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Fig.1 Tectonic units division of the Ordos Basin (a) and stratigraphic development of the Yanchang Formation (b)
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Fig.2  Photographs of shale cores in the Chang 7 member
(a) thickly laminated shale, well YY22, 1 338.80 m; (b) thickly laminated shale, well YY22, 1 291.62 m; (c) thickly laminated shale, well FY3, 1 293.00 m; (d) medium-
laminated shale, well YY1, 1 316.30 m; (e) medium-laminated shale, well YY1, 1 393.35 m; (f) medium-laminated shale, well YY22, 1 283.80 m; (g) thin-laminated
shale, well YY1, 1 331.26 m; (h) thin-laminated shale, well YY1, 1 229.85 m; (i) thin-laminated shale, well YY1, 1 339.80 m
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Table 2 X-ray diffraction (whole rock) results of shale in the Chang 7 member
Yo Eit/% A A RHCA st Hzf BN X LY
S 20.85 18.66 1.44 3.31 2.53 3.74 39.79
/M 11.00 3.00 0 0 0 0 12.00
SCON I 43.90 57.00 11.00 12.30 9.00 14.00 63.00
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Fig.4  Photomicrographs of shale laminae types in the Chang 7 member

(a) flat silty laminae, cross—bedding, well YY22; (b) flat silty laminae, weakly parallel bedding, well YY3; (c) wavy silty laminae (An et al., 2023); (d) argillaceous laminae,

well YY1; (e) argillaceous laminae, well YY1; (f) organic-rich laminae, continuous distribution of organic matter strips, well YY18; (g) organic laminae, well YY1; (h) tuffa-

ceous striatum; (i) tuffaceous laminae (An et al., 2023)
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Table 3 Mineral composition distribution of

different laminae in the Chang 7 member
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Fig.5 Shale laminae and combination types of the Chang 7 member

(a) highly siliceous laminae; (b) highly siliceous laminae; (c) high clay-content laminae; (d) high clay-content laminae combination with a small amount of silty laminae

and tuffaceous laminae
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Fig.6  Diffuse-point diagram of shale laminae

in Chang 7 member
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Table 4 Proportion of pore types in different laminae of the Chang 7 member
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BLIAIFL/% FhlAIFL/% L% Git%
Wb a2 35.2 10.4 27.6 73.2 1.7 25.1
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Fig.7  Pore types of shale laminae in the Chang 7 member

(a) silty laminae with interphase distribution of feldspar, quartz, clay minerals, etc.; (b) silty laminae with occasional pores in quartz clastic particles; (c) silty laminae with inter-

granular pores in clay minerals; (d) silty laminae with solution pores in potassium feldspar particles along the laminae; (e) silty laminae with tectonic fractures; (f) silty laminae. il-

lite/smectite mixed layer intercrystalline pores; (g) argillaceous laminae with lamellar illite aggregate interlaminar seams; (h) argillaceous laminae with illite intercrystalline

pores; (i) organic-rich laminae with strawberry pyrite intercrystalline layers; (j) tuffaceous laminae, strawberry pyrite intercrystalline pores; Some intergranular pores filled with or-

ganic matter; (k) tuffaceous laminae with organic matter in pores; (1) organic-rich laminae with organic matter contraction cracks
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Fig.8 Advance-retreat mercury curves of shale laminae in the Chang 7 member
(a) silty laminae, well YY1, 1 304.5 m; (b) argillaceous laminae, well YY22, 1 329.8 m; (c) organic-rich laminae, well YY22, 1 343.5 m; (d) high clay laminae combina-
tion, well YY22, 1294.1 m; (e) high siliceous laminae combination, well YY1, 1 364.5 m
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Fig.10 N, Adsorption-desorption characteristics and pore size distribution of shale laminae in the Chang 7 member
(al-aS)sihy laminae, well YY22, 1313.2 m; (hl-b3) argillaceous laminae, well YY22, 1 329.8 m; (cl-(:s) organic-rich laminae, well YY8, 1 450.0 m; (dl'ds) high clay laminae com-
bination, well YY22, 1 294.1 m; (61-63) high siliceous laminae combination, well YY22, 1283.0 m
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Table 5 Partial laminae pore volume of the Chang 7 member

