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Fig.1 Regional geology of the study area and sampling locations
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Table 1 The material composition of the shale samples
PGS PR TOCI% R% AR
MR m ' A it KA WA e HAafi
Y-1 692.0 1.63 1.41 31.9 25.1 415 — — 1.4
Y-2 694.0 3.65 1.16 315 30.9 35.8 — — 1.7
Y-3 698.5 0.43 1.05 30.3 30.5 374 — <1.0 1.1
Y-4 700.5 0.57 1.02 23.8 343 40.8 — — 1.1
Y-5 709.0 3.12 1.02 335 43.6 222 — — —
Y-6 711.0 2.86 1.05 30.3 38.8 26.6 12 24 <1.0
Y-7 712.0 3.10 1.15 35.1 36.1 273 — <1.0 <1.0
Y-8 713.0 3.51 0.95 30.2 43.1 24.4 <1.0 12 <1.0
Y-9 714.0 2.95 0.83 31.6 42.6 243 — 1.0 <1.0
Y-10 7145 2.96 1.09 29.1 423 27.1 — <1.0 1.1
Y-11 7155 2.83 1.17 27.5 45 26.2 — <1.0 <1.0
Y-12 716.0 3.84 0.71 26.9 454 25.5 <1.0 <1.0 <1.0
Y-13 718.0 3.26 1.18 33.1 41.4 23.9 <1.0 <1.0 <1.0
L-1 5 9)2 /0.6 0.63 2.79 31.6 443 14.1 <1.0 8.5 —
L-2 5592 T /0.6 0.61 2.86 34.0 454 12.9 <1.0 5.2 1.6
L-3 2 82 /0.6 0.37 2.82 35.8 50.4 10.3 <1.0 1.5 1.2
L-4 45 8 )22 /0.6 1.04 2.89 35.1 32.9 27.5 <1.0 2.6 1.1
L-5 #57)210.6 1.75 2.85 36.7 28.9 26.9 12 4.6 1.7
L-6 H6J21.0 1.94 291 37.9 32.8 20.4 1.9 5.4 15
L-7 555 )2 /0.5 3.00 2.85 57.9 182 145 2.7 5.3 1.5
L-8 %552 THB0.6 3.01 2.56 455 26.4 16.4 34 5.9 24
L9 4 )3 0.6 2.73 2.88 524 19.7 16.5 2.1 5.9 33
L-10 HAE 0.4 3.29 2.63 54.7 20.3 15.7 2.2 5.1 1.9
L-11 553 )2 LE/0.5 3.69 274 76.3 10.6 13.1 — — —
L-12 532 T ER0.4 4.58 2.75 67.6 16.9 12.5 2.0 — <1.0
L-13 52)2 LE/1.0 5.48 2.86 55.9 16.7 17.6 1.9 44 34
L-14 52 )2 T /0.5 475 2.64 427 213 22.0 22 3.8 8.1
N-1 656.8 0.39 2.98 39.8 43.6 15.1 1.5 — —
N-2 658.5 0.39 3.11 43 39.7 15.5 1.8 — —
N-3 662.0 0.71 2.96 42.8 42.0 13.7 1.6 — —
N-4 668.4 1.27 3.12 48.8 344 13.1 1.6 1.4 <1.0
N-5 670.0 1.38 3.32 45.6 36.1 14.6 1.6 12 <1.0
N-6 672.4 1.23 3.22 455 36.8 14.8 1.3 <1.0 <1.0
N-7 699.6 0.33 3.10 412 38.2 14.5 1.8 3.4 —
N-8 683.1 0.35 2.93 434 38.6 14.1 1.7 1.6 <1.0
N-9 691.7 3.42 3.01 49.9 322 7.9 2.1 2.0 29
N-10 694.1 243 3.13 45.0 315 14.2 23 2.3 49
N-11 698.4 5.52 2.86 42.0 23.7 28.5 3.9 — 1.9
N-12 701.0 422 3.00 36.6 19.9 31.7 2.7 — 9.1
N-13 708.6 4.94 3.04 4238 35.7 10.5 7.9 — 32
N-14 717.8 424 3.00 46.5 353 7.3 6.3 — 45
S-1 139.0 1.03 3.54 67.6 253 6.3 — 1.0 —
S-2 143.9 1.23 3.33 46.0 47.1 6.2 — — <1.0
S-3 152.5 2.31 3.47 46.2 475 6.2 — — —
S-4 158.8 0.68 3.48 75.4 20.0 3.8 — — <1.0
S5 169.7 0.89 3.48 46.3 14.7 — 22 25 34.4
S-6 181.8 2.91 3.56 14.6 64.8 — 7.8 13 —
S-7 191.2 2.64 3.47 442 41.9 — 26 6.9 45
S-8 195.6 1.86 3.44 354 50.1 — 3.1 9.2 2.2
S-9 200.6 1.12 3.61 46.6 39.1 — 9.6 47 —
S-10 207.2 0.52 3.58 66.3 31.6 22 — — —
S-11 213.1 2.00 3.43 39.7 49.6 9.9 — — <1.0
S-12 222.7 245 3.59 472 5.70 — 1.1 44.7 1.1
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Fig.2 Ternary diagram of the mineralogical constituents
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Table 2 Pore parameter characteristics of the shale samples

