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Fig. 1 Lithofacies paleogeography of the Permian Gufeng Formation in the Lower Yangtze Region(a) and stratigraphic column of

well WWD-1(b) (Li et al.,2021; Liao et al.,2021)
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Table1 TOC and mineral composition contents of the Gufeng Formation shale in the Lower Yangtze area

W& /%

Mg W /m TOC/% Ro/%
A% mka Bka HRA H=fi  WEEy Loy
K1 447 5.51 153 52 2 27 0 1 18
FE 2 459 5.56 1.64 58 0 9 2 6 25
K3 465 6.71 1.63 63 0 28 1 5 3
B4 468 4.89 1.65 58 0 29 2 2 9
K S 481 371 1.75 21 0 70 1 2 6
B 6 483 3.33 1.77 25 0 55 7 3 10
FHME — 495 1.66 46 0 36 2 3 12
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Fig. 2 Pore types of Gufeng Formation shale
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Fig. 4 High pressure mercury intrusion fractal curves of Gufeng Formation shale
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Table 2 Fractal dimension of high-pressure mercury intrusion in Gufeng Formation shale
) S 1By S 2B B H3B B i 5 H A% /um
FE 6 45 2 2 2
Duicp-1 R Duicr R Duices R T, I3
K 2.2389 0.973 8 2.1356 09136 2.723 5 0.979 5 4.72~6.05 0.045~0.050
FE 2 2.178 8 0.976 5 2.063 4 0.909 5 2.6915 0.984 0 4.67~17.25 0.050~0.055
3 22137 0.9779 2.068 1 0.966 7 2.8129 09717 4.77~6.05 0.047~0.052
FE 4 2.1325 0.967 5 2.043 1 0.947 3 2.604 5 0.936 4 4.77~6.05 0.050~0.056
FES 2.3909 0.9872 2.166 7 0.993 7 23652 0.986 1 4.60~6.05 0.050~0.055
FE it 6 2.1692 0.9730 2.048 8 0.995 2 2.670 8 0.9247 4.59~6.05 0.047~0.052
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Fig. 6 Fractal curve of N, adsorption in Gufeng Formation shale
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Table 3 Fractal dimension of N, adsorption in Gufeng Formation shale
0<P/Po<0.5 0.5<P/Po<<0.9 0.9<P/Po<1
G - - -
Kl R DFHH—I KZ R DFHH—?. K3 R DFHH—S
F di 1 —-0.3342 0.958 6 2.665 8 —0.174 1 0.999 0 2.8259 —0.101 0 0.9853 2.8990
B fi 2 —0.3218 0.9659 2.6782 -0.1709 0.996 2 2.8291 —0.087 0 0.989 4 29130
FE b3 -0.3111 0.974 6 2.6889 —0.174 4 0.998 3 2.8256 -0.122 6 0.9922 2.8774
B b4 —0.346 7 0.970 6 2.6533 —0.193 7 0.996 8 2.806 3 —0.090 8 0.993 3 2.909 2
FE b5 —0.353 6 0.9830 2.646 4 —0.196 8 0.9951 2.8032 —0.138 4 0.996 3 2.8616
Ff bt 6 —0.3305 0.9810 2.669 5 —0.188 1 0.996 2 2.8119 —0.1193 0.990 0 2.880 7
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Fig. 8 Correlation between the total fractal dimension of Gufeng Formation shale and pore development (a) (b), mineral composi-
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Research on the pore structure of Gufeng Formation shale in the Lower Yangtze
area based on fractal theory

LIU Tao, LIAO Shengbing, SHAO Wei, FANG Chaogang, ZHANG Chengcheng
(Nanjing Center, China Geological Survey, Nanjing 210016, Jiangsu, China)

Abstract: The complex pore structure system is the main controlling factor restricting the accumulation of
shale gas, but there is less research on the pore structure of Gufeng Formation shale. In order to clarify the pore
structure characteristics of the Gufeng Formation shale reservoir in the Lower Yangtze Region, we applied vari-
ous experimental methods such as scanning electron microscopy, high-pressure mercury injection and nitrogen ad-
sorption, to reveal the multi-stage fractal characteristics of the Gufeng Formation shale pores in combination with
the pore fractal theory. This article establishes a classification scheme for pore size of Gufeng Formation shale,
which consists of five categories with description of various development features: micropores (<2 nm), microp-
ores (2~20 nm), mesopores (20~50 nm), macropores (50~5 000 nm), and macropores (= 5000 nm). The re-
sults showcase diverse reservoir space of Gufeng Formation shale, including organic pores, mineral dissolution
pores and micro-fractures. The distribution of the pore size in the shale shows that the Gufeng Formation are dom-
inated by small pores (2~20 nm), whose volume fraction is 50.3% on average. In different types of pores, with
the development of micropores below 20nm, the shale pore system became more complex and the adsorbed gas
capacity strengthened, which is more conducive to enriching the shale gas and integrating reservoirs in the Lower
Yangtze complex structure area. Therefore, the small pores-dominated Gufeng Formation shale has a good shale
gas exploration prospect.

Key words: Lower Yangtze Region; Gufeng Formation shale; fractal features; pore classification
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