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Fig.1 The tectonic framework (a) and half-graben structure (b) of the Maoming Basin in northwestern continental margin of the
South China Sea
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Table 1 Major element content of the Maoming oil shale in the Eocene Youganwo Formation
%
S Sio, ALO;  Fe,0;T  MgO CaO  Ky,O  Na,O TiO, BaO P,0Os  SO; MnO, LOI Total
J-L-1 45.60 17.80 2.40 0.99 0.09 235 0.04 0.50 0.04 0.06 0.39 0.01 28.95 99.22
J-L-2 45.20 16.30 2.83 0.85 0.09 2.19 0.03 0.50 0.04 0.04 0.68 <0.01 30.66 99.41
J-L-3 45.80 17.30 2.36 0.92 0.06 2.30 0.03 0.50 0.04 0.05 0.41 <0.01 29.48 99.25
J-L-4 46.50 17.45 2.18 0.94 0.06 231 0.04 0.52 0.05 0.05 0.47 0.01 29.30 99.88
J-L-5 37.40 21.00 4.84 0.98 0.06 1.93 0.01 0.44 0.02 0.03 1.10 0.01 31.42 99.24
J-L-6 38.60 21.30 5.53 1.00 0.06 2.12 0.02 0.43 0.02 0.03 1.16 <0.01 29.78 100.05
J-L-7 43.60 21.50 2.55 0.75 0.04 1.88 0.02 0.56 0.03 0.03 0.58 <0.01 27.62 99.16
J-L-8 47.70 23.20 2.44 0.76 0.03 2.04 0.03 0.61 0.03 0.04 0.65 <0.01 21.53 99.06
J-L-9 41.30 23.20 2.99 0.71 0.05 1.60 0.02 0.54 0.02 0.03 0.74 0.01 28.21 99.42
J-L-10 38.90 21.20 5.41 1.06 0.05 2.18 0.03 0.42 0.04 0.08 1.39 0.01 29.23 100.00
J-L-11 44.40 21.90 2.70 0.76 0.03 1.94 0.03 0.55 0.03 0.03 0.61 <0.01 26.19 99.17
J-L-12 38.80 21.30 4.75 1.04 0.05 2.19 0.02 0.42 0.04 0.08 1.11 0.01 30.21 100.02
J-Y-1 47.40 18.30 10.74 0.78 0.58 2.18 0.06 0.54 0.05 0.70 0.40 0.08 17.74 99.55
J-Y-2 60.60 17.00 6.22 0.59 0.14 1.65 0.05 0.50 0.04 0.10 1.28 0.03 11.96 100.16
J-Y-3 57.90 18.20 5.99 0.66 0.12 1.76 0.05 0.53 0.04 0.09 0.97 0.02 13.83 100.16
J-Y-4 55.10 18.50 9.75 0.59 0.12 1.66 0.06 0.58 0.04 0.08 1.25 0.04 12.65 100.42
J-Y-5 56.00 18.80 7.48 0.59 0.12 1.71 0.05 0.57 0.04 0.08 1.42 0.03 13.70 100.59
J-Y-6 49.00 18.85 7.52 0.63 0.09 1.76 0.05 0.57 0.04 0.09 0.44 0.02 20.68 99.74
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Fig.2 The UCC (Upper Continental Crust) normalization of major elements in the Maoming oil shales
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Table 2 Trace element content of the Maoming oil shales in the Eocene Youganwo Formation

