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The precise and quantitative characterization of reservoir properties is the key to

efficient development of tight oil reservoirs. In this paper, taking the Chang 8

Member of the Yanchang Formation in the Shuimogou area in the southern Ordos

Basin as an example, the sedimentary facies types, microscopic pore structures,

diagenesis, influencing factors of physical properties, and hydrocarbon enrichment

law of tight oil reservoirs are systematically studied. The research results show that

the Chang 8 Member in the study area is a typical delta front subfacies deposit,

including distributary channel and inter-distributary bay microfacies. The

constructive diagenesis of the Chang 8 Member include dissolution,

metasomatism and rupture; while the destructive diagenesis include mechanical

compaction and cementation. The Chang 8 reservoir has entered the middle

diagenetic stage A. The factors affecting the physical properties of tight oil

reservoirs include deposition, compaction, cementation and dissolution. The

secondary pores formed by dissolution account for 10–40% of the total surface

porosity, with an average value of 24%. Local structures and sediments have

significant control over hydrocarbon accumulation. The westward dipping

tectonic setting of the northern Shaanxi Slope provides the basic conditions for

themigrationof oil and gas to the eastern updip areas. The changesof lithology and

physical properties in the updip direction of the structure form the blocking

conditions for the continued migration of oil and gas, which is conducive to

the accumulation of oil and gas. In addition, the main oil reservoirs are mainly

distributed along the distributary channel of the delta front, and most of the

distributary channel sandstone is more than 20m thick. The areas of thick sand

body with multiple layers in the lateral direction is the main part of oil and gas

accumulation. However, the reservoirs formed on the flanks of underwater

distributary channels are generally thin and poorly sorted, which is not

conducive to the accumulation of hydrocarbons.
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Introduction

After more than a decade of exploration and research on tight

oil exploration in China, rich areas of tight oil have been found in

the Qingshankou Formation of the Songliao Basin, the Yanchang

Formation of the Ordos Basin, and the Jurassic of the Sichuan

Basin. Since 2010, based on the theory of “continuous

hydrocarbon accumulation”, the exploration thinking of tight

oil in China has changed from “oil traps” to “entering oil

sources”. Later, the Changqing Oilfield has built China’s first

industrially produced tight oil area in the Ordos Basin. In 2013, a

demonstration base for efficient development of tight oil in

Xinjiang Oilfield was built. In 2015, the Xinanbian Oilfield,

the first large-scale tight oil field of 100 million tons, was

discovered in the Ordos Basin. In 2019, the one billion ton

Gyeongseong Oil Field was discovered. At present, the Ordos

Basin has the largest demonstration base for tight oil

development in China (Yan, 2020).

With the decrease of conventional oil and gas resources, the

exploration and development of tight oil and gas resources has

attracted more and more attention (Cai, 2020; Curtis et al., 2012;

Hong et al., 2020). There are abundant tight sandstone oil

resources in the Upper Triassic Yanchang Formation in the

Ordos Basin in the central China. The large-scale

accumulation of oil and gas resources in the Yanchang

Formation did not undergo long-distance migration. In recent

years, with the developments of horizontal wells and fracturing

technology, tight oil reservoirs of the Yanchang Formation has

achieved great process (Houben et al., 2013; Li., 2022; Liu et al.,

2021a). Evaluation of resource potential of tight oil depends on

the accurate evaluation of various reservoir parameters (Li et al.,

2019; Nie et al., 2020; Lan et al., 2021). Fine and quantitative

characterization of reservoirs combining various advanced

experimental and interpretation techniques is the key to

efficient development of tight oil reservoirs (Anovitz et al.,

2013; Cao et al., 2020; Chalmers et al., 2009).

In this paper, taking the Chang 8 Member of the Yanchang

Formation in the Shuimogou area in the southern Ordos Basin as

an example, the sedimentary facies types, microscopic pore

structures, diagenesis, influencing factors of physical

properties, and hydrocarbon enrichment law of tight oil

reservoirs are systematically studied using the data of core,

thin section, scanning electron microscope, X-ray diffraction,

physical properties, oil testing and well logging. This study can

provide a scientific basis for the rational and effective

development of tight oil reservoirs.

