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Abstract: To clarify the micropore structure and fractal characteristics of deep overpressured organic-rich shale in Wufeng and
Longmaxi Formations in Southeast Sichuan basin, in this work it takes the organic-rich shales in Wufeng and Longmaxi
Formations from four typical wells in the Dingshan and Dongxi areas as the research object. After ascertaining the mineralogical
and geochemical characteristics of shale rocks, high-resolution scanning electron microscope, low-temperature gas (N,, CO,)
adsorption, and mercury intrusion porosimetry experiments are used to qualitatively and quantitatively characterize the micropore
structure of organic shale from the Wufeng and Longmaxi Formations. Based on gas (CO, and N,) adsorption, mercury intrusion
porosimetry and fractal theory, the fractal dimensions of pores in shale are calculated, and the internal relations between pore
structure parameters, mineral composition, total organic carbon (TOC) content and fractal dimension of shale in different
lithofacies are discussed. Results show that organic pores, inorganic pores (intergranular pores and intragranular pores) and
microfractures are widely developed in these shale samples from Wufeng and LLongmaxi Formations in the Dingshan and Dongxi
areas. The pore morphology is dominated by wedge-shaped, slit-shaped or some parallel plate pores. The pore size distribution is
multimodal. Mesoporeis the main contributor to the total pore volume (accounting for approximately 59%), and micropores are the
minor contributor to the total pore volume (accounting for approximately 35%). The contribution of macropore to the total pore
volume is relatively small. Influenced by the differences of rock composition, TOC content and diagenesis, the pores of different
shale lithofacies show various evolution characteristics, resulting in strong heterogeneity and complex pore structure. The pores of
the Wufeng-Longmaxi shale in the study area have obvious multi-scale fractal characteristics, and the pore fractal dimension
characteristics between shale lithofacies at different scales are different, reflecting the extremely strong heterogeneous
characteristics. Among them, the micropore fractal dimension D, and mesopore fractal dimension D, of siliceous shale are the
largest, developing a more complex micropore and mesopore pore structure network, which can provide a large number of gas
adsorption sites and storage space. In contrast, silicon-rich argillaceous shale has the largest macropore fractal dimension Ds,
indicating that the macropore pore structure is relatively more complex, which can provide more pore space and facilitate the
storage of free shale gas.

Key words: Southeast Sichuan basin; Wufeng-LLongmaxi Formation; deep overpressured organic-rich shale; microscopic pore

structure; fractal dimension; mineralogy.
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Fig.1 Locations of regional, structural, and well for the Dingshan and Dongxi areas from the Southeast Sichuan basin
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Table 1 Basical information for the deep organic-rich shale of Wufeng and Longmaxi Formations in the Dingshan and Dongxi areas
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5 22 FLAY BT 43 BHe AT LA 4 b o3 Ay 0 i 2
B FL B 45 F4 R AR I TR X D W B A R T A i 2
A 249 Jo ok 5 T IR
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TUAEFE S TOC & it T le BBEA TS, 4l F
4.22%~6.15% (¥J1H 5.12% ) 1 0.99 % ~5.85% (4
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o — g R A DU B Y B AR — 0 (Yang ez al.,
2016).
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AR, HLAE DN I B 5 R B A SE,  E R
KSR L & W kR (= 1) o A
B BT 13.28%0~69.32% , BIME Ky 44.59% ; B
WY AT 18.39%~59.71% , {8 4 36.16%.
505 B S VT AR IX B 0T 5 A EE AR 98 XN 0T 5 A 3
A O AL R & R A I (Jia
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2014; Qiu ez al., 2020; J& & 4, 2021). #F 57X X H
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WA A 0 EEE A 3.10%~3.55% , F ¥ R
SR 3.27% , F W 0 — Jp IR AL DU O Ak it
AL TR B, NIRZ A LRSS M R B
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Fig. 2 Shale lithofacies classification of deep gas shale from Wufeng and Longmaxi Formations in the study area
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A & T S B (Xu ez al., 2020;Gou et al., 2021).
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Fig. 3 High resolution SEM images of overpressured deep shale samples of Wufeng and Longmaxi Formations in Dingshan area
a, b.DS-1, 4 359.98 m, Je R LA HLAL;c. DS-6, 3809.24 m, B B, A HLFL ;d. DS-4, 365.57 m, & SR, 24 e, [ DS-5,
3799.28 m, Je HHiR4L RN AL g, h, i DS-1, 4 359.98 m, e IR, HH B A & O g T 3 1 A
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(EZHEE,2018; £ K5, 2020). LAk, BB i
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FE0 ) UKL % 0 ) UKL 22 8] (& 4b, B 4d, &

