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Tight oil and gas has become a hot spot for unconventional oil and gas exploration. How to find high-quality reservoirs under
the conditions of low porosity and permeability has become a key issue restricting tight oil and gas exploration. This paper
takes the deep-seated tight clastic rocks in the Changling fault depression in the Songliao Basin as the research object and
comprehensively applies various technologies and methods such as microscopic observation, temperature measurement of
inclusions and paleopressure recovery, and water-rock simulation experiments, to summarize the storage of tight reservoirs.
Set space types and analyze their formation mechanism. The research results show that (1) the tight clastic reservoir space
types of Yingcheng Formation in the Longfengshan subsag of the Changling fault depression in the southern Songliao Basin
include residual primary pores, secondary dissolved pores, and microfractures, with mainly secondary dissolved pores; (2)
pore lining chlorite is an important mechanism for the preservation of primary pores; (3) water-rock simulation
experiments have confirmed that volcanic rock cuttings are easy to dissolve and are the main contributor to the secondary
dissolution pores in the study area; and (4) the Raman displacement technique of methane inclusions has confirmed the
existence of overpressure, which is the cause of hydrocarbon generation and pressurization and is the main motivation for
a microcrack formation.

1. Introduction

Oil and gas exploration and development practices at home
and abroad have confirmed that tight sandstone oil and gas
is the most potential exploration direction in unconven-
tional oil and gas, and it has become a hot research field in
the global unconventional oil and gas exploration and devel-
opment [1–4]. Tight reservoirs generally have the character-
istics of low porosity, low permeability, low abundance and
strong heterogeneity, and large changes in the distribution
of sand bodies [5]. The physical characteristics of tight sand-
stones are the most concerned in the process of oil and gas
exploration and development [6]. Previous studies on the
physical properties of tight sandstone reservoirs mainly
focused on the influencing factors of physical property dis-
tribution and evolution. Research on the characteristics

and genetic mechanisms of relatively “high porosity and
high permeability” reservoirs developed under low porosity
and low permeability conditions has been intensified. It
has gradually formed a consensus that sedimentation and
diagenesis are the key factors affecting the physical proper-
ties of the reservoir [7–10]. However, how to find high-
quality reservoirs on the background of low porosity, low
permeability, low abundance, and strong heterogeneity, clar-
ify the main controlling factors for the formation of high-
quality reservoirs, and screen relatively enriched blocks
(sweet spots) that are still tight. The key points and difficul-
ties of gas exploration are discussed in this study [5]. In
recent years, breakthroughs have been made in the explora-
tion of tight gas in the Changling fault depression in the
Songliao Basin. The Yingcheng Formation in the B210,
B220, and B5 well areas have successively obtained tight
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gas with industrial productivity and stable production. Reser-
voir space types and control factors are currently urgent issues
that need to be resolved, and they are also an important basis
for the next exploration direction selection. Based on this, this
article takes the tight glutenite of the Yingcheng Formation in
the Longfengshan subsag of the Changling fault depression as
the research object, with the aid of polarizing microscope,
scanning electron microscope, image analysis, water and rock
simulation experiment, inclusion temperature measurement
and paleopressure recovery, and other methods and technolo-
gies. The type of storage space in the study area and its con-
trolling factors have been studied in detail.

2. Materials and Methods

2.1. Geological Background. The Longfengshan subsag is
located in the southern part of the central depression area of
the Songliao Basin, adjacent to the Darhan fault zone in the
north, Changfatun uplift in the south, Beizheng fault zone in
the west, and Dongling fault zone in the east, with an area of
nearly 300km2 (Figure 1). Regionally, it is affected by the
extensional strike-slip action of the Beizhengzhen fault zone
and the Dongling fault zone, and the fault activity is strong.

The Lower Cretaceous strata of Longfengshan subsag are
developed from bottom to top with Shahezi Formation,
Yingcheng Formation, Denglouku Formation, and Quantou
Formation. The lithology is mainly fine sandstone, mud-
stone, and glutenite. Basalt is developed in the second mem-
ber of Yingcheng Formation. The Upper Cretaceous strata
are developed from bottom to top with Qingshankou
Formation, Yaojia Formation, Nenjiang Formation, etc.
The lithology is mainly siltstone and mudstone, while the
Nenjiang Formation develops a small section of dark shale.