b sl FLARY(107 em®-g™") i AL B/%
AL il P B AL il KA
1 AP BEYZ 1.2 4.1 10.8 16.1 2 29 69
2 TRRLZE 2.9 5.9 5.2 14.0 21 4 37
3 wHAVLRESZE 2.9 6.1 1.7 10.7 27 57 16
4 AR 1.7 9.7 5.8 17.2 10 56 34
5 HREEZ 1.2 45 3.6 9.3 13 48 39
6 AP RAZ 0.3 9.7 8.0 18.0 2 54 44
7 AT 3.0 9.6 4.4 17.0 17 53 30
8 WHAPLEREYZ 3.0 8.9 1.4 133 23 67 11
9 [E RN L5 8.0 6.0 15.5 10 52 38
10 RS2 2.0 32 34 8.6 24 37 39
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Fig.11  Shale oil occurrence space of the Chang 7 member

(a) shale oil adsorbed in primary intergranular pores; (b) intergranular pores filled with crude oil (F. feldspar, Q. quartz); (c) EDS spectrum and elemental weight percent-
age of oil droplets in dissolution pores; (d) oil stains in dissolution pores; (e) EDS spectra and elemental weight percentage of oil droplets in dissolution pores; (f) oil stains

in dissolution pores; (g) asphalt-filled cracks; (h) oil-soaked organic matter micropores; (i) clay mineral intergranular pores
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Fig.12  Comprehensive evaluation of oil-bearing properties in different laminae of the Chang 7 member, well YY22
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Characteristics and Reservoir Performance of Continental Organic-
Rich Shale Laminae: A case study of the Chang 7 member, Yanchang
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Abstract: [Objective] With the continuous breakthroughs in oil and gas exploration and development technology,

shale oil is expected to become an important replacement for traditional petroleum resources.lt is of great significance
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for the exploration and development of shale oil laminae to clarify the development characteristics of shale laminae,
quantitative characterization of pore structure, occurrence characteristics of shale oil and oil-bearing properties.
[Methods ] The organic-rich shale of the Chang 7 member of Yanchang Formation in the southeastern Ordos Basin
was studied for its development characteristics, reservoir performance and the oiliness of different shale types. Thin
section observation, scanning electron microscopy and high-pressure mercury intrusion and nitrogen adsorption were
used to classify the types of shale laminae and clarify the diagnostic properties of oil-bearing shale.[ Results] Lami-
nae are developed in silty mudstone, argillaceous siltstone, siltstone, black shale and tuff in the study area. These
were found to be macroscopically divided into three types: thick laminated shale (The thickness is between 1-10
c¢m) , medium-thickness laminated shale (The thickness is between 1 mm~1 cm) , and thin laminated shale (The
thickness is less than 1 mm). Felsic minerals (27.7%-79.0%) and clay minerals (12.0%-63.0%) dominate the miner-
al composition of the Chang 7 shale laminae, with a small content of carbonate minerals (3.2%-27.0% ). Microscopi-
cally, depending on the mineral composition, the shale occurs in four layer units (Silty, argillaceous, organic-rich
and tuff laminae) and two layer combinations (Combination of highly siliceous laminae and high clay laminae.). Silty
laminae have rich pore types, good reservoir physical properties, good pore connectivity, high oil saturation,
accounting for 46% of the whole, and good oil-bearing properties; argillaceous and organic-rich laminae have
medium physical properties and poor pore connectivity, oil saturation accounts for 32% and 22% of the whole, and
the oil-bearing property is poor; The reservoir physical properties and oil-bearing properties of tuff laminae are the
worst, and there are few pore structures with good reservoir properties in the study area. The high-clay laminae combi-
nation has more nanopores and micropores with small pore size, which have medium reservoir performance and poor
oil-bearing properties. The highly siliceous laminae combination has a range of pore sizes and good reservoir perfor-
mance, and would provide more reservoir space for oil migration and good oil-bearing. [ Conclusions ] The combina-
tion of silty laminae and highly siliceous laminae is significantly superior to the other laminae types in terms of
reservoir space, reservoir performance and oil content. These findings provide an important reference for shale oil
evaluation.

Key words: Ordos Basin; organic-rich shale; laminae; laminae combination; reservoir performance; oiliness



