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1. Introduction

As an important object of unconventional oil and gas exploration and development in recent years, tight oil re-
servoirs have been discovered in many countries, mainly in countries in the Americas and some countries in Europe
[1-3]. China's tight oil started late and is widely distributed, which has huge exploration and development prospects
[4-6]. It is distributed in several major oilfields, such as Ordos basin, Sichuan basin, Songliao basins, Junggar and
Turpan-Hami basins, among which the oil production of tight oil in Ordos and Songliao basins is higher than that in
other basins [7-8].

2. The regional geological survey

X Oilfield is located in the east of Yishan Slope of Ordos Basin, covering an area of about 293 km®. It is one of the
earliest oilfields in exploration and development of petrochina. The structure of the block is simple, mainly the west
dip monocline, and the local weak rhinocline structure is developed. The dip Angle is less than 1°. The main
oil-bearing strata are the Triassic Chang 6 and Chang 7 formations.
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3. Petrological characteristics
3.1 Composition characteristics of sandstone

3.1.1 Detritus composition characteristics

According to the thin section identification of reservoir sandstone of Chang 7 Member, the clastic material of
Chang 7 Member is mainly feldspar, with the highest content ranging from 31.6% to 67%, with an average of 52.9%,
which is the main mineral component. The content of quartz is relatively lower, ranging from 15.3% to 26%, with an
average of 22.1%. The content of debris is the lowest, ranging from 0% to 12%, with an average of 4.8%. In general,
the composition maturity of the clastic rocks in the study area is not high, but the clastic components are relatively
stable, and the rock type is feldspar sandstone.

It is found that the proportion of plagioclase in feldspar is large in the observations of cast sections, which is also
reflected in the X-ray diffraction data of whole rock components. Metamorphic rock cuttings have the highest content,
ranging from 0% to 6%, with an average value of 3.9%; sedimentary rock cuttings have the lowest content, which
rarely developed in the study area, with an average value of only 0.2%; and igneous rock cuttings have an average
value of 1.0%.

3.1.2 Composition characteristics of interstitial materials

Through the comprehensive analysis of the X-ray diffraction of the whole rock components in the analysis of the
target interval in the study area and the related data of the collected thin section identification, it is concluded that the
content of clay minerals in the clastic rock reservoir in the study area is relatively high, accounting for 5.3%-22.9%,
with an average of 9%. According to clay mineral analysis, the relative content of chlorite in the study area is 76.5%,
which is the highest among clay minerals, followed by illite and kaolinite. According to the statistics of cement
content in the study area, the highest content is calcite in Chang 7 member, with an average content of 3.9%, ac-
counting for 65% of the cement content. The complex is mostly argillaceous, with an average content of 2.1% and a
small amount of mica debris.

3.2 Structural characteristics of sandstone

According to the experimental results of sandstone particle size analysis, it is found that the main distribution range
of sandstone particle size in Chang 7 member of X oilfield is 0.06-0.29mm, and the average particle size is between
0.Imm-0.2mm. Meanwhile, the lithologic grain size statistics show that the distribution of reservoir grain size in
Chang 7 Member is mainly fine sand. There are also some medium-fine sandstones and very fine sandstones. Sta-
tistics and analysis on the data of cast thin sections and conventional thin sections show that the overall sorting effect
of Chang 7 sandstone reservoir is medium to good, but the degree of grinding is not good, and the main type of ce-
mentation is sub-angular to sub-circular. Pore cementation is the main type, and most of the particles are in point-line
contact mode, indicating that its structural maturity is relatively high.

3.3 Reservoir micro-pore characteristics

Based on the observation of thin sections of cast rock samples from 6 exploration Wells in the study area, the
microscopic pores of rock were observed in combination with scanning electron microscopy and other microscopic
experiments. According to the classification methods that are common both in China and abroad, the sandstone
reservoir of Chang 7 member in the study area can be divided into three types according to its formation mechanism
and geometric shape, namely, primary pores, secondary pores and fractures [9]. According to microscopic observa-
tion statistics, the total facial ratio of Chang 7 sandstone reservoir in the study area is between 0.1% and 2%, with an
average of 0.38%. In general, secondary pores contribute the most.