The target horizon of this study is the Lower Cretaceous
Yingcheng Formation, with fan deltas, braided river deltas,
shallow lakes, and semideep lake deposits, and the overall
appearance is a delta sedimentary environment with strong
hydrodynamics. The grain size distribution is wide, with
medium-fine conglomerate, glutenite, medium-coarse sand-
stone, fine-siltstone, and mudstone developed [13], which can
be divided into 7 sand groups from top to bottom, of which
in Ying II, the stratigraphic lithology of the section is mainly
volcanic rock (andesite, basalt, etc.), fine sandstone, siltstone,
and mudstone, which are volcanic caprocks [14, 15]. In Ying
III sand group and Ying IV sand group, the Yingcheng Forma-
tion and Yingcheng Formation are the main gas producing
zones in the study area, and the lithology is mostly glutenite.
The bottom of the Yingcheng Formation is in pseudoconfor-
mity contact with the Shahezi Formation, and the top is weath-
ered and denuded to varying degrees, and it is in unconformity
contact with the bottom of the Denglouku Formation [16].

3. Results and Discussion

3.1. Reservoir Physical Properties and Storage
Space Characteristics

3.1.1. Reservoir Physical Characteristics. The reservoir prop-
erties of the Yingcheng Formation in the Longfengshan sub-

sag are poor (Figure 2). The measured porosity is mainly
distributed in 3-6%. There are some high-quality reservoirs
with porosity greater than 8%, with an average porosity of
4.16%; the permeability was measured. The rate is concen-
tratedly distributed below 0:1 × 10−3 μm2, only individual
data is larger than 1 × 10−3 μm2, and the average permeabil-
ity is 0:68 × 10−3 μm2. The measured permeability is gener-
ally an order of magnitude smaller than the overburden
permeability, so the permeability of the study area is less
than 0:1 × 10−3 μm2. Refer to the Petroleum and Natural
Gas Industry Standard of the People’s Republic of China-
Tight Sandstone Gas Geological Evaluation Method (SY/T
6832-2011). The area is a typical tight gas reservoir.

3.1.2. Reservoir Space Characteristics. The storage space
types of tight clastic reservoirs in the Yingcheng Formation
of the Longfengshan subsag include residual primary pores,
secondary dissolved pores, and microfractures. Residual pri-
mary pores account for about 38.2% of the total aperture
ratio, secondary dissolution pores account for about 60.3%
of the total aperture ratio, and microcracks account for
about 1.5% of the total aperture ratio.

3.1.3. Residual Primary Pores. The primary pores in the tight
clastic reservoirs of the Yingcheng Formation in the Long-
fengshan subsag are dominated by primary residual inter-
granular pores. The pores are of relatively regular shape
and are mostly surrounded by pore lining chlorite. There is
a certain amount of microcrystalline quartz in the pores
(Figures 3(a) and 3(b)). Pore lining chlorite grows like a
crustacean around the pores, with a thickness of about
5-15μm. The chlorite in the pore lining where the parti-
cles contact is basically not developed, and the chlorite
crystals are leaf-shaped. The existence of primary residual
intergranular pores may be related to the development of
chlorite lining the pores.

3.1.4. Secondary Dissolution Pores. The secondary pores in
the tight clastic reservoirs of the Yingcheng Formation in
the Longfengshan subsag are mainly produced by dissolu-
tion and can be divided into intergranular dissolution pores,
intragranular dissolution pores, and mold pores. The intra-
granular dissolved pores in the study area are mainly formed
by intragranular dissolution of volcanic rock debris, mainly
composed of intragranular dissolved pores in andesite rock
debris (Figure 4(a)) and intragranular dissolved pores in acid
erupted rock debris (Figure 4(b)); intragranular dissolved
pores in feldspar are the second (Figure 4(c)); a small
amount of quartz is also developed. Dissolved pores within
the grains (Figure 4(d)) and mold pores (Figure 4(e)) are
present; the dissolved pores between grains are mainly the
dissolution pores of laumontite cement (Figure 4(f)). The
dissolved pores in the andesite rock fragments are mostly
honeycomb-shaped micropores with irregular shapes, which
can provide material sources for the formation of iron-
bearing cements such as chlorite (Figure 4(a)). When the
dissolution is strong, the mold pores can be formed
(Figure 4(b)); the intragranular dissolution of feldspar and
quartz particles usually form larger regular dissolution pores,

2 Geofluids



N

Changling 0 10 20 km

Longfeng mountain sub-wall

Place name Fault

Tectonic unit Research area

Changling sub-sag

Songyuan

Qian’an

activity is strong.

