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The Chang 8 Member of the Upper Triassic Yanchang Formation in the southwestern
Ordos Basin is a typical tight sandstone reservoir and has an average porosity of 8.60%
and air permeability 0.20 mD. Multi-scale faults and fractures are widely developed in
these reservoirs. In this study, three-dimensional seismic data, outcrops, cores, imaging
logs, and thin sections were used to classify faults and fractures at multiple scales.
Combined with the oil production data, the influence of multi-scale faults and fractures
on the oil enrichment and production was analyzed. The results show multi-scale faults
and fractures can be divided into six levels: type-I faults, type-II faults, large-scale
fractures, mesoscale fractures, small-scale fractures, and micro-scale fractures. As the
scale decreases, the number of fractures increases in a power function. Type-I faults cut
the caprocks and are not conducive to the preservation of oil. Type-II faults connect the
source rocks and reservoirs and are migration channels of the oil source. Large-scale
fractures cut the mudstone interlayer and are the seepage channel inside the reservoir.
Mesoscale fractures are controlled by thick interlayers, and small-scale fractures are
restricted by thin interlayers or layer interfaces. These fractures are the main seepage
channels and effective storage spaces. Micro-scale fractures serve as important storage
spaces for these reservoirs. The case study of oil reservoir development proves that
type-I faults have the greatest impact on fluid flow, while wells drilled into the type-
II faults zone have a higher oil production capacity. The oil production changes with
the development degree of fractures in different scales, strikes, and positions of
faults. Meso- and small-scale fractures are the key to influencing the early single-well
production, and micro-scale fractures are conducive to the stable production of single
wells. Consequently, multi-scale faults and fractures have significantly different effects
on the oil enrichment and production of tight sandstone reservoirs, and the research
conclusions can guide to the exploration and development of such similar reservoirs.

Keywords: multi-scale faults and fractures, oil enrichment and production, tight sandstone reservoir, Yanchang
formation, Ordos Basin

Frontiers in Earth Science | www.frontiersin.org 1 May 2021 | Volume 9 | Article 664629

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2021.664629
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/feart.2021.664629
http://crossmark.crossref.org/dialog/?doi=10.3389/feart.2021.664629&domain=pdf&date_stamp=2021-05-12
https://www.frontiersin.org/articles/10.3389/feart.2021.664629/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/earth-science#articles


feart-09-664629 May 6, 2021 Time: 17:49 # 2

Zeng et al. Multi-Scale Faults and Fractures

INTRODUCTION

Tight sandstones of the Upper Triassic Yanchang Formation with
a matrix permeability of less than 0.1 mD under subsurface
conditions are the primary targets for tight oil exploration
and development in the Ordos Basin (Han et al., 2017; Jia,
2017). These tight sandstone reservoirs have low porosity and
permeability, strong heterogeneity, and widely developed natural
fractures (Ameen et al., 2012; Gong et al., 2019). Natural fractures,
which can provide effective storage space and improve the
seepage capacity, are an essential factor influencing the oil and
gas distribution in tight sandstone reservoirs (Laubach et al.,
2010; Zeng et al., 2013; Liu et al., 2020a). Therefore, the study
of natural fractures is of great significance to the exploration and
development of tight oil and gas.

The development and distribution of natural fractures are
controlled by rock mechanical units (Gross et al., 1995; Strijker
et al., 2012; Liu et al., 2020b). Differences in the mechanical
properties and thickness of the rock mechanical unit determine
the extension and termination of fractures, making natural
fractures characterized with multi-scale (Cooke et al., 2006;
Larsen et al., 2010). The quantitative statistics of fracture
parameters, such as the density, aperture, and length, need to
be considered under multiple-scale. The aperture and length of
multi-scale fractures obey the power-law distribution (Berkowitz,
2002; Olson, 2003; Laubach and Ward, 2006). Fractures with
different scales have various contributions to tight sandstone
reservoirs. Large-scale fractures with low porosity but high
permeability are effective migration channels, while small
and micro-scale fractures with low permeability can provide
important storage spaces for these reservoirs on account of
the high porosity (Zeng et al., 2020). The study of multi-scale
fractures is useful to better understand the contribution of natural
fractures to the distribution and development of oil and gas in
tight sandstone reservoirs.