Geological background

The study area is located in the Shuimogou Block of the

Fuxian exploration area in the Ordos Basin (Figure 1A). The

entire Upper Triassic Yanchang Formation in the study area is a

west-dipping monocline, on which a series of low-amplitude

uplifts developed (Figure 1B). The marker layers of the Chang 8

Member include K0, K1 and the middle mudstone (Figure 1C):

(1) Lijiapan Shale K0

The top interface of the K0 mark layer is the boundary

between the Chang 8 and Chang 9 Members, and its thickness is

generally 4–8 m. The lithology include blackmudstone and shale,

and the electrical characteristics are characterized by high natural

gamma, high spontaneous potential, blocky high value of

acoustic time difference, and relatively high resistivity

(Figure 1C).

(2) Zhangjiatan Shale K1

The Zhangjiatan Shale is a thick oil shale segment. Its

electrical characteristics are characterized by high acoustic

time difference, high natural gamma, and high resistivity. It is

an extremely important source rock marker layer distributed in

the Ordos Basin (Figure 1C).

(3) Middle mudstone marker layer

The main lithology is gray-black mudstone, and its electrical

properties are characterized by high acoustic time difference,

high natural gamma, and high resistivity, and are widely

developed in this area (Figure 1C).

From the statistical results, the burial depth of the Chang 8

Member in the study area is mainly between 1,300 and 1700 m,

with an average burial depth of 1,500 m. The thickness of the

Chang 81 sub-member is mainly between 40 and 60 m, with an

average thickness of 53.4 m; and the thickness of the Chang 82
sub-member is mainly between 30 and 50 m, with an average

thickness of 45.7 m.

On the basis of the identification of marker layers, wells with

different positions, appropriate locations, and complete logging

data are selected as comparison standard wells, and stratigraphic

division is carried out in combination with rock debris, cores, gas

logging and logging data (Li et al., 2012; Chen et al., 2021). The

stratigraphic division adheres to the principle of “sedimentary

cycle comparison”. In this study, the stratigraphic division and

comparison of 267 wells in the whole area have been completed,

and a stratigraphic division and comparison database has been

formed.

Materials and methods

Experimental test items include thin section, scanning

electron microscope, X-ray diffraction, physical properties

tests. Thin sections and scanning electron microscopy were

used to analyze mineral composition, pore structures, and
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surface porosity. X-ray diffraction experiments were used to

determine the composition, crystal structure and content of

various minerals and clays in the samples. The X-diffraction

experimental instrument is a DMAX2500X diffractometer. Its 2θ
angle measurement range: 10° ~ +154°; scanning step: 0.002°–90°

(2θ/θ scan); 0.001°–90° (2θ scan); scanning speed: 0.002–100°/

min (2θ/θ scan); 0.001°–100°/min (2θ scan). The instrument for

physical property testing is a physical property testing system.

Results

Sedimentary facies type

The sedimentary facies markers should have special lithology

in the vertical direction, and the electrical measurement curves

should reflect clearly the special sedimentary environment

(Bieniawski., 1967; Chalmers and Bustin., 2007; Chen et al.,

2016). Therefore, it should have the characteristics of stable

thickness and extensive development in the lateral direction.

FIGURE 1
Location of the study area and division of the stratigraphic units of the Chang seven to Chang nine Members. (A) Location of the study area
(Modified after Xiao et al., 2019); (B) East-west stratigraphic profile through the central part of theOrdos Basin; (C) Stratigraphic unit division of Chang
seven to Chang nine Members.

FIGURE 2
Sedimentary structures of the Chang 8 Member of Yanchang
Formation in the study area. Notes: (A) Oil trace fine sandstone,
Well L144, 1195.81 m; (B) Parallel bedding, Well L149, 1535.15 m;
(C) Deformation bedding, Well L143, 1526.98 m; (D) Plant
carbon fractions, Well L96, 1,526.98 m.
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That is to say, as a sedimentary facies marker of a sedimentary

basin, it should not only be regionally extensive, but also have

easy-to-identify characteristics (Lorenz and Finley., 1991; Lai and

Wang., 2015; Lai et al., 2018; Mahmud et al., 2020).

