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Abstract: Few studies regarding the hydrocarbon generation potential and genesis of the layered siliceous source rocks in the Mid-Permian

Gufeng Formation (GFF) of the South Yellow Sea (SYS) has been conducted. The mineralogy and geochemistry of the siliceous source rocks in
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the GFF were studied in detail based on the borehole data of five wells located in the Lower Yangtze to South Yellow Sea area, and the element
content were compared with those of the sediments in the modern upwelling area of Peru, from which the hydrocarbon generation potential of
the GFF siliceous source rocks in the SYS and its origin were revealed. Geological data shows that the GFF in the SYS area is characterized by
interbeds of siliceous rocks and siliceous mudstones in unequal thickness, and is a set of over-mature and slightly humic high-quality source
rocks extending in the SWW-NEE direction. In terms of geochemistry, both the siliceous rocks and Peruvian upwelling deposits show
enrichment in the elements that are sensitive to reduction and productivity, but relative depletion in K, Ti and Mn, and have CoxMn value lower
than 0.4, Cd/Mo value higher than 0.1, indicating their origin of upwelling on continental margin. This study shows that the enrichment of
organic matter in the GFF siliceous source rocks in the SYS area is mainly controlled by high productivity and is formed in anoxic to euxinic
environment with moderate retention. Compared with siliceous mudstone in the GFF, the terrigenous clastic input and CoxMn value are lower
and Zr/Rb value is higher in the siliceous rocks, which means that the upwelling intensity of the siliceous rocks during sedimentation is greater
than that of siliceous mudstones. In addition, the siliceous mudstone of the GFF have higher chemical alteration index than the GFF siliceous

rocks in some wells, which suggests that the paleoclimate warming is the main cause for the weakening of upwelling activity and the reduction

of siliceous sediment content.
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Table 1  Analytical data of TOC, Rock-Eval, and whole-rock mineral composition of siliceous source rocks in the Gufeng Formation in
Well CSDP-2
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DP2-1 1633.9 A 11.4 1.18 548.3 75.1 11.5 0 1.7 11.7
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Table 2 Mass percentage fractions of the main elements of siliceous rocks in the Gufeng Formation in Wells HX and CSDP-2

FEITHE/%
FiRA s Ak RE/Mm  TOC/%

Si0, TiO, ALO; TFe,0; MnO MgO CaO Na,0O K,0 P,0s

DP2-3 A 1635.1 11.5 81.62  0.11 2.85 1.15 0.005 034 033 026 039 0.148
DP2-6 ke 1637.0 14 8233 0.10 2.54 1.05 0.003 031 039 027 035 021
DP2-8 A 1638.9 11.4 7633 0.4  3.62 1.33 0.004 030 028 028 050 0.174
DP2-9  HEEFUJEE  1639.7 13.5 64.53  0.14 945 1.76 0032 271 317 082 077 0.1
DP2-10 TS 1640.4 7.92 73.86  0.20 5.17 1.88 0.005 052 053 054 075 0.138
DP2-11  HEFURE 16412 9.08 66.78  0.16 4.45 1.51 0.034 3.09 438 089 053 0.104

