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Fig.1 (a) Geographic location of the Danxia Basin in northern Guangdong; (b) locations of specific measured sections of Upper Creta-

ceous rock formations, including the Second member and Fourth member of the Changba Formation and the Jinshiyan member of the

Danxia Formation (modified from Zhang and Lin, 2013); (¢) simplified lithological column of Cretaceous lithologies in Danxia Basin
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Fig.2  Stratigraphic columns of the Upper Cretaceous measured sections in the Danxia Basin
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Fig.3  Field photographs of the Changba Formation-Danxia Formation sections in the Danxia Basin

(a, b) high-frequency interbedding of brick-red mudstone and thin-bedded sandstone at the lower- to middle part of the Second member of the Changba Formation;

(¢) brick-red mudstone and medium to thick sandstone interbeds at the top of the Second member of the Changba Formation; (d) thick-bedded, massive sandstone layers

and interbedded mudstone/silty rock in the middle- to lower part of the Fourth member of the Changba Formation; (e) thin-bedded silty mudstone layers of the Fourth

member of the Changba Formation; (f) medium- to thick-bedded gravelly sandstone and interbedded mudstone at the top of the Fourth member of the Changba Formation;

(g) thick-bedded, massive sandstone and interbedded mudstone/silty mudstone of the Jinshiyan member, Danxia Formation, viewed along the base of the Bazhai Scenic

Platform and its trails; (h) thin- to medium-bedded brownish-red silty mudstone of the Jinshiyan member, Danxia Formation; (i) multiple thin-bedded interlayers of mud-

stone and sandstone in the Jinshiyan member, Danxia Formation
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Fig4 Sedimentary structures of the Changba Formation-Danxia Formation sections in the Danxia Basin
(a) wavy cross- laminations in interbedded fine-grained sandstones and mudstones, Second member, Changba Formation; (b) rhythmic coarse-to-fine fluvial fan deposits, Jin-
shiyan member, Danxia Formation; (c) water escape structures in fine- to medium-grained sandstones, Jinshiyan member, Danxia Formation; (d) liquefied sand dikes in Jinshi-

yan member, Danxia Formation; (e) sand infilled mud cracks forming sand wedges, Jinshiyan member, Danxia Formation; (f) purple-red mudstones with abundant Scoyenia

burrows, Jinshiyan member, Danxia Formation
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Fig.5 Photomicrographs of typical Upper Cretaceous fine-grained clastic rocks in the Changba Formation-Danxia Formation,

Danxia Basin

(a) mudstone, sample CB22-01, lower part of Second member of Changba Formation, plane-polarized light (PPL); (b) siltstone with massive structure, sample ZT22-02, middle

part of Fourth member, Changba Formation, cross-polarized light (XPL); (c) siltstone with layered structure, sample BZ23-05, Jinshiyan member, Danxia Formation,

PPL; (d) fine-grained feldspathic lithic sandstone, sample BZ22-03, Jinshiyan member, Danxia Formation, XPL
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Bt (ELZE 30T ) Mo [A] 43 28 27 —0.11%0~0.19%o, 1) Tl F
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Table 1 Major element compositions of fine-grained clastic rocks in the Upper Cretaceous
Changba Formation-Danxia Formation, Danxia Basin (%)
Fidh Si0, ALO, Fe,0, MgO Ca0 Na,0 K,0 MnO P,0, Ti0, LOI Sum
PR A HB

