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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] The heterogeneity is the inherent nature of shale. Study of the microheterogeneity of shale is of great significance for
determining the enrichment mechanism of shale gas and the selection of high—quality reservoirs. [Methods] This study investigated
the marine shale of the Wufeng—Longmaxi Formation in the northern Guizhou area. Through XRD mineralogy, low—temperature N,
adsorption and high—pressure mercury intrusion (HPMI) analyses, we explored the macro and micro heterogeneity characteristics of
pore structures of this formation. [Results] The Wufeng—Longmaxi Formation shales in the northern Guizhou area are mainly of
siliceous lithofacies, followed by mixed lithofacies and clayish lithofacies. The shales of different lithofacies exhibit large differences
in total organic carbon (TOC) contents, mineral compositions, and pore structure characteristics. The FHH fractal model of N,
adsorption curves, and the porous fractal theory of HPMI methods, were utilized to calculate the low pressure fractal dimension D,
(0<P/P,<0.45) of N, adsorption as 2.5351-2.6722, and the high pressure fractal dimension D, (0.45<P/P<1) as 2.8311-2.9113.
Additionally, the fractal dimension Dy, of HPMI was determined to be 2.0904—2.3736, indicating strong heterogeneity within the
Wufeng—Longmaxi Formation shale pore structures. A larger fractal dimension corresponds to a more complex pore structure within
the shale reservoir and stronger adsorption capacity for shale gas. Furthermore, there are notable differences between various types of
pore fractal dimensions and TOC content, mineral composition, pore structure parameters, and other influencing factors. Specifically,
it has been found that the fractal dimension Dy, exhibits a strong correlation with different mineral contents, suggesting that
macropore fractal characteristics are primarily influenced by mineral components. Moreover, there is a clear correlation between
fractal dimensions D, and D, with TOC content and pore specific surface area parameters within the shale, indicating that micropore
and mesopore heterogeneity are mainly influenced by organic carbon contents and development of organic pores. [Conclusions]
Generally, siliceous shale exhibits relatively high total organic carbon (TOC) contents, high proportions of brittle minerals, and high
fractal dimensions. This confirms the siliceous shales are the primary high—quality lithofacies within the Wufeng—Longmaxi
Formation in the northern Guizhou area, followed by the mixed lithofacies. Meanwhile, higher organic matter contents indicate not
only more favorable conditions for hydrocarbon generation, but also better conditions for shale gas exploration and extraction. Our
study offers theoretical and practical support for guiding the optimal selection of favorable reservoirs in marine shales in the northern

Guizhou area.

Key words: shale gas; Wufeng Formation; Longmaxi Formation; heterogeneity; pore structure; fractal dimension; oil and gas
exploration engineering

Highlights: Through multiple methods, this paper investigated the macroscopic and microscopic heterogeneity characteristics of
marine shale reservoirs from the Wufeng—Longmaxi Formation in the northern Guizhou area. The fractal dimensions were calculated
based on N, adsorption and high—pressure mercury injection experimental data. to the relationship between different types of fractal
dimensions and different types of pores has been discussed. In combination with lithofacies analyses, we consider that the siliceous
shale lithofacies are the most favorable lithofacies of shale reservoirs in the Wufeng—Longmaxi Formation shales in the northern
Guizhou area. Our results provide important guidance for exploration and extraction of shale gas in the northern Guizhou area.
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Fig.1 Schematic geological map of the northern Guizhou area
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Fig.2 Comprehensive stratigraphic column of the Wufeng Formation—Longmaxi Formation in Well AY—1 from the northern Guizhou area
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Fig.3 Shale lithofacies ternary diagram for the Wufeng—Longmaxi Formation in the northern Guizhou area
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Fig.4 Scanning electron microscope (SEM) characteristics of the Wufeng—Longmaxi Formation shales in the northern Guizhou area
a—Well AY—1, 2323.8 m, characteristics of organic matter (OM) pores (OM—ultra rich siliceous shale); b—Well AY—1, 2323.8 m, characteristics of
dissolution pores (OM—ultra rich siliceous shale); c—Well BZ—1, 1113.0 m, interlayer pores characteristics of clay minerals (OM-rich siliceous
shale); d—Well SD—1, 1135.4 m, characteristics of organic matter occurrence (OM—moderate siliceous shale); e~Well SD—1, 1135.4 m, intraparticla
pores characteristics of pyrite (OM—moderate siliceous shale); f~Well BZ—1, 1112.8 m, microfracture characteristics (OM—moderate mixed facies
shale)
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MMS-13 BZ-1 1112.80 A HHEH MU TR A R U
LSS-15 BZ-1 1112.00 pRESE T HUF LR U
LMS-1 SD-1 1140.80 Tl THE YR AR A
LCS-25 BZ-1 1089.75 AT ) TR WUR R )50 TUA
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Fig.5 Quantitative characterization of N, adsorption of different lithofacies shales from the Wufeng—Longmaxi Formation in the
northern Guizhou area
a—N, adsorption curve; b—Distribution of pore size vs. pore volume; c—Distribution of pore size vs. pore specific surface area
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Fig.6 Quantitative characterization of high—pressure mercury intrusion of different lithofacies shales from the Wufeng—Longmaxi
Formation in the northern Guizhou area
a—HPMI adsorption curve; b—Distribution of pore size vs. pore volume distribution
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Fig.7 The fitting curves of N, adsorption fractal dimensions of different lithofacies shales from the Wufeng—Longmaxi Formation in
the northern Guizhou area
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Table 3 N, adsorption fractal dimension of different lithofacies shales from the Wufeng—Longmaxi Formation in the
northern Guizhou area