CDSP-23

DP2-12  FERVBSE 16422 9.58 6737 022 5.69 2.70 0.009 106 1.70 069 100 031
DP2-13 LA 16425 13.3 7201 021 5.70 2.50 0.005 037 047 058 098 0.109
DP2-14 A 1644.4 297 7519 0.12 3.78 1.97 0.009 049 397 038 072 0.9
DP2-15  HEFRIRE 16457 16.3 5471 036 9.08 3.88 0.02 086 426 084 169 034
DP2-16  HEFRE  1644.0 10.4 51.99  0.26 8.54 278 001  7.03 1070 144 089  0.10
DP2-17  HEFURE 16442 12 62.54  0.25 6.53 3.50 0.00 183  7.80 135 093 025
HX0-12  #EFAE 1320.4 10.3 8531 0.084 235 0.3 0.002  0.33 0.5 0.13 021 0.043
HXO0-8 LA 1320.1 11.4 8029  0.106  2.72 1.23 0.001 022 076  0.09 031 0212
HXO0-7 A 1320.0 11.9 7453 0211 47 1.88 0.002 046 042  0.13 069 0.057
HXO0-3 A 1319.5 14.7 63.78 0.189  5.13 1.82 0.004 056 491 0.14  0.64 0.069
HXO0-1 TS 1319.3 11.9 7255 0.079 222 0.27 0.007 033 923 015 024 0.043
HX1-2 A 1319.0 3.9 82.12  0.046  1.35 0.1 0.001 035 555 012 011 0.035
HX1-13 E3ia 13173 33 82.67 0.052  1.56 0.5 0.002 145 4 0.12 0.3  0.037
HX1-15  ®EFSE 1317.0 6.1 7338 0.066 1.8 0.41 0.005 253 595 007 017 0.041
HX1-25 A 1315.5 7 67.4 0.05 1.48 1.51 0.008 359 895 0.11  0.13  0.039
HX1-28  ®EFA 1315.0 2.4 81.94 0.078  1.98 1.88 0.003 082 441 0.18 022 0.049
HX1-1  FEFURSE 13192 12.3 69.64 0207  5.93 1.41 0.008 053 352 006 0.58 0.065
HXH HX1-3 RS 13188 12.4 65.94 0.141 451 0.87 0.002 0.5 6.08 0.5 046 0.062
HX1-6  FERESE 13184 12.6 56.81 0234 722 7.95 0.008  0.63 3.37 0.09 075 0.084
HX1-8  HEFJeE  1318.1 13 66.38  0.144  3.93 1.94 0.004 047 6.3 0.1 0.47  0.075
HX1-9  EEFESE 13179 15.5 59.63  0.192  6.14 3.7 0.004  0.75 3.9 0.17  0.65  0.08
HX1-10  HEEFUJRE  1317.8 11.6 5466 0306 921 4.04 0013 175 495 012 116 0207
HX1-11  EEFJRE 13175 12 65 0.137  4.82 3.12 0.004  0.66 49 0.1 0.45  0.079
HX1-14 #EFRE 13172 15.1 6591 0213 7.19 3.06 0.004 0.7 1.84 012 071 0.086
HX1-17 HEFRE 13167 15.7 638 0283  7.92 3.24 0.007 0.9 132 013 097 0.102
HX1-21 HEFESE  1316.1 14.3 5279 0274 733 10.53  0.011  0.65 1.44 0.11 092 0.14
HX1-23  EEFJes 13158 13.6 64.58 0.183  5.74 2.06 0.002 0.68  3.83 0.07  0.62 0.083
HX1-27 HEEFUJRE 13152 11.5 64.81  0.198  7.04 5.48 0.003 066 122 013 07  0.077
HX1-31 EERESE 13146 14.9 5522 024 9.16 2.96 0.007  1.11 4.99 0.14 1 0.155

T HXHREREEE S 1 SCHR[14]; DP2-16. DP2-175#E 5B 31 15 SCiik[28].
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Table 3 Mass fractions of the trace elements of siliceous rocks in the Gufeng Formation from Wells HX and CSDP-2
MR ILE/ X107
b B Cd/Mo Lay/Cey CIA CfH
A% Cr Co Ni Cu Zn U Mo Cd Th Sr Zr Rb
DP2-3 786 391 3.62 18 352 369 403 762 516 1.66 754 443 165 0.68 1.44 68.92 0.97
DP2-6 1004 423 421 218 433 398 66.6 110 65.5 1.8 101 353 16.7 0.60 1.47 66.57 0.92
DP2-8 1672 649 547 304 662 654 374 220 114 243 627 627 225 052 1.50 71.31 1.17
DP2-9 1093 365 33 156 41 257 194 118 59.6 144 403 683 298 0.5l 1.16 72.81 0.27
DP2-10 1059 383 6.57 279 525 264 282 218 84.7 447 785 715 313 0.39 1.18 66.66 0.86
DP2-11 800 317 494 189 377 265 19.6 108 563 353 177 68.1 226 052 1.23 55.87 0.20
CSDP-2Jf