The genetic types of natural fractures include tectonic,
diagenetic, and overpressure-related fractures in tight sandstone
in the Upper Triassic Yanchang Formation of the Ordos Basin.
Among them, the tectonic fractures developed during the Late
Jurassic to Early Cretaceous and Paleogene are the dominant
ones (Zeng et al., 2007). The fracture development is controlled
by lithology, rock mechanical units, sedimentary microfacies,
diagenetic facies, and reservoir heterogeneity (Zeng et al., 2008;
Gong et al., 2019). Besides, the contribution of natural fractures
to reservoir permeability and their influence on oil and gas
development are also discussed (Lyu et al., 2019). However, there
is a lack of research and understanding of fracture scales and the
differences in the effects of multi-scale fractures on reservoirs.

In this paper, various data including outcrops, 3D seismic
data, imaging logs, cores, and thin sections were used to conduct
research. Based on the development characteristics, the faults
and fractures are divided into different levels, and the influence
of multi-scale fault-fractures on the oil and gas accumulation
and productivity of tight sandstone reservoirs is also discussed.
The research results provide an example for understanding the
role of multi-scale fault-fractures in tight oil and gas exploration
and development.

GEOLOGICAL SETTING

Location and Structure
The Ordos Basin is located in the central of China and has an
area of about 37 × 104 km2 (Figure 1A). It is separated from the
Yinshan Mountains by the Hetao Graben in the north, faces the
Qinling Mountains by the Weihe Graben in the south, reaches
Liupan Mountain in the west, and reaches Lvliang Mountain in
the east. This basin can be divided into six first-level structural
units (Figure 1B), including the Yimeng Uplift, Weibei Uplift,
West Margin Thrust Belt, Yishan Slope, Tianhuan Depression,
and Jinxi Flexfold Belt (Han et al., 2014; Wang et al., 2017). The
study area is located in the southern of the Tianhuan Depression
and is a west-dipping monoclinic structure as a whole. Some
small uplifts of low amplitude and NEE-SWW, NWW-SEE,
NW-SE, and near E-W strike faults are developed in the study
area (Figure 1C).

Stratigraphy
The Ordos Basin developed Paleozoic marine and Mesozoic-
Cenozoic terrestrial strata (Figure 2). The Paleozoic marine strata
are generally natural gas reservoirs, while the Mesozoic terrestrial
strata are mainly oil reservoirs (Zeng and Li, 2009). The Yanchang
Formation of the Upper Triassic is one of the most important oil-
bearing formations in the Ordos Basin (Duan et al., 2008). The
Yanchang Formation consists of Chang 1 to Chang 10 oil layer
groups from top to bottom (Tang et al., 2014), with a thickness of
about 430–620 m. Among them, the Chang 8 sandstones are the
major target for the tight oil (Hao et al., 2017; Wang et al., 2020).

Reservoir
The Chang 8 member of the southwestern Ordos Basin comprises
shallow braided river delta deposits, with dominant sedimentary
microfacies of distributary channel, estuary bar, sheet sand,
and distributary bay. The reservoir lithology is debris feldspar
sandstones with fine, fine-medium, and silty-fine grains. The
storage space is mainly intergranular dissolved pores, residual
primary pores, and microfractures, in addition to a small amount
of intragranular dissolved pores, mold pores, and intercrystalline
pores (Liang and Guo, 2017). The reservoir porosity distribution
ranges from 4.4 to 12%, with an average of 8.6%, and the air
permeability of these reservoirs is between 0.10 and 0.65 mD,
with an average of 0.20 mD, which is a typical tight oil sandstone
reservoir (Lyu et al., 2017b).