(1) Color

Core observations show that the medium-fine sandstone and

siltstone in the Yanchang Formation in the study area are gray-

white and dark gray, and the mudstone is gray, gray-black, and

black (Figure 2). It reflects that the target layer was a weak

reduction-reduction depositional environment at that time (Liu

et al., 2015; Mahmoodi et al., 2019; Liu B et al., 2020; Radwan.,

2022).

(2) Special sedimentary structures

Parallel bedding, wavy bedding, sand-mud rhythmic

bedding, and trough-like cross bedding can be seen widely in

the cores of the target layer; however, contemporaneous

deformation structures, carbonized plant debris, and thin coal

seams can be seen in very few cores (Figure 2).

(3) Authigenic minerals

Although authigenic minerals are usually low in terrigenous

clastic rocks. However, authigenic pyrite crystals are common in

themudstone of the Chang 8Member in the study area, reflecting

a strong reduction environment in deeper water.

The Chang 8 Member in the study area developed delta front

subfacies, including underwater distributary channel and

interdistributary bay microfacies. The delta front is located

between the lake surface and the wave base, and is not only

the main part of the delta deposition, but also the areas where the

sandy sediments in the delta depositional facies are concentrated

(Xiao et al., 2019; Liu J et al., 2020; Santosh and Feng., 2020;

Radwan et al., 2021; Liu et al., 2022). According to different

sedimentary characteristics and sedimentary facies markers, two

microfacies of underwater distributary channel and inter-

distributary bay were identified in Chang 8 Member of the

study area. Among them, the underwater distributary channel

has deposited large-scale sand bodies, which are the “main body”

of the delta front.

The underwater distributary channel is the continuous

extension of the distributary channel on the delta plain to the

underwater, and the bottom of the channel is washed by water

(Shuai et al., 2013; Shanley and Cluff 2015; Xu et al., 2021; Yin

et al., 2018). Relatively coarse-grained fine-siltstone is found near

the main channel, and relatively fine-grained siltstone,

argillaceous siltstone, and mudstone are deposited along the

underwater distributary channel farther out. Drilling coring

observation shows that there are many parallel- and cross-

beddings in the cores, and the grain size curve shows a

common two-stage type (Figure 3). Curves such as natural

gamma, resistivity, and sonic time difference show box- or

bell-shaped features, indicating that the channel water flow

has a strong sorting effect on sand bodies and bringing out

and reforming fine-grained materials.

The inter-distributary bay is formed by the deposition of

fine-grained silt mudstone and mudstone in a relatively quiet still

water environment (Zhang et al., 2006; Wang and Wang., 2021;

Xue et al., 2021; Yang et al., 2021). Drilling and coring

observation of cores can show the development of horizontal

bedding, lenticular bedding, and a few waves forming ripples. At

the same time, plant debris and thin coal seams can be seen in the

cores. The natural gamma and sonic time difference curves are all

zigzag or small peaks with small fluctuations, reflecting the

sedimentary characteristics of argillaceous components (Zeng

et al., 2007; Yin and Wu., 2020; Zhang et al., 2020).

Sand body distribution characteristics

The sand bodies of the Chang 8Member in the study area are

relatively developed, and the continuity of sand bodies along the

strike of the provenance is good (Figure 4). The thickness of the

Chang 81 sand body is distributed between 5 and 45 m, with an

average thickness of 20.5 m. The hydrocarbons are distributed in

the upper, middle and lower parts of the Chang 81 oil group. The

thickness of the Chang 82 sand body is distributed between 5 and

40 m, with an average thickness of 23.1 m. A set of relatively thick

sand bodies developed in the upper part with good continuity,

which is one of the main oil-rich sand layers in this area. Due to

the frequent oscillation of the paleochannel, the multi-layered

sand bodies develop vertically, and the sand bodies are not well

connected in the lateral direction (Figure 4).

Petrological features

The underwater distributary channel of the delta front

controls the scale of the reservoir sand bodies in the Chang 8

Member, and the formed sandstones are relatively simple in

composition and micro-structures. The reservoirs are dominated

by fine sandstone, silty sandstone and siltstone, and are generally

characterized by low porosity, low permeability, low oil

saturation, and low oil and gas production.