Southwest uplift

C
hangling sub-sag

C
entral depression

So
ut

he
as

t u
pli

ft

W
est

ern
 sl

op
e a

reaNorth
ern

 su
bsid

en
ce

Nor
th

ea
st 

up
lift

Changling fault depression
structural location

D
arhan raised belt

C
haganhua north sub-concave

D
a Laoyefu raised belt

Fulogquan sub-concave

G
udian sub-concave

H
aishikan sub-concave

Q
ianshenzi sub-concave

Dongling str
uctural belt

(a)

Figure 1: Continued.
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Figure 1: Longfengshan subsag structure location (a) and well location distribution map (b) [11, 12].
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Figure 2: Distribution histograms of porosity (a) and permeability (b) of clastic reservoirs in Yingcheng Formation in the study area.

(a) (b)

Figure 3: (a) Porous lining chlorite surrounds the intergranular pores, and the pores are filled with microcrystalline quartz, B202 well,
3117.80m (-). (b) Porous lining chlorite surrounds the intergranular pores, and the pores are filled with microcrystalline quartz, B202
well, 3098.9m, SEM.
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and the edge dissolution usually forms bay-like dissolution
pores (Figures 4(c) and 4(d)). The dissolution of lautonite
cleavage cracks expands (Figure 4(f)).

According to the statistics of the hole ratio of the second-
ary dissolved pores in the study area, it is found that the
intragranular dissolved pores in the volcanic rock fragments
account for 72.50% of the secondary pore surface ratio, and
the intergranular dissolved pores account for 22.10%, indi-
cating that the secondary dissolved pores are mainly com-
posed of volcanic rock. Provided by dissolution in crumbs.

3.2. Microcracks. There are a certain number of microfrac-
tures in the tight clastic reservoirs of the Yingcheng Forma-
tion in the Longfengshan subsag, mainly in the form of
bonded-grain fractures (Figure 5(a)) and envelope fractures
(Figure 5(b)), and a small number of them are structural
fractures (Figure 5(c)). It can also be seen that dissolution
expansion (Figure 5(d)) and organic matter filling occur
along the microfractures (Figure 5(e)). Image analysis with
cast thin slices as the statistical unit shows (Table 1) that
the average width of microcracks is 2.5μm; the average
number of cracks in the thin slices is about 5, up to 36.
The more developed position of the fracture corresponds
to the high value of permeability. For example, B210 well
develops glued fractures at 3945.95m and 3947.5m, and
the permeability is 6:389 × 10−3 μm2 and 4:59 × 10−3 μm2,

respectively; another example is B206 well 3243.61. The frac-
tures at m are very developed, and the permeability is as high
as 11:4 × 10−3 μm2, indicating that the existence of micro-
fractures improves the permeability of the reservoir.

3.3. The Formation Mechanism of the Reservoir Space

3.3.1. Pore Lining Chlorite Is the Main Reason for Primary
Pore Protection

(1) The Relationship between Pore Lining Chlorite and Pri-
mary Pores. Pore lining chlorite is often formed in a weakly
alkaline (pH 7-9) reducing environment rich in iron andmag-
nesium [17–19]. It is formed earlier and mainly protects the
quality of the reservoir. For example, in well B202 3093m
and 3093m, the content of authigenic chlorite at 3099m
reached high values of 6.8% and 5.9%, respectively, and the
corresponding porosity and permeability also reached the
maximum at this depth. The maximum porosity was 8.8%,
and the maximum permeability was 0.357mD (Figure 6). It
shows that there is a positive correlation between the content
of authigenic chlorite and porosity, and the higher the content
of chlorite in the pore lining, the better the protective effect on
the physical properties of the reservoir.