WXY22-03 61.64 17.70 6.51 2.56 1.02 0.63 4.78 0.045 0.193 0.769 4.57 100.44

WXY22-02 60.31 17.36 6.53 2.57 1.75 0.64 4.73 0.040 0.213 0.760 5.27 100.18

WXY22-01 63.32 15.17 5.11 2.29 278 0.68 4.35 0.047 0.159 0.624 5.70 100.24

BZ23-05 66.01 11.24 3.52 1.54 5.95 0.53 3.39 0.047 0.063 0.449 7.06 99.80

BZ22-04 65.95 13.67 4.51 2.04 3.13 0.90 4.00 0.034 0.101 0.552 5.34 100.24

B722-03 64.41 15.91 5.68 2.40 1.42 0.84 4.52 0.035 0.109 0.676 4.43 100.45

BZ22-02 66.98 15.19 5.35 2.33 0.92 0.83 437 0.032 0.102 0.627 3.77 100.51

BZ22-01 75.81 9.28 227 1.47 3.02 1.04 2.66 0.020 0.086 0.387 4.18 100.24
[ B

712204 56.70 8.71 2.64 1.66 14.02 1.39 2.40 0.059 0.138 0.456 11.84 100.03

7123-07 59.68 9.91 2.59 1.54 11.14 0.95 291 0.045 0.076 0.431 10.76 100.04

7T23-06 56.05 8.28 2.39 1.46 14.99 0.87 2.11 0.058 0.086 0.483 13.62 100.39

7722-03 59.36 9.99 3.25 1.85 11.25 1.36 2.50 0.051 0.106 0.535 10.02 100.30

7123-05 51.61 8.47 2.55 1.48 17.29 0.74 2.05 0.059 0.072 0.432 15.44 100.19

7123-04 56.23 10.69 3.62 1.81 11.69 0.72 2.77 0.069 0.085 0.517 11.68 99.89

7123-03 56.83 12.12 3.86 2.15 9.85 0.64 3.18 0.048 0.121 0.650 10.64 100.09

7122-02 65.49 16.17 4.94 2.65 0.62 1.02 4.08 0.071 0.151 0.750 4.04 99.99

7123-02 67.24 15.40 5.33 2.40 0.53 0.71 3.91 0.049 0.106 0.644 3.86 100.18

7122-01 54.77 12.97 4.57 2.33 10.00 0.94 3.52 0.044 0.113 0.565 10.17 100.00

7123-01 64.33 14.81 4.90 2.40 2.32 0.69 3.98 0.060 0.124 0.619 5.26 99.50
K — B

CB22-07 55.17 13.90 5.09 3.29 8.04 1.05 3.10 0.072 0.160 0.625 9.30 99.81

CB22-06 54.12 12.62 4.18 2.81 10.60 118 2.83 0.107 0.139 0.595 11.03 100.22

CB22-05 52.05 13.54 4.95 3.32 10.24 0.92 3.18 0.076 0.157 0.587 11.16 100.19

CB22-04 50.87 10.67 345 2.82 14.45 .12 2.48 0.098 0.140 0.518 13.18 99.83

CB22-03 50.21 12.50 4.52 3.39 12.61 0.99 2.90 0.078 0.158 0.577 12.37 100.32

CB22-02 52.06 11.21 4.10 2.75 13.22 112 2.59 0.085 0.141 0.570 12.28 100.14

CB22-01 55.07 15.42 5.98 345 6.11 0.94 3.61 0.075 0.157 0.643 8.94 100.41
PREERCE

GBWO03121 53.85 31.85 0.46 0.14 0.13 0 0.31 0.001 0.115 0.670

GBW07103 71.95 13.27 2.09 0.35 1.54 2.99 4.95 0.059 0.090 0.279

GBWO7111 59.07 16.42 6.16 276 4.62 3.92 3.48 0.094 0.341 0.725

GBWO7113 72.09 12.93 3.18 0.13 0.62 241 543 0.144 0.046 0.279

GBW07103 72.85 13.60 235 0.47 1.53 3.28 5.00 0.064 0.108 0.283

GBWO07109 54.58 17.77 7.36 0.89 1.38 7.15 7.52 0.119 0.051 0.472

GBWO07725 47.02 9.06 1.68 1.02 20.21 115 2.39 0.265 0.046 0.263
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Fig.6  Upper continental crust (UCC)-normalized major element spider plots of fine-grained clastic rocks

in the Upper Cretaceous Changba Formation-Danxia Formation, Danxia Basin

T b EERE(E10) . FFEASA B (S S
T ) Mo [R5 2 448 1E B (0.06%0~0.11%0; &1 11) .

4 e

4.1 WiERAAER

A-CN-K =1 it (18] 12a) B , e RELR T
PRA XA B 2 SR 2, o3 ARL DU AR ) 52 3 it
i P BRI AR B S AR JH T I MG 25 (Fedo et al.,
1995) . X LA (AN 75 a fl e ) EE A+
W2 B (24855, 2014) , Hofl 25 7] g 5 DAL A B
JEAR G (Fedo et al.,1995) o AIRLIAE I A 0 B i v
T B RGFE 5 AL R A B, R ITH L Z K BT B
BT FEE I, R 28 Py B B AR B (1 12b) o AR
La/Th-Hf B2 & v (B 120 ), RSB B IR LK 3
By 3 5 /A i (ROT2H 0 B ) R AR HEAEL,
A RER A B S BE IR IR DT EK . 7E La-Th-Sc &1 i
(B 12d) 4 b T J5 R AR RS- 1 i
(Post-Archean Australian Average Shale, PAAS) } [
Rlioe BT , fg KB B P IR Tk

KA By AR TR 0 PIRHTA 2 b ibse s X
e 2k A2, P, Nesbitt et al. (1980) | Nesbitt
and Young (1982) ¥ i1 T b %% 1l 48 45 %X (Chemical
Index of Alteration, CIA) LW X (K1) i XUk
FEEE . JEH AN, CIA A T 50~60, KW FEW | T4 A
52T B9 AL ; CIA 47T 60~80, 45 75 it 1 | 2 11 34+