DP2-12 1191 775 858 243 805 317 105 114 79.9 528 158 74 393 0.70 1.35 63.03 0.66
DP2-13 1126 697 888 291 855 337 14 905 665 433 798 50.6 386 0.73 1.25 66.64 1.08
DP2-14 289 193 595 101 352 119 33.1 474 257 2.1 225 456 193 0.54 1.06 64.98 0.36
DP2-15 1073 763 144 247 151 292 278 124 958 6.66 343 110 61.6 0.77 1.49 66.40 0.52
DP2-16 - - 6.0 - 57.0 756 163 359 - - - - - - - 59.96 0.14
DP2-17 - - 5.0 - 83.0 1540 159 763 - - - - - - - 54.50 0.29
HX0-12 1913 2645 1.7 1153 349 1683 72 182 148 157 485 409 20.7 0.81 1.31 78.19 0.32
HX0-8 619.2 386.8 45 1646 589 2102 204 624 5077 236 650 743 319 0381 1.45 81.13 0.96
HX0-7 9177 8573 55 1987 76.6 401.7 152 492 4386 3.18 813 430 308 0.8 1.27 79.98 1.20
HX0-3 13245 4194 7.7 213.0 66.6 2379 181 927 81.84 345 261.0 521 315 0.88 1.53 81.62 0.33
HX0-1 3995 1468 1.8 821 274 1365 26 219 3442 1.63 - 472 28.17 157 1.26 74.65 0.04
HX1-2 2931 1197 09 579 148 540 39 226 1558 1.03 - 19.5 6 0.69 1.47 72.42 0.03
HX1-13 3377 1044 23 568 168 956 44 328 1623 131 1485 21.1 72 0.49 1.20 74.43 0.10
HX1-15 5048 1925 1.6 851 21.7 2105 4.7 448 3737 132 1107 241 85 0.83 1.32 81.27 0.06
HX1-25 9509 1146 84 804 288 1201 62 508 2519 13 2221 63.8 17.6 0.50 1.32 74.63 0.13
HX1-28 3258 1155 7.4 757 234 1055 829 487 2299 16 2326 281 113 0.47 1.23 70.44 0.34
HX1-1 1382.1 371.8 5.6 1354 608 1953 7.6 447 7697 454 1982 635 622 1.72 2.62 87.76 035
HXIH: HX1-3 1081.1 4504 4.1 177.5 515 136.6 113 571 4635 3.83 2442 438 227 0.81 1.57 81.96 0.15
HX1-6 1486.8 373.2 28.7 2733 957 2252 21.1 1403 4946 6.18 2284 538 36.6 035 1.21 86.68 1.65
HX1-8 15694 233.0 82 1705 56.1 161.1 8.0 664 70.65 255 300.7 858 499 1.06 1.88 8241 0.29
HX1-9 1465.0 463.2 16.1 286.0 1155 679.5 224 1514 121.89 451 2472 558 319 0381 1.43 8292 0.72
HX1-10 1300.9 361.6 10 2199 93.6 362.0 432 1092 119.56 7.1 3489 76.7 52.6 1.09 1.36 84.78 0.53
HX1-11 22339 3132 102 1938 66,5 2413 74 758 83.85 3.83 2705 833 49.1 1.11 1.34 85.50 0.56
HX1-14 32993 607.7 11.1 2165 81 2685 92 76.6 9926 63 156.6 655 56.6 1.30 1.19 86.05 1.05
HX1-17 3086.0 4884 113 237 928 361.6 103 732 116.77 5.62 1554 91.0 50.4 1.60 1.25 84.25 1.10
HX1-21 31105 4549 40 173 105.8 407.7 11.7 150.1 119.77 6.86 151.7 824 487  0.80 1.18 84.35 3.38
HX1-23 1256.0 5239 5.7 2186 786 5723 142 803 107 427 2252 550 312 1.33 1.26 86.41 0.44
HX1-27 12775 4237 22.0 252.6 88.6 3946 214 1049 6848 7.22 1288 553 352  0.65 1.16 85.57 2.05
HX1-31 44035 488.7 9.8 2363 888 2594 155 91 9636 927 3179 727 489 1.06 1.42 85.56 0.50
e Lay/Cen @Rt M2t 1636 EH5E TUE AR R & BV RREL R THSERIELE, o584 s Lay/Cen=(Lagp n/Lasucc)/(Ceprn/Ceayce)s ToHR & R

%{*&HEXEF:(X/AD*;ﬁ/(X/Al)AUCCZ\ﬁi+ﬁ ’ ﬁ’ﬁUCUX;:Cuﬁ,ﬁ*Alﬁu\—ﬁX(Cu/Al)AUCC:

CIATREGH B VR WSCHR[72]s CHa ¥t 57 v WL SCHR[28]
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Fig.5 Discrimination of sedimentary environment of siliceous rocks in the Middle Permian Gufeng Formation in Lower Yangtze — South

Yellow Sea area

Template is from reference [64].
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Fig.6 Covariant diagram of Ugr vs Mogg and correlation diagram of Mo vs TOC of siliceous rocks in the Mid-Permian Gufeng Formation

in the Lower Yangtze — South Yellow Sea area

Template is from references [67, 70].
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Fig.7 Ternary discrimination of Al-Fe-Mn and Al,05-SiO, for siliceous rocks in the Mid-Permian Gufeng Formation in the Lower

Yangtze-Southern Yellow Sea area

Template is from reference[73].
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Yangtze—South Yellow Sea area and the deposits of Peru upwelling
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