3.3 HIAHL T RIS

FedS  Sc Rb Cs Ba Th U Nb Ta Pb Sr Zr Hf Y \Y4 Cr Co Ni

J-L-1 13.3 2485 53.61 6244 3584 1433 16.04 1.731 5527 123 170 5.238 4237 1029 7092 11.48 2571
J-L-2 129 2362 5249 571.6 3424 1225 1549 1.684 4633 9844 1782 5424 3394 9427 7434 9338 2476
J-L-3 1249 248 5273 6312 3358 114 1579 1.718 S51.1 1233 1782 5409 39.13 8657 70.6 7.84 2292
J-L-4 12.4 2455 5292 6223 3236 11.16 16.15 1.718 3473 116.7 184.6 5.603 39.71 8598 69.73 8.449 2421
J-L-5 2122 2326 43.46 3735 43.12 8916 16.52 1.503 448 5185 110 3.471 5499 1142 8935 42.71 76.15
J-L-6  11.87 246.1 4834 3941 4255 9.109 1577 1418 4428 5032 1146 3.57 4642 1048 84.1 35.64 068.74
J-L-7  10.75 216.4 36.04 3741 2937 7.6 21.74 1937 40.23 5273 1312 392 3887 90.19 69.84 8.664 32.25
J-L-8  10.69 212.6 3554 412.1 31.73 7.076 2247 201 34.62 51.19 1256 3.758 34.04 8824 63.62 7.465 27.09
J-L-9 1198 180.8 3857 2568 4047 1049 20.71 1.882 39.08 6299 113.2 3.405 395 9994 7501 19.46 48.52
J-L-10  15.66 247 53.03 609 41.74 1098 15.18 1366 42.68 123.5 1255 3.812 120 1039 851 3573 6445
J-L-11  9.538 221.1 37.68 391.5 17.56 5341 2059 1834 5512 51.19 1264 3.764 31.81 88.68 6991 7.127 29.61
J-L-12 12.06 260.2 53.77 5688 39.19 8929 1521 1361 4099 1162 127.2 3.875 1429 1033 894 2592 552
J-Y-1 1579 2151 2519 609 415 7.541 19.79 1.767 44.89 107.5 91.69 2.634 6232 92.18 49.68 12.82 30.18
J-Y-2 12,18 1433 20.65 409.7 3346 7.569 16.86 1.565 39.24 86.12 130.1 3.753 33.99 8247 9255 13.09 27.06
J-Y-3  13.84 163.6 2329 439.8 3527 8245 17.8 1.634 4155 858 1404 4.055 36.01 90.56 83.55 11.58 26.09
J-Y-4 1577 157.1 2332 4723 3825 8873 1887 1.704 4535 80.34 9635 2.844 4825 98.04 7426 125 29.57
J-Y-5 159 1625 24.18 491.6 392 9202 1946 1.771 46.99 83.74 1024 3.042 49.75 101.6 76.68 13.04 30.6
J-Y-6  16.01 1595 23.71 480.1 37.58 8945 19.01 1.691 49.67 8331 97.85 2.804 5275 100.5 7224 133 31.49
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Table 3 Rare earth element content and characteristics of the Maoming oil shales in the Eocene Youganwo Formation

TEEE/N0°

L (La/Lu)
B ce P Nd Sm  Es Gd T Dy Ho FBr Tm Yb Lu yREE 0Cc OFu N
JL-1 8335 1665 19.85 7491 1396 2557 1292 1.719 8972 1.635 4.668 0.655 4263 0.625 396584 095 058 1428
JL-2 6609 130 1532 56.44 10.11 1.862 9.504 1248 6.731 1277 3.797 0561 3.71 0557 307207 095 058 12.71
J-L-3 8043 156 1833 68.78 12.64 235 11.8 1553 8.099 1471 4262 0.599 3.892 0.58 370.786 094 0.9  14.85
JL-4 8436 1583 183 6856 1271 2349 1196 1572 8242 1484 428 0604 3.928 0577 377226 093 058  15.66
JL-5 7652 159 193 7338 1428 2659 1373 1952 10.81 2.03 5.869 0.843 5469 0.803 386.645 097 058 1021
JL-6 7196 146.6 17.67 66.63 127 2293 11.84 1.647 9.023 1.69 4978 0.714 4.665 0.684 353.094 096 057 11.27
JL-7 6096 1105 13.03 47.75 8.802 1.582 9.076 1263 7307 1424 4.191 0596 3.87 0573 270924 09 054 11.39
JL-8 5933 1087 127 4577 808 145 815 1106 6288 123 3.654 0527 3.437 0516 260938 091 055 1231
JL-9 7423 1426 1654 6043 11.14 1952 108 1422 7.687 1444 4.193 0596 3.841 0.56 337.435 094 0.54 142
JL-10 118.6 270 3457 1458 27.64 5288 2843 3.963 20.57 3.697 10.04 1321 8.004 1.143 679.066 1 058 11.11
JL-11 4453 7652 896 3217 5856 1.108 625 0911 5548 1.126 3467 0.504 3381 0506 190.837 087 0.56  9.42
J-L-12 1215 2847 37.1 1583 30.06 5733 31.29 4373 23.06 423 11.53 1501 8911 1264 723552 1.01 057 10.29
JY-1 1045 1967 20.78 7641 13.82 2.393 1437 1905 1051 1977 5644 0.766 4.843 0711 455329 096 052  15.74
JY2 6072 1174 1343 49.17 895 1524 8775 1.163 6399 1202 3.577 0517 3.446 0.503 276776 095 053 1293
J-Y-3 66.56 129.7 14.82 5437 9756 1.698 9.734 1258 6.875 1289 3.79 0.544 3.621 0.524 304.539 095 053  13.6
JY-4 7912 1627 18.87 7053 1297 2405 127 1713 9305 1.704 4882 0.692 4431 064 382.662 098 057 1324
JY-5 80.83 163.8 19.49 7275 1339 2506 1326 1776 9.516 1756 5052 0.713 4.66 0664 407.18 1 058 1328
JY-6 8282 1741 20.09 75.18 1378 2.599 13.74 1.845 9.898 1.829 5248 0.733 4.65 0.668 402949 099 053  14.07
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2 CaO<Na,O i}, CaO*=CaO., 2 4 k£ & CIA 45
BNk 4 s, 54 DU FE i CIA 880 T
88.68~93.91 CFH4{EH N 90.00), fk24 KA AT FH 3% .
£ A-CN-K EIH (& 5)2 HEER S LTS5 A-K i
EA, RAFES R 08 kA F s ARPEH,
T & IR 22 A0 E S 80RO K0 KT
A K0 119 3%, FESL LN CIA 5500 & .
R4 REHBFSHHETUE CIA EH
Table 4 The CIA index of the Eocene Maoming oil shales