BT AR 2 AL s CTA KT 80, 1R 3R 4 44 B 3R 5%
T B 58 4k 2% XAk (Nesbitt et al., 1980; Nesbitt and
Young, 1982; Fedo et al., 1995) . + W21 — Bt #f i
CIA A F 63~69, F-1{H Hy 66, 22 BIZ DT K 7
i A b2 KU T s e A=A Ay k192 L Y 31 1) B
([8) . KILH PUBLFE S CIA AT 55~76, FHI{EH N
65, LTI R A 3Z rh & fh 2z XA AR, A T 1
. TR &8 CIA B AR (B 9) , Sk m %
ki . P ES AL B A B (ELZERI D) AR CIA Ay
T 60~68 H 1] I B hn (& 10) , A8 R I L4 i i
MR RE . PHE LR A A B (I 75 55 300 1D AE i CIA
AT 69~71(E 1), F8 7 Pl XA LI R =
DU 0 7L T 7 B b 3R Ak XU Ak o B
(Li et al.,2016) o JJF 53 B FE i AUSE FUAE A T 0.14~
0.33, H & &k K F 0.15 ( 40 K7 ] 9 B 77 ik )
(Dellinger et al.,2014,2017) , & BIARE AR BEAC 40, LA
Zh 59~ F (Dellinger et al.,2014) . Al/Si 5 Li i%
AR (B 13a) , BEHTHAME FZ 25+
TR AR L T ALSE S 8L B
K Z (K 13b) , B §Li 76— E LR |52 Fkr i
B2 (Dellinger et al.,2014,2017) . 3@ 14 I i oC
XT LG A 0 AT TR B 25 00U B A 0 (&1 13¢) , 3R]
A S WL T A W s A AN O AR T T A R (L
et al.,2023) . BLAL,8Li 5 CIA FIH H B8 A% 7 AH ¢
KF (K 13d) o FES O'LifH (=9.9%0~-3.1%0) KAk 5