,E?):

AD) . TR BT B RO BB 0 K T 1 BRHL A
B e T 45 A A 2 8 M DX IR 2 I [ A 44
o UL (1 dg, 1 4h, 41D ] Y i 5T B 2R 4 44 5T
AL G B TR IR, X FL B A PR A7 B BB
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N, g FR 0 A J5 194 AR TR R 5 96 9T R % 00 ) 0 £L
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Fig. 4 High resolution SEM images of overpressured deep shale samples of Wufeng and Longmaxi Formations in Dongxi area
a, b.DX-2, 4201.44 m, o SHiEH ;c. DX-6, 4 286.52 m, o iR ;d. DX-5, 4 224.43 m, HIEH ;e. DX-7, 4 306.37 m, & Hig 4 ;{. DX-8,
4321.67 m, JEHEMH ;g~i. DX-9, 4331.6 m, TLIEL, 140 BT B &6  BES oG 2 1 £ 16 A
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(2)FEMI R IE S 4 T 0.3~0.9 i, A4 0% Jf 4 it 25 A1
Xt 7 B 36 R AR RS 5 (3) A X R A T 0.9~1
R, W A a4 bl AR BE O HL 7 42 30 A N 2% 7R (A
X H 3 4530 1) B A oA 3K 1) 0 BRE AR R, 3k R R A
TR EERAE N, R TUA A — & i KAL
s R s L HE AR R ) A F 0.45~0.90 B, 1)
B il 2 5 050 R ph 2 & A A3, A A% il 4R 2 IR0
Ja I, X & TR Z AR R ) X E) &R T B EER
PG, W Bk 7R 5 P B B AN g o 4 SE W] T 0 L&D S
7R, i s oR i 4R B A W i BE L T 2R 0 RE AT A
VUG B BE (JE 11<C0.5 MPa) , i3 & T & , AR i
T A Y R T A B R R AL B i 2 A 5 B T Y A

F14 SR 6 R ER S 1 5 e 8] ) ST 28 15 Be Sk SR A A
JEE 30 B AN L 2 BZ S A FL B A X R & B Bl
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PRSHIE TN S e BT v R R I R R LB

3 F DFT A1 BJH #ig 8 A DL &% Washburn J7
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B0 BCHE AT b 3, A5 B BT RE S E S TR FLARYE LN
(4 LA o3 A il 2 R FL B 25 0 2 50 (3R 2) D AT AL
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AR T 0T B A de /N B BCFL R LR R (3
B3 910 7.89 em®/10° g #111.90 em®/10° g) , ifif ik J5
BUA AL A LR B R R (4 B A T 10.69~
11.81 cm’/10° g Fl 17.70~22.27 cm®/10° g, ¥ {H N
11.25 em®/10° g F119.09 em®/10° g) 5 ik 5 51 %4 K fL
TR B /N (B {E AL 0.78 em®/10° ) , & fif: Y8 Ji 0T
BRI RE R (AT 1.89~3.73 em*/10° g, {4
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N T 5 AR BT L BB X L & B R 0
LR A R K, KL & HedRe /) 5 U8/ ik TR
B0 DU AL AR RS T B K5 B AR U T DU R ALK
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Table 2 Pore structure parameters of overpressured deep shale of Wufeng and Longmaxi Formations in Dingshan and Dongxi areas