The statistical results of the porosity and primary
residual intergranular porosity of the samples with more

(a) (b)

(c) (d)

(e) (f)

Figure 4: (a) Dissolved pores in the andesite cuttings, the pores are lined with chlorite to surround the intergranular pores, and the pores are
filled with microcrystalline quartz, well B202, 3112.75m (-). (b) Acid erupted rock cuttings dissolve to form mold holes, well B210,
3948.60m (-). (c) Feldspar pores, B210 well, 3950.9m (+). (d) Quartz pores, B210 well, 4129.95m (+). (e) mold hole, B202 well,
3130.8m (-). (f) Lautonite cement dissolution pores, well B210, 3945.95m (-).
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developed pore lining chlorite show that the total porosity of
the sample is 5.06%-8.66%, the primary residual intergranu-
lar porosity is 3.62%-6.29%, and the ratio of primary poros-

ity to the total porosity is 53.31%-83.60%, with an average of
65%, indicating that the porosity of the sample is mainly
provided by the residual intergranular pores (Table 2), and

(a) (b)

(c) (d)

(e)

Figure 5: (a) Grained fractures, well B206, 3243.61m (-). (b) Enveloping fractures, B210 wells, 3945.08m (-). (c) Structural fractures, B208
wells, 3261.45m (-). (d) Grained fracture dissolution, well B210, 4127.2m (-). (e) Fracture is filled with organic matter, well B203, 3607.8m
(-).

Table 1: Statistical table of microcrack image analysis results.

No. Depth (m) Number of cracks (pieces) Average crack opening (μm) Crack density (mm/mm2)

B201 3398.01 3 2.5 0.62

B202 2994 5 2.5 0.66

B202 2998.75 4 2.5 0.83

B202 3087.33 11 2.5 1.39

B202 3098.9 3 2.5 1.44

B202 3128.6 3 2.5 0.65

B203 3317.87 6 2.5 0.5

B204 2389.4 4 2.5 0.94

B204 2875.4 5 2.5 0.9

B206 3237.22 9 3.62 0.28

B206 3237.58 5 2.5 1.92

B206 3243.61 36 5.99 1.33

B210 3945.03 12 2.89 1.13

B210 3945.95 4 2.5 0.08

B210 3947.5 8 2.5 0.87

B210 3950.9 12 2.6 2.5

B210 3951.65 5 2.5 0.99
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the primary porosity is relatively large. Pore lining chlorite
protects porosity mainly in the preservation of primary
pores (Figure 7).

(2) Pore Preservation Mechanism of Chlorite in Pore Lining.
Pore lining chlorite protects the primary pores in the study
area mainly in the following aspects:

(1) Slow down the compaction effect. In the thin slices
with chlorite lining the pores in the study area, the
contact relationship between the particles is weak,
mainly point-line contact (Figure 8). Pore lining
chlorite was formed in the early diagenesis period.
The alteration of early dark minerals and the dissolu-
tion of volcanic rock cuttings provided a rich source
of iron for the formation of pore lining chlorite in
the study area. Pore lining chlorite formed earlier,
and the formation period was earlier than that of
microcrystalline quartz and carbonate cement. At
this time, the reservoir has not undergone strong
compaction and cementation, and the pore lining
chlorite occupies a certain space. It can effectively
slow down the compaction effect, which is conducive
to the preservation of primary pores [19]

(2) Suppress the secondary growth of quartz. Because
the pore lining chlorite can slow down a certain
degree of compaction, the contact between particles

3110
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3080

Lithology Porosity Permeability Chlorite
0 0.01 015 10 12

Depth
(m)

Figure 6: The relationship between porosity, permeability, and chlorite content in the core section of well B202.

Table 2: Statistical table of the hole ratio of the chlorite development section in the pore lining of well B202.

No.
Depth
(m)

Porosity
(%)

Total area porosity
(%)

Hole area ratio between residual
particles (%)

Proportion of primary pore surface
porosity (%)

B202

2994 7.57 6.15 4.05 65.85

2998.75 5.60 5.06 4.23 83.60

3087.33 8.18 6.79 3.62 53.31

3098.9 8.75 6.88 3.71 53.92

3112.75 8.2 6.82 4.03 59.09

3117.8 7.92 6.49 4.32 66.56

3128.6 10.26 8.66 6.29 72.63

Figure 7: Pore lining primary pores surrounded by chlorite, well
B202, 3096.25m, SEM.
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is weak, and it can inhibit the pressure dissolution of
quartz to a certain extent, reduce the content of SiO2
in the pore fluid, and reduce the substance of sec-
ondary quartz source. In addition, the pore lining
chlorite adheres to the surface of the quartz particles,
which makes the contact surface between the quartz
particles and the pore fluid smaller, and it is difficult
for the SiO2-rich fluid to nucleate on the quartz sur-
face, which inhibits the secondary growth of quartz
[20]. Therefore, in reservoirs with well-developed
pore lining chlorite, there is no secondary enlarge-
ment of quartz, and siliceous cements mostly exist
in the intergranular pores in the form of authigenic
microcrystalline quartz (Figure 3)

