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Micro Pore Characteristics and Their Controlling Factors of
Permian Shale Reservoir in Southern Anhui
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Abstract: Permian develops a certain scale of organic-rich shales in the southern Anhui. In order
to study the pore structure characteristics of the shale reservoir, the core samples from two wells
were collected to carry out low-pressure nitrogen adsorption, mercury intrusion, argon ion
polishing and field emission scanning electron microscopy tests, and the controlling factors were
also discussed combining with the geochemistry, organic petrology and mineral composition. The

results show that shale reservoirs in Longtan and Gufeng Formations have great thickness, high
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total organic content (TOC) and moderate thermal maturity; the minerals are mainly consisted of
quartz, illite, feldspar and pyrite; the organic matter of Longtan Formation is dominated by
vitrinite and solid bitumen, and the kerogen is type [l which behaves as lamellar structure,
stripped or block-shaped, and the dominated pore types are intergranular pores and fractures, but
the organic pores are not developed; the specific surface area and porosity of shales in Longtan
Formation are in the range of 6. 80-41. 62 m® + g ! and 0. 68%-4. 44 %, respectively, which are
mainly contributed by mesopores; shales in Gufeng Formation have type [ kerogen which is
composed of sapropel and solid bitumen with thin layer or interstitial shapes; shales in Gufeng
Formation develop abundant organic pores and a certain number of intergranular pores and
fractures, and have the specific surface area of 3. 12-49. 45 m” « g ! which is mainly contributed
by micropores, and the porosity of 0. 86%-21. 08% which is mainly contributed by mesopores and
macropores; TOC is the controlling factor of the specific surface area of these Permian shales, but has a
significant inhibitory effect on porosity; content of illite has an obvious negative relationship with the
specific surface area, but has no relationship with porosity for these Permian shales.

Key words: pore type; shale; specific surface area; porosity; maceral composition; total organic

carbon; Permian; Anhui
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Fig. 1 Regional Geological Map of the Southern Anhui
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Tab.1 Organic Geochemical Characteristics of Shales s . X
/ TOC /IS /'Sy / / s . .
m % 1073 103 108 . .
HC-32 | 109.9 1.52 | 0.021 | 0.028 1.84 «C 2, , 18.5% ~48.3%,
HC-36 | 122.8 7.21 | 0.019 | 0.017 0.24 27.48%, 29. 6% ~60.7%,
HC-38 | 124.5 104 | 0.010 | 0.022 | 2.12 43.48% , 0%~8.4%,
HC-43 | 140.1 15.30 | 0.058 | 0.150 | 0.99 0%~32.2%,
HC-45 | 140.7 1.94 | 0.016 | 0.038 0.77 s
HC-69 | 220.5 2.32 | 0.008 | 0.022 0.95 R . ’
CC-29 | 187.4 5.46 | 0.170 | 0.330 7.13 . [ 3~
CC-36 | 208.9 2.35 | 0.190 | 0.390 | 16.68 H1.
CC-48 | 239.6 1.03 | 0.040 | 0.100 9.90 . HC ’
HC-77 | 247.2 15.50 | 0.018 | 0.021 0.14 [ 3],
HC-79 | 252.2 18.80 | 0.054 | 0.060 0. 32 . . ( 2.
HC-80 | 254.4 8.10 | 0.019 | 0.021 | 14.29 10. 7% ~ 71 2%, 42. 42%5
HC-81 | 257.8 17.20 | 0.029 | 0.027 0.16 0%~ 56. 5%, 35. 8270
HC-83 | 264.2 10.40 | 0.030 | 0.029 0.28 0%~25 5%, 4, 23%. ,
HC-85 | 270.7 1.50 | 0.018 | 0.018 1.20 ’ > >
HC-86 | 273.8 11.80 | 0.019 | 0.028 0. 24 °
HC-88 | 275.1 9.12 | 0.052 0.082 0. 90 4 ’
CC-76 | 305.9 6.16 | 1.400 | 0.480 7.84
CC-77 | 308.5 12.20 | 0.840 | 0.380 3.09 ’
CC-78 | 312.4 0.79 | 0.038 | 0.120 | 14.70 o
CC-79 | 314.7 1.78 | 0.091 | 0.150 8.54 b,
CC-80 | 317.5 8.01 | 1.580 | 0.820 | 10.20
[11.18-19]
CC-82 | 321.5 11.10 | 1.800 | 1.200 | 10.77 ’ °
CC-85 | 330.0 3.96 | 0.890 | 0.570 | 14.44
CC-90 | 341.8 8.93 | 2.130 | 1.580 | 17.68
. .S (0. 018~ ’
2.130) X 1077, S, (0. 018 ~1.580) X 5 )
1077, (0.16~17.68) X10 *,R, 3.3.1
2.48% ~2. 66 %), .
[ 2 ~D], [ 5.
’ ’ o
’ [ 5(b], ,
[16] 3 _
I [2] 3 [20] i ,
3.2 [ 5
- ’ (C)] °
, N .
s o 3(a), (o) I
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Fig.2 Occurrence Status of Organic Matter