(1) Composition and content of debris components

The main mineral component in the sandstone clastic

component is feldspar, accounting for 37–61%, with an

average of 51.3%, followed by quartz, accounting for 15–37%,

with an average of 23.5%, mainly single crystal quartz. The debris

content is 1–16%, with an average of 5.5%. The rock debris are

mainly metamorphic debris, the content is generally 1–8%, and
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the average is 3.4%. Followed by sedimentary rock debris, the

content is generally 1–16%, with an average of 1.6%. Magmatic

rock debris is the least, and the content is generally 2–5%, with an

average of 0.5%; in addition, the content of mica varies greatly,

with a content of 1–6%, with an average of 3.6%. The sandstone

of the Chang 8 Member in the study area is mainly feldspar

sandstone, followed by lithic feldspar sandstone (Figure 5).

(2) Composition and content of interstitials components

The content of cement was distributed between 4.1 and 26%,

with an average of 14.91%. The matrix components are mainly

mud, and the cements are mainly siderite, calcite, authigenic clay

minerals (chlorite, illite, illite/smectite, etc.) and hydromica,

followed by secondary growth of quartz and feldspar.

FIGURE 3
Probability accumulation curve of sandstone grain size in the Chang 8 Member of the study area. Notes: (A)Well L141, 1,534.2 m; (B)Well L143,
1,527.91 m; (C) Well L147, 1,449.12 m; (D) Well F100, 1,426.52 m.

FIGURE 4
Profile of the sand layers (yellow) passing through Wells L237~L144.

Frontiers in Earth Science frontiersin.org05

Luan et al. 10.3389/feart.2022.963316

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.963316


(3) Structural features

According to the identification of a large number of cast

thin sections and the results of image particle size analysis, the

clastic particles of the Chang 8 reservoir sandstone in the

study area are mostly sub-angular-sub-circular, with

moderate-to-good sorting, particle support, and line or

point-line contacts. The local particles are in concave-

convex contact, and the long axes are arranged in a slightly

fixed direction.

The main types of cementation are pore-type and

membrane-pore type cementation, followed by membrane

type and pore-regenerative type cementation, and vitiated

cementation can be seen locally. The particle size of most

clastic particles is between 0.0625 and 0.25 mm, accounting

for 82.14% of the statistical samples, and the median particle

size is between 0.05 and 0.15 mm, which is dominated by fine

sandstone, followed by silt-fine sandstone.

Discussion

Evaluation of diagenesis

From the perspective of the contribution of diagenesis to

reservoir pores, it can be divided into: constructive and

destructive diagenesis (Corbett et al., 1987; Chen et al., 1988).

(1) Constructive diagenesis

Constructive diagenesis is the diagenesis that increases the

porosity and permeability of the reservoir, which include

dissolution, metasomatism, and rupture (Gai et al., 2016; Li

et al., 2018; Dong et al., 2020; Liu et al., 2021b).

① Dissolution

The Chang 8 sandstone reservoir in the study area

contains a large amount of feldspar, zeolite, calcite and

other easily soluble components, which can lead to the

dissolution of sandstone components under certain

circumstances. Due to the various changes in the

environment of the rock, when the fluid in the pore

medium has moderate organic acid content and

geothermal conditions, some feldspars will be dissolved,

resulting in secondary dissolution pores (Figure 6a~b).

When the burial depth of the reservoir exceeds 2 km, the

strong compaction also aggravates the dissolution.

Mechanical dissolution will produce a large amount of

H2SO4, which can promote the dissolution of quartz and

feldspar components.

② metasomatism

MetasomatismiscommonintheChang8reservoir sandstone in

this area, including the alteration of clastic particles and the

replacement of clastic particles by cement. The metasomatism of

calcitetofeldsparcanbeobservedinthetargetlayer,anditcanalsobe

seen that the edges of quartz grains are replaced by chlorite. During

themetasomatismprocess, nonewsubstancesareproduced, andno

lossofmineralcomponentsoccurs, so ithas littleeffectonthequality

of the reservoir (Figures 6C, D).