(3) Inhibit carbonate cementation. Pore lining chlorite is
mainly formed in a high-energy, open, weakly alka-
line, and weakly reducing environment and mainly
developed in the subfacies underwater distributary
channel microfacies of the delta front [19]. Under-
water distributary channels have strong microphase
hydrodynamic conditions and active pore fluid
migration. Under the pressure generated by the local
flow velocity on the particle surface, clay adsorbs on
the particle surface to form pore lining chlorite [21],
which can inhibit carbonate cementation. The con-
tent of chlorite in the study area is obviously nega-
tively correlated with the content of carbonate
cement (Figure 9). When the chlorite content is less
than 4%, with the increase of the chlorite content,
the carbonate cement content decreases obviously;
when the chlorite content is greater than 4%, the car-
bonate cement content increases with the increase of
the chlorite content. The cement content did not
change much

3.4. The Dissolution of Volcanic Rock Debris Is the Main
Contributor to Secondary Dissolution Pores

3.4.1. Types of Cuttings and Their Relationship with Pores.
The sandstone of the Yingcheng Formation in the Longfeng-
shan subsag is mostly lithic sandstone (Figure 10), and the

average ratio of lithic, feldspar, and quartz is 67 : 19 : 14.
The types of cuttings are mainly volcanic rock cuttings
(basalt, andesite, and acidic eruption rock), accounting for
about 40.00%, and the highest is 55.30% (Table 3). Among
them, acidic erupting rock cuttings and andesite cuttings
have the most content and acidic eruption. The average con-
tent of rock cuttings is 22.52%, and the average content of
andesite cuttings is 14.66%. Dissolved pores in volcanic rock
cuttings account for 72.50% of the secondary pores, and they
are the main contributor to the secondary dissolved pores.

3.4.2. Discussion on the Formation Mechanism of Lithic
Dissolution Porosity. In order to explore the contribution
of the dissolution of different types of cuttings to the gener-
ation pores of the reservoir, five groups of high-content cut-
tings (rhyolite, andesite, basalt, gneiss, and schist) in the
study area were designed. The samples are fresh andesite,
rhyolite, basalt, gneiss, and schist on the surface. Before the
experiment, the sample was ground into a rectangular paral-
lelepiped of 1 cm × 1 cm × 0:8 cm, and the surface was
polished. The organic acid solution used in the experiment
was prepared according to the type and quantity of the exist-
ing type II1 kerogen discharged organic acid. The specific
preparation process was consistent with the literature [22],
and the pH of the solution was 3.71. Three temperature con-
ditions of 100°C, 150°C, and 200°C were selected for the
experiment temperature, and the formation temperature of
2500m, 3500m, and 4500m was simulated, respectively.
Since the pressure has a small effect on the dissolution, the
experimental pressure is uniformly selected as 30MPa.

The experimental device is a KDSF-II high-temperature
and high-pressure reactor. The specific experimental steps
are as follows: (1) put the sample into the hanging basket
in the reactor, pour the prepared organic acid solution, and
seal the reactor; (2) set the experimental temperature, fill
the kettle with N2 to make the pressure in the kettle reach
about 25MPa, turn on the heating button to slowly raise
the temperature of the reaction kettle, and continue to fill
the kettle with a small amount of N2 after reaching the target
temperature to make the pressure reach 30MPa; (3) keep
constant temperature and pressure conditions to react 48 h;

Figure 8: Pore lining chlorite surrounds the remaining
intergranular pores, well B202, 3128.6m (-).
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(4) after the experiment, power off and let it cool naturally.
When the temperature in the kettle drops to room tempera-
ture, take out the sample, wash and dry and weigh it, take
out the reaction solution with a disposable syringe, and
check the ion concentration.