930 LT A S 14 Faat
F2 B FAESKINA—FEEMNEEEMEITE (x107°) RIBFHR IR (%) 2K
Table 2 Trace elements (x10°) and Li-Mo isotopes compositions (%o) of fine-grained clastic rocks in the
Upper Cretaceous Changba Formation-Danxia Formation, Danxia Basin
FES Li S V G G N Cu Zn Ga Rb S Y Zt Nb Mo Cs Ba Hf Ta Pb Th U &L 28D &Mo 2SE
FHEAERA AL
WXY2203 147 158 900 825 202 422 279 998 264 313 141 352 180 190 0.632 997 602 491 180 435 209 7.07 -71 02 008 003
WXY2202 137 159 905 790 155 305 204 975 254 303 148 383 168 17.6 0.500 956 615 454 155 431 194 718 -66 01 0.1 003
WXY2201 119 128 741 665 240 398 227 836 221 288 139 331 162 154 0395 80.1 554 429 158 400 189 757 -57 0 006 004
BZ23-05 628 877 479 500 200 286 173 480 142 203 918 206 199 9.14 0497 580 397 500 090 252 106 3.66 7.1 0.1 -0.01 003
72204 881 11 615 593 533 500 198 574 186 264 108 204 175 10.8 0473 738 397 464 144 319 136 562 -74 0.0 018 0.03
B722-03 11 139 793 804 346 441 201 665 217 302 127 242 163 142 0472 1050 548 442 144 454 156 550 93 03 017 003
B722-02 100 128 748 760 448 484 185 633 209 289 103 209 169 139 0444 90.9 486 455 153 444 149 629 -83 01 019 004
Bz2201 583 580 325 341 456 386 135 328 110 152 830 138 133 609 0307 307 358 355 098 226 7.88 320 —63 04 -0.09 0.04
LR P B
7122-04 116 705 370 384 203 241 152 446 115 150 218 313 330 105 0344 367 267 7.84 124 252 153 422 -36 01 028 004
712307 958 644 544 374 239 253 139 421 121 177 159 243 198 103 0234 365 312 523 130 219 127 370 -38 04 -006 004
712306 849 679 576 381 210 246 144 431 105 129 171 318 347 102 0304 30.8 248 873 115 165 132 409 -3.1 03 0 004
712203 123843 513 416 200 261 143 519 135 163 168 323 408 125 0304 353 827 9074 146 223 176 438 -35 02 0.3 004
712305 810 627 402 346 136 205 141 302 957 115 160 302 174 944 0258 27.0 235 461 098 154 106 267 -33 0.0 -015 0.03
712304 118 935 632 451 203 274 178 600 150 185 161 313 214 147 0389 442 343 553 150 254 137 360 —40 02 -034 002
712303 128 103 722 575 146 270 219 659 163 203 148 335 276 17.6 0372 557 322 727 168 242 184 468 —43 0 -018 0.03
712202 226 139 695 625 213 352 238 890 240 292 753 487 215 209 0255 663 460 593 228 495 229 485 -47 0  -001 0.03
712302 161 119 669 572 203 373 219 718 200 255 654 335 216 188 0515 65.0 425 583 201 418 174 410 -38 03 -012 004
712201 170 117 606 568 150 294 215 751 186 248 181 393 162 156 0350 60.5 353 434 170 292 159 425 -40 0. -005 0.04
712301 159 116 727 586 248 389 221 761 201 261 841 503 247 170 0.552 593 465 647 175 385 170 456 -39 01 026 008
AN Bt
CB2-07 221 124 725 606 168 309 242 864 196 188 125 313 188 156 0.647 692 381 482 154 302 178 382 -86 0.0 021 0.03
CB22-06 182 113 770 545 167 287 267 770 183 181 129 301 171 172 0445 599 364 467 179 243 183 437 -90 0.0 023 004
CB22-05 207 125 8§56 620 129 313 274 861 192 200 132 289 135 152 0610 70.5 370 368 145 253 155 566 -99 02 026 0.03
CB22-04 170 959 725 507 139 263 269 653 143 151 188 287 173 135 0437 518 1300 443 150 182 124 524 -89 0.0 030 0.03
CB22-03 208 116 865 587 184 329 253 824 172 179 148 302 151 147 0.603 60.5 332 406 148 260 139 643 -95 0.5 024 004
CB22-02 173105 712 542 190 312 249 728 157 157 161 297 182 146 0563 534 314 469 143 243 153 576 90 0 027 004
CB22:01 24 140 868 667 164 354 277 980 225 236 113 345 134 185 0608 737 390 366 181 330 203 568 —97 0 025 003
BREEECE
BCR-2 937 331 416 154 374 119 200 132 222 477 338 364 187 127 234 112 696 484 076 9.92 588 1.69
BHVO2 537 335 336 306 454 120 134 117 227 100 413 275 178 20.6 400 0.116 138 451 125 158 134 047
GSP-2 06 0
GSP-2 -06 02
GSR-3 -045 003
AGV-2 -0.16 003
AGV-2 -0.12 003
SW-2 210 003
AGV-2-4 -0.10 003
AGV-2-1 019 002
GSR-3-1 -0.58 003
GSR-3-4 -0.58 002
SW-1 214 003
SW-2 201 003
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Table 3 Rare earth element compositions of Upper Cretaceous fine-grained clastic rocks,
Changba Formation-Danxia Formation, Danxia Basin
B La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yh Lu
PHE A B
WXY22-03 54.4 109 126 466 8.88 .62 851 119 630 1.23 344 0502 3.08 0468
WXY22-02 55.5 130 13.4 51.0 9.54 1.77 9.36 1.29 6.80 1.33 3.67 0.528 3.19 0.477
WXY22-01 44.7 203 10.5 39.5 8.08 1.51 8.31 114 6.1 1.18 325 0470 285 0426
BZ723-05 27.4 54.7 628 229 415 0807 351 0591 355 0736 221 0339 223 0336
BZ22-04 38.6 77.5 827 289 466 0847 453  0.635 361 0744 226 0355 227 0353
BZ22-03 44.4 92.1 938 326 523 0991 514 0735 425 0902 273 0428 270 0417
BZ22-02 41.9 84.0 859 296 462 0891 461 0642 365 0778 236 0375 236 0370
BZ22-01 20.3 39.8 4.39 158 283 058 278 0409 238 0499 150 0235 150 0236
IR Y B
ZT22-04 31.8 65.2 7.95 3.0 6.39 1.13 633 0920 5.04 1.01 2.88 0437 279 0435
712307 30.9 55.2 7.13 26.3 509 0871 442 0722 405 0820 241 0368 242 0366
7123-06 30.2 56.4 708 263 515 0907 480 0817 494 1.04 315 0484 314 0479
7122-03 35.3 71.3 7.95 29.3 572 0979 575 0875 514 1.08 324 0516 334 0521
7123-05 322 51.2 8.11 31.3 6.34 1.13 550 0889  5.01 1.01 291 0436 282 0416
7T123-04 35.7 70.4 8.12 304 597 1.13 533 0876  5.14 1.04 308 0462 303 0451
7T123-03 25 81.5 9.51 352 6.77 1.15 593 0953 549 112 333 0510 337 0509
77122-02 74.2 122 189 736 14.5 2.47 13.1 179 896 1.68 459 0657 405  0.608
7123-02 43.1 86.6 9.51 344 651 1.13 571 0995 595 122 366 0593 394  0.583
7T22-01 51.3 84.1 1.7 444 8.57 152 833 1.18 6.35 1.25 354 0523 325 0494
7T23-01 46.0 83.1 106 400  7.86 1.48 7.94 129 7.62 159 465 0694 431  0.651
K] — B
CB22-07 422 89.4 9.82 359 696 1.21 6.81 0991 538 1.08 3.07 0461 289  0.441
CB22-06 403 82.7 944 354 692 114 658 0952 5.8 102 296 0450 282 0429
CB22-05 36.3 72.8 826 309  6.14 111 596 0875 486 0974 282 0433 273 0415
CB22-04 315 64.0 748 285 5.82 1.05 571 0.843 469 0944 269 0412 263 0401
CB22-03 34.8 69.6 798 296  6.09 1.11 597 0889  4.99 1.01 294 0456 291 0441
CB22-02 34.2 68.7 8.01 298 598 106 590 0876 488 0990 2.84 0430 272 0412
CB22-01 493 102 1.0 393 7.32 1.28 7.43 1.04 571 1.15 326 0482 298 0458
Bk
BCR-2 25.3 53.0 6.84 289 652 1.94 671 1.07 6.30 130 373 0533 337 0.500
BHVO-2 15.6 38.5 5.53 254 637 211 640 0991 542 1.01 260 0354 206 0.299