In situ Stress
The direction of present in situ stress can be obtained
from borehole breakouts and drilling-induced fractures
from imaging logs, and the value of present in situ stress
comes from rock acoustic emission experiment, hydraulic
fracturing, and acoustic logging data (Hillis and Reynolds,
2003; Zoback et al., 2003; Rajabi et al., 2016; Ju et al., 2017).
Based on the above methods, the maximum and minimum
principal stresses are in the horizontal direction, and the
intermediate principal stress is vertical in the southwest
of Ordos Basin. The dominant direction of the maximum
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FIGURE 1 | Location map of the Ordos Basin, study area, wells, and fault systems (modified from Zeng and Li, 2009; Lyu et al., 2016; Lyu et al., 2017a, 2019).
(A) Location of the Ordos Basin. (B) Location of the study area and tectonic units of the Ordos Basin. (C) Location of wells, seismic line, and fault systems in the
study area.

FIGURE 2 | Schematic stratigraphy and hydrocarbon potential of the southwestern Ordos Basin (modified from Lyu et al., 2019). Fm.= Formation.

horizontal compressive stress is 60–70◦. The value of
present in situ stress has a good linear relationship with
buried depth, and the stress gradients of the maximum,
intermediate, and minimum principal stresses are 0.0301,
0.0212, and 0.0165 MPa·m−1, respectively (Zeng and Li, 2009;
Lyu et al., 2019).

DATA SET AND METHODOLOGY

This study uses cores of 2,413.33 m from 127 wells, micro-
resistivity imaging logs from nine wells, 225 thin sections, and oil
test data from more than 200 wells in the tight sandstones of the
Upper Triassic Yanchang Formation in the southwestern Ordos
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Basin. Various materials, including 3D seismic data, outcrops,
cores, imaging logs, and thin sections, are integrated for multi-
scale fault-fracture evaluation, reducing the uncertainty caused
by a single data.

Fault parameters, including length, fault displacement, and
occurrence, are obtained by interpreting 3D seismic data.
Large-scale fractures come from the outcrops and post-stack
attributes (coherence, curvature, and variance) of 3D seismic
data (Chen et al., 2016; Xu et al., 2020). Meso- and small-scale
fracture parameters, including strike, dip, density, aperture, and
length, are obtained through outcrops, cores, and imaging logs
(Hennings et al., 2000; Khoshbakht et al., 2012). The density of
meso- and small-scale fractures refers to linear density, which is
the number of fractures per unit length in the normal direction
of the fracture surface (Shi et al., 2020). Micro-scale fracture
parameters such as length, aperture, and density are derived from
thin section observation (Ameen and Hailwood, 2008). Micro-
scale fracture density means the areal density, the total length of
fractures per unit area (Zeng et al., 2008).

The micro-resistivity imaging logs can provide high-
resolution two-dimensional images of the surrounding wellbore
containing petrophysical information. These images convert
the difference in resistivity or acoustic impedance caused
by meso- and small-scale fractures into different colors,
which can accurately characterize fracture properties such as

aperture, length, and occurrence (Ameen and Hailwood, 2008;
Barton et al., 2009).

RESULTS

Fault-Fracture Scale Division
According to the development characteristics and distribution
scale, the faults and fractures in the tight sandstones of the
Upper Triassic Yanchang Formation in the Ordos Basin can be
divided into six levels: type-I faults, type-II faults, large-scale
fractures, mesoscale fractures, small-scale fractures, and micro-
scale fractures (Figure 3 and Table 1). In this article, we mainly
discuss the classification of tectonic fractures.