AN[RIFLAR i L R A

ANRIFLAR T L R A

FAKBY(cm'/g) HL 2R R (/) PIPy<0.5 PIP05
HHH 0~2nm 2~50nm >50nm  0~2nm 2~50nm >50nm BERHR  HBLAEHD, WER¥R  HR4EHD,
USS-17  0.0052  0.0170  0.0184  16.134 25261  25.323 0.9931 2.6722 0.8987 29113
RSS-11  0.0050  0.1070  0.0191 15888 24910  24.995 0.9944 2.6488 0.9243 2.8884
RMS-1  0.0046  0.0146 00167 14285  21.834  21.920 0.9936 2.6478 0.9482 2.8892
MSS-1  0.0031 00115 00133 94016 16064  16.136 0.9981 2.6101 0.9523 2.8864
MMS-13  0.0016  0.0078  0.0095  4.7206  9.2929  9.3620 0.9988 2.6104 0.9640 2.8622
LSS-15  0.0012  0.0063  0.0078  3.3643  7.0746  7.1357 0.9992 2.5351 0.9705 2.8422
LMS-1 00015  0.0083  0.0106 42739 89615  9.0539 0.9995 2.5922 0.9761 2.8311
LCS—25  0.0034 00151 00181  10.196  18.794  18.920 0.9991 2.5968 0.9717 2.8539
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et al., 2014; Wang et al., 2015) . #{K [ & A HLE 7T
FTR TR T 4RO B K T RA LR DU 43T
A%y, AR5 (B ) AP FLE F IRt
IR, FERR A VRTINS £, SEE A6
B CE AN K s HHALBR LA 5 A Ju

BUNHAET, FLBREIE ALK, FLER 12 SR
A, FEOUA LIS E 2R . (HARAA P
R RN AR B DU | TR B DU BB R A
Z LB SOOI 25 5% . dbn] i, AR R
LA WE AL B R )AL A5 5 L S CRGEAE
T BIUA AR R E, H R T OB, Hou T

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(3)


http://geochina.cgs.gov.cn

551 4 55 3 )

2N 2 B I DX L — e SR AL AR BUA R AR B AE SO A 3R 791

wrfLBRES A AR B MR B () TR o
5.3.2 AT &R R R0 5 S Ht 5
HRAE 4058 1 807 TUT B R 455 43 T8 4E 40
&, w AFEHi T (Laplace) TH 8 7 2, #ES & K
IR I SR I BE 3 OB A i A = Ol 8 45, 2013)
N(r) = Viy/ (mr?1) o< r7P (3)

Spe =aP. P (4)

1gS 4, = —(2—D)lga— (2 - D)IgP, (5)

4% Laplace 5 Ff AZAZ 3 PB4, it
JA R 4 300 RN SO BT 02058 S, A 1S,
lgP, 325 Pl v — % 2 T 3 4 M2, 37 bl
BOTRRES BT RIS Dy

S, NG AR B 4 AR B,
r HEAER RIROTLEE AR, | B KIE, S, T
SRR, P, S {E 75 9L 5 1 0 6 AN I 7
Ve ST ) BRI RIRL o JH8C.