A6 1 7 8 6'Li {4 24 (Tang et al.,2007) , X 216 5
RS IEA 2 TR . BRI AR, A
By AR — 250, ARG 2 0 B A B AR o A
(F12,13) , BRI IT R 531 2232 BT
e S SR A R R
42 HEE

Sr 1 Ba JTER FEIRZK vtk B AT , (H LA R 6 1k
BRI 225K . R, S/Ba HUAE AT R ARTS 7
DUBUKAARER B8 25 5 (RE/INEE AN Jin &, 2011 ; Wei and
Algeo, 2020; Bi8H45,2021) . — Bk, Sr/Ba FL /1N
F 0.2 F8/RIRAKA , A T 0.2~0.5 FE /R JFUK A, K F
0.5 7 /K AH (Wei and Algeo, 2020; B 81 %5, 2021)

FIR A3 BT 4RI S 75 KR i St/Ba FUIE AT 0.14~0.82 (&
8~11), FXIME K 0.35, 48 78 - Bk A 3 (R 7K AR TR
E78T

KN — Bt Sr/Ba U AE M JES 21 T0 52 15 34 5 0
F R (E8), R T 1AM Sede 5 ok f , (HEY
HABERXTY IR, I P BOK AR R (9)
P T 5 Sr/Ba AH XA AR L CIA 885, 16 7 B /K 34
% IR FERFEAC TSk A SR IR N ; B Sr/Ba
LU B = H CIA B S AR, 3R T R A8 2 i ik
AR T R GRER R EOK) o FE . PHE A A
Bt Sr/Ba Jel S TH(E 10, 11) , 3578 1 9170 i FR
Pk e YA i A
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Fig.7 (a, b) Upper continental crust (UCC)-normalized trace element spider plots and (c, d) chondrite-normalized REE spider

plots of fine-grained clastic rocks in the Upper Cretaceous Changba Formation-Danxia Formation, Danxia Basin; UCC data are

from Rudnick and Gao (2003) and Hu and Gao (2008); chondrite data are from Taylor and McLennan (1985)

43 KR

Fe il Mn X P35 (1) S8 A0 TR SRR U . X
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(ANRIK 5 ARV ) (A7 45, 2007) o K2 — B 4
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Fig.8 Geochemical indicators of fine-grained clastic rocks in the Second member of the Changba Formation, Upper Cretaceous,

Danxia Basin
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Fig.9 Geochemical indicators of fine-grained clastic rocks in the Fourth member of the Changba Formation, Upper Cretaceous,

Danxia Basin
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Fig.10  Geochemical indicators of fine-grained clastic rocks in the Jinshiyan member of the Danxia Formation,

Upper Cretaceous (Bazhai section), Danxia Basin
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Fig.11 ~ Geochemical indicators of fine-grained clastic rocks in the Jinshiyan member of the Danxia Formation,

Upper Cretaceous (Wanxiuyan section), Danxia Basin

4.5 HENEFRIME 2% 14 (van der Sloot et al., 1985; Wright et al., 1987;

U.V.Mo.Cr.Ni %50 % BB 260 5 32 31K Jones and Manning, 1994 ; Bau and Dulski, 1996; #RiG
PREEALIE IR 2R PR RO T OB AR RS, 20005 BB/NEEAL  5K45, 20085 Bai et al.,2024) o W1 Cr UV & T4 2
Hm,2011) . WFREERB, XESTRAETIRY (1) TEBRA I I IR PR BE b 08 5 CTE BTt L Ni L Cu
T R T DT T AU AL . Co T Mo 85 T0 3R UM ) T 7E B RR $hid J5 i) PR 45 v