The interpretation of 3D seismic data shows that these faults
are mainly strike-slip faults, with a nearly upright dip angle,
a small fault displacement, and an echelon arrangement on
the plane. Type-I faults cut the Yanchang Formation and the
bottom coal and mudstone strata of the Yan’an Formation on
the section and have the fault displacement greater than 40 m
(Figures 3, 4). Their extension length is generally greater than
4.0 km on the plane and their directions are mainly NW-SE
strikes. Type-II faults cut the Chang 7 source rock and Chang 8
reservoirs on the section, and their fault displacement is generally
less than 40 m (Figures 3, 4). The extension length of these

FIGURE 3 | Schematic diagram of different scale fault and fracture distribution patterns.
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TABLE 1 | Multi-scale fault and fracture classification and their characteristics.

Classification Development characteristics Scale Function

Type-I faults Cutting through the bottom coal seam and mud-shale
of Jurassic Yan’an Formation

With the plane propagation over 4.0 km; fault displacement
over 40 m

Against for oil storage

Type-II faults Cutting through the Chang 7 mudstones and Chang 8
reservoir of the Upper Triassic Yanchang Formation

With propagation less than 4.0 km; fault displacement less
than 40 m

The fault of oil source,
oil migration channel

Large-scale fractures Developed within the Chang 8 of the Upper Triassic
Yanchang Formation, cutting through interlayers of
sandstones and mudstones and restricted by the
Chang 7 mudstones of the Yanchang Formation

With propagation ranging from hundreds of meters to
thousands of meters, the height is over tens of meters

Seepage channels

Mesoscale fractures Developed within composite sandstone layers, cutting
through thin interlayers and restricted by interlayers of
mudstone

With propagation ranging from tens to hundreds of meters;
height ranging from meters to tens of meters

Seepage channels

Small-scale fractures Developed within a single sandstone layer and
controlled by thin interlayers or layer interfaces

With propagation ranging from several meters to tens of
meters; the height of several decimeters

Storage spaces and
seepage channels

Micro-scale fractures Developed within a single sandstone layer With the propagation of less than several centimeters, and
aperture less than 50 µm

Storage space

FIGURE 4 | Type-I and type-II faults on the seismic cross-section. I refers to the type-I fault. II refers to the type-II fault. H1 and H2 refer to drilling wells, see Figure 1
for the well location.

faults on the plane is less than 4.0 km, and their directions
are NEE-SWW and NWW-SEE strikes. The statistical results of
seismic data interpretation show that the number of type-I faults
is significantly less than that of type-II faults, reflecting that the
number of faults decreases as the fault scale increases. Generally,
the larger the fault scale, the greater the energy, and the more
secondary faults will be formed.

Large-scale fractures are mainly identified by outcrops and the
post-stack attributes such as coherence, curvature, and variance
from 3D seismic data, and some large-scale fractures can be
observed on the core (Figure 5a). These fractures are developed
in the Chang 8 reservoirs, cutting the mudstone interlayer on
the section, and were restricted by the Chang 7 mudstone (Zeng
et al., 2020). The extension length of this kind of fracture ranges
from several hundred meters to thousands of meters, and they
are arranged in an echelon on the plane. Their height is tens

of meters, and their directions are NEE-SWW and NWW-SEE
strikes. Outcrops, cores, and imaging logs show that mesoscale
fractures are developed in the composite sandstone layers and
terminated in the thick mudstone interlayers, which can cut
through thin interlayers and has a height of several meters
to tens of meters on the section (Figures 5b, 6). Outcrops
and imaging logs indicate that the main directions of these
fractures are NEE-SWW and NWW-SEE (Figure 7). Small-
scale fractures are developed in a single sandstone layer and
are controlled by thin interlayers or layer interfaces. These
fractures intersect with the layer interface nearly perpendicularly,
with a height of tens of centimeters, extending from several
meters to tens of meters on the plane (Figure 5c). Micro-scale
fractures are observed in the casting thin sections (Figure 5d).
Their length is generally less than one centimeter, and their
aperture is less than 50 µm, concentrated in 10–20 µm. The
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FIGURE 5 | Large-scale fracture, mesoscale fracture, small-scale fracture, and micro-scale fracture in cores and thin sections. (a) Large-scale fracture shows
fracture zone, Well N2, depth of 2,309.90 m. (b) Mesoscale fracture cuts mudstone interlayer, Well N2, depth of 2,303.27 m (from Lyu et al., 2016). (c) Small-scale
fracture is restricted by mudstone interlayer, Well H4, depth of 2,091.76 m, (d) Micro-scale fracture, Well H3, depth of 2,268.90 m. “A” refers to the micro-scale
fracture.