RLETRS BET HLKEBY (m?g) LRV (em¥g) F4£LA%/mm
Y-1 11.0 0.062 22.7
Y-2 8.4 0.050 23.9
Y-3 16.7 0.075 17.9
Y-4 17.2 0.071 16.6
Y-5 10.7 0.082 30.8
Y-6 12.7 0.088 27.9
Y-7 11.1 0.079 28.5
Y-8 8.7 0.051 23.4
Y-9 10.7 0.068 25.6
Y-10 12.0 0.072 24.1
Y-11 10.7 0.073 27.4
Y-12 9.3 0.056 24.0
Y-13 10.4 0.064 24.8
L-1 224 0.090 16.1
L-2 21.6 0.100 18.4
L-3 23.4 0.111 18.1
L-4 22.0 0.088 15.9
L-5 22.3 0.082 14.7
L-6 25.1 0.092 14.7
L-7 28.0 0.095 13.6
L-8 29.8 0.098 13.1
L-9 27.3 0.097 14.1
L-10 27.0 0.092 13.6
L-11 24.4 0.094 154
L-12 33.0 0.094 11.4
L-13 31.7 0.102 129
L-14 36.5 0.093 10.1
N-1 15.5 0.086 22.3
N-2 16.9 0.093 22.1
N-3 18.6 0.091 19.5
N-4 18.3 0.082 18.0
N-5 18.6 0.081 17.4
N-6 22.8 0.101 17.7
N-7 19.4 0.102 21.1
N-8 17.8 0.099 22.3
N-9 26.5 0.107 16.1
N-10 28.2 0.095 13.6
N-11 32.0 0.074 9.3
N-12 259 0.062 9.6
N-13 30.6 0.072 9.5
N-14 25.4 0.072 113
S-1 11.7 0.066 22.6
S-2 122 0.066 21.7
S-3 14.9 0.079 21.3
S-4 10.2 0.068 26.5
S-5 13.0 0.069 21.1
S-6 10.5 0.066 25.2
S-7 13.6 0.067 19.6
S-8 13.3 0.064 19.3
S-9 8.0 0.055 27.5
S-10 8.6 0.050 23.1
S-11 15.5 0.076 19.6
S-12 10.0 0.050 19.9

TE: Y JERA, LoJE g N A B4, S N e
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Fig.3  Microstructure characteristics of the T,y shale samples
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Fig.4  Microstructure characteristics of the S,/ shale samples

Bls A0 2H (€, ) Y BUA A i 1 Rl 45 44 5 ik

Fig.5 Microstructure characteristics of the €,n shale samples

PUBCBUR TC AR LR, A VL S8R 2 BHE LB & AR B S LB HER A AR R e 4
AT HCA AL ITE SRR B A I, (EARE B R, e IR A A B 2 e

PLBUR B AL, Z R BEIE HEFE (K5) . &FaHL sCETPAIUR—# L Z SR AT A RZ PR
(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



541

BN D T A DU LBR 22 AR AE B R 2R 73 Ar 801

Bl6 L PEL(Pys) T8 BT BF it (1 Gl 205 4 AR A
B G RT3 B, 20 6 A A7 HUB O 18]

Fig.6  Microstructure characteristics of the P s shale samples
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On the Different Characteristics of Organic Pores in Shale and Their
Influencing Factors: Taking typical marine, continental, and
transitional facies reservoirs in China as examples
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Abstract: Organic pores in shale are the products of the conversion of organic matter (OM) to hydrocarbons, and the
important occurrence spaces of hydrocarbons and their evolution are controlled by various factors. In this study, four
typical formations of shale reservoirs in China (Yanchang Formation (T,y) in the Ordos Basin, Longmaxi (S,/) and
Niutitang Formations (€,n) in the southeastern Sichuan Basin, and Shanxi Formation (Ps) in the southern North
China basin) were selected to analyze the development characteristics of organic pores and influencing factors by us-
ing organic geochemical analysis, X-ray diffraction (XRD) , low pressure nitrogen adsorption, and field emission
scanning electron microscope (FE-SEM). The results showed that the development of organic pores in the four groups
of shale samples was significantly different, and the correlation between total organic carbon (TOC) and pore parame-
ters presented regular changes with increasing thermal maturity, indicating thermal evolution drives the formation
and evolution of organic pores in shale. Except for thermal maturity, the development of organic pores are affected by
multiple factors, and obvious differences are found for the influencing factors of pore characteristics at different evolu-
tion stages. For T,y samples (low maturity) , organic pores are in the formation stage, and almost no pores are imaged
in OM. The formation of organic pores is mainly affected by the type of OM and macerals. The organic pores in S,/
samples (high-over maturity ) are generally developed, which is the peak stage of pore development. The organic-inor-
ganic interaction restricts the structure and morphological characteristics of the organic pores. Due to the more com-
plete hydrocarbon expulsion, €,n samples (high-over maturity) are in the shrinkage stage of organic pores, and quan-
tities of organic pores have been compacted and disappeared. At this stage, pore morphology is mainly controlled by
microfractures and the development of organic-clay composites. The OM in P,s samples experience structure collapse
because of the over-high thermal maturity, and organic pores are in the stage of transformation and disappearance.
The development of organic pores in P s samples is directly related to the type and internal structure of OM and seri-
ously affected by the preservation conditions. The study on the dominant factors affecting the development characteris-
tics of organic pores is conducive to understanding profoundly the occurrence and enrichment mechanism of shale oil
and gas resources, enriching the theoretical knowledge of pore evolution in shale, and promoting the exploration and
development of shale oil and gas resources.

Key words: influencing factors; organic pores; sedimentary facies; shale; thermal maturity
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