LERE WRIEIESE AL PH 2 b R GE R AN AL R R A~ R A Sl U 7 935

AlO, 10
100 ,\:}Kiﬂl?ﬂ:&([{jﬂ\[) E T =) IIIII| T T llIIIIl T T IIIIE
| (@) O KIMAIE ki) E () ATk 3
P O FHEMETIEBE (1) E . ]
[ 5 PRI @ FIEUETIEE: (T - P @ .
s 1”4 @ FHEMmAEE (MTEE) ol “jl"‘(‘z” Y
i S ‘8 = el e
T A5 = LR LI I
i [ o C N =
<l wkE S WA Ny g 5 .
© I %ﬁ? Terdk s ~ a—E N o B i
Kkt 01" - CRMTE (KB) 3
E oz © KM (3K E
- L O MHEMMEEE (1)
L - @ FHEMMTIEE (W)
l 1 Illlllll 1 |
0 v VvV u v v 001} L 111 "“10 5 e
CaO +Na,O0 K.0 Zr/Sc
La
T T | T T T T | T T T T
L(©) . O K B (K i (d) O KRB (k)
10 o O KHE T (K >
| LT E T © KGR (3K )
e . © PBAEHE (115) O FHEAETIHE: ()
L l‘:f&\ﬁ/%’ﬁér{mﬁ%ﬁ @ FHEUTEE: (W) @ HEAEMA AR (MFEH)
= r 1 »‘\‘\JZIHI"?_E_:I’ TR G R s
32 7
- ARG % ClIE —
L @e®ere g e =i, i A
L WU AR - —— \
0 1 1 1 1 | 1 | 1 1 I 1 1 1 | | AV2 AV2 ' AV
0 5 10 15 Th Sc

He
Bl 12 (a) PR ZE b © 28 50 3020 — P 32 4 400K 6% 8 55 Ak 27 1l 28 48 40 CIA S ALO,-CaO"™+Na,0-K,0 [l fi# ( Nesbitt and
Young , 1984 ; McLennan et al. , 1993 ; Fedo et al. , 1995) , Hoh CaO™ Ay fi: B2 £6 574 H 4 CaO , 3158 J7 5 UL McLennan (1993 ) ;
(b) Th/Sc-Zr/Sc [ fiff (i €1 4% McLennan et al.,1993) , R i AR AL R & 22 102 AL EUA 19 39800 (B ok A
Condie , 1993) , K (8 75 e AU 3R T K Bfi 1 5% (¥ °F £ 5% 53 (Rudnick and Gao , 2003 ; Hu and Gao , 2008 ) , 72l i 3k 4 71 Ji
g3 22 5, AN Sk AR DU FEAE 3 5 () LasTh-HI 18] % (JFE 81 4 Floyd and Leveridge , 1987 ) ; (d) La-Th-Sc = ff1 [&1fi# ,
TE WU B8 2K H McLennan and Taylor ( 1984)

Fig.12  (a) Ternary diagram of molecular proportions of Al,0,-(Ca0"+Na,0)-K,0 (Nesbitt and Young, 1984; McLennan et al., 1993;
Fedo et al., 1995) for Upper Cretaceous fine-grained clastic rocks of the Changba Formation-Danxia Formation, Danxia Basin; CaO"
represents the Ca in the silicate fraction only (after McLennan, 1993); (b) Th/Sc vs. Zr/Sc diagram (after McLennan et al., 1993).
Black solid circles indicate average compositions of granite, andesite and basalt (after Condie, 1993); Grey square represents the
average compositions of UCC (Rudnick and Gao, 2003; Hu and Gao, 2008); The left arrow indicates compositional variations; the
right arrow indicates sedimentary recycling effects (i.e., zircon addition); (c) La/Th vs. Hf diagram (after Floyd and Leveridge, 1987);
(d) ternary plot of La-Th-Sc; Values of potential source rocks (grey squares) from McLennan and Taylor (1984)

%iﬁ?ﬁ:( RE/EERTE N ®,2011) . ERIIA — B K TR0 20K 5 48 #5 (Barling et al., 2001 ; Siebert
HUZH DU BE R P AR A e BERES TR UM V/ICe ). et al., 20035 R EEHAE 2008 5 i #5145, 2011) . 1E%84k
Ni/Co HABFIFE R EALIAEE 5 17 Ce/Ce W B R AL FREE Y, DIRL %) 87 Mo B8 %, 1 £E B S PR B8 v
SEEIREEZ B (F4), FEETEME, KL Mo E , Ibsh, BB KM P31 0, 8 X}