FIGURE 6 | Mesoscale and small-scale fractures in outcrops. MF refers to the mesoscale fracture; SF refers to the small-scale fracture.

statistical results show that as the fracture size increases, the
density of fracture decreases, and the density of micro-scale
fractures is the largest.

Relationship Between Faults and
Fractures
Outcrops, cores, and imaging logs show that the development
intensity of fractures is closely related to faults. As the distance

from the fault plane increases, the fracture density gradually
decreases (Figure 8). There is a fracture development zone near
the fault plane, namely the fault damage zone (Torabi and Berg,
2011). The width of the fault damage zone is related to the scale
of the fault. As the scale of the fault increases, the width of the
fault damage zone becomes larger (Lyu et al., 2017b). In addition,
due to the control of faults on fracture development, the degree
of fracture development at different fault positions also varies.
Generally, the fractures in the hanging wall are more developed
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FIGURE 7 | Fractures detected by micro-resistivity imaging log in the Well H5. See Figure 1 for the location of Well H5.

than those in the footwall (Zeng, 2008). The fractures at the end
of the fault are more developed than in the middle part, and the
fractures at the intersection of faults and the overlapping part of
echelon faults are more developed.

DISCUSSION

Influence of Different Scale Faults on Oil
Enrichment and Production
The source rock of the Upper Triassic Yanchang Formation in
the Ordos Basin is the Chang 7 mudstone. The reservoir is the
Chang 8 sandstones. The regional caprock is the Yan 10 coal-
measure strata at the bottom of the Yan’an Formation. Type-I
faults cut reservoirs, source rocks, and regional caprocks, and
easily cause the loss of oil and gas. The analysis of geochemical
data shows that the geochemical characteristics of the crude oils

of the Mesozoic oil layer groups in the Honghe Oilfield are
similar (Ma et al., 2015), reflecting that they come from the
same oil source. The oil in the tight reservoirs at the bottom
of the Yan’an Formation are a hydrocarbon generated from the
Chang 7 source rocks of the Yanchang Formation (Xing et al.,
2016), which is powerful evidence that the type-I faults zone are
not conducive to the oil and gas preservation of the Chang 8
sandstone reservoir. Moreover, although the fluid production of
the wells drilled through type-I faults is high, the oil production of
these wells is low, mainly water production (Figure 9). Therefore,
type-I faults contribute the most to the fluid flow in the reservoirs
but are not conducive to the enrichment and production of tight
oil in the Chang 8.

Type-II faults connect the Chang 7 source rocks and the
Chang 8 reservoirs in the study area and are oil source faults
and the main migration channels for oil. In addition, due to
the more developed fractures near the fault, tight oil production
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FIGURE 8 | The relationship between fracture density and distance from the
fault.

FIGURE 9 | The oil production in the wells drilled different scale of fault.
(A) Cutting the fault of Chang 7, with a larger fault scale; (B) Cutting the fault
of Chang 8, with a smaller fault scale.

is generally high when drilling through the type-II faults zone.
According to the oil test data in the reservoirs, although the
fluid output of wells drilling through the type-II faults zone is

not as high as that drilling through that of type-I faults, the
oil production of wells drilling through the type-II faults zone
is significantly higher than that drilling through that of type-I
faults. The average oil production of wells drilled through the
type-II faults zone with an extension length of 1,000–4,000 m
exceeds 12 tons per day, while the average oil production of
wells drilled through that of type-I faults is less than six tons per
day (Figure 10).