③ rupture

During core observation and thin section identification,

various fractures formed by rock instability and fracture can be

seen, includingstructural fractures and interlayer tension fractures

(Figure 6E). The production scale of fractures varies, including

obvious fractures that can be clearly observed with the naked eye,

micro-fractures thatcanonlybedescribedunderamicroscope,and

even hidden fractures or ultra-fine fractures that are difficult to

observe under a microscope. The development of fractures can

improvetheporosityandpermeabilityof thereservoirsandstoneto

a certain extent, and is alsooneof the important factors causing the

strong heterogeneity of the Chang 8 reservoir in this area.

(2) Destructive diagenesis

Destructive diagenesis can increase the diagenesis of

reservoir porosity and permeability, which includes

mechanical compaction and cementation (Lima and Deros.,

2003; Lommatzsch et al., 2015; Li et al., 2020).

① Mechanical compaction

FIGURE 5
Classification triangular map of the Chang 8 sandstone in the
study area. Notes: I-quartz sandstone; II-feldspar quartz
sandstone; III-lithic quartz sandstone; IV- feldspar sandstone; V-
lithic feldspar sandstone; VI- feldspar lithic sandstone; VII-
lithic sandstone.
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Mechanical compaction runs through the entire process of

the burial diagenetic stage, and is one of the main reasons for the

reduction of sandstone porosity (McBride., 1989; Moos and

Zoback., 1990; Muhammad et al., 2014; Mirzaei-Paiaman and

Ghanbarian., 2021). The main manifestations of compaction are:

I-plastic deformation, distortion and pseudo-hybridization of

I-plastic particles (mica, mudstone, epimetamorphic rock, and

volcanic rock debris) (Figure 6F); Ⅱ-brittle micro-cracks on the

surface of rigid particles (quartz, feldspar, etc.) and their

displacement and rearrangement; Ⅲ-compacted directional

FIGURE 6
Images of microscopic features of different types of pores in the Chang 8 Member. Notes: (A) Calcite crystals are dissolved to form dissolution
pores (Well L227, 1,429.41 m); (B) Feldspar particles were dissolved to form intragranular dissolution pores (Well L237, 1,412.67 m); (C) The edge of
quartz crystal is replaced by chlorite, (Well L236, 1,412.68 m); (D) Feldspar particles were replaced by calcite, (Well L237, 1,412.17 m); (E) There are
micro-fractures along the bedding direction (Well L227, 1,429.15 m); (F)Micawas compacted and deformed, (Well L237, 1,412.59 m); (G)Calcite
crystals are filled between the detrital grains (Well L227, 1,429.15 m); (H) The secondary increase of quartz particles tends to be euhedral (Well L236,
1,415.85 m).

Frontiers in Earth Science frontiersin.org07

Luan et al. 10.3389/feart.2022.963316

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.963316


fabric, feldspar and mica are often oriented along the long axis

direction; Ⅳ-tight packing of debris particles.

② cementation

There are three types of cementation in the Chang 8

clastic rock reservoir in the study area: carbonate, clay

mineral and siliceous cementations (Qie et al., 2021; Tong

et al., 2012; Zhao et al., 2020; Zeng et al., 2013). Calcite

cementation is the most common in the Chang 8 sandstone

reservoirs, and is widely distributed in sandstone. The

content of carbonate cement in the sandstone of the oil

interval is relatively low, generally 0.5–3%. It is usually

partially filled with pores or flaky or continuously

distributed in flaky shape, which has little effect on

porosity loss. The carbonate content in the poor reservoir

and tight sandstone is higher, and its content can reach

10–20%. The carbonates with large conjoined crystals fill

most or even all of the intergranular pores and replace the

clastic particles and interstitials such as feldspar and debris

components. Furthermore, the primary intergranular pores

are almost completely lost and become a dense barrier

(Figure 6G).

The clay minerals include chlorite, illite/smectite, illite, and

kaolinite in the clastic reservoirs of the Chang 8 Member in the

study area. Among them, the most common one under scanning

electron microscope is chlorite, whose content is generally 4–6%,

with an average content of 5.55% and a maximum of more than

10%. Among the clay minerals, the average relative content of

chlorite can reach 44.3%, followed by illite/smectite mixed layer

and illite, with an average content of 2.27 and 2.25%, respectively;

the content of kaolinite is the least, with an average content

of 1.1%.

