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Table 2 Results of main element analysis of the Late Permian
shale in Kaijiang-Liangping Trough, Sichuan Basin
%

FEfhgRS SiO, ALO; MgO CaO Na,0 K,0 MnO TiO, P,0s

DI1-1  54.47
D1-2  51.04
DI1-3 4213
DI1-4  36.40
DI-5 47.19
D1-6 37.91
D1-7 4434
D1-8  60.65
DI-9  60.98
D1-10  60.16
DI1-11 4272
D1-12 43.11
D1-13 4241
D1-14 44.19
D1-15 16.76
DI1-16 31.35
D1-17 37.87
D1-18 27.59

521 0.96
4.70 0.81
11.66 1.11
9.66 3.98
22.88 1.89
8.07 1.09
13.00 1.07
4.13  0.55
734 0.72
9.79 1.06
16.56 1.48
7.07 0.51
7.84 1.79
574 0.49
1.95 11.90
14.51 1.67
19.66 1.80
20.35 0.40

11.60
11.50
16.45
18.90
0.63
16.45
8.37
10.15
3.82
1.43
5.24
16.15
16.40
17.50
28.4
1.94
3.46
0.43

0.66
0.74
1.68
1.48
0.99
1.64
1.50
0.48
0.63
0.65
0.60
0.50
0.54
0.49
0.15
0.74
0.98
2.00

1.16
1.02
241
2.06
433
1.59
2.64
0.93
1.91
2.71
0.60
0.50
0.54
1.96
0.15
0.74
0.98
1.46

0.02
0.02
0.04
0.07
0.05
0.04
0.07
0.12
0.13
0.21
0.01
0.33
1.08
0.04
1.02
0.31
0.22
0.01

0.20
0.16
0.21
0.22
0.31
0.19
0.31
0.18
0.29
0.40
0.56
0.27
0.30
0.40
0.09
1.28
2.23
2.03

0.05
0.09
0.03
0.03
0.05
0.52
0.21
0.47
0.87
0.06
3.24
7.96
0.19
0.05
0.12
0.10
0.13
0.05
<0.01
0.06

D1-19
D1-20

8.20
35.04

5.89
24.43

0.29
0.57

0.09
0.39

0.34
1.94

0.34
1.94

0.03 0.54
0.07 3.34

D1-21 46.00 31.55 0.57 0.23 242 242 <0.01 5.03 0.07

F3 MR- RFEEGE_SHTTERETRANER

Table 3 Analysis results of trace elements in the Late Permian shale in Kaijiang-Liangping Trough,

Sichuan Basin

ng/g
FEf g5 \ Cr Sr Rb Ba Pb Th Cu Ni Co Cd Mo U Zr
DI-1 1135 300 4560  47.80 120 1050 331 11550 22600 11.60 1580 118  12.95 72
DI-2 1735 230 1115 39.60 16650 1250  4.15 7550  263.00 12.80 1920 370  23.80 61
D1-3 666 130 1230  84.50 184 2040 12.05 5230 9440 820  9.07 255 635 83
Dl-4 524 120 1230 75.50 186 1370 922 5010 9090 890 608 2180  8.96 70
DI-5 1870 90 1365  113.50 210 7210 3150 5150 49.10 530  16.60 4060  6.82 214
DI-6 1070 360 6660  53.80 342 1680  12.65 127 143.00 10.60 1140 7030  29.20 95
DI-7 78 210 797 77.90 1985 3240 2220 77 16750 11.80  9.13 5880 1545 103
DI-8 444 280 870 38 1105 770 3.02 84.3 161.00  9.60 257 3260 16.65 65
D1-9 418 320 294 73.30 1835 980 550 146 313.00 1860 14.05 1885 1730 118
DI-10 460 300 128  101.50 216 2500 739 13250 285.00 19.40 801 2740  8.08 180
DI-11 726 390 1765 1150 234 626  36.8 86.3 193.0 102 797 560 947 91
DI-12 307 290 378 80.9 441 12.1 5.43 178.5 277 173 346 1250 516 523
DI-13 238 140 1230 78.9 182 268 641 100.5 326 20.9 149 1070 823 102
DI-14 825 220 788 63.80 126 1310 3.92 10450 13550 1520 725 4420 1830 150
D1-15 21 20 769 17.9 229 6.0 1.71 8.1 39.6 2.7 0.11 040 215 122
DI-16 145 110 488 48.6 154.5 120 932 54.8 62.0 350 010 229 1.66 965
DI-17 210 140 410 60.9 202 151 1730 927 70.0 405 012 474 334 773
DI-18 781 120 266 2270 10000 1180 1610 17150  29.10 930 067 854  28.00 455
DI-19 96 40 425 7.8 66.8 59.7  3.00 93.4 214 1025 035 551 1.94 1470
DI1-20 346 180 1095 31.5 239 108 1625 1945 452 252 001 515 977 30
DI-21 606 180 379 46.6 355 114 252 229 34.4 11.1 0.01 502 1260 614
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Paleo-environmental response and organic matter enrichment of
Late Permian shale in Kaijiang-Liangping Trough under

frequent transgressive retrogression

YUAN Lexinl’2’3, XU Zhimingl’2’3*, SUN Haofei’, LU Jungangl‘2’3,
YIN Xiangdong1’2’3, MOU Feisheng1’2’3, GU Tianfu'™’
(1 School of Geoscience and Technology, Southwest Petroleum University, Chengdu 610500, China; 2 State Key Laboratory of Oil and Gas Reservoir
Geology and Exploitation, Chengdu 610500, China; 3 Sichuan Natural Gas Geology Key Laboratories, Chengdu 610500, China;
4 Institute of Exploration and Development, PetroChina Southwest Oil & Gasfield Company, Chengdu 610041, China)

Abstract: The Late Permian is an important transition period in geological history. The shale sedimentary envir-
onment in the study area during this period was reconstructed under frequent sea level changes, and the influence
of sea level rise and fall on organic matter enrichment was discussed. The analysis of carbon isotopes, maceral
components, major and trace elements shows that TOC in the Upper Permian shale ranges from 0.12% to 14.5%,
on average of 6.14%, and the organic matter type is type I to III, which was in the stage of over-mature evolution.
The frequent sea level rise and fall in the study area led to complex changes in the sedimentary environment un-
der semi-humid to semi-arid climate in anaerobic-anoxic-anaerobic evolution, and the paleoproductivity under-
went low-high-low changes with hydrothermal activities. The dominant factor of organic matter enrichment in the
Late Permian was paleoproductivity, and there were 6 times of massive organic matter enrichment in the whole
period. Frequent sea level rise and fall led to complex and diverse driving factors of paleoproductivity. When sea
level rose, upwelling acted to transport nutrients brought by hydrothermal activities, which enhanced the pro-
ductivity, while when sea level fell, terrigenous clastic input acted as the main material source to promote paleo-
productivity.

Key words: paleoenvironmental restoration; global sea level; organic matter enrichment; Upper Permian; Kaiji-

ang-Liangping Trough



	0 引言
	1 地质背景
	2 实验及分析方法
	3 页岩地球化学特征
	4 古环境特征
	4.1 古气候
	4.2 古氧化还原条件
	4.3 古水深和陆源输入
	4.4 古生产力
	4.5 热液活动

	5 有机质富集机理
	5.1 海平面波动影响页岩气富集
	5.2 有机质富集主控因素
	5.3 有机质富集模式

	6 结论
	参考文献

