107 369 6.6 121 548 078 3.84 0.66 1.68 021 1.4 02 220.13 1436
GF13 378 706 8.18 285 511 1.2 484 078 421 0.79 241 038 236 038 167.54 9.3
GF16 431 819 958 358 6.76 146 621 101 6.19 116 353 052 316 05 200.88 7.95
GF17 376 69.8 846 319 625 132 652 103 612 124 377 057 357 051 178.66 6.6
GF18 404 741 892 334 621 132 63 1.02 582 1.07 328 052 336 049 1862 7.46
GF22 391 703 808 294 504 1.17 535 083 483 092 278 045 292 041 171.58 8.22
GF24 343 657 799 298 579 134 562 1 6.61 131 428 067 411 062 169.14 5.93
Niuerchuan Formation: Niuerchuan Section

NR66 449 821 101 36.6 678 144 624 094 56 109 333 048 325 046 20331 8.44
*Q272  27.1 478 559 214 331 087 343 056 305 061 1.8 025 1.84 027 117.88 8.91
*Q274  21.1 363 463 166 268 069 264 03 235 042 136 019 143 021 90.9 9.14
*Q275 18 33 396 154 268 071 283 037 269 055 154 023 159 023 83.78 7.28
*Q314 325 606 656 272 424 106 457 055 332 062 194 02 1.9 028 14554 9.8

15.87

14.38
17.51
18.44
13.34
12.81
16.68
37.5

16.02
13.64
10.53
12.02
13.39

13.82
14.73
14.76
11.32
17.11

10.72
12.5
9.72

11.83

12.46
9.02
8.66

11.27

25.34

10.82
9.22
7.12

9.05
5.64

9.34
9.95
9.97
7.65
11.56

437
436
4.07
4.09
4.66
4.14
4.24

5.36
4.66
4.01
3.79
4.09
4.88
3.73

4.17
5.15
4.96
4.23
4.82

1.44
1.95

0.7
0.78
0.67
0.65
0.66

0.7
0.76

0.7
0.64
0.74
0.69
0.63
0.64
0.69
0.72

0.68
0.79
0.79
0.79
0.74

0.91
0.87
0.82
0.93
0.94
0.95
0.92
0.79
0.97
0.94
0.94
0.92
0.91
0.93
0.93

0.9
0.91
0.86
0.92
0.97

13.18
23.44
9.63
12.85
13.58
16.81
24.05
12.94
11.35
15.77
16.61
17.45
13.17
16.32
15.45

10.16
8.27
14.88

27.44
7.82

0.27
0.27
0.3
0.29
0.33
0.33
0.36
0.24
0.35
0.3
0.34
0.33
0.29
0.28
0.41

0.31
0.31
0.33
0.39
0.34

3.28
3.22
3.14
2.88
3.58
2.62
2.49
2.87
3.72
291
2.6
2.69
2.81
3.4
2.58

2.63
3.66
33
2.65
2.5

MSS
MSS
FGS
MSS
MSS
FGS
FGS
FGS
MSS
MSS
FGS
FGS
FGS
FGS
MSS

FGS
MSS
MSS
MSS
MSS

Notes: Sample “*” are from He et al. (2005); FGS, deep grey fine-grained silty sandstone; MSS,

chondrite-normalizing factors from Taylor and McLennan (1985).

light grey coarse-grained silty sandstone; REE