(1) Primary pores: The primary pores in the study area are mainly composed of residual intergranular pores, also
known as residual intergranular pores. The main reason for the formation of these pores is that the pores formed
between particles in the process of sedimentation diagenesis were filled by cement, and the primary intergranular
pores were reformed. The average content is 1.2%, accounting for 22% of the total face rate, which is relatively
developed.

(2) Secondary pores: The secondary pores in the study area are the most developed and have the highest content.
Under microscope observation, it is found that the most common secondary pores in the target interval are feldspar
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dissolved pores, turbidite dissolved pores and intergranular pores. The overall content of secondary pores is mainly
0.5%-42.3%, with an average of 5.2%. The porosity of the sandstone reservoir is 76.6%, in which the dissolution pore
face rate of feldspar is 38.2%, that of turbidite is 32.5%, and that of intergranular pore face rate is 5.4%.

(3) Micro-fractures: A small number of micro-fractures were formed in the consolidation and diagenesis process in
the study area due to the influence of external factors, and their content mainly ranged from 0% to 0.2%, with an
average content of 0.1%, accounting for 1.4% of the total face ratio. Although fractures accounted for a relatively
small number, they had a certain impact on improving the seepage capacity of the reservoir.

3.4 Pore structure characteristics

Based on the analysis of the NMR results of rock samples from the target interval in the study area, the experi-
mental results of high pressure mercury injection were discussed. It was found that the NMR results of the target
interval showed that there were two peaks, namely, the radius of pore throat was 0.001pum-0.1pm and 0.1pm-10pm.
Intercell 0.001pm to 0.1pum.

Taking the same formation of X2 and X1 as an example, according to the nuclear magnetic spectrum of Chang 7
Member it is found that there is a big difference before and after centrifuge in well X2. After the increase of pore
throat, there is a phenomenon of secondary acceleration at the large pore throat, and the results of well X1 show that,
the maximum contribution value of pore throat is mainly in the region of pore throat. According to the NMR spectra
under different centrifugal force conditions, it is found that the mobile fluid of X2 sample shows a significant change
under different centrifugal force conditions. Therefore, it can be concluded that X2 sample has more macropore
throat development than X1 sample. The cast wafer observations show that the pores at this depth in well X2 are
slightly larger and more developed than at this depth in well X1.

Taking different formations in Wells X1well as examples, through the analysis of the experimental results of high
pressure mercury injection, the sample at 488.05m in well DT033 has a larger macropore throat than that at 508.67m.

Based on the high pressure mercury injection data of 10 samples from Chang 7 member of X oilfield and the NMR
data of 6 samples, the parameters that can characterize the pore throat structure of the reservoir can be statistically
analyzed.

Parameter statistics of pore throat size: Displacement pressure, median pressure and median radius of pore throat
were selected to characterize the size of pore throat. The displacement pressure ranged from 0.62 to 38.12MPa, with
an average value of 6.79MPa and a median value of 3.28MPa. The median pressure ranges from 5.83 to 163.04MPa,
with an average value of 42.42MPa and a median value of 24.5MPa; The median radius of pore throat ranged from
0.01 to 0.13um, with a mean value of 0.05MPa and a median value of 0.04MPa.

Pore-throat sorting parameter statistics: The sorting coefficient, skew degree and coefficient of variation were
mainly selected to characterize the pore-throat sorting of reservoir. Their sizes represented the quality of pore-throat
sorting, among which the sorting coefficient ranged from 0.59 to 2.13, with an average value of 1.41 and a median
value of 1.39. The skew was between -0.3 and 0.23, with an average value of -0.07 and a median value of -0.1.
Coefficient of variation ranged from 0.04 to 0.16, with an average value of 0.11 and a median value of 0.11.