TR RV 2025 4E9 A
100 - A
. E3¥a
5
j 50 #KA
5 N 4321
V. AV4 AVA AVA AVA AVA AV4 AV4 AVA

Bl CIA B b 5 CIA
J-L-1 88.75 J-L-10 91.26
J-L-2 88.75 J-L-11 91.26
J-L-3 88.75 J-L-12 91.26
J-L-4 88.75 J-Y-1 91.26
J-L-5 88.75 J-Y-2 91.26
J-L-6 88.75 J-Y-3 91.26
J-L-7 88.75 J-Y-4 91.26
J-L-8 88.75 J-Y-5 91.26
J-L-9 88.75 J-Y-6 91.26
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Fig.7 Element discrimination of the Maoming oil shales
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Sedimentary geochemistry and paleoenvironment of oil shales in the Maoming
Basin in the northwestern continental margin of the South China Sea

XU Lifengl, WU Xuewan’, WANG Xianqing3, HE Chunmin’
(1 Guangdong Hydrological and Environmental Geological Survey Center (Guangdong Nonferrous Engineering Survey and Design Institute), Guang-
zhou 510080, China; 2 School of Marine Sciences, Sun Yat-Sen University, Zhuhai 519082, China; 3 Haikou Marine Geological Survey Center of China
Geological Survey, Haikou 571127, China)

Abstract: The global shale oil resources are far more than conventional ones, and the development and utiliza-
tion of shale (oil-bearing shale) resources will change the global energy landscape. The oil shale resource reserves
in the Maoming Basin, Guangdong, South China, account for 16.72% of the national total, possessing tremendous
resource potential. Focusing on the analysis and research of the geochemical characteristics of oil shales in the Eo-
cene Youganwo Formation in Maoming Basin. systematic sample collection and analysis on the contents of major
and trace elements were conducted, and the sedimentary geochemical characteristics and sedimentary environ-
ment were deeply analyzed. Results are: () The oil shales of the Youganwo Formation showed enrichment in
Al,0O5 and Fe,0; relative to the average value of the upper continental crust (UCC) but deficient in MgO, Na,O,
P,0s, MnO,; @ During the sedimentation, the parent rock of the oil shales was subjected to strong chemical
weathering, which caused exchange of potassium in clay minerals. However, some high field strength elements
and rare earth elements were less affected by chemical weathering. The effect of sediment recycling on the geo-
chemical properties of oil shale sedimentation was relatively small; (3 The provenance was consisted of interme-
diate acidic igneous rocks between granite and granodiorite in lithology similar to the Precambrian tonalite as-
semblage (TTG) in chemical composition. The Maoming oil shales were deposited in a warm and humid climate
in lake water with low salinity and strong stratification. The bottom water was in a reducing environment, which
was conducive to the enrichment and preservation of organic matter; 4) The water temperature difference between
surface and bottom layers caused lake water stratification, while lake transgression deepened the water, which
weakened the influence of wind and rivers on the bottom layer of water and resulted in oxygen deficiency in the
bottom layer, providing favorable conditions for the enrichment and preservation of organic matter and the forma-
tion of the oil shales.

Key words: Maoming oil shales; Eocene Youganwo Formation; geochemical characteristics; provenance; pa-

leoenvironment.
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