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Continental tight oil sandstone reservoirs are developed in the Cretaceous
Quentou Formation in the Songliao Basin, China. At present, there is still a lack
of research on the reservoir microstructures, reservoir physical properties, and
the division scheme of reservoir types in the Quan 3 Member of the Quanzhou
Formation. Therefore, in this paper, taking the Quan 3 Member in the Fuxin
Uplift Belt of the Songliao Basin as an example, the microscopic pore structure
characteristics of tight oil sandstones have been systematically studied, and the
classification standard of tight sandstones has been formulated. Furthermore,
the sweet spots of the main production layers are predicted. The results show
that the | sandstone group in the Quan 3 Member in the study area belongs to
shallow water delta facies. Feldspar lithic fine sandstones are developed in the
target layer, and calcareous sandstone is locally developed. Moreover, the mian
pore types of the target layer include dissolved intergranular and intragranular
pores, followed by primary intergranular pores, while micro-fractures are
occasionally seen. According to the mercury intrusion test results, the pore-
throat structures of the reservoir in the Quan 3 Member are divided into four
types: 1) small-pore medium-throat type (point bar and delta distributary
channel), 2) small-pore micro-throat type (point bar), 3) small-pore micro-
throat type (natural levee), 4) micro-pore micro-throat type (river floodplain and
inter-tributary bay). The lower limits of the physical properties of the effective
reservoirs in the Quan 3 Member has been determined: the porosity is 10% and
the permeability is 0.1 mD. Finally, combined with the study of the mercury
intrusion curves, the physical properties and the sedimentary facies, the
classification standard of the Quan 3 Member reservoirs was formulated. For
the | sandstone group, the sweet spots of the Type | reservoirs are mainly
developed in the Fuyu QOilfield in the southeast areas. The sandstones in this area
suffered less compaction, and primary and secondary pores suffered from late
dissolution are mainly developed.
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Introduction

In recent years, the research focus of clastic oil and gas
reservoirs has gradually developed from conventional to
unconventional reservoirs such as tight reservoirs, deep
reservoirs or volcanic rock reservoirs (Kassem et al.,, 20215 Lv
and Li, 2021; Boutaleb et al., 2022; Cui and Radwan., 2022). The
different scales of reservoir heterogeneity, the reasons for the
formation of tight oil and gas reservoirs, the origin of various
secondary pores, and the division of reservoir types have all
become the focus of reservoir geology (Li et al., 2013; Haile et al.,
2018; Qiao et al., 2019; Wu et al.,, 2019; Bello et al., 2021).

Qualitative evaluation has been unable to meet the
of fine of tight
properties. Therefore, the quantitative evaluation of multi-

requirements evaluation reservoir
parameter joint characterization has become the mainstream
of fine reservoir evaluation (Enayati-Bidgoli and Saemi., 2019;
Hijaz et al., 2020; Mirzaei-Paiaman and Ghanbarian., 2021).
The previous usually use effective permeability, rock density,
effective porosity and permeability of matrix as the core
parameters quantitative of
properties (Sun et al., 2014; Mahmi et al., 2018; Wu et al,,
2020a; Khan et al., 20205 Jabir et al.,, 2021). In recent years,

some new data processing techniques, such as artificial neural

for evaluation reservoir

network, CT scanning, etc., have also been used to evaluate the
oil and gas-bearing properties of tight reservoirs (Li et al.,
2005; Liu et al., 2019; Wang et al., 2020).

There are many countries with developed continental
sedimentary oil fields. Therefore, oil and gas exploration of
fluvial and lacustrine facies sand bodies has received great
attention (Yang et al., 2013; Wang et al., 2016; Wu et al,
2020b; Wu et al., 2020c). Fluvial reservoirs are an important
type of oil and gas reservoirs in China, accounting for about 38%
of the total reserves. The Songliao Basin, located in northeastern
China, is a sedimentary basin with the earliest oil discovery in
China. At present, the sand bodies of the Quan 3 Member of the
Quantou Formation in the Fuxin Uplift, Songliao Basin have
complex development characteristics and a low degree of oil and
gas exploration. The lack of basic research limits the efficient
development of tight sandstone reservoirs in the Quan
3 Member.