FEfE Ce 2H, A B ZE La st W 0 (El6) VLAWK 8 Mo 1, ) Z IR Sk (R B %
(Bau and Dulski, 1996 ; KIG 55 ,2008) . Ce/Ce 8 17] 2008) . K — Bt 8 Mo (0.21%0~0.30%o, -4 {5
RIS (2 4) A REZ BN Z RPN Z ORI, 0RETR 0.25%0; ¢ 4) 7% 16 R A AL 3R 85 U B W /9 38 Bl A
BN B AE GRS B Bk AR A AT PE 4 (Bau ( =0.5%0~1.3%¢) (Poulson et al., 2006; Siebert et al.,
and Dulski, 1996; #Ki4 %45 , 2008; Bai et al.,2024) . 2006) ; Mo [a]{v 25 22 B0 1 56 TH 85 I AR 0 e 34 (&
KL, Ce/Ce FRIEFR 7 AT S5 AT FREIRTT - 7), BT B KR B SR S D IS Bk Bl ik
Mo [FJ 2 R BRI AK A —DTR I A A fbie R I IO B A i L 87 Mo=-0.34%0~0.28%0 , *F-



936 LN AR 4 a4t
1000 = . T =R (N T T .
: 1 s :
B _ R=0.54 7 - ]
o ® of .
S0 e E -~ o8 .
C ® 3 st =27 Te® ]
L i C @ @ ~ - b
L 1 ok gg)‘goa’)m T —r=028 ]
mO KIEATE (KM O PEAMAEER (EHE) 7 E O KOZTE (K8 O JhE4lfiaE (1) ]
0 @ KB (ki) @ FHEAMAIEB (M) s O © KoAmE (ki) @ AEAMAEE (MFs)
1 1 - 1 1
0.1 0.2 03 0. 0.1 0.2 03 0.4
ASi ASi
0.6 T T T T 10 [ | T T ]
O ORMAITE (KI) @ FMEAGEE (B C O Kmal—p (K @ FEdmasak (1) ]
051 @ KIANE ki) @ FEAMALE (MFH) s © KON Glif) e FHEdfaEE (Mhs)
0.4 7 -0 ]
_ Kt of ¥ ]
C PAAS ]
< sk X - n A ]
z o ] , 1
-5 - - - _ m
0.2+ s C 3
€} C 7
0.1 - %~ v - -10 C ]
i ® C ]
0 1 | 1 | 15 C | 1 1 7
0 1 2 3 4 5 40 50 60 70 80
1 000*Li/Al CIA

K 13

(a,b)AUSi 5 Li &8 L Je Li Al 2 56 R BI#; (¢) Li/AlL 5 Na/Al LB 09 56 R B 28 (0 1 7 5 40 36 A4S 5 5

91t IC , KL UL S TC RN O H Dellinger et al. , (2014) 5 (d) CIA 5 Li [} 32 5 B9 AR G TE , B #57E (UCC) FI R A
W JG KA 5T A (PAAS ) {5 2K H Taylor and McLennan ( 1985 ) & Mude et al. (2019)

Fig.13

(a, b) Relationship between Al/Si, Li abundance and Li isotopic composition; (c) relationship between Li/Al and Na/Al;

Black stars represent the two source end-members, igneous rocks and shales, respectively, from Dellinger et al. (2014);

(d) relationship between Li isotopic composition and CIA, UCC and PAAS compositions are from Taylor and McLennan (1985)
and Mude et al. (2019)

B A -0.07%o0, BeARFE /R T E AL B R A AL IR BT Ay AR
b5 Mo [ 28 8 35 T i (FE1 8) , 5 7 AK A 5 e e AN
VAT, R T RE A A R R R FE RS v (F
AR AE L 1999) o 8 A1 A B (T ZEHITE ) 87 Mo 4 T
~0.11%0~0.19%o, “F- 2418 4 0.11%o, J& T I b —&
AR S L TR SR X <5 A G K))
RET LB E H RN sh . FHEYLH
A7 B (I 75 45 300 T8 ) B9 87" Mo 2 5 1F {8 (0.06%0~
0.11%o0, F-YME K 0.08%0; K1 10) , JR IR EAL IR B . 25
R KA T KA DY B e P RS A A e B
PR AL TF R E AL —E AR DT R UK AR R 8 A e T
RN ) S 2
4.6 PEZMRIEFRRASEDGEAEH—HITE
EEESTEE

