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(a) Tectonics and stratigraphy of Wulalike Formation, western margin of the Ordos Basin (modified from reference [6]);

(b) generalized column section of well 1L.86
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Fig.2  Photographs of representative outcrop, drill core and thin section of Wulalike Formation shales

(a) limestone lens of gravity flow slump origin, Yixiantian outcrop in Wuhai; (b) limestone lens of granular and micritic limestone, Xilaifeng outcrop in Wuhai; (c) laminat-
ed shale with limestone lamina and horizontal fractures, well 1.99, 4 425.57~4 427.38 m; (d) laminated shale, well 199, 4 424.87 m; (e) shale with limestone lamina, well
199, 4 429.40 m; (f) laminated shale with tuff lamina, well Z15, 4 238.13 m; (g) laminated shale with high dip-angle fractures, well Z15, 4 247.04 m; (h) shale with lime-
stone lamina, well 1105, 4 276.41 m; (i) laminated shale with tuff lamina, well E103, 3 947.91 m
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Fig.3 Thickness of rock in Wulalike Formation shales from typical wells: (a) limestone; (b) tuff
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Fig.4 Mineral compositions of different textures of Wulalike
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Fig.5 SEM-EDS mineral maps of different textures of Wulalike Formation laminated shales
(a) silica-rich bed, well QT9, 4 746.22 m; (b) limestone lamina, well 1.105, 4 275.36 m; (c) tuff lamina, well E103, 3 947.91 m
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Fig.7 Pore types of in Wulalike Formation laminated shales

(a) silica-rich bed, illite intergranular pores, well L1035, 4 274.00 m; (b) silica-rich bed, illite intergranular pores, well L105, 4 262.73 m; (c) silica-rich bed, ankerite and dolo-
mite intragranular dissolved pores, well L1035, 4 276.41 m; (d) silica-rich bed, pyrite intercrystalline pores, well 1103, 4 276.41 m; (e) silica-rich bed, illite intergranular pores
filled by organic matter, well L105, 4 262.73 m; (f) silica-rich bed, organic matter with local pores, well 1105, 4 280.60 m; (g) limestone lamina, calcite intragranular dissolved
pores showing with bead-like distribution, well L105, 4 274.00 m; (h) limestone lamina, calcite intragranular dissolved pores, well L1035, 4 275.36 m; (i) limestone lamina, cal-
cite intragranular dissolved pores, well L105, 4 275.36 m; (j) tuff lamina, pyrite intercrystalline pores, well E103, 3 947.91 m; (k) tuff lamina, ankerite intragranular dissolved
pores, well £103, 3 947.91 m; (1) tuff lamina, illite intergranular and intragrunular pores, well E103, 3 947.91 m
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Fig.8 Pore diameter distribution curves of different textures of Wulalike Formation laminated shales
(a) shale with limestone lamina, well L105, 4 274.00 m; (b) shale with limestone lamina, well L105, 4 275.36 m; (c) shale with tuff lamina, well QT9, 4 276.41 m;
(d) shale with tuff lamina, well E103, 3 947.98 m
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Fig.10  Natural gas micro-migration and occurrence model of

Wulalike Formation laminated shales
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Microscopic Reservoir Characteristics of Laminated Shales: A case
study of the Wulalike Formation at the western margin of the Ordos
Basin
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Abstract: [Objective] This study examines the microscopic characteristics of laminated shale reservoirs in the
Third member of the Middle Ordovician Wulalike Formation at the western margin of the Ordos Basin, to further
understand their effectiveness. [ Methods] An integrated approach combining X-ray diffraction (XRD) , scanning
electron microscopy (SEM) , mineral mapping, organic geochemical analysis, CO, and N,adsorption and mercury
injection capillary pressure tests to compare the mineralogy , organic geochemistry and pore structures of different tex-
tures within the laminated shales.[ Results | These laminated shales comprise limestone and tuff laminae and silica-
rich beds. The limestone and tuff laminae (density of 60-180/m) have lower organic carbon content than the silica-
rich beds. The laminated shales contain both pores and fractures. Clay mineral-related intergranular and intragranular
pores are abundant in the silica-rich beds, with rare organic pores. Calcite and dolomite intragranular dissolution
pores are predominant in the limestone laminae. The tuff laminae contain pyrite intercrystalline pores, clay-related in-
tergranular and intragranular pores and dolomite intragranular dissolution pores. Dissolution pores in carbonate miner-
als in the limestone and tuff laminae are related to dissolution of acid fluids generated by thermal evolution of organic
matter in the silica-rich beds. Near-horizontal fractures are evident along boundaries between limestone and tuff lami-
nae and silica-rich beds. The density of near-horizontal fractures is 63-130/m, and they are 0.2-4.9 mm wide. Lime-
stone and tuff laminae have fewer micropores but more macropores than the silica-rich beds. Limestone laminae con-
tain 2.5-4.3 times the volume of macropores, and these contribute 1.9-2.1 times the total pore volume found in adja-
cent silica-rich beds. The volume of macropores in the tuff laminae is 1.5-2.3 times greater than in adjacent silica-rich
beds.[ Conclusions ] In laminated shale reservoirs, oil and gas generated in silica-rich beds migrate along pores and
fractures, and preferentially enrich in adjacent limestone and tuff laminae. Limestone and tuff laminae contain more
macropores and more free gas than silica-rich beds. The laminated shale reservoirs in the Wulalike Formation contain
a high proportion of free gas related to limestone and tuff laminae.

Key words: Ordos Basin; Wulalike Formation; shale gas; laminated shales; pore type; pore structure