According to the mass loss before and after the reaction
(Figure 6), the mass loss percentage of basalt, rhyolite, and
andesite at 100°C is between 0.97% and 1.74%, while the
mass loss of gneiss and schist is less, ranging from 0% to
0.9%. When the temperature is 150°C, the percentage of
mass loss of basalt, rhyolite, and andesite is about
1.05%~1.42%, and that of gneiss and schist is about
0%~1%, and the degree of mass loss is close to that at
100°C. When the temperature is 200°C, the percentage of

mass loss of basalt, rhyolite, and andesite is about
1.36%~2.45%, while that of gneiss and schist is only
0.52%~0.87%. From the perspective of the pH change of
the solution before and after the reaction (Figure 11), the
pH of the solution before and after the reaction of basalt,
rhyolite, and andesite changed greatly, and the pH value of
the solution before and after the reaction of gneiss and schist
was small, indicating that the basalt, flow laminite, and
andesite are more soluble in acidic conditions.

The mass loss percentage, pH, and total ion concentra-
tion before and after the comprehensive reaction are shown
in Figure 11. The mass loss percentage, pH value, and total
ion concentration of basalt, rhyolite, and andesite before
and after the reaction have changed greatly, and the gneiss
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Figure 10: Triangular diagram of the sandstone classification of the Yingcheng and Shahezi formations in the study area.

Table 3: Statistics of cuttings types and content in the study area.

No.
Magmatic rock debris Metamorphic rock cuttings

Andesite Acid extrusive rock Basalt Granite Quartzite Schist Gneiss Phyllite Slate rock

B201 20.1 25.2 3.0 1.0 7.9 8.8 1.7 0.6 1.3

B202 21.6 24.6 2.4 1.7 7 7.9 3.1 1.4 1.8

B203 15.2 17.5 2.1 1.3 5.2 12.2 1.8 0.8 2.6

B204 15.5 35.3 4.5 1.5 6.6 10.0 3.2 0.8 2.1

B206 13.4 21.1 2.5 2.1 13.4 7.7 3.1 2.1 1.4

B208 7.9 17.6 2.1 0.0 15.7 4.7 3.0 1.0 1.3

B209 16.1 26.1 3.1 0.9 9.0 5.6 1.4 1.1 1.0

B210 25.1 14.8 2.0 1.3 17.6 3.4 5.4 1.5 1.2

B211 8.7 26.0 1.3 3.0 15 15.0 10.0 5.0 0.0

B2 3.0 17.0 1.0 0.0 1.0 2.0 0.0 0.0 0.0

9Geofluids



and schist have changed smaller. On the whole, rhyolite is
the most soluble, followed by basalt and andesite, and gneiss
and schist have poor dissolution. The content of volcanic
rock debris in the study area is the highest, of which rhyolite
debris content is the largest, followed by andesite debris,
indicating that volcanic rock debris is the main contributor
to the secondary pores in the study area.

3.5. Hydrocarbon Generation Pressurization Is the Main
Driving Force for the Formation of Microfractures

3.5.1. Paleopressure Recovery of Inclusions. There is an obvi-
ous correlation between the Raman displacement value of

gaseous methane inclusions and its internal pressure, and
the Raman displacement value of methane inclusions
decreases with the increase of pressure. Using this feature,
the equation of state for methane inclusions can be estab-
lished. This time, the methane equation of state is used to cal-
culate the trapping pressure of methane inclusions [23], and
then, the ancient pressure of the formation can be restored.

The methane inclusion density of the sample is obtained
from the characteristic peak of methane Raman scattering,
and then, the trapping pressure of the methane inclusions
is obtained. The uniform temperature and capture pressure
of methane inclusions are shown in Table 4. The capture
pressure is above 60MPa, and the highest is 68.74MPa,
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Figure 11: The percentage of mass loss, pH, and total ion concentration of different types of cuttings under different temperature and
pressure conditions. (a) Percentage of mass loss, (b) pH, and (c) total ion concentration.

Table 4: Measured and calculated data table of methane inclusions in the well section with microfractures.

No. Depth (m) Stratum
Homogenization temperature

of inclusions (°C)
Methane inclusion density

(g/cm3)
Capture pressure

(MPa)

B206 3234.89 Ying III sand formation 110 0.24 62.86

B210 3945.33 Ying VI sand formation 130 0.24 68.74

B210 4129.65 Ying VI sand formation 130 0.24 68.74
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indicating that there was abnormal high pressure in the for-
mation during this period.