The siliceous cement is also widely distributed in the Chang 8

sandstone in this area, and the content is generally 0.5–2%, with

an average of 1.0%. Under the scanning electron microscope,

secondary enlarged siliceous cementation of quartz can be seen in

the clastic rock reservoirs in the study area (Figure 6H), and the

secondary enlarged edges of quartz show different colors.

Overall, the development of siliceous cementation in the

Yanchang Formation sandstone is relatively weak, and the

average primary intergranular pores lost by siliceous

cementation is 1.0%. However, siliceous cement will cause

permanent damage to the pores.

(3) Diagenetic stage

According to previous studies, Ro<0.5% represents early

diagenetic stage, Ro = 0.5–1.3% represents middle diagenetic

stage A, Ro = 1.3–2.0% represents middle diagenetic stage

B. Combined with the diagenetic mineral type and

formation sequence of the I/S mixed layer clay in the Chang

8 sandstone in the study area, the vitrinite reflectance (Ro) in

the mudstone in the study area is between 0.5 and 1.3%.

Therefore, it can be determined that the Chang 8 reservoir

in this area has entered the middle diagenetic stage A.

Microscopic pore structures of reservoir

(1) Pore types

The pore types of the target tight sandstone reservoir

include intergranular pores, intragranular pores, interstitial

pores and fractured pores. According to its origin, it can be

divided into three categories: primary pores, secondary pores

and fractures.

① Primary pores

Primary pores are the pores formed during the deposition of

rocks, including primary intergranular pores and remaining

intergranular pores (Price., 1966; Nelson., 1985; Qiao et al.,

2020; Radwan and Sen., 2021a; Radwan and Sen., 2021b).

Analysis and tests show that the primary pores in the Chang

8 reservoir in the study area mainly develop residual

intergranular pores. This type of pore refers to a kind of pore

that is not subject to obvious dissolution between skeleton

particles due to normal compaction and cementation in the

process of diagenetic evolution. Under the microscope, the

particles around the pores have no obvious corrosion marks.

Its shape is a triangular or irregular polygonal gap (Figures

7A, B).

② Secondary pores

Secondary pores include pores formed by diagenesis such as

leaching, dissolution, and metasomatism.

Intergranular dissolution pores are secondary pores formed

between particles after the dissolution of rock particles or

cements (Shi et al., 2004; Xia et al., 2020; Yoshida and

Santosh., 2020; Wang et al., 2021). They are mostly irregular

under the microscope, with serrated or harbour-shaped edges.

Intragranular dissolution pores are mainly secondary pores

generated by local dissolution of feldspar or debris particles,

that is, the particles themselves are partially dissolved. Through

the observation of cast thin sections and scanning electron

microscope, secondary pores generated by local dissolution of

feldspar and cement particles are mainly seen in the Chang 8

sandstone in the area (Figures 7C, D). Under the microscope,

the dissolution of feldspar particles is more common to form

dissolved intergranular pores, and the pores are usually filled

with various clay and crystalline minerals, resulting in finer

pores in the reservoir and poor pore throat structures.

Intercrystalline pores mainly include intercrystalline

micropores formed by the recrystallization of clay minerals,
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such as leaf-shaped chlorite intercrystalline micropores, irregular

flaky or silky illite intercrystalline micropores, and illite

intercrystalline micropores. . Such pores are generally small

and poorly connected, and are of little significance for

hydrocarbon accumulation.

③ fractures

Fractured pores include rock fissures and grain fissures,

which are long and narrow pores and fissures formed by

tectonic, mechanical compaction and shrinkage

transformation of rocks. Such kind of pores are only

developed in local sandstones, and are mainly interlayer

horizontal fractures. Fractures develop along layers enriched

with biotite or plant debris, and a small number of

compression and tensional fractures of oblique bedding can be

seen. The opening of microscopic cracks is generally less than

10–20 μm. Statistics show that the opening of the filling crack is

relatively large and irregular, and the opening value of the same

crack does not change much. The mesh-like micro-cracks are

curved, and the opening value is also small. Generally, micro-

fractures with an opening greater than 0.1 μm can become

effective fractures for oil and gas migration. The opening of

micro-fractures in this area is more than 0.1 μm, which can be

used as oil and gas storage spaces and oil and gas seepage

channels, and become effective fractures (Figures 7E, F).