Pore-throat connectivity parameter statistics: Maximum mercury intake saturation, mercury removal efficiency
and mobile fluid saturation were selected to characterize the reservoir pore-throat connectivity. The maximum
mercury intake saturation ranged from 33.42% to 92.37%, with an average value of 71.84% and a median value of
80%. Mercury removal efficiency ranges from 19.42% to 81.99%, with an average value of 39.88% and a median
value of 35.76%. The range of mobile fluid saturation was 7.89% to 50.41%, with an average of 21.67% and a me-
dian of 14.86%.

3.5 Types of petrogenesis

(1) Compaction

Compaction plays the largest role in the process of reservoir densification, and it basically runs through the whole
diagenetic stage. The intensity of compaction is mainly reflected in the external stress of the detritus, the content of
each component of the sediment and the burial depth of the detritus, etc., which are inextrably related to compaction.

As the burial location deepens, the compaction of the reservoir becomes more obvious, especially the extrusion of
plastic minerals further shrinks the pore space. According to the above study, the proportion of sculpture minerals in
the study area is relatively high, which creates a very necessary material basis for the compaction. The following
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phenomena can be found in the cast thin section and scanning electron microscope: (1) The huge energy of com-
paction will cause the plastic minerals led by chlorite and biotite with high content to have strong extrusion defor-
mation. (2) The extrusion of rigid particles will cause the mica filled between the rigid particles to extrusion and
present a state of false heterobase, which is not heterobase in fact. (3) After being squeezed, plastic minerals such as
mica and chlorite show a relatively neat arrangement in a certain direction. (4) Line contact is the most developed
among clastic particles, and generally concave-convex contact only exists in a small range.

(2) Cementation

Cementation is also relatively developed in the target interval of the study area. This is because a large number of
cementation and clay minerals are developed in the study area. The most direct result of them is to block pores, thus
reducing the porosity of the reservoir and worsening the physical property of the reservoir. According to the types of
cements mentioned above, through microscope observation and scanning electron microscopy (SEM) analysis, there
are mainly three types of cementation developed in the study area, which are calcite cementation, silica cementation,
quartz secondary reinforcement, and some clay mineral cementation.

(3) Dissolution

Dissolution plays a constructive role in improving reservoir permeability. The cause of dissolution is mainly di-
vided into two kinds, one is the leaching of inorganic acid, the other is the dissolution of organic acid, different so-
luble minerals, the degree of dissolution will be different. In the study area, there are mainly two kinds of dissolution,
namely, feldspar dissolution and turbidite dissolution. These two kinds of dissolution can improve the physical
properties of reservoirs to different degrees, and effectively improve the physical properties of tight sandstone re-
servoirs in Chang 7 member. Under the microscope observation of the cast thin section, it is found that when the
dissolution occurs in feldspar and turbidizeolite, the dissolution positions of the two are different, the former can be in
the edge of the particle or in the inside of the particle, while the latter can only be dissolved along the cleavage joint to
form the dissolution joint.

4. Conclusion

(1) The lithology of the study area is mainly fine-grained feldspar sandstone with the highest content of feldspar,
indicating that the composition maturity of the study area is low, the overall sorting of sandstone reservoirs is not
good, and the grinding degree is poor. The sandstone reservoirs are mainly subangular and subcircular, and the
contact way is mostly point-line contact, indicating the characteristics of high structural maturity. The dissolved
pores in the secondary pores provide excellent storage space for oil and gas.

(2) The overall physical property of the study area is poor, belonging to the tight sandstone reservoirs with ul-
tra-low porosity - ultra-low permeability and ultra-low porosity - ultra-low permeability, and the reservoir physical
property is controlled by multiple factors, mainly represented by sandstone thickness, rock composition, compaction
and pore structure. The reservoir heterogeneity of Chang 7 member in the study area is strong.

(3) Diagenesis is strong in the study area, mainly including compaction, cementation and dissolution. Compaction
reduces pores, and with the deepening of burial depth, the thermal evolution degree of organic matter also increases,
and acid is discharged, and soluble substances in sandstone are dissolved in large quantities, which provides a good
foundation for the improvement of reservoir space and the formation of high-quality reservoirs.
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