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Characteristics of micro-scale pore structures of marine-continental transitional
shale from the mid-eastern area, Qinshui Basin

TIAN Zhong-bin'* , WEI Shu-hong” , WANG Jian-qing”, LI Lian-ying’ , TANG Shu-heng’ LI Jun’

(1. School of Geosciences and Info-Physics , Central South University , Changsha 410083 , China; 2. Shanxi Coal Geology Geophysical Surveying Exploration In-
stitute, Jinzhong 030600, China; 3. College of Energy Resources,China University of Geosciences ( Beijing) ,Beijing 100083, China)

Abstract:In order to study the pore characteristics of the Permo-Carboniferous shale, some experiments including
scanning electron microscope ,nitrogen sorption-desorption experiments and mercury intrusion method were conducted
to analyze the characteristics of the pore types, pore morphology,and pore size distribution. The results show that the
nano-scaled pores in marine-continental transitional shale developed widely. Organic pores were the main pore type,
and many intergranular pores with some intragranular pores were also found in the shale. The pores were mainly slit-
shaped and parallel-plate. The meso-pores with the 2—50 nm pore size distribution were the main body of the nano-
scaled pores,and they made a major contribution to pore specific surface area and pore volume in a common content of
over 60% . The micro-pores also provided a considerable value of the surface area. Organic pores were primarily the
micro-pores ,and the TOC content was an important controlling factor of BET surface area and BJH pore volume. The

content of clay minerals with a large quantity of meso-pores also had an effect on the value of surface area and pore
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Fig.2 Ternary chart of kerogen maceral of the organic rich shale

VARVARY v 0
02 < 04 0.6 0.8 0 e il

®1 HRREAIRNEELRMRESSHUSE
Table 1 Basic geological information and geochemical

parameters of the shale

THEAR S TOC %%

FE .
B AL R,/%

' FERC(TIE) /%
YWi-1 VG4 -42.50 il 2.69 1.46
YW1-2  ipgd -36.25 11 1.58 1.56
YW2-2  LpE4 25.00 11, 2.69 1.49
YW2-3  KE4H  -26.00 I 6. 41 1.95
YW2-5  KE4H  -59.00 I 2.07 1. 64
YW2-6 yNEE -64. 00 il 1.18 1.58
YW3-1 KIFEH 23.00 11, 1.55 1.42
YW3-2  KJEZ -10.00 il 1.72 1.58
YW4-1  KJFE#H  -43.50 il 1.48 1.52
YW4-2  ARE4 33.00 11, 0.62 —
YW4-3 AR — — 3.37 1.52
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Table 2 Mineral composition of the sample suite %
RS A3 KA Jiff Ao EYT BB Hozsfa Loy I /S K C
YWI-1 33.7 1.7 16. 4 3.1 2.4 0 0 42.7 18 37 45 —
YWI-2 37.5 2.3 4.0 9.4 5.8 1.3 0 39.8 26 51 23 —
YW2-2 29.9 3.4 1.3 0 3.6 7.6 0 54.2 20 43 37 —
YW2-3 31.1 3.0 0 0 1.6 0.8 0 63.4 14 12 74 —
YW2-5 40.7 3.6 0 0 7.3 0 0 48.4 35 32 33 —
YW2-6 27.8 0 0 30.9 5.1 4.3 0 32.0 19 32 49 —
YW3-1 30.0 1.3 0 4.1 1.6 7.9 4.1 51.1 22 39 39 —
YW3-2 36.5 3.6 0 0 0 5.1 2.8 52.0 4 94 2 —
YW4-1 43.5 3.0 0.6 0 8.9 0.7 0 43.3 61 — 29 10
YW4-2 40. 8 3.6 0 0 3.5 0 0 52.1 57 — 43 —
YW4-3 36. 1 2.8 0 0 1.4 15.2 0 44.6 27 — 56 17
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Table 3 Characteristics of pore types of shale gas reservoirs in transitional facies’
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Fig. 3 Occurrence status and characteristics of organic pores of the shale
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Table 4 Pore structure parameters by N, adsorption-

desorption method

BET lbE W/ BJH BfLIEF,  SEHHL

FeihS =

(m* - g™h) (em® = g7') #&/nm
YWI1-1 17g4e 12.094 8 0.023 130 8.809 6
YWi-2 g4l 4.0703 0. 009 787 8.7256
Yw2-2 g4l 15.937 7 0. 026 440 8.0750
YW2-3  KJE4H 12.992 7 0. 021 830 7.875 1
YW2-5  KJE4 12.519 3 0. 021 480 7.632 0
YW2-6  KJE4 1.815 8 0. 006 443 13.630 6
YW3-1 KR4 16.255 5 0. 025 580 7.584 8
YW3-2  KJE4 19. 609 7 0. 024 850 6.544 3
YW4-1  KJFE4 8.450 2 0.015 570 7.904 8
YW4-2  ARE4 10.976 1 0. 018 450 8.346 5
YW4-3 AR 10.318 7 0. 019 660 8.763 6
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Table 5 Pore structure parameters by mercury

intrusion method

B o SSFLBR AL HALE/
FE/ % 1&/nm (em® - gh)
YW1-1 1Py 2.075 2 31.32 0.008 0
YW2-2 WP 3.2128 63.63 0.012 7
YW2-5 K4l 3.294 5 27.55 0.012 7
YW2-6 KIFH 1.933 1 201. 00 0.007 4
YW3-1 KIFH 2.743 9 36.26 0.010 4
YW3-2 KA 1.863 8 41.17 0.007 2
YW4-2 AIEH 3.5349 20. 76 0.013 8
YW4-3 ARREAE 2.4054 58.76 0.009 4
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Fig. 9 Pore size distribution curves by mercury intrusion method
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