There are apparent differences in the impact of faults with
different directions on oil production. There are two sets of nearly
upright faults in the NWW-SEE and NEE-SWW directions in
the tight sandstones of the Upper Triassic Yanchang Formation
in the southwestern Ordos Basin. According to the statistics of
oil test data, the average oil production of wells drilled into the
NWW-SEE fault is greater than 10 tons per day, while the average
oil production of the wells drilled into the NEE-SWW fault is
less than six tons per day (Figure 11). It indicates that the oil
production of wells with NWW-SEE faults that are nearly parallel
to the present maximum principal stress direction is higher than
that of wells with NWW-SEE faults. This is because under the
influence of the present in situ stress in the NEE-SWW direction,
the NEE-SWW fault is in a state of tension currently, and the
faults and their related fractures have larger apertures, better
effectiveness and connectivity, and higher permeability (Liu et al.,
2020b). On the contrary, the NWW-SEE fault is in a compressed
state currently, and these faults and their related fractures have
smaller apertures, poorer effectiveness and connectivity, and
lower permeability. Therefore, the multi-scale faults and fractures
that are nearly parallel to the present maximum principal stress
direction significantly contribute to the oil productivity of tight
sandstone reservoirs.

In different positions of the fault, the development degree of
fractures is diverse, and oil production also varies greatly. Based
on the statistical results of the oil test data, the oil production
of wells on the fault hanging wall is higher than that of wells
on the fault footwall (Figure 12). In the same fault, the wells’
oil production at the end part of the fault is higher than that
of the wells in the middle part of the fault. Additionally, the oil
production is highest at the intersection of faults (cross part)

FIGURE 10 | The oil production in the wells drilled different length of fault.
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FIGURE 11 | The oil production in the wells drilled different strike of fault.

FIGURE 12 | The oil production in the wells located at hanging wall and foot
wall of fault.

with different strikes and the overlaps of faults (cross part) with
the same strike in an echelon arrangement (Figure 13). This
proves that the difference in fracture development at different
fault positions controls the difference in oil enrichment of tight
sandstones and the production of single wells.

Influence of Different Scale Fractures on
Oil Production
Different scale fractures are developed and distributed variedly
in the tight sandstone reservoirs, which are effective storage
spaces and main seepage channels and have variously effects
on oil production. The tight oil in the Chang 8 reservoir is
generated from the overlying Chang 7 source rocks. Due to the
existence of near-upright type-II faults and large-scale fractures,
tight oil preferentially charged and accumulated into reservoirs
locally, showing the characteristics of “near-source vertical short
distance” enrichment (Guo, 2017). The distribution of mesoscale
fractures is controlled by thick interlayers, and small-scale
fractures are controlled by thin interlayers or layer interfaces.
Besides, the fluid flow in the tight-oil sandstones may have been
largely controlled by intraformational natural fractures, which
provide major fluid-flow channels. Therefore, meso- and small-
scale fractures still control the internal flow of fluid in Chang 8

FIGURE 13 | The oil production in the wells located at different parts of fault
(data from Lyu et al., 2019).

reservoir. Meso- and small-scale fractures include near vertical,
high, medium, low, and nearly horizontal dip angles (Lyu et al.,
2016). Meso- and small-scale fractures with various dip angles
are intertwined to form a fracture network system with good
connectivity and permeability. This system significantly improves
the seepage capacity and effectiveness of storage space in tight
sandstone reservoirs, showing that the cumulative oil production
of the wells drilled fracture zone is much greater than that of wells
not drilled into fracture zones. There is a positive correlation
between the density of meso- and small-scale fractures and initial
production (R2 = 0.838) (Lyu et al., 2019). As the density of
meso- and small-scale fractures increases, the initial production
of wells increases. Besides, away from the fault damage zones, the
initial oil production decreases. This decrease law could also be
ascribed to the decreasing fracture intensity away from faults. The
exploration and development status mentioned above reflects
that meso- and small-scale fractures are the key factors to control
the oil production of tight sandstone reservoirs.