N AR LR R RELA TALRBLE LR AR RALRBLE L
- (em®/10° @) (em®/10° @) (em®/10° @) (%) (%) (%)
. 5.58~11.43 9.69~13.83 1.89~3.73 29.37~43.74 48.08~60.76 8.18~19.62
CRER AT e
(7.89) (11.90) (2.68) (34.55) (53.06) (12.39)
. N 7.12~10.96 12.76~17.86 0.73~4.03 31.42~39.02 50.73~61.54 2.55~14.54
& e i 0T DA
(9.84) (15.50) (1.84) (36.08) (56.95) (6.96)
. . . 8.61~9.57 13.81~14.67 0.68~1.82 35.94~37.99 54.79~61.21 2.85~7.22
Ve / Tk A v
(9.09) (14.24) (1.25) (36.97) (58.00) (5.03)
. " 7.69~12.34 16.34~19.83 1.16~1.64 29.96~37.02 59.50~63.65 3.49~6.39
TR A RE U
(10.01) (18.08) (1.40) (33.49) (61.57) (4.94)
. 10.69~11.81 17.70~22.27 0.56~0.99 33.67~36.92 61.14~63.51 1.95~2.82
BT UA
(11.25) (19.99) (0.78) (35.29) (62.32) (2.38)

AR AVSE SN



1506 HERFF=  http://www .earth-science.net %48 K

3 24 100
—— DS-4TOC=1.26%

—— DS-8 TOC=5.03%
—o— DX-1 TOC=0.99% 80
—— DX-6 TOC=1.14%

a2 s
[=] = 60
® S -
B o>
= = 40
%g H&
20
0
0.
100

—=— DS-5TOC=2.53%
—— DS-6 TOC=4.25%
—e— DS-7TOC=4.79% 80
—o— DX-3TOC=3.19%
—— DX-4TOC=4.31%
—o— DX-7TOC=2.83%

D = 5 A S

—=— DS-3TOC=4.22%
—o— DX-2TOC=2.28%

=N
(=]

R ML E (%)
S
(=]

fE = R o) & A S

—a—DS-1TOC=3.94%
—4—DS-2TOC=5.85%

18

12

off 5= S A ob &
% B i (cm’/g)

1 1 1 Il 1 0
OO 0.01 0.02 0.0300 0.2 0.4 0.6 0.8 1.0 0.01 0.1 1 10 100 1000
24 100,
—o—DX-5TOC=6.15%
—0=DX-9TOC=5.06%

(=N
(=}
T

o 5 9

R ML E (%)
N
(=]

0 0.01 0.02 000 02 04 06 08 1o 001 o1 1 10 100 1000
AR 73 AAXS 73 B & J1(MPa)
FIS Tl — AR IR M X 04— D 2 IR 28 T COL(Z8) (NG CHR ) B K e He ok (7 ) il £k

Fig. 5 CO, adsorption, N, physisorption and MICP curves for overpressured deep shale of Wufeng and Longmaxi Formations

from the Dingshan and Dongxi areas
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Fig. 6 Pore size distribution and histograms of pore volume for overpressured deep shale from Wufeng and Longmaxi Formations

in Dingshan and Dongxi areas
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Table 3 Fractal dimension values for overpressured deep shale of Wufeng and L.ongmaxi Formatioins in Dingshan and Dongxi areas

I 4k
AR . - .
D, R* D, R* D, R*
o 2.391 6~2.485 1 2.769 2~2.784 8 2.8321~2.897 4
Ry 0.995 4 0.980 5 0.959 8
(2.4376) (2.777 3) (2.860 5)
N 2431 9~2.483 2 2.769 7~2.808 8 2.1057~2.758 7
R A 0.9951 0.9835 0.962 6
(2.4611) (2.790 4) (2.4630)
) ) , 2.453 6~2.456 4 2.7934~2.8117 2.329 6~2.636 8
Ve /HEIR A Pl 0.995 6 0.964 2 0.967 6
(2.4550) (2.8026) (2.483 2)
) ) 2.4631~2.466 7 2.798 0~2.805 3 2.3326~2.682 8
TRARE T U 0.994 6 0.981 6 0.923 4
(2.4649) (2.8017) (2.507 7)
2.506 9~2.512 1 2.804 1~2.814 3 2.202 2~2.326 7
T JoE 0T 0.996 0 0.964 0 0.966 4
(2.509 5) (2.809 2) (2.2645)
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