3.5.2. Log Identification of Overpressure. The mudstone
acoustic time difference curve of well B212 deviates from
the normal trend at about 4000m, indicating that 4000m
is the overpressure top interface of well B212. Below
4000m, the sonic time difference increases abnormally,
while the density is basically unchanged (Figure 12), indicat-
ing that the overpressure is not the cause of undercompac-
tion but may be the cause of hydrocarbon generation and
pressurization.

The mudstone acoustic time difference-density intersec-
tion diagram of well B212 is shown in Figure 13. The point
on the curve is the average value of the acoustic velocity
and density of the mudstone section. The mudstone section
has a normal well diameter (to ensure that there is no well
diameter expansion section), the mud content is greater than
or equal to 90%, and the thickness is greater than 2m (to
reduce the impact of surrounding rock). From the intersec-
tion diagram (Figure 13), it can be seen that the density of
the overpressure section of well B212 basically remains
unchanged with the decrease of the acoustic velocity, which
is in line with the cause of hydrocarbon generation and pres-
surization in the acoustic velocity-density intersection dia-
gram discrimination method [24].

3.5.3. Overpressure Is the Cause of Hydrocarbon Generation
and Pressurization and Is the Main Driving Force for the
Formation of Microfractures. The abnormal pressure of fluid
generated by organic matter hydrocarbon generation is an
important overpressure formation mechanism [25]. In the
theory of “episodic hydrocarbon expulsion,” hydrocarbon
generation pressurization is the material guarantee and
power source for the first migration of oil and gas [26–28].
There are two phases of oil and gas charging in the study
area, corresponding to the homogenization temperature of
fluid inclusions being 90°C-110°C and 120°C-140°C [29].
The matching of hydrocarbons indicates that during the
duration of the two hydrocarbon generation periods, the

kerogen interstitial hydrocarbon expulsion caused the fluid
in the pores to expand rapidly, resulting in overpressure. Com-
bining with the logging identification results of overpressure, it
can be proved that the overpressure in the study area is an
increase in hydrocarbon generation. Tight reservoirs have
small pore throats, high capillary resistance, and limited buoy-
ancy migration. It has become a consensus that pressurization
of hydrocarbon generation is the main driving force for the
migration of oil and gas in tight reservoirs [30–32]. At the
same time as the episodic expulsion of hydrocarbons and pres-
sure to the outside, the hydrocarbons and pressure enter the
reservoir together, forming a hydrocarbon-generating pres-
surized overpressure. When the reservoir pressure exceeds
the rock fracture conditions, microfractures such as stick-
grain fractures and envelope fractures will be generated.
Hydrocarbon generation pressurization is the main driving
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force for the development of microfractures in the study area.
The microfractures formed not only connect the pores and
improve the permeability of the reservoir. It also provides con-
venient conditions for the later fracturing construction.

Diagenesis, mineral transferring, diageneic stages, and
porosity development of these sandstones should be dis-
cussed to help to understand the processes and controlling
factors of disfication of the sandstone reservoirs. Limited
by laboratory conditions and some objective factors, we can-
not finish it. This aspect will be considered in subsequent
research.

4. Conclusions

The tight clastic reservoir space types of the Yingcheng For-
mation in the Longfengshan subsag of the Changling fault
depression in the southern Songliao Basin include residual
primary pores, secondary dissolved pores, and microfrac-
tures, with mainly secondary dissolved pores.

There is a positive correlation between the content of
chlorite in pore lining and porosity, which is an important
mechanism for the preservation of primary pores. The chlo-
rite lining in pores can slow down compaction, inhibit
quartz secondary growth and carbonate cementation, and
protect primary pores.

Water-rock simulation experiments confirmed that vol-
canic rock debris is easily soluble, of which rhyolite is the
most soluble, followed by basalt and andesite; the study area
has the highest content of volcanic debris and is dominated
by rhyolite and andesite debris. Volcanic rock debris is the
main contributor to secondary pores in the study area.

The Raman displacement technology of methane inclu-
sions confirmed the existence of overpressure. Combining
logging identification and hydrocarbon generation period
matching relationship, it was determined that overpressure
was formed by hydrocarbon generation pressurization, and
this overpressure was the main driving force for the forma-
tion of microfractures.
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upon request.
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