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Quantitative characterization and dynamic evolution of pore structure in shale
reservoirs of Chang 7 oil layer group in Yanchang area, Ordos Basin
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Abstract: Quantitative characterization and dynamic evolution study of full-scale structure provides an important basis
for understanding the forming mechanism of shale reservoirs and clarifying the relationship between pores and
hydrocarbon-rock interactions. Using field emission scanning electron microscopy integrated with high-pressure mercury
intrusion as well as N, and CO, adsorption experiments, representative core plugs of different maturity and corresponding
samples subjected to hydrocarbon generation and expulsion simulation experiments from Chang 7 oil layer group in the
Yanchang area, Ordos Basin, were quantitively characterized for their full-scale structure. Furthermore, combined with
hydrocarbon generation and expulsion simulation and X-ray diffraction test results of whole rock/clay mineral content,
the interaction of organic hydrocarbon generation and expulsion, mineral diagenesis and pore structure evolution was
studied, and the dynamic evolution of reservoir pore structure and fractal characteristics was quantitatively analyzed.
The results show that the micropores, small pores and mesopores in shale reservoirs of the Chang 7 oil layer group
contribute more to the pore volume, while the micropores and small pores provide most pore specific surface area. With
hydrocarbon generation and expulsion of organic matter, dissolution of inorganic minerals and transformation between

minerals, the total pore volume first decreases and then increases, and the proportion of meso-macropores decreases first
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and then increases, and the heterogeneity of micro-small pores is generally enhanced, while the heterogeneity of meso-
macropores has a trend of increasing first and then decreasing. The correlation analysis reveals that the pore size and
mineral composition are coupled with the heterogeneity of the reservoir, in which the fractal dimension D, value of micro-
small pores is positively correlated with the proportion of micropores to micro-small pores and the content of clay
minerals, while the fractal dimension D, value of meso-macropores is negatively correlated with the proportion of
macropores to meso-macropores, and positively correlated with the content of brittle minerals. This study provides an
accurate determination of the full-scale structure and evolution of the shale in Chang 7 oil layer group, which is of great
significance for identifying sweet spots in shale reservoirs of terrestrial facies.
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Fig. 1

Tectonic units of the Ordos Basin (a) and the location of the study area (b)
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Table1 TOC, R, and mineral composition of actual shale samples

P FEH WA %

S im0 M G miww Wk ske 28 e rfli‘% T e
L.237 1176.9 3.96 0.55 24. 4 32.7 7.9 14.8 1.3 8.6 5.0 3.8 1.5
L217 1379.7 5.33 0.74 39.0 26.2 5.6 24.2 0.9 0.0 1.6 1.1 1.4

X6009 1410.0 3.48 0.82 21.8 18.2 14.4 40.5 0.6 1.8 1.7 0.0 1.0
Y1011 1747.0 5.78 0.56 24.2 36. 1 9.7 11.5 0.0 3.1 2.5 9.7 3.2

7ZC10-6 2078.0 5.15 0. 89 34.7 35.0 4.2 15.3 2.1 2.4 2.1 2.5 1.7

D6498 2230.5 1.75 0.99 51.4 18.9 4.1 22.7 1.7 1.2 0.0 0.0 0.0

D48031 2496.0 6.54 1.05 24.7 31.0 3.6 10. 1 0.0 1.6 1.5 25.8 1.7

R2 £ HREZWEMRTEHER (%S :C171)TOC, R, AW AN
Table2 TOC, R, and mineral composition of shale sample (No. : C171) after hydrocarbon generation and expulsion experiments

SRR/ C TOC/% R [% - IEUWE%%%% -

’ EES it AT RHCAT J5 A1 B
JRRE 1.99 0.67 34.1 20.2 16.0 24.1 2.9 2.7
300 1.97 0. 86 34.3 22.2 12.4 25.7 2.8 2.6
320 1.98 0.94 35.0 22.9 13.0 24.1 2.6 2.5
340 1.93 1. 00 29.1 25.6 12.6 27.9 2.3 2.4
370 1. 66 1.15 31.5 25.0 10. 6 28.0 2.4 2.5
420 1. 63 1.79 32.9 28.5 10.0 24.5 2.1 2.0
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Fig.2 FE-SEM and SEM images of shale samples from the Chang 7 oil layer group
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Fig. 7 Correlation between the pore volume, pore specific surface area and representative parameters of shale in the Chang 7 oil layer group
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Chang 7 oil layer group
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Table 3 The calculation results of fractal dimension D, of micro—small pores and the fractal dimension D, of meso—-macro pores

in the Chang 7 oil layer group
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Fig. 10 Pore evolution model of shale reservoirs in the Chang 7 oil layer group
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