The development of fractures can improve the porosity and

permeability of the reservoir sandstone to a certain extent, and is

also one of the important factors causing the strong heterogeneity

of the Chang 8 reservoir in this area.

(2) Pore structure features

FIGURE 7
Microscopic characteristics of different types of pores in the Chang 8 reservoirs in the study area. Notes: (A) Well L227, residual intergranular
pores, 1,429.48m; (B)Well L136, residual intergranular pores, 1,527.54m; (C)Well L236, secondary albite crystals in dissolution pores, 1,420.39m; (D)
Well L237, hair-like illite is attached to the feldspar dissolution pores, 1,417.91 m; (E) Well L237, micro-fractures developed between rock grains,
1,414.25 m; (F) Well L236, micro-fractures formed between rock grains, 1,420.46 m.
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The pore structures of the reservoir rock refer to the

geometry, size, distribution and interconnection of the pores

and throats of the rock. The properties of the pore structure

directly affect the storage performance of the reservoir rock.

Pore analysis of cast images shows that the pores in the

Chang 8 reservoir in the study area are poorly developed, and the

surface porosity is generally 0.3–2.0%, with an average of 1.33%.

Pore shapes are mostly triangular, quadrilateral and irregular.

The pore size distribution in a single sample ranges from 5 μm to

more than 60 μm, the average pore size is generally 10–30 μm,

and the arithmetic mean is 27.45 μm. Therefore, the pores belong

to medium to small pores (Figure 8).

Based on the data of rock casting thin section, image pores

and scanning electron microscope, the pore structures of the

reservoir sandstone of the Chang 8 oil layer group in this area are

divided into five types (Table 1).

Influencing factors of physical properties

The Chang 8 Member in the study area developed low-

porosity-ultra-low permeability reservoirs. The reasons for their

formation are complex and the result of the coupling of various

geological factors.

(1) Sedimentation

Sedimentation is the basis for reservoir formation. The

regional structure of this area is relatively gentle, and the

distribution of oil reservoirs is mainly controlled by the delta

front subfacies. The underwater distributary channel sand

bodies of the delta front are good oil and gas reservoirs.

Usually in the main channel area with good contiguousness

and large thickness, the sand body is well sorted and the

grain size is coarse. These areas are also blocks with high

values of reservoir porosity and permeability, and the oil-

bearing properties of the reservoirs are generally good

(Figure 9).

(2) Burial compaction

As the overlying sediment thickens, the burial depth

increases and the original porosity decreases. Besides

being related to the burial depth, there are a lot of mica

and epimetamorphic rock debris in the Chang 8 sandstone.

During the compaction process, these plastic particles are

easily deformed to form pseudo-hetero-bases to fill the

original intergranular pores and reduce the physical

properties of the reservoir. The analysis shows that there

FIGURE 8
Statistical histogram of reservoir pores in the Chang 8 Member in the study area. Well L227, 1,429.15 m.

TABLE 1 Classification standard for pore and throat size of the Chang 8 reservoir in the study area (after Tang et al., 2014).

Pore level Average
pore diameter (μm)

Throat level Average
throat radius (μm)

Macropores >80 Coarse throats >3.0
Mesopores 80–50 Medium thin throats 3.0–1.0

Small pores 50–10 Thin throats 1.0–0.5

Thin pores 10–0.5 Micro - thin throats 0.5–0.2

Micropores <0.5 Micro throats <0.2
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is a negative correlation between the content of detrital mica

and porosity (Figure 10).

(3) Cementation

Cementation is the main reason affecting the physical

properties of the Chang 8 reservoir, and the reduction in

porosity can reach about 10% on average. Among all kinds of

cementation, the effect of carbonate cementation (calcite,

dolomite) is the most obvious. The carbonate cement content

in the Chang 8 reservoir in the study area is 1–30%, with an

average of 6.5%. The core analysis results show that the

carbonate content has a negative relationship with the

physical properties of the reservoir, and the higher the

carbonate content, the worse the reservoir physical

properties (Figure 11).

