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Fig. 1 Division of tectonic units of the southern North
China Basin and the location of the Well ZK1614
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Table 1 Geochemical data of shale samples
FER@ME 2HE T00% R/% 8, +5,/ (mg/g) T../C
TY5 BHAE 142 4.22 0.03 478
TY9 BHEE 534 4.34 0.06 477

SX15 RBHEH  1.61 4.43 0.04 488
SX19 WHE 0.16 4.49 0.03 487
$X24 WA 0.18 4.29 0.02 376
XSHZ35 HHHE 1.21 4.6 0.04 473
XSHZ44 R FH 0.15 4.64 0.03 366
SSHZ54 WRWE 0.21 — 0.02 446
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Fig. 2 Morphology and type of microscopic pores
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Fig. 3 Frequency, face porosity and correlation of different pore sizes in shale samples
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Table 2 Parametric statistical table of pore characteristics of shale samples

S LT R - 2 £ T AR , .
T e oS VAR P EOZ S ) ¢ D, G dy/m

x 10" /nm x 10" /nm”~
TYS 10294 52.25 5.08 0.92 1.9 -21.34 -10. 45 71.29 200 ~250
TY9 31623 259.17 8.20 4.59 2.65 -27.32 -4.03 26.53 200 ~ 250
SX15 10433 56. 16 5.38 0.99 2.93 -28.43 — — —
SX19 18404 179. 11 9.73 3.17 2.4 -25.62 -1.7 7.3 350 ~400
SX24 23850 170.73 7.16 3.02 3.03 -30.41 -7.51 52.46 250 ~300
XSHZ35 31610 312.50 9. 89 5.53 2.94 -30.33 -3.07 18.72 350 ~400
XSHZ44 16811 71. 64 4.26 1.27 2.18 -23.3 -4.07 25. 61 150 ~200
SSHZ54 21267 161. 02 7.57 2.85 2.96 -29.78 -5 32.95 250 ~300
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HBAR /N, 17 H 50 ~ 200 nm (1) /N FL A2 FL Bt 1 £L o3 Ak
JEARA By LR B AR A, — R —
A FLAR X B T L 0T 0k R B, T X S L AR X B
— KT 200 nm (LI 3) .
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WEHKER, KA (1) P BOs %, 15 %)L m R
S m AR ER L E R R (2),
log(N./B; * S, i.) ==D +log(S,,.) *=logC (2)

IR (1) (2) 1, N, FoRfLBEE; B,
FoREUGE R S, BN EMRIE AL, nm®; D R
KFREBAR R, B S, BB, nm’;
C 2n KR KA, W8

3 o X6 A ] LA DX T Y FL B A B A L I T AR
R ) X LG, IR i LB B FE AR log (N./B, -
S osaic) AL IR AR log (S,,,..) Z[E A7 76 P Be X
LMXRHR (WK 3, £2): HAL4 50 A B 8/
(50 ~400 nm) [ PIE ARG, LB ECE 6 45 log
(N./B; + S,,..) FE AL AR bR log (S,,,.) 4 i
WA 107 >4 FL 42 43 A 8 Hl 8K (400 ~ 2000 nm)
P IEAR G, FLER B TR IR log (N/B, + S, ,.)
B FL T BUE AR log (S, ) SN . P B Z (6]
8 3o 9 O SRS R — E Y FLAR X ] d,,,, o A TR i
XA 22 R, FEEPTELSO ~400 nm Z[H],

4 FLIR K EEH HE R R
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PEATIKRBER 5, Wy K AR B i, 7R BT 2 B
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DA B 25 ) 0 ik O 2R 0 0 W AT RE e A, RE
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ki s gk (IR 3) o HdA a9

THRZ, WHETY (A% + KA) . BREAET
YL, s S B
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Table 3 Main mineral composition in shale samples
B i We w4/ % R 5/ % WY ALY
(A +KA) OifA+HBfA) /% /%

TYS 22.32 15.42 10. 82 48. 44
TY9 35.18 13.03 10.73 49. 06
SX15 46. 42 10. 84 8. 36 34.38
SX19 29.78 36.24 1.62 40. 36
SX24 33.72 11.15 1.27 53.86
XSHZ35 21.23 8.09 1.04 69. 64
XSHZ44 37.36 4.70 1.21 50.73
SSHZ54 32. 60 11.22 0.87 55.31
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Fig. 4 Relationship between different minerals and face porosities
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MICROSCOPIC PORE CHARACTERISTICS AND INFLUENCE FACTORS
ANALYSIS OF SHALES IN PERMIAN, YANLONG AREA, SOUTHERN
NORTH CHINA BASIN

CHEN Jing, WU Wei, WANG Juan, HUANG Xuefeng

(Institute of Resources and Environment, Henan Polytechnic University, Jiaozuo 454000, Henan, China)

Abstract. Using argon ion polishing and field emission environmental scanning electron microscopy imaging testing
technique, the interactive marine-continental facies and continental facies shale samples from Permian drilled in
ZK1614 well in Yanlong area of southern North China Basin are scanned, and the SE and BSE information are
obtained as well. Combining X-ray spectrum information with gray level recognition function of JMicroVision
software, qualitative analysis and quantitative representation of the mineral composition and the characteristics of
micro pores of shale samples are made, and the genesis of pore system are discussed. The research shows that the
pores of shale samples are mainly inorganic mineral pores, and the pore types include intragranular pores,
intergranular pores, and a small amount of organic matter pores and micro fissures. The surface porosities of
samples from Permian are between 0.92% ~ 5.53% , and surface porosities are positively correlated with the
number of pores in general. With different sizes of pores, there is a two-segment linear relationship between the
logarithmic index of pore area and the logarithmic index of pore number of unit area in different pore diameter
interval between 50 ~2000 nm, and when the pore diameter is small, they are negatively correlated, when the pore
diameter is large, they are positively correlated. Different minerals result in different control effects on the
development of pores. Brittle minerals mainly influence the development of micro fissures and inhibit the
development of pores; clay minerals, due to the actions of tectonic stress, phase transformation and dehydration of
minerals, result in plenty of pores, which promote the development of pores. Besides, the differential expansion
and differential dissolution of minerals could also produce pores. During the Yanshan and the Himalayan periods ,
large scale fractures were formed in the study area. The development of fractures increased the penetrability of the
roc kstratum, which promoted the dissolution of minerals by organic acids and formation water, and it also promoted
the development of pores correspondingly. Moreover, with the increase of burial depth, the pore volume decreased
with the increase of compaction.

Key words: southern North China Basin; Permian; shale; microscopic pore