The porosity and permeability of fractures can characterize
the migration and storage capacity of fluids (Gong et al.,
2021). According to the calculation results of porosity and
permeability, small-scale fractures can increase the permeability
of tight sandstone reservoirs by 1–2 orders of magnitude, and
their porosity is similar to the reservoir matrix (Lyu et al.,
2019). This means that the small-scale fractures mainly improve
the reservoir permeability and secondly serve as the reservoir
storage space. The micro-scale fractures are distributed in the
tight sandstones with the largest number, and their fracture
porosity is also the largest. Micro-scale fractures can be regarded
as relatively large-scale pores, it is used as a storage space
first, and then as a migration channel. As the distance from
the fault plane decreases, the density of micro-scale fractures
increases. Type-II faults migrate oil and gas to the Chang
8 reservoir, and preferentially enrich and accumulate in the
micro-fractures near the faults. Or oil and gas migrate from
large-scale, mesoscale, and small-scale fractures, and enrich in
micro-scale fractures near these fractures. The above reasons
enable the micro-scale fractures to have considerable oil storage
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capacity, which is an important factor influencing the stable
production of tight sandstone reservoirs. Besides, micro-scale
fractures nucleate at stress concentrations that occur at the grain
scale. Once micro-scale fractures become longer than that length
scale, i.e., become transgranular, they may continue to propagate
by virtue of the stress concentration at the tip and become macro-
fractures (Anders et al., 2014). From this perspective, some
fractures may grow into cracks microscale larger scale potential
as migration pathways of hydrocarbon and have considerable
capacity enrichment. A parallelism between the orientation of
micro-scale fractures and larger micro-scale fractures (Laubach
and Diaz-Tushman, 2009), we can take advantage of the
distribution law and development characteristics of larger-scale
fractures to determine well pattern deployment and fracturing
plans to further achieve high and stable production of tight oil.

CONCLUSION

The faults and fractures of the tight oil sandstone reservoirs
of the Upper Triassic Yanchang Formation in the southwestern
Ordos Basin are divided into six levels: type-I faults, type-
II faults, large-scale fractures, mesoscale fractures, small-scale
fractures, and micro-scale fractures. Type-I faults cut through
the regional caprocks and cause the loss of oil. Type-II faults
connect the source rocks and the reservoirs and act as oil
migration channels. Large-scale fractures are developed in the
reservoirs, cut the mudstone interlayer, and are the seepage
channel inside the reservoir. Mesoscale fractures are developed
in the composite sandstone layers and are controlled by thick
mudstone interlayers. Small-scale fractures are developed in a
single sandstone layer and are restricted by thin interlayers or
layer interfaces. Meso- and small-scale fractures are the main
seepage channels and effective storage spaces for tight reservoirs.
The micro-scale fractures are observed in the casting thin sections
and are important storage space for tight oil sandstone reservoirs.

The scale, strike, and position of the fault will change
the development degree of fractures, leading to different oil
production in a single well of tight sandstone reservoirs. Type-
I faults contribute the most to regional fluid flow but are not
conducive to the enrichment and high oil production in the
Chang 8 tight sandstone reservoirs. Fractures near type-II faults
are more developed, which is favorable to oil enrichment and
generally has higher oil production. The faults and fractures
that are nearly parallel to the present maximum principal stress

direction greatly contribute to the oil productivity of tight
sandstones. In the intersections and overlaps (cross parts), and
end parts of faults, fractures are more developed, and single well
oil production is higher. The development degree of meso- and
small-scale fractures is the key to influencing the early single-
well production in tight sandstone reservoirs. The more meso-
and small-scale fractures are developed, the higher the single-
well production is. The development of micro-scale fractures
is conducive to the stable production of single wells in tight
sandstone reservoirs.

Multi-scale faults and fractures have significantly different
effects on the oil enrichment and production of tight sandstone
reservoirs. Consequently, it is necessary to pay more attention
to their development and distribution law to better refer to the
exploration and development of tight oil sandstone reservoirs.
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