On the basis of years of oil and gas exploration achievements
in the Fuxin Uplift Belt, this study systematically studies the
microscopic pore structure characteristics, reservoir classification
standards and sweet spot prediction of the main producing layers
of the Quan 3 Member. This study has important theoretical and
practical significance for guiding the in-depth oil and gas
exploration of the Quan 3 Member of the Fuxin Uplift Belt in
the Songliao Basin.
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Geological background

The Fuxin Uplift is located in the central depression in the
south of the Songliao Basin in northeastern China (Figure 1A).
The area covers the Xinbei, Xinmiao, Xinmin, Xinli, Mutou and
Fuyu Oil Fields. The good source-reservoir-caprock combination
makes the Fuxin Uplift area have the characteristics of
contiguous distribution of reservoirs and good oil-bearing
properties. The configuration of oil-generating sags and long-
term inherited structural belts has resulted in large-scale
accumulation of oil and gas in the Fuxin Uplift area.

The stratigraphic unit division of the Fuxin Uplift belt is
shown in Figure 1B. Oil and gas are mainly distributed in the
Cretaceous strata. The Cretaceous strata are divided into the
Denglouku, Quantou, Qingshankou, Yaojia and Nenjiang
Formations, from bottom to top. High-resolution sequence
stratigraphy studies show that the Quan 3 Member of the
Quan Formation develops a base level rising semi-cycle and a
base level falling semi-cycle. Moreover, the Quan 3 Member of
the Quantou Formation is divided into 6 sandstone groups, of
which the main oil-bearing formation is the I sandstone group.

Methods

In this paper, core observation (35 wells), ordinary and cast
thin section identification (total 120 samples), scanning electron
microscope (total 10 sample), physical properties (total
885 samples), mercury intrusion testing (total 109 samples),
and X-diffraction experiments (total 20 samples) from the
Quan 3 Member were carried out systematically. The testing
instrument for the ordinary and cast thin sections is a Nikon
Eclipse LV100N POL polarizing microscope; an FEI Quanta
200F SEM was used for SEM observations; a PoroPDP-200
overburden porosity-permeability tester was used for physical
property testing; an AutoPore V mercury porosimeter was used
for mercury porosimetry; and a D2 Phaser diffractometer was
used to perform X-ray diffraction experiments.

In this paper, the petrological characteristics, physical
properties, pore types and development characteristics of the
reservoirs, and the prediction of favorable reservoirs in the Quan
3 Member of the Quantou Formation were conducted
systematically. The specific steps of these studies are:

1) Research on petrological characteristics of reservoirs:
Through the observation of cores, identifications of
ordinary and cast thin sections, X-diffraction and scanning
electron microscopy experiments in the target layer, the
composition and structural characteristics of the clastic
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FIGURE 1
Location of the study area (Fuxin Uplift) (A) and the comprehensive stratigraphic histogram (B) of this area (From Mei et al,, 2020; modified).

particles of the tight sandstones are analyzed. Furthermore,
the lithology and the development characteristics of different
mineral compositions of the target layer were determined.

Research on reservoir physical properties: Based on reservoir
physical property data, pore observation results based on cast
thin sections and scanning electron microscope, the porosity-
permeability relationship and its relationship with oil-bearing
properties were studied and the lower limits of the physical

2

~

properties (porosity and permeability) were determined.
Pore types and their development characteristics: According
to the observations of cast thin section and scanning electron

3)

microscope, and the classification of mercury intrusion
curves, the microscopic reservoir characteristics of the
in the Quan 3 Member of the
Formation are systematically studied. The research carried
out includes classification of pore types, characterization of
pore structures, and classification schemes for pore-throat

reservoir Quantou

combinations.
Prediction of sweet spot reservoirs: Based on the above
research, a method for classifying reservoir types is

4)
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formulated, and then the distribution of high-quality
reservoir sweet spots is determined.

