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Study on the pore structure characteristics of interbedded shale oil and formation mechanisms of

high-quality shale oil reservoirs in the Chang 7 Member, Yanchang Formation, Ansai Oilfield

Abstract: [Objective] As a key producing horizon of the Ansai Oilfield in the Ordos Basin , the pore structure of Chang
7 Member of the Yanchang Formation directly controls reservoir quality, and consequently influences shale oil
productivity. The Ansai Oilfield is facing depleted conventional resource and difficult reserve replacement, making shale
oil reservoirs the main target for reserve growth. Therefore, characterizing the pore structure and constraining the genesis of
different reservoirs is of great significance for oilfield exploration and development. [ Methods] Targeting the interbedded
shale oil reservoirs in the Chang 7 Member of the Ansai Oilfield, we carried out experiments including scanning electron
microscopy, casting thin sections, low-temperature nitrogen adsorption, high-pressure mercury intrusion, and nuclear
magnetic resonance, to identify the influence of pore size on the quality of the reservoirs, and to reveal the genesis of
different reservoirs from the perspectives of depositional environment and diagenesis. [Results] The reservoir pores are
predominantly composed of feldspar pores, residual intergranular pores, intergranular pores, clay intergranular pores, and a
small number of microcracks. The feldspar pores are mainly micrometer-sized, while clay intergranular pores are
dominantly nanometer-sized. The reservoir exhibits relatively high discharge pressures and low mercury injection
saturation, with pore-throat radii predominantly at the nanometer scale. Most pores with diameters below 500 pm are open-
type parallel plate-shaped and slit-shaped, with a small number of ink-bottle-type pores also developed. The pore sizes in
the reservoir are predominantly below 300 pm, and as physical properties improve, the proportion of larger pores gradually
increases. [Conclusion] The genesis of high-quality reservoirs can be categorized into two types. In the northeast, closer to
the provenance area, strong hydrodynamic conditions lead to better sorting of rock particles, facilitating the development of
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chlorite coatings within the reservoir. These chlorite coatings can protect primary intergranular pores between particles,
allowing more residual intergranular pores to be preserved after compaction, thus forming high-quality reservoirs. In
contrast, the southwest area, being farther from the provenance, exhibits increasing water depth and weaker
hydrodynamics. Due to its proximity to the source rock development zone, the reservoir is more susceptible to dissolution
of organic acids from hydrocarbon source rocks, leading to the formation of numerous dissolution pores and the
development of high-quality reservoirs. [Significance] The study can support the efficient exploration and development of
shale reservoirs in the region.

Keywords: Ansai Oilfield; Chang 7 Member; Pore structures; Diagenesis; Interbedded-type shale oil; Genetic mechanisms
of reservoir formation
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Fig. 1 Comprehensive bar chart of the location and lithology of the Ansai Oilfield in the Ordos Basin

(a) The location of the Ansai Oilfield; (b) Comprehensive column chart of the stratigraphic lithology in the Ansai area
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Table 1 Information on tight sandstone samples from the Chang 7 Member in the Ansai Oilfield
¥ FEM G W R /m J=IA = FLBEE /% B /mD

1 S1 D199 1324.95 K7, KAgbE 10.681 0.0498
2 S2 D199 1339.20 K7, Kaiba 10.428 0.0618
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4 S4 D199 1383.20 K7, KA 5.599 0.0265
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6 S6 HI5 1644.17 K7, KA Hirs 3.662 0.0377
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Fig. 3 Distribution and crossplot of porosity and permeability for the Triassic Chang 7 Member reservoir, Ansai Oilfield

(a) Porosity distribution histogram ; (b) Permeability distribution histogram ; (c) Crossplot of reservoir porosity and permeability
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Fig. 4 Primary types of reservoir spaces in the interbedded shale oil reservoir of the Chang 7 Member, Ansai Oilfield

(a) S1, D199well, 1324.95m, cast sheet; (b) S2, D199well, 1339.2m, cast sheet; (c) S3, D199well, 1357.33m, cast sheet; (d) S7, Hl5well, cast
sheet; (e) S12, Q129well, 1667.94m, scanning electron microscope; (f) S17, W538well, 1626.1m, cast sheet
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Fig.5 Adsorption—desorption curves of six typical samples from the Chang 7 shale oil reservoir, Ansai Oilfield

(a) S1, Well D199, 1324.95 m, Hstype; (b) S4, Well D199, 1383.2 m, Hstype; (c) S6, Well H15, 1644.17 m, H,—H, transitional type; (d) S13,
Well W538, 1620.56 m, Hstype; (e) S14, Well W538, 1623.66 m, Hitype; (f) S16, Well W538, 1625.75 m, H;—H, transitional type
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Fig. 7 Characteristics of high-pressure mercury injection capillary pressure (MICP) curves and pore-throat distribution in tight oil reservoir

samples from the Chang 7 Member, Ansai Oilfield

(a) High pressure mercury injection curves; (b) Pore-throat distribution characteristics
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Fig. 8 T, spectra and microscopic images of typical samples from the shale oil reservoir in the Chang 7 Member, Ansai Oilfield

(a) T, spectrum distribution of I-type samples; (b) S12, Well Q129, 1667.94 m, cast sheet; (c) S17, Well W538, 1626.1 m, cast sheet; (d) 7,
spectrum distribution of II -type samples; (€) S7, Well H15, 1654.05 m, cast sheet; (f) S1, Well D199, 1324.95 m, scanning electron microscope;
(g) T, spectrum distribution of Ill-type samples; (h) S9, Well H15, 1685.49 m, cast sheet; (i) S15, Well W538, 1625 m, scanning electron

microscope
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Fig. 12 Thin sections and pore size distribution of typical samples from the Chang 7 interlayered shale oil reservoir in the Ansai area

(a) S2, Well D199, 1339.2 m, cast sheet; (b) S2 nuclear magnetic aperture distribution; (c) S2, Well D199, 1339.2 m, cast sheet; (d) S12, Well
Q129, 1667.94 m, cast sheet; (e) S12 nuclear magnetic aperture distribution; (f) S15 nuclear magnetic aperture distribution; (g) S15, Well W538,

1625 m, cast sheet; (h) S6 nuclear magnetic aperture distribution; (i) S6, Well H15, 1644.17 m, cast sheet
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Fig. 14 Crossplots of compaction-reduces porosity vs. mineral contents and sorting coefficient, dissolution-enhanced porosity vs. mineral

contents, and compaction-reduced porosity vs.dissolution-enhanced porosity

(a) Compaction-induced porosity vs. quartz particle content; (b) Compaction-induced porosity vs. eldspar particle content; (c) Compaction-

induced porosity vs. mica content; (d) Compaction-induced porosity vs. detritus content; (¢) Compaction-induced porosity vs. matrix content; (f)

Compaction-induced porosity vs. separation coefficient; (g) dissolution-enhanced porosity vs. feldspar particle content; (h) dissolution-enhanced

porosity vs. siliceous cement content; (i) dissolution-enhanced porosity vs. compaction-induced porosity
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Fig. 15 Comprehensive columnar chart of Well Q129 (S12 sampling point) in the Chang 7 Member, Ansai Oilfield
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