ZibSHKEE IS

47 % 2 OIL & GAS GEOLOGY 2026 4F 4

XEHES:0253 - 9985(2026)02 - 0522 - 15 doi: 10. 11743/0gg20260211

E T SEM-Maps B AR EZ REFGH - FL-45
LS TEEETN
—— LI AR AUIR Y 2 i L 2H A 1)

REE' 2ES RER TATY 2R RS BEYS Tegt
L1 PR (st s IS TR R E A%, Jbat 102249;2. rEHRE (Jbat) HuskR#2=Be , dbat 102249;
3. Wil (R EDABRA R KA, K 30045954, F Al P A7) 225U IR Rl AR TUA 4R (00T R 42 e B A5 S0
= BIRTE RIR 16371255, ATl KPS H A3 B BT R0, SRIEIL RIK 16371256, KL sBRBE#Be , L
B 434023 ]

WE N ERAHR L RETERILR AN THAEENRD, W Z % 5 REF - EWENEERTREE ERENHR.
PN ARtk B o L 416 BE A0 T8 o0 9 8 3t 4, 2% AL FRAR B 0% 2 B 377 R 5t 43 4 e 58 (FE-SEM) 34T B R 4L F2, 230 T H AL
HLFL R A 2 45 (FL—48) B9 B 3R 5 5 2 B RAE, Bl B, 45 & 3 8 i 58 A AL 4 3 B (SEM-Maps) A 2T 2 & T W4 £ REAN-L
WAL~ b 2 A A AE . 45 Rk O - ORHLAR AR AL o A 30 K 9 T2 A AL A B AL 4 FL—% , SEM-Maps B % 7E 300 pm X 300 pm #L3 R
EEEAREM R EHTEY N, QFRAHA L -REMATEREE , P-BAINASUERKER A S M- LTI
K2, 66%, 3 & TARAHLHE KK F T T2 48 (1. 66%) Fok A SR Skt — 4080 & 47 (0. 99%) o &5 A8 3L g A {3 4 8 RO 70 A7 A8
HLIREEE P AR 20~ 1000 nm X 5], 2 4 £ A T 3142200 ~ 5000 nm X [5] . QEH 597 40y RIL REZARNTELERE
T, EBUAPELT KR PR ERG R RER T AR NBERTEG LATR A S REAN-SEWN LT 2
AR T BEBIA AT EAE AL LA NRE SN, T A ARSI B RRET EENHFRE.

KR AR AR B BERAE; T2 44 s me b 45 1 Rk

FESES TEI22.2 ERFRIZAES: A

SEM-Maps-based quantitative characterization of multi-scale organic and
inorganic pore-fracture structures in shales: A case study of the Jurassic
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Abstract: Studies on shale reservoir spaces mostly focus on matrix pores, as manifested by a lack of studies on
microfractures’ role and on the quantitative characterization of multi-scale pore-fracture structures as a whole. This
study delves into the shales of varying lithofacies from the Jurassic Lianggaoshan Formation, northeastern Sichuan
Basin, using field emission scanning electron microscopy (FE-SEM) aided by a random forest algorithm for image

processing, and achieves the automatic identification and quantitative characterization of organic and inorganic pores
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and fractures in the shales. Furthermore, by combining the large field-of-view (FoV) image stitching for SEM (SEM-
Maps) , we comprehensively characterize the distribution characteristics of multi-scale pores and fractures in the shales.
The results indicate that the random forest model can effectively distinguish organic and inorganic pores and fractures.
The SEM-Maps images at the FoV scale of 300 wm X 300 pwm are representative and can exclude the effects of
heterogeneity. In addition, the shales with various lithofacies exhibit significantly different characteristics of pore-
fracture structures. In detail, the medium-high organic matter lamellar felsic shales have a total pore-fracture areal
porosity of up to 2. 66%, significantly higher than that of low-organic-matter laminated felsic shales (1. 66%) and low-
organic-matter massive silty to fine-grained sandstones (0.99%). In contrast, the shales with various lithofacies exhibit
similar distributions of pore and micro-fracture scales, with the pore scales primarily falling in the range of 20 to
1000 nm, and the microfracture scales predominantly between 200 nm and 5 000 nm. Calculations based on single-
component pore-fracture development coefficients, indicate that clay minerals are easier to form pores and fractures
compared with felsic minerals in the Lianggaoshan Formation. This study not only reveals the differences in the multi-
scale pore-fracture structures of shales with various lithofacies in the Lianggaoshan Formation, but also identifies the
shale lithofacies with a high pore-fracture areal porosity and favorable pore-fracture types. These findings provide an
important scientific basis for the precise assessment of sweet spots and efficient shale oil development.

Key words: large field-of-view (FoV) image stitching, random forest algorithm, quantitative characterization, pore-

fracture structure, shale, Lianggaoshan Formation, northeastern Sichuan Basin
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Fig. 1 Map showing the structural unit division of the Sichuan Basin and the location of the study area (a) and composite stratigraphic column of

the study area (b
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Fig. 3 Lithofacies classification scheme for shales from the Lianggaoshan Formation, northeastern Sichuan Basin™
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Table 1 Major shale lithofacies assemblage types of the Lianggaoshan Formation, northeastern Sichuan Basin
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Fig. 4 SEM images showing the pore-fracture types of shales from the Lianggaoshan Formation, northeastern Sichuan Basin
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Fig. 6 Characteristics of multi-scale pore-fracture structures in shales of varying lithofacies from the Lianggaoshan Formation, northeastern

Sichuan Basin
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Fig. 7 Histograms showing the pore and fracture formation indices (a,b) and SEM images showing the developmental characteristics of

pores and fractures (c—e) for various mineral components in shales of various lithofacies from the Lianggaoshan Formation, northeastern

Sichuan Basin
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Fig. 8 Relationship between macrofracture density and lamina density (a) and the distribution of the microfracture-induced areal porosity

of shales with different bedding structures (b) for the Lianggaoshan Formation, northeastern Sichuan Basin
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Impact of formation overpressure on fractures in the Lianggaoshan Formation , northeastern Sichuan Basin
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