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Pore structure characteristics of the Lower Cambrian black shale
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Abstract: Based on the mineralogy, organic geochemistry, nitrogen adsorption, physical properties and FE -
SEM observation, the pore structure characteristics of the Niutitang and Bianmachong marine shales of the Lower
Cambrian in the southeastern Guizhou area were systematically analyzed. The dominant pore types of the organic-lean
shale with a high clay mineral content in the Niutitang and Bianmachong formations are plate-like and slit-like inter
particle pores with average pore sizes commonly greater than 5 nm. However, the organic-rich shale in the Niutitang
Formation mainly contains slit-like and ink-bottle-like pores with average pore sizes less than 3—4 nm, and the
specific surface area is 2—3 times of that of the organic-lean shale. In addition, the total pore volume and specific
surface area have a positive correlation, and there is also a correlation between clay mineral content and average pore
size, but the correlations between total pore volume/specific surface area and clay mineral content/average pore size
are negative. Under favorable preservation conditions, the shale has a relatively high development level of organic
matter pores, greater values of porosity, pore size and peak diameter with a positive correlation between porosity and
permeability, which are represented as “high porosity and low permeability”. Under unfavorable preservation
conditions, the reservoir parameters have lower values except the permeability, which leads to the overdevelopment of
fractures and has the feature of “low porosity and high permeability”. Besides, the TOC content has a significant

control on pore structure and generally has a positive correlation with total pore volume, specific surface area and
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porosity and a negative correlation with average pore size. Nevertheless, in the intervals with an excessive TOC

content, the decrease and increase of pore size and ductility with increasing TOC coupled with compaction and/

or unfavorable preservation will result in the atrophy, collapse and close of narrow pores and throats which leads

to the negative correlations between TOC and reservoir parameters.

Key words: pore structure ; preservation condition ; shale; Niutitang Formation; Bianmachong Formation; Lower

Cambrian; Upper Yangtze area
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southeastern Guizhou area
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Table 1 TOC, maturity and mineral composition of the Lower
Cambrian shale in the Cengong block, southeastern Guizhou area

e W/ W2 w(TOC)/ S [A¥s FHts Ko/ Wiy ke
E e m % R,/ % % % % % %
TX1 14519 €b 0.8 2.26 38.4 46.4 10.6 2.2 2.4
TX2 15124 €,b 1.7 2.58 37.6 47.1 8.3 2.6 4.4
TX3 17094 €,b 0.5 2.22 35.5 53.5 5.6 5.4
TX4 17833 €n 5.5 2.84 52.7 17.9 9.5 7.8 12.1
TX5 17912 €n 7.6 2.85 65.0 8.7 7.1 8.5 10.7
TX6 18002 €;n 6.0 2.50 55.8 10.2 9.3 12.3 12.4
TX7 18173 €n 5.1 2.88 45.2 23.5 43 3.8 18.2
TM1 14055 €n 1.1 27.5 33.0 8.5 22.1 8.9
TM2 1412.6 €n 1.3 29.1 41.4 8.2 11.9 9.4
T™M3 1416.1 €n 1.7 35.8 35.2 12.4 4.6 12.0
T™M4 1417.6 €n 1.7 32.5 37.5 11.4 3.6 15.0
TM5 14208 €n 1.8 2.29 33.0 30.5 12.7 11.1 12.7
TM6 14234 €n 2.6 40.5 32.9 12.1 4.0 10.5
TM7 1428.6 €n 4.0 39.0 28.9 10.5 12.7 8.9
TM8 14338 €n 45 43.2 23.7 10.6 9.0 13.5
T™M9 1436.1 €n 3.9 51.9 25.3 7.1 5.2 10.5
TMI0 1441.6 €n 5.6 64.0 16.7 4.6 9.6 5.1
TMI1 14467 €n 5.5 58.6 20.4 6.6 6.5 7.9
TMI2 14513 €n 8.2 62.1 14.2 10.2 6.9 6.6
TM13 1453.7 €n 7.7 67.3 13.1 7.6 5.2 6.8
T™MI4 14573 €n 5.2 51.6 17.7 13.5 8.5 8.7
TM15 1461.8 €n 5.6 49.0 17.5 14.4 10.0 9.1
TM16 1466.8 €n 4.5 475 20.5 14.0 4.5 13.5
TMI7 1469.5 €n 4.7 2.42 43.3 21.3 11.8 9.6 14.0
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Fig.2 Relationship between TOC and mineral content of the Lower Cambrian shale in the Cengong block, southeastern Guizhou area
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Table 2 Statistics of shale reservoir physical parameters in the Cengong block, southeastern Guizhou area

e )R FLBREE/ % BiEHR/107° um?  HEIRE S /MPa HP{EE S/ MPa ERALIEEAR/um HEEARE um

Xo1 €5 (1.7~3.8) (1.4~4.3) (0.8~1.5) (3.9~6.3) (0.47~0.94) (0.12~0.19)
3.3(6) 2.3(6) 1.2(12) 53(12) 0.67(12) 0.14(12)

et € (23733 (0.7~1.8) (0.8~1.2) (3.6~5.1) (0.62~0.94) (0.15~0.20)
3.0(7) 1.3(7) 1.0(7) 4.5(7) 0.73(7) 0.17(7)
0.8~4.1 4.1~8.4

CY-1 €n (1.8(10)> <5.9(10))

Mol €n (0.6~2.3) (1.4~13.7) (0.7~2.1) (6.2~38.6) (0.35~1.03) (0.02~0.12)
1.3(29) 4.8(29) 1.1(15) 23.2(15) 0.73(15) 0.05(15)
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Fig.4 Comprehensive columnar sections of fracture and gas content in the Cengong block, southeastern Guizhou area
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Fig.5 Nitrogen adsorption—desorption isotherms of the Lower Cambrian shale in the Cengong block, southeastern Guizhou area
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Fig.6 FE-SEM images of the Lower Cambrian shale in the Cengong block, southeastern Guizhou area
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