TR AT FE T BRI, 4 S0k A RE 248

1

oUSS-17
04
—11
a8
;:M = =
9 2 y=0.2198x—1.5874
- R>=0.9942
-3
—4 1
-5 .
-1 0 1 2
IgP
1
o MSS-1
A -
01 $=0.0904x-1.1786 MMS-13
R2=0.9656
-1 AAAAAALSSSAAAMMNAASPS— A AT
i, y=0.123x—1.3798
20 R2=0.9753
-3
—4
-5
-1 0 1 2

lgP

K2 FLER 23 6], I, XoF R A9 1T oK B0 AS BE F e
T 2 NS A FLBRE5 R A s [RIRS, BT
IR X5} L A I G AN, R R TR B B, T
FEMTTRE S R AR TS | Wi, 0 2 BT AR SR
[ A 7 P o A T IR, 0 T S5 e 0 3 2 5 ) o
Btk o WA SO R ORI A I 48 U T 3%
TEZAL(>50 nm) FLBRAE e (] 8) o R AR
FEERAUA 1 0T e 50 S B e A KRR S b Sk
FA NEBILBR R B 1 R R L T M AL R A
M AR P A AE, S 2 LB G5 A i 43 25
2.

M R L = e R e AE B, MR8 4
T BRGS0 20— e Th B 41 T 2 FLBR R
B PR — Y AR R R AE, LA th 4 S5 8 UL
TR —HZ b, R BN, B4 82 B0 i B
% AR ALE 2.0904~2.3736( 3 4), Fe W] 0 A4k
ZHEAALBREER 22 5 AN K . AN RE A Z 0] 53T 4
B Dy, AFTE—E 2257, REBTIUE 2 AL 4R K
TR A SR A A, WK [E TOC % &

oRSS-11

0f  »=0.1404x—1.2998 ARMS-1

R*=0.9196

Prayaraeagd

y=0.2978x—-1.7007

o -2
on
= R*=0.9006
-3
-4
-5
af 0 1 2
1gP
1
o LSS-15
a LMS-I
0 y=0.1324x-1.1833  °LCS-25
] R*=0.9966
I - »=0.1037x~1.4527
% y=0.3736x-1.4998  R2=0.9786
R*=0.9811
-3
-4
-5
-1 0 ! 2

lgP

Pl 8 B X LWL — i TR LA ) A AR DU o TR R S 4R 5 it 2k
Fig.8 Fitting curves of high—pressure mercury intrusion fractal dimensions of different lithofacies shales from the
Wufeng—Longmaxi formation in the northern Guizhou area
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Table 4 High pressure mercury injection fractal dimensions of different lithofacies shales from the Wufeng
Formation—Longmaxi Formation in the northern Guizhou area

A LB/ %  BIEFR/MmD  FUEFY (cm’/g)

HRmA/(mYg) T E/mm  BKHREAE% A REUR BIR4EEUD,,

USS-17 1.6256 2.1975 0.0065 2.735
RSS-11 2.1780 0.1582 0.0087 3.133
RMS-1 1.6459 2.1254 0.0063 1.773
MSS-1 1.0814 1.2244 0.0041 1.112
MMS-13 2.7113 6.0540 0.0107 2.964
LSS-15 1.7096 0.5540 0.0064 0.768
LMS-1 3.1702 15.4231 0.0118 1.513
LCS-25 3.0875 2.8005 0.0115 4.249

9.51 16.00 0.9942 2.2198
11.10 15.95 0.9006 2.2978
14.11 14.55 0.9196 2.1404
14.59 14.22 0.9753 2.1230
14.45 15.59 0.9656 2.0904
33.27 13.99 0.9811 2.3736
31.12 13.82 0.9966 2.1320
10.78 13.81 0.9786 2.1037
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Fig.9 Correlation relationship between high pressure mercury injection fractal dimension Dy, and physical properties, pore volume
and pore specific surface area
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