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Types and genesis of horizontal bedding of marine gas-bearing shale and its
significance for shale gas: A case study of the Wufeng-Longmaxi shale in southern
Sichuan Basin, China

SHI ZhenshengI ,ZHAO Shengxian2 ,ZHOU Tianqi1 ,SUN Shasha', YUAN Yuan®,ZHANG Chenglin2 ,LI Bo?, QI Ling]

(1. Research Institute of Petroleum Exploration and Development , PetroChina, Beijing 100083, China; 2. Shale Gas Research Institute
Southwest Oil and Gas Field Company, PetroChina, Chengdu, Sichuan 610051, China; 3. Zhejiang Oilfield Company, PetroChina,
Hangzhou, Zhejiang 310023, China)

Abstract: Shale has horizontal bedding of diverse origins in differential permeability. An integrated analysis of core
data, full-diameter images of enlarged thin section and scanning electron microscope (SEM) images of argon-ion-milled
samples, shows that the gas-bearing Wufeng-Longmaxi shale in southern Sichuan Basin develops four types of horizontal
bedding, that is, grading type composed of claystone, grading type composed of siltstone and claystone, alternating
siltstone and claystone type, and page type. The grading type of claystone constitutes the multi-layer superimposed
siltstones in parallel, with siltstone and claystone depositing in graded bedding. The grading type composed of siltstone
and claystone is composed of parallelly alternating silty and clayey beds, where the silty beds mainly in clast-supported
texture, has abrupt boundary at the bottom and gradual contact with the clayey bed on top, featuring normal grading as a
whole. The alternating siltstone and claystone type features abrupt contact between both beds and lamina with no
grading. The page type constitutes parallel bedding of very thin clayey lamina with weakly normal grading. The four
types of horizontal bedding are of different genesis. The grading type of claystone and grading type of siltstone and
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claystone are of relatively low-energy turbidite origin, with the former derived from even weaker hydrodynamic

conditions; the alternating siltstone and claystone is of contourite origin such as shelf facies; and the page type is of

pelagic origin from suspended sediment deposition. The horizontal bedding serves to directly affect shale permeability.

The page type is characterized by the abundance of organic matter and organic pores, ranking top in permeability; the

alternating siltstone and claystone type takes the second place in permeability with better sorting; while the two grading

types come at last in permeability with poor sorting and low organic matter content.

Key words: turbidites, pelagic sediments, contourites, horizontal bedding, Wufeng—Longmaxi Formations, Paleozoic,

southern Sichuan Basin
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Fig. 1 Sampling sites (a) and stratigraphic column (b) of the Wufeng—Longmaxi shale in southern Sichuan Basin
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Table 1 Types of lamina, lamina set, and bed of the Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig. 2 Types and subdivision of the beds in the Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig.3 SEM images showing the clayey and silty lamina of the Wufeng—Longmaxi shale in southern Sichuan Basin
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Table 2 Types and characteristics of the horizontal bedding of the Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig.4 Microsicope imaage large thin section showing the horizontal bedding of the grading type composed of claystone in the Wufeng—

Longmaxi shale in southern Sichuan Basin
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Fig. 5 SEM images showing the silty lamina of the horizontal bedding of the grading type composed of claystone in the Wufeng—Longmaxi

shale in southern Sichuan Basin
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Fig. 6 Microsicope image large thin section showing the horizontal bedding of the grading type composed of siltstone and claystone in the

Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig. 7 SEM images showing the silty and clayey lamina of the horizontal bedding of the grading type composed of siltstone and claystone in

the Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig. 8 Microsicope image large thin section showing the horizontal bedding of the alternating siltstone and claystone type in the Wufeng—

Longmaxi shale in southern Sichuan Basin
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Fig. 9 SEM images showing the silty and clayey lamina of the horizontal bedding of the alternating siltstone and claystone type in the

Wufeng—Longmaxi shale in southern Sichuan Basin
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Fig. 10 Polarizing microsicop images showing radiolarian silty lamina of the paper-type horizontal bedding in the Wufeng-Longmaxi shale
in southern Sichuan Basin
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Fig. 11 Microsicope image large thin section showing the paper-type horizontal bedding in the Wufeng—Longmaxi shale in southern

Sichuan Basin
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Fig. 12 SEM images showing the silty and clayey lamina of the paper-type horizontal bedding in the Wufeng—Longmaxi shale in southern

Sichuan Basin
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Table 3 Shale permeability of the horizontal bedding of diverse types in the Wufeng—Longmaxi shale in southern Sichuan Basin
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