Results
Sedimentary facies

Based on the sedimentary structures, lithofacies, and
logging response characteristics of the Fuxin Uplift Belt,
the Quan 3 Member of the Quantou Formation can be
divided into three depositional environments, namely
meandering river, shallow water delta and lake. Seven
microfacies identified in the Quan 3 Member,
including river channel, point bar, lateral border of
channel, floodplain lake, delta plain distributary channel,
delta front sheet sand and shore-shallow lake (Figure 2,
Figure 3). Reservoirs are mainly in the river channel, point
bar, delta distributary channel and delta front sheet sand

were

microfacies (Figure 2).
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FIGURE 2
Core characteristics of the Quan 3 Member in the Fuxin Uplift. Notes: (A) Point bar, fine sandstone with wedge cross bedding, Well

J+28-015.1,1272.62m; (B) Distributary channel, fine sandstone with argillaceous gravel, Well J+2-014, 1373.97m; (C) Distributary channel, silt-
finesandstone with small-scale cross bedding, Well M102, 1353.95m; (D) Delta front underwater distributary channel, fine sandstone with
convolution bedding, Well J30, 439.73m.

012345678910k,

Delta plain Distributary channel

Lateral borter of channel Floodplain lake

Delt front sheet sand  Shore-shallow lake

FIGURE 3
Distribution of sedimentary facies of the | sandstone group of the Quan 3 Member in the Fuxin Uplift.
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FIGURE 4

Microscopic characteristics of sandstones in Quan 3 Member in the Fuxin Uplift. Notes: (A) Feldspar debris sandstone, Jian 25 well, 389.32m; (B)
Feldspar debris sandstone, Jian 25 well, 389.32m:; (C) Feldspar debris sandstone, Jian 24 well, 504.26m; (D) Feldspar debris sandstone, Jian 24 well,
504.26m; (E) Calcareous sandstone, Ji+28-15.1 well, 1364.68m; (F) Calcareous sandstone, Ji+28-15.1 well, 1364.68m; (G) Argillaceous siltstone,
Mu+126-024 well, 954.07m; (H) Argillaceous siltstone, Mu+126-024 well, 954.07m.
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TABLE 1 Reservoir property of Quan 3 Member in different oil field in the Fuxin Uplift.

Average porosity

Area (oil Porosity (%) Permeability (mD)
field) (%)
Fuyu 3-349 0.02-3167 24.89
Xinmu 4.9-15.5 0.004-8 13.4
Xinbei 7-13 0.3 ~09 10.12
Xinli 3-21.5 0.03-21.3 10.97
Xinmiao 7.7-13.6 0.06-0.47 11
Xinmin 5.1-16.6 0.01-8.1 13.79
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Distribution of reservoir properties of Quan 3 Members in different burial depth. Notes: (A) Varition of porosity with depth; (B) Varition of

permeability with depth.

Rock types and characteristics

The evaluation and classification of reservoirs are controlled
by petrological property parameters (Yang and Chen., 2001;
Zhang J. Y. et al,, 2014; Radwan et al, 2021; Nabawy et al,,
2022). In order to better study the reservoir properties of the
Quan 3 Member in the Fuxin Uplift Belt, the rock characteristics
of the reservoir were first analyzed, and then the rock types,
components and structural characteristics were clarified.

In this study, the petrological characteristics of the target layer in
the study area were qualitatively and quantitatively analyzed using
the data of ordinary thin section identifications, X-diffractions and
scanning electron microscope analysis.
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Under the microscope, it is found that there are differences in
the lithological development characteristics of different regions
and different depths, and the oil content is quite different. The
feldspar lithic sandstone is mainly developed in the target layer,
and the calcareous sandstone is developed in the local layers.
Among them, feldspar and debris components are mostly
chloritized. The debris composition is dominated by medium-
acid extrusive debris (Figures 4A,B), and contains a certain
debris 4C,D).
Perpendicular to the bedding direction, the particle size is

amount of basic extrusive (Figures
relatively finer from bottom to top, but the degree of fine-
graining is not large, and the average particle size of each

small layer is between 0.1 and 0.15mm. In addition, some

frontiersin.org


https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1016924

B 200~

Zhang et al.
A 250+
200 4
B
2 150+
&
o
[
1004
N l
04
10~15 15~20 20~25
Porosity (%)
FIGURE 6

Frequency

10.3389/feart.2022.1016924

150 4

100 4

11,

0.1-1 1-10 10-100 =100
Permeability (mD)
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sandstone segments have high calcareous content (Figures 4E,F)
and argillaceous matrix (Figures 4G,H).