3
Fig.3 Photos of Shale Cores
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Tab.2 Contents of Shale Minerals %
HG-32 30.1 6.3 42.0 21.7 0.0 0.0 63.7
HC-36 22.0 4.9 52.1 19.0 0.0 2.0 71.1
HC-38 32.8 5.7 38.1 23.3 0.0 0.0 61.4
HG43 48. 3 0.0 29.6 0.0 16.4 5.7 29.6
HCG-45 26.5 5.4 42,2 23.5 0.0 2.4 65.7
HG-69 24.0 3.3 40.5 32.2 0.0 0.0 72.7
CC-29 23.9 0.0 34.6 0.0 0.0 0.0 41.5 76.1
CC-36 18.5 0.0 60. 7 10.4 0.0 0.0 10. 4 81.5
CC-48 21.2 8.4 51.5 19.0 0.0 0.0 70.5
HCG-77 54. 2 0.0 26. 6 0.0 17.6 1.5 26.6
HCG-79 49. 8 0.0 35.7 0.0 11.5 3.1 35.7
HC-80 56.0 0.0 25.0 0.0 15.8 3.2 25.0
HCG-81 60. 2 0.0 32.2 0.0 4.8 2.8 32.2
HCG-83 71.2 0.0 24.5 0.0 0.0 4.3 24.5
HCG-85 21.0 6.1 45.1 19.7 0.0 4.1 4.1 64.8
HC-86 30. 8 11.9 31.9 25.4 0.0 0.0 57.3
HCG-88 54.1 0.0 27.0 11.4 3.3 4.2 38.4
CC-76 10.7 0.0 0.0 0.0 0.0 25.5 63.7 0.0
CC-77 39.4 0.0 56.5 0.0 0.0 4.1 56.5
CC-78 26.2 7.8 55.1 11.0 0.0 0.0 66. 1
CC-79 27.6 6.1 45.0 18.4 0.0 0.0 2.9 63.4
CC-80 72.1 0.0 27.9 0.0 0.0 0.0 27.9
CC-82 50. 3 0.0 44.7 0.0 0.0 5.1 44,7
CCG-85 35.8 0.0 48.0 0.0 4.3 1.7 10.2 58.2
CCG-90 19.3 0.0 47.9 0.0 17.3 8.1 7.5 47.9
,
L 7],
L 7(b)],
L 7], ) o
[ 7(dD~DH],
. o 7(d)
. s 30 um;  7(e)
Fig. 4 Relationship of TOC with Quartz Content for Shales ’
[2223] , ;5 7D
. s
o s s



674 2016
5
Fig. 5 Characteristics of Organic Pores of Shales
6
Fig. 6 Organic Petrology Characteristics of Shales
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Fig. 7 Characteristics of Inorganic Pores and Fractures of Shales
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Fig. 8 Adsorption/Desorption Curves of Shales
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9 /
Fig. 9 Injection/Ejection Curves of Shales
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3
Tab.3 Pore Structure Parameters of Shales
Hg / / /
(m?+g 1) % m? g 1) (m? » g~ 1) (em? » g7 1) (em? » g7 1) (em® » g~ 1)
HC-32 16. 86 2.66 0.00 10. 10 0.000 0 0.019 0 0.004 8
HC-36 19. 59 3.53 3.47 9.38 0.002 2 0.018 0 0.008 1
HC-38 10. 45 1.51 1.93 5.40 0.000 8 0.009 0 0.004 1
HG43 41.62 4,44 9.29 16. 30 0. 006 4 0.034 0 0.007 6
HCG-45 20. 97 0.68 5.72 8.58 0.003 3 0.018 0 0.002 6
HG-69 12.79 3.67 1. 54 6.17 0. 000 9 0.0150 0.005 3
CC-29 9.77 3. 69 2.47 5. 05 0.001 6 0.013 0 0.007 0
CC-36 8. 77 2.27 0. 36 6.21 0.000 3 0.013 0 0.005 3
CC-48 6. 80 3.59 0.47 4.74 0. 000 4 0.011 0 0.008 5
HG-77 0. 86
HC-79 24.00 0.92 20. 30 3.76 0.010 0 0.005 2 0.003 7
HC-80 25.59 2.73 14. 80 5. 34 0.007 5 0.008 1 0.005 6
HCG-81 1.98
HCG-83 49,45 1.44 25.71 15.70 0.012 0 0.044 0 0.005 5
HC-85 3.12 21.08 0. 00 11. 20 0.000 0 0.047 0 0.086 0
HCG-86 20. 27 8. 90 18.97 12.00 0.010 0 0.034 0 0.021 0
HCG-88 17.90 14. 38 7.34 6. 87 0.003 6 0.0110 0.190 0
CC-76 10. 58 6.58 4.93 4.26 0.003 4 0.013 0 0.017 0
CC-77 7.37 1. 64 3.84 3.36 0.003 1 0.005 8 0.005 0
CCG-78 9. 40 3.93 2.54 4.98 0.001 5 0.011 0 0.006 7
CC-79 11. 89 4.95 3.87 5.52 0.002 3 0.014 0 0.008 1
CC-80 12.75 1. 18 3.90 5. 64 0.003 1 0.009 8 0.004 7
CC-82 8.31 2. 60 2.57 4.37 0.002 0 0.007 6 0.009 1
CC-85 8. 04 1. 80 1.47 4. 47 0.001 2 0.008 3 0.006 5
CC-90 21. 86 2.57 12.00 5. 57 0.007 6 0.0110 0.007 1
s s
b ’ o .
[ 15Ca)],
. 3 [ 15(b) ],
s HC 15(e) ],
HG-85 , , o
. 15(d) ],
14Ce) . (D) [ 15
(e). (D],
s
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Fig. 10 Percentages of Micropore, Mesopore and Macropore Specific Surface Area and Pore Volumes for Shales
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