B A R B o RSP ARERART oiS JRL, AR
A 7R A 2k L) s T AL DA RAE T R BT — &
A ACAR 1) fif i 70 G b (2R AR S, 2018) , 4N)™ AR R e
T R AR A LTI A S (R 5) . 0

P2 A0 48 =K 0 =K AL P H S — g I 2 K 3
4 | VS U] WP e A R AR T 2 0
HECEFERESE , 2018) , U AT i Ay AR 5 Fn
Rt hE, =KAMEE LT WA S R SR
AR IA - AR B ) R T T R 2 T R AN
TSGR A (SR, 2018, 11 497 o) 7P g 50 ) 2T 4 A8
T e CAn il 540 f0 H B0 AR 350 SRS R A
P B 2 e T 1% 385 0 5 A P 3 B i BE aE (R RS
2009) (% 5). BUAKRE , W X LB T 5—F
TR E RIS ERRE

FHE R ARAT T 0 1 R (SR 2 i 2 +
) B A S E Sk, U DR R A — B A 04
DU B i B A 2 0 R . R A2 0 A e B, X st
TRV 3 2 Fz ke H L IO Y 90 B SR AR AIE A e 25 XUk
5 B 1 CIA 8 8O A Se/Cu FUAE . 78 R0 2 (2
KM P B, S & TR R MEA R CIA
B (IR X 5 XL ) B Y St/Ba (735 £h ) Fil Mn/Fe b
(B WA TS AR ) LA BAS B T i 79 Mo [R)A67 28 L AR (K 4



$3 R I 45 - AL PR i b P SR A 2T 2 M BR A 22 R AE B b S et 937
( ) T T T T | (b) T T
ogl . O RBELTB (KB 1 sl . i
© R (3)
B @ O FIEAMGEE (HI) r -
06k o pmAmEEE (WHE) | o6l i
< i ] < i ]
£ o4 4 Lo4t .
2] 9} « ()
5 7 Mo Rmai—g (k) o % 7
@
02t @ 1 o2b @ kmmme k) o © go" @ _
oo O FEAMEAAE (1) e @
r 7 © @ FEAMGEE (MES) 7
0 1 1 1 I | 0 | 1 1
0 10 20 30 40 50 60 40 50 60 70 80
Sr/Cu CIA
60 I T T 0.2 I T T
(c) (d)
ORI TR (Kn) ORI B ()
S0 © KMHIE () @ KB (3Kite)
O FIEUSGIEE (1) © FEAMGEE (B)
40+ ® FITUELIEE (HHE) ® FITEAMGEE (FHE)
= ()
L 30 150t -
& b=
20 B
10+ ° . -
S 5 &
o v r‘ff};o e @
0 | 1 1 0 | 1
40 50 60 70 80 40 50 60 80
CIA CIA

Kl 14 Si/Ba.St/Cu Mn/Fe J CIA 3¢ F Kl fig
Fig.14  Relationships between Sr/Ba, Sr/Cu, Mn/Fe and CIA

F4 FERM FAEGMRERESTRKEENERIERT

Table 4 Comparison of redox indicators in the depositional water body of fine-grained clastic rocks

from the Upper Cretaceous, Danxia Basin
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Table S Comparison of Late Cretaceous-Paleogene paleoclimates at the southeastern margin of South China
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Geochemical Characteristics and Paleoclimate Significance of the
Upper Cretaceous Continental Red Beds in the Danxia Basin, Northern
Guangdong Province
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Abstract: [Objective] The climate signals of the Danxia strata, a representative of Cretaceous continental red
beds, offers key insights into red-bed sedimentation and Cretaceous geological events.[ Methods] This study exam-
ined fine-grained clastic rocks in the Upper Cretaceous Danxia Basin, specifically the Second member and Fourth
member of the Changba Formation and the Jinshiyan member of the Danxia Formation. Sedimentology, elemental and
isotopic geochemistry were used to investigate the sedimentary environment and paleoclimate significance during key
Upper Cretaceous stages (Cenomanian, Turonian, Campanian).[ Results] It was found that the fine-grained clastic
rocks of these formations were deposited during a warm and humid climate phase, with suboxic to oxic water condi-
tions. The water bodies were predominantly brackish, while localized high-salinity brackish and low-oxygen environ-
ments (e.g., the Fourth member of the Changba Formation) were associated with lake shrinkage and climatic aridifi-
cation. Water depth variations exhibit trends of initial contraction followed by expansion, gradual contraction, then
initial expansion followed by contraction, which align with the changes in sedimentary facies and environment.[ Con-
clusions ] The Upper Cretaceous terrestrial sedimentary records of the Danxia Basin illustrate the climatic evolution
of intermontane basins, shaped by global climate patterns of the Upper Cretaceous, as well as by significant influenc-
es from local topographic and geomorphic features.
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