Distribution of reservoir property

In this study, a statistical analysis was carried out on the
measured physical property data (Table 1; Figure 5) of the
sandstone cores of the Quan 3 Member. The results show that
the porosity of the target layer is distributed between 3% and
34.9%, with an average of 14.3%. It has two peak intervals, the
main peak is 10%-15%, and the secondary peak is 15%-20%. In
addition, its permeability has a minimum value of 0.01 mD, a
maximum value of 3167 mD, and an average of 3.84 mD. The
permeability also has two peak intervals, the main peak is located
at 1 mD-10 mD, and the secondary peak is located at 0.1 mD-1
mD. Obviously, the Quan 3 Member reservoir has moderately
low porosity and low permeability (Figure 5).

Controlled by various factors such as deposition and
diagenesis, the distribution of physical properties on the plane
is non-uniform, reflecting the obvious heterogeneity of reservoir
physical properties (Zhang et al., 2014b; Xiao et al., 2019; Zhang
et al., 2020; Zhang et al,, 2022). The reservoir porosity of the
Quan 3 Member is significantly different between the eastern and
western regions (Table 1; Figure 5). The sand bodies in the east
are buried shallow, so the porosity is higher than that in the west.
The distribution of reservoir permeability is consistent with the
distribution of porosity, and the permeability in the east is higher
than that in the west.

Among the three sandstone groups in the Quan 3 Member, the
sandstone group I has the best physical properties (Figure 6). The
main peak of porosity is between 15% and 20%, and the main peak
of permeability is between 1 mD-10 mD. The areas with porosity
greater than 25% and permeability greater than 100 mD in the I
sandstone group are mainly concentrated in the southeastern region.
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However, the areas with porosity greater than 20% and permeability
greater than 1 mD are concentrated in the eastern part of the I
sandstone group. The southwestern part of the study area is the Xinli
Structure, and the permeability and porosity are basically above
1 mD and 15%. On the whole, the physical properties of the
reservoir have a distribution pattern of “better in the southeast,
poor in the southwest, and moderate to poor in the north".

Classification and characteristic of pore
types

The type of pores plays an important role in the
accumulation of oil and gas (Wang and Yang., 2017; Santosh
and Feng., 2020; Zhang et al., 2021; Su et al., 2022). The pore
types of the target layer are mainly dissolved intergranular and
intragranular pores, followed by primary intergranular pores,
and micro-fractures are occasionally seen.

1) Secondary pores

The secondary pores developed in the target layer are mainly
dissolved pores. For example, dissolved intragranular pores,
pores (dissolved and
intergranular pores, cement dissolved pores) and mold pores.

dissolved intergranular expanded

@Intragranular dissolution pores

The most common is the dissolution of feldspar particles. Due to
the cleavage of feldspar, when the acidic fluid enters, the feldspar is
dissolved in a grid-like manner, and a dissolved residual edge is
formed (Figures 7A,B). Neutral and basic debris in the study area
contain feldspar, and the feldspar component can also be dissolved,
resulting in dissolved in the debris
(Figures 7C,D).

intragranular  pores
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FIGURE 7

Development characteristics of pores in the sandstone of the target layer. Notes: (A) Feldspar dissolution pores, Jian 25 well, 460.24m; (B)
Feldspar dissolution pore, Ji 41 well, 1369.76m; (C) Detritus dissolution pores, Jian 24 well,495.4m; (D) Debris dissolution pores, Ji+28-15.1 well,
1324.42m:; (E) Fine feldspar debris-siltstone, well developed pores, Jian 30 well, 370.0m; (F) Mould pores, Ji +28-015.1 well, 1364.75m; (G) Primary
pores, Jian 30 well, 458.1m; (H) Fine feldspar debris-siltstone, micro-fractures, Jian 25 well, 418.34m.
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@Intergranular dissolution pores

Dissolution and enlarged intergranular pores can also be seen
in the target layer (Figure 7E). The acidic fluid dissolves the
unstable components around the primary pores, so that the
primary pores are enlarged. The pore space around the
particles is mostly irregular or harbor-shaped.

