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Abstract: The lithofacies and microscopic pore characteristics of fine-grained sedimentary rocks in the Lower Cambrian
Hetang Formation in the Lower Yangtze region remain unclear, which restricts the exploration and exploitation of shale
gas in this region. In this study, we obtain data using methods including ordinary thin section observation, scanning
electron microscope (SEM) image analysis of argon-ion milled sample surface, physical property tests, X-ray diffraction
(XRD) analysis of whole-rock and clay mineralogy, N, and CO, isothermal adsorption experiments, and focused ion
beam-scanning electron microscope (FIB-SEM) image analysis. Using these experimental data, we develop a lithofacies
classification scheme for fine-grained sedimentary rocks in the Hetang Formation and analyze the microscopic pore
structure characteristics of various lithofacies. The results indicate the presence of five major lithofacies of the fine-
grained sedimentary rocks, namely massive siliceous mudstone, lamellar siliceous shale, massive clay-bearing siliceous

mudstone, massive mixed siliceous-calcareous mudstone, and massive mixed calcareous mudstone, which differ greatly
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in porosity and permeability. Main pores in the Hetang Formation include intergranular, intercrystalline, intragranular,
and organic matter-hosted pores and microfractures, with pores of nano-to-micron scale dominating. Of these,
mesopores range in size from 2. 0 to 10. 0 nm, while micropores range from 0. 4 to 0. 9 nm. The massive mixed siliceous-
calcareous mudstone features high organic matter and brittle mineral contents, well-developed intergranular pores and
microfractures, high porosity and permeability, excellent pore connectivity, and large specific surface area, which establish
itself as the most favorable lithofacies for shale gas exploration and exploitation in the Hetang Formation. The massive clay-
bearing siliceous mudstone is characterized by large specific surface area and substantial pore volume but lower brittleness
index, porosity, and permeability compared to the massive mixed siliceous-calcareous mudstone, thereby identified as
the secondary favorable lithofacies.

Key words: fine-grained lithofacies, quantitative characterization of pore size, pore type, shale gas, Hetang Formation,

Lower Yangtze region
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a) and stratigraphic column(b) of the Lower Yangize region
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Table 1 Mineral composition of fine-grained rocks in the Hetang Formation, Lower Yangtze region

RTINS %
(ETE TR o B ) y AR
" ;} y OO T BRI BRSO Asf R HoAls 5 -
WPI10 1-1  29.8 — 68.8 0.1 — — — — 1.3 Hetk & 76 - ak e s A1
WP10 4-1 8.8 — 41.9 12.4 20.2 — 5.1 11.6 — Hekat e A A
WP11 4-1 3.9 —  93.8 0.5 0.3 — 0.3 1.2 — SNy i
WPI31-1  15.2 — 74.0 3.4 4.0 — 0.9 2.5 — R IN Ty |
ZP3 3-1 21.3 1.8 28.5 2.6 7.4 7.7 30.0 0.3 0.4 Yok kIR A e A A
7ZP3 4-1 27.7 — 52.3 4.5 13.3 0.8 0.7 — 0.7 HeR & 6wk e A Al
ZP12-1 13.8 2.4 9.9 — 2.1 60.6 10. 4 0.7 0.1 HURIR A I 5 e 75 A1

(e v ST/

https://www.cnki.net



Hh | &N

Fa sKOBEAE . T T X L AR A ) o SO L R K T AR 1093

R2 THFUHREFEARNEHTTOHS
Table 2 Clay mineral composition of the fine-grained rocks

in the Hetang Formation, Lower Yangtze region
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Table 3 Physical property data of fine-grained rocks in the Hetang Formation, Lower Yangtze region
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Fig. 4 Micrographs showing the pore types and characteristics of fine-grained lithofacies in the Hetang Formation, Lower Yangize region
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Fig. 5 N, (a) and CO, (b) adsorption isotherms of fine-grained lithofacies in the Hetang Formation, Lower Yangtze region
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FLBRZEAE (2 4) , faf Y 2 AR AR N, W B S 56 /) BET
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8. 388 52 m’/g, N, W [t 5L 55 i) BIH B3 1L IR L = i FL A
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BRAAFLI 0. 002 780 0 cm’/g AE AL 3] 0. 020 882 0 cm’/g, ¥
B>} 0. 010 155 6 em®/g; CO, W Bff 5256 ) DFT LB b 3
T A T°5.945 0 ~ 21. 742 0 m¥g, V344 14. 445 6 m7e,
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R A 167 Y8 2H 4K A N, B2 CO, W B 52 36 45 B 22
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a1 FLAR S A i 2 52 BRLUE R AIE | A BIRE S A7 E 34
I, 06 {H 75 3 E A F 0.45 ~ 0.65 nm 1 0.75 ~
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3¢ BH far 5 20 40067 5 AH SFL DTk T 4 R 280 R
(K

x4 THFHXEEAMRE N, CO,RHM KL FLREHSE

Table 4 N, and CO, isothermal adsorption experiment-derived pore structure parameters of fine-grained rocks in the Hetang

Formation, Lower Yangtze region

N, FLER 4544 CO, FLBRZE )
FE g 5 Fayil| BETSLEZ L BIH EitfLEIIL  SfLBMARY  DFTSLERILZE  DRILERILFE  MfLEMARY
MR/ (m¥g)  FRIEY (m*g) (em¥lg) T8 F/ (m?/g) A (m¥/g) (em?/g)
WP10 1-1 YOk 26 1 e 5 A 15.758 7 11.449 4 0.020 8820 12.1590 10.909 2 0.002 100 0
WP10 4-1 HOREE B A A1 6.4939 5.603 0 0. 006 8370 20. 682 0 22.760 6 0. 004 460 0
WP11 4-1 HOREE B A1 7.1213 6.1154 0.007 504 0 21.7420 21.163 4 0.004 570 0
ZP1 2-1 YRR A K B A 41 1.3050 1.5115 0. 002 780 0 5.9450 7.1116 0. 001 000 0
ZP3 3-1 o SIN YRRy i 11.2637 9.049 4 0.0127750 11.7000 9.3847 0. 002 090 0
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Fig. 6 N, (a) and CO, (b) isothermal adsorption experiment-
derived pore size distributions of fine-grained rocks in the Hetang

Formation, Lower Yangtze region
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Fig. 7 SEM images showing the pore characteristics of different fine-grained lithofacies in the Hetang Formation, Lower Yangtze region
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Fig. 8 3D images and models showing the material composition and pore distribution of the massive mixed siliceous-calcareous mudstone

facies in the Hetang Formation, Lower Yangtze region reconstructed under FIB-SEM
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Fig. 9  Pore size distribution of the massive mixed siliceous-calcareous mudstone facies in the Hetang Formation, Lower Yangtze region
calculated based on FIB-SEM data
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Fig. 10 3D images and models showing distributions of organic matter and organic matter-hosted pores in the massive mixed siliceous-

calcareous mudstone facies in the Hetang Formation, Lower Yangtze region reconstructed based on FIB-SEM imaging
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