(4) Dissolution

Dissolution is the main constructive diagenesis. It mainly

occurs in the middle-late diagenesis. During the thermal

maturation of organic matter, a large amount of organic acid

is produced, which dissolves aluminosilicate minerals such as

feldspar and debris components. The secondary pores formed by

dissolution account for 10–40% of the total surface porosity, with

an average of 24%.

Controlling factors for hydrocarbon
distribution

The Chang seven and Chang nine source rocks in the study

area have wide distribution, large thickness and high

hydrocarbon abundance. The sedimentary thickness of the

underwater distributary channel sand in the Chang 8 delta

front is relatively large, and it is in direct contact with the

Chang nine and Chang seven source rocks. Therefore, the

Chang 8 Member has the “innate advantageous conditions”

for hydrocarbon accumulation.

(1) Controlling effect of local structures on hydrocarbon

distribution

The westward dipping tectonic setting of the northern

Shaanxi Slope provides the basic conditions for the migration

of oil and gas to the eastern updip direction. The regional

FIGURE 9
Coupling relationship between physical properties and lithology of the Chang 8 Member of Yanchang Formation.

FIGURE 10
Relationship between the content of mica + metamorphic
rock debris and porosity in the Chang 8 Member.
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FIGURE 11
Relationship between physical parameters and carbonate content in the target layer. Noets: (A) Relationship between permeability and
carbonate content; (B) Relationship between porosity and carbonate content.

FIGURE 12
Superimposed relationship between the distribution of oil-bearing areas and structures and sedimentary facies (top of the Chang 82 sub-
member).
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structure of this area is a gentle west-dipping monocline, which

slopes slightly to the northwest direction and develops a series of

nose-shaped uplifts. In addition, the changes of lithology and

physical properties in the updip direction of the structure form

the blocking conditions for the continued migration of oil and

gas, so the oil and gas can form various lithologic reservoirs in the

updip direction of the structure. It can be seen from Figure 12

that the central and southern oil reservoirs are mainly distributed

in the structural high parts; while some oil reservoirs in the

northern part are distributed in relatively low parts. The

production capacity of the central and southern reservoirs is

significantly higher than the northern one. Therefore, the oil and

gas enrichment degree is higher in the high structural parts.

(2) Controlling effect of sedimentary on hydrocarbon

distribution

The Chang 8 Member in the study area is a delta front

deposit, and mainly develops two microfacies of underwater

distributary channel and underwater interdistributary bay. The

oil reservoirs are mainly enriched in the main channel area, and

the distribution of the oil reservoirs is obviously controlled by the

change of the sedimentary facies belt (Figure 12). In addition, the

main body of the reservoir is mainly distributed along the

distributary channel of the delta front, and most of the

distributary channel sandstone is more than 20 m thick.

Horizontally, the multi-layer thick sand body distribution area

is the main part of oil and gas accumulation. However, the

reservoirs formed on the flanks of underwater distributary

channels are thin and poorly sorted, which is not conducive

to hydrocarbon accumulation.

Conclusion

1) The Chang 8 Member in the study area is a typical delta

front subfacies deposit, including distributary channel and inter-

distributary bay microfacies. The constructive diagenesis of the

Chang 8 Member include dissolution, metasomatism and

rupture; while the destructive diagenesis include mechanical

compaction and cementation. The Chang 8 reservoir has

entered the middle diagenetic stage A.

2) The factors affecting the physical properties of tight oil

reservoirs include deposition, compaction, cementation and

dissolution. The secondary pores formed by dissolution

account for 10–40% of the total surface porosity, with an

average value of 24%.

3) Local structures and sediments have significant control

over hydrocarbon accumulation. The westward dipping tectonic

setting of the northern Shaanxi Slope provides the basic

conditions for the migration of oil and gas to the eastern

updip direction. The changes of lithology and physical

properties in the updip direction of the structure form the

blocking conditions for the continued migration of oil and

gas, which is conducive to the accumulation of oil and gas.

4) The main oil reservoirs are mainly distributed along the

distributary channel of the delta front, and most of the

distributary channel sandstone is more than 20 m thick. The

distribution area of thick sand body with multiple layers in the

lateral direction is the main part of oil and gas accumulation.

However, the reservoirs formed on the flanks of underwater

distributary channels are thin and poorly sorted, which is not

conducive to the accumulation of hydrocarbons.
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