®Mold pores

For selective dissolution, the relatively soluble particles are
completely dissolved, leaving a dissolved pore with the same size
and shape as the dissolved particles, that is, a mold pore. The
mold pores produced by the complete dissolution of feldspar
particles by organic acids can be seen in the target layer
(Figure 7F).

2) Primary pores

Primary pores refer to the pores formed during the
deposition of rocks and preserved to the present. After they
are formed, they have not suffered from major diagenesis, such as
dissolution or cementation, to reform the intergranular pores, so
they have the characteristics of regular shape and straight edges
(Tang et al,, 2009; Sun et al., 2013). The preserved primary pores
are generally developed between the clast particles, and are
mostly triangular, and the pore boundaries retain relatively
straight boundaries. Moreover, some primary pores are
developed between the clay mineral crystals, such as the
illite.
distributed in irregular shapes. The content of primary pores

intercrystalline pores of kaolinite and They are
in the target layer is low, and the connectivity between pores is

poor (Figure 7G).
3) Micro-fractures

Structural fractures and pressure-solution fractures are mainly
developed in the target layer (Figure 7H). Structural fractures
generally pass around the grains, and the fracture surfaces are
curved. The pressure-dissolution fractures are generally
distributed in the same direction on the feldspar particles,

showing the direction of the overlying load compressive stress.

Pore throat types and characteristics

According to the mercury intrusion test results, the pore-
throat structures of the reservoir in the Quan three Member are
divided into four types: 1) small-pore medium-throat type, 2)
small-pore micro-throat type, 3) small-pore micro-throat type, 4)
micro-pore micro-throat type.

Type I: small-pore medium-throat type. The pore throats in
this type of pore-throat system are relatively large, with ¢
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(porosity) between 24% and 27%, permeability between
368 and 603 mD, average pore throat radius distribution
around 10 um, displacement pressure between 0.02 MPa and
0.2 MPa, and median pressure of saturation between 0.4 MPa and
0.9 MPa. Moreover, the mercury injection curve has a certain
length of gentle slope platform, and the mercury removal
efficiency is between 12% and 14%, with an average of 13%.
This type of reservoir has fine pore throat and good sorting, and
is mainly developed in the Fuyu Oilfield. It is the best reservoir in
the Quan 3 member of the Quanzhou Formation, and is generally
distributed in point bars and delta distributary channels
(Figure 8A).

Type II: small-pore micro-throat type. The pore throat
radius in this type of pore throat system is lower than that of
the Type I pore throats. Its ¢ is between 15% and 22%, with an
average value of 17.3%. There is almost no near-horizontal
segment in the mercury intrusion curve. The average
displacement pressure is 0.2 MPa, and the average pore
throat radius is between 0.1 and 1 mm. Moreover, the
maximum mercury saturation is 82%-87%, with an average
of 84%, and the mercury removal efficiency is 28%-50%, with
an average of 37.8%. The permeability distribution range of
this type of reservoir is 0.5mD-1.7mD, and the porosity is
mostly less than 18%. This type of reservoir has fine pore
throats, poor sorting, and small seepage space, and is generally
distributed in point bar sand bodies (Figure 8B).

Type III: small-pore micro-throat type. The pores and roars
in the pore-throat system of this type of reservoir are smaller than
those of Type IL Its ¢ is between 14% and 18%, with an average
value of 15.7%. The mercury intrusion curve is similar to Type IL
The average pore radius is distributed in the range of 1-3 um,
with an average value of 2.0 um. The displacement pressure is
distributed in the range of 0.15-2.08 MPa. This type of reservoir
is generally distributed in natural levee (Figure 8C).

