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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective| It is necessary to study the pore structure characteristics of Niutitang Formation shale in Southeast Guizhou and its
influence on shale gas enrichment, avoid unfavorable factors, and provide suggestions for shale gas exploration in Southeast
Guizhou. [Methods] Multi—scale characterization of the shale micro—nano pore structure is carried out by means of focused ion
beam scanning electron microscopy (FIB—SEM), FE-SEM, and nitrogen adsorption. Combined with the hydrocarbon generation and
burial history of the Niutitang Formation shale in the study area, the relationship between tectonic movement and pore structure is
studied, and its control effect on shale gas enrichment is analyzed. [Results] The Niutitang Formation shale mainly develops
millimeter—scale micro—cracks, micron—scale pyrite intercrystalline pores and nano—scale organic pores, mainly ink bottle—shaped
pores and slit pores with a flat plate structure, and the pore structure is complex. Combined with the results of FIB-SEM
three—dimensional reconstruction, organic matter accounts for a relatively high proportion of shale, with a porosity of 0.04%—2.48%
and a contribution rate of 14%—96% to the total porosity. The pyrite crystals co—existing with organic matter Pores are the main type
of pores that communicate fractures, the shale gas in this area is dominated by undersaturated adsorbed gas, and the free gas content
is low. [Conclusions] A large number of structural fractures in the Niutitang Formation shale have connected organic matter pores
and pyrite intercrystalline pores, and changed the original pore structure, causing the in—situ accumulated shale gas to escape along
the fractures, which is a key factor in the low gas content of the shale of the Niutitang Formation. Finding areas with moderate

thermal evolution and well—preserved structures is a favorable direction for shale gas exploration on the periphery of paleo—uplifts.

Key words: shale gas; pore structure; three—dimensional reconstruction; periphery of paleo—uplift; preservation conditions; oil and
gas exploration engineering; Southeast Guizhou

Highlights: (1) The shale in the Niutitang Formation at the periphery of the paleo—uplift Shale has the characteristics of "dual
enrichment” of "moderate thermal evolution and well—preserved structure", which is the core theory of "paleo—uplift controlling
reservoir". (2) Through multi—scale characterization of the micro—pore structure of the Niutitang Formation shale in southeastern
Guizhou, it is clear that micro—cracks and inorganic mineral pores are its main storage space. (3) The microscopic pores of the
Niutitang Formation shale communicated with the structural fractures of the reservoir, which destroyed the preservation conditions
and caused the in—situ accumulated shale gas to escape along the fractures, which is a key factor for the low gas content of the
Niutitang Formation shale.
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Fig.1 Geographical location, and typical drilling in the study area
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Fig.2 Lithology histogram of Huangdi Well 1
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Fig.3 Shale core characteristics of Niutitang Formation in Huangdi Well 1
a—Upper part of Niutitang Formation, 1288.7 m, foliation developed, fragmentary; b—Upper part of Niutitang Formation, 1299.6 m, in the shape of
fragments; c—Middle and lower Niutitang Formation, 1345 m, black carbonaceous shale; d—Middle and lower Niutitang Formation, 1358 m, black

carbonaceous shale; e-The middle and lower part of Niutitang Formation, 1363 m, develops tension—shear fractures, which are filled with carbonate
minerals; f~The lower part of Niutitang Formation, 1371 m, developed detachment fractures
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Fig.4 SEM pore characterization of shale samples from Huangdi Well 1
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Fig.5 Three—dimensional segmentation and pore types of shale

samples from Huangdi Well 1
(Red for pores, green for organic matter, yellow for pyrite, gray for
mineral particles)
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Table 3 3D reconstruction results of shale samples in Huangdi Well 1
B WRE/m SAEREMAEEY%  AVURALEE%  sT#E%  AUEAXE/Am AHUR G HE % BT /%

HD-1 1285.40 0.42 / / 10~60 7.77 2.68

HD- 1292.30 0.37 0.08 22.29 10~100 3.18 291
HD-3 1302.00 0.29 0.04 13.79 10~100 3.63 1.64
HD-6 1331.45 0.58 0.24 41.03 10~100 10.20 4.87
HD-9 1369.95 2.57 2.48 96.56 10~80 21.70 /
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B 1A AL A s R R R
0.66 m’/t, HAi 0 AR AR it il /N 0.3 m/t,
BESENT 0.3~1.2 mt(Ge et al., 2020), FEH K
0.5 m*/t, AT BRI S BRI AL TF 2 b X 0T )2
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N, FLBRZ T R RS, S KT 0.4 m'A,
SRR 0.17 m/t, 3K SO AR A SR AR SE B0 R AT AR AT
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M (Maetal., 2015; Ge et al., 2020) .
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Fig.6 Three-dimensional reconstruction of 5 shale samples from Huangdi Well 1
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Fig.7 3D reconstruction results and pore size distribution of 5 shale samples from Huangdi Well 1
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Fig.8 Pore characteristics of shale obtained by nitrogen adsorption analysis
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Fig.11 Sedimentary and burial history of Niutitang Formation in Southeastern Guizhou (modified from Peng Zhonggqin et al., 2019)
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