Type IV: micro-pore micro-throat type. Its ¢ is between 11%
and 14%, with an average value of 13.1%; the average pore radius
is between 0.17 and 0.97 um, with an average value of 0.64 pm. In
addition, the displacement pressure is > 4 MPa. This type of
reservoir is mainly developed in floodplains and inter-tributary
bays (Figure 8D).

Discussion
The lower limits of physical properties

The reservoirs below 1500 m in the study area have poor
physical properties and tend to be densified evidently (Figure 5).
When the reservoir is tight, industrial-grade oil flow cannot be
produced. Combining the observations of the core and the data of
liquid production and physical properties, it can be seen that the
physical property boundary between oil-free and oil-bearing in
the core is between the porosity of 10% and the permeability of
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0.1 mD (Figure 9). The limit of daily liquid production less than
1t is between ¢ = 10% and K = 1 mD (Figure 10). Therefore, the

1 1 ! °

lower limits of the effective reservoir physical properties of the " é o8® .

Quan 3 Member reservoir is: porosity of 10% and permeability of a 100 1 | :
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According to the mercury intrusion curve characteristics, 0011 ¢ L ® Oil-rich

physical properties, pore-throat combinations, and sedimentary 556 * ! i i X

facies, the target layers are divided into four categories (Table 2): 0 10 20 30 40

Medium-small pore, medium-throat, medium-high permeability Porosity (%)

reservoir (Type I); small-pore, fine-throat, low-permeability FIGURE 9

reservoir (Type H)’ small pore,d fine throat, extra-low Relationship between oil content and physical properties
permeability reservoir (Type III), and micro-pore, micro- revealed by the cores of the Quan 3 Member.
throat, ultra-low permeability reservoir (Type IV).
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Relationship between liquid production and physical
properties in the Quan 3 Member.

Type I reservoir: It is dominated by medium-small pore and
medium-throat, and the permeability is between 200 mD and
900 mD, with an average value of 433 mD; ¢ (porosity) > 25%,
the average value of ¢ is 26.7%, and the average pore radius is >
4.5 um; the maximum mercury saturation is between 61% and
93%, and the displacement pressure is between 0.04 MPa and
0.1 MPa. This type of reservoir is mainly located in the Fuyu
Oilfield, and it is mainly developed in (underwater) distributary
channels and point bars.

Type II reservoir: It is dominated by small pores and fine
throats, and the permeability is between 13 mD and 80 mD, with
an average value of 52.4 mD; ¢ = 20%-25%, the average value is
22.3%; the average pore radius is between 1 and 4pm, and the
average value is 2.5 um; moreover, the displacement pressure is
between 0.09 MPa and 0.15 MPa, and the average value is
0.11 MPa. This type of reservoir is mainly developed in point bar.

Type III reservoir: It is mainly composed of small pores and
fine throats, and the permeability is between 1 mD and 40 mD,

10.3389/feart.2022.1016924

with an average value of 18 mD; ¢ = 15%-20%, the average value
is 15.7%; the average pore radius is between 1 and 3 pm, and the
average value is 2.0 pum; the displacement pressure is between
0.15 and 2.08 MPa. Reservoirs of this type are mainly located in
the Xinmu and Xinmiao Oilfields, and are mainly developed in
natural levees and inter-tributary bays.

Type IV reservoir: It is mainly composed of micro-pores and
micro-throats, with a permeability of 0.5mD to 5mD and an
average value of 2.12%; ¢ = 11%-14%, and its average is 13.1%;
the average pore radius ranges from 0.17 to 0.97 um, and the
average value is 0.64 um; the displacement pressure is greater
than 4 MPa. Reservoirs of this type are mainly located in the Xinli
Oilfield, and are mainly developed in floodplains and inter-
tributary bays.

Prediction of sweet spots

In this paper, the planar distribution of different types of
reservoirs in the I sandstone group of the Quan three Member is
predicted according to the established reservoir classification
standard. In the sandstone group I, the overall quality of the
reservoir is good, the effective reservoir can reach the entire
Fuxin Uplift Belt, and the sand bodies are well connected with
each other.

Type I reservoir sweet spots are mainly developed in the Fuyu
Oilfield in the southeast (Figure 11). The sandstones in this area
suffered less compaction, and mainly developed primary pores
and secondary pores formed by late dissolution.

Type Il reservoirs are mainly developed in point bar bodies of
the Xinmin Oilfield in the northeast (Figure 11). There are also a
small number of Type II reservoirs in the point bars in the
southeast of the Xinmu Oilfield, which are mainly due to shallow
burial, less compaction and lower cement content. In addition, a
certain amount of Type II reservoirs are developed in the
northern part of the Xinli and Xinmiao Oilfields, which are
mainly controlled by organic acid dissolution. The organic acid
dissolution effectively improves the physical properties of the
reservoir (Zhang et al., 2014¢; Yin and Wu., 2020).

TABLE 2 Statistical results of physical properties of different types of reservoirs in the Quan 3 Member of the Quantou Formation in the study area.

Reservoir Pore throat Permeability Sedimentary facies Porosity Permeability Average
category feature type (%) (mD) throat
radius (um)
Type 1 Medium-small pore- Medium-high (Underwater) distributary channels > 25% >100 > 4.5
medium throat and point bar
Type II Small pore - thin throat Low Branch channel and point bar 20%-25% 10-100 1-4
Type III Small pore - thin throat  Extra Low Natural levees and interchannel 15%-20% 1-10 1-3
branch
Type IV Micropore - microthroat ~ Extra Low-ultra-low  Floodplain 10%-15% 0.1-1 0.2-1
Tight layer Micropore - microthroat  Dense Floodplain and flooding lake <10 <0.1 <02
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Prediction of the reservoir distribution of the | sandstone group in the Quan 3 Member of the Quantou Formation in the study area.

Type III reservoirs are mainly developed in the branch channel
sand bodies of the Xinmu, Xinbei and Xinmin Oilfields in the central
part (Figure 11). Due to its small particle size and lack of organic acid
dissolution, its physical properties are relatively poor. A certain
amount of Type III reservoirs are also developed in the west of the
Xinli Oilfield, which are mainly located in the Xinli Structural Belt,
and their burial depth is relatively shallow.

Type IV reservoirs are mainly developed in the point bars of
the Xinli Oilfield (Figure 11). Its burial depth is relatively large,
and the compaction effect is strong. The diagenetic stage is
mostly in the middle diagenetic A2 stage, which has been
cemented by iron calcite, and it is difficult to effectively
improve its physical properties by dissolution.

Conclusion

1) In this paper, taking the Quan 3 Member in the Fuxin Uplift
Belt of the Songliao Basin as an example, the microscopic pore
structure characteristics of tight oil sandstones have been
systematically studied, and the classification standard of tight
sandstones has been formulated. Furthermore, the sweet
spots of the main production layers are predicted.

2) The sedimentary facies of the Quan 3 Member in the study
area are meandering river facies and shallow water delta
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4)

facies. Feldspar lithic fine sandstones are developed in the
target layer, and calcareous sandstone is locally developed.
Moreover, the mian pore types of the target layer include
dissolved intergranular and intragranular pores, followed by
primary intergranular pores, and micro-fractures are
occasionally seen.

According to the mercury intrusion test results, the pore-
throat structures of the reservoir in the Quan 3 Member are
divided into four types: (1) small-pore medium-throat type
(point bar and delta distributary channel), (2) small-pore
micro-throat type (point bar), (3) small-pore micro-throat
type (natural levee), (4) micro-pore micro-throat type (river
floodplain and inter-tributary bay).

The lower limits of the physical properties of the effective
reservoirs in the Quan 3 Member has been determined: the
porosity is 10% and the permeability is 0.1 mD. Finally,
combined with mercury intrusion curves, physical
property tests and sedimentary facies characteristics, the
classification standard of the Quan 3 Member reservoirs
was formulated.

For the I sandstone group, the sweet spots of the Type I
reservoirs are mainly developed in the Fuyu Oilfield in the
southeast areas. The sandstones in this area suffered less
compaction, and primary and secondary pores that
suffered from late dissolution are mainly developed.
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