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In recent years, oil and gas exploration of the Baikouquan Formation in the
northwestern margin of the Junggar Basin has seen major breakthroughs have
been made in oil and gas exploration. Sandstone and conglomerate reservoirs
are developed in the Baikouquan Formation in this area, but the factors affecting
the differences in petro physical properties of these two types of reservoirs are
stillunclear. In this paper, taking the Baikouguan Formation in the Hongcheguai
area on the northwestern margin of the Junggar Basin as an example, a large
number of core observations, thin sections, scanning electron microscopy, and
petro physical property test data were used to evaluate the petro logical
characteristics, reservoir space types, digenesis and pore evolution of the
sandstone and conglomerate reservoirs. The results show that the sandstone
and conglomerate rocks of the Baikouquan Formation in the study area have a
large content of tuffaceous components. The sandstone reservoirs are
dominated by primary intergranular pores, and the conglomerate reservoirs
are dominated by secondary dissolved pores. In addition, the porosity is
negatively correlated with rock permeability for the conglomerate rocks of
the Baikouquan Formation. However, the porosity is positively correlated with
rock permeability of the sandstone reservoirs. According to the analysis of the
digenetic process, the compaction and cementation can lead to a significant
decrease in the petro physical properties of the reservoir. While dissolution can
improve the petro physical properties of the sandstone reservoirs to a small
extent, and can improve that of the conglomerate reservoirs to a greater extent.
Moreover, local fractures are important factors affecting the petro physical
properties of the conglomerate reservoirs. The existence of abnormal high
pressure has a certain effect on the preservation of primary pores. On the
whole, the controlling factors of the petro physical properties of the
conglomerate  reservoirs in  the Baikouquan Formation include
sedimentation, diagenesis, and tectonic actives, while that of the sandstone
reservoirs mainly include sedimentation and diagenesis.
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1 Introduction

At present, the complex lithologic reservoir is the key object
of oil and gas exploration for the continental sedimentary
systems in China. Conventional single genetic control
methods are difficult to accurately elucidate the oil and gas
enrichment laws in complex lithologic reservoirs. The petro
physical properties of tight reservoirs are the comprehensive
products of sedimentation, diagenesis and tectonic activities.
Therefore, only by determining the influencing factors of
physical properties can the accuracy of oil and gas exploration
be improved (Gao et al., 2021; Liu et al., 2021). The Junggar Basin
is a large-scale oil and gas-producing superimposed basin in
China. The geological conditions of the northwestern margin of
the Junggar Basin are complex, and the oil reservoirs with
multiple lithologies are widely distributed in the Triassic (Yu
et al,, 2018; Meng et al,, 2019). At present, the research on the
Triassic reservoirs in this area is mainly concentrated in the
Karamay and Baiqiantan Formations, but there is limited
research on the Lower Triassic Baikouquan Formation. A
systematic research on the reservoir petrology, petro physical
properties, pore types and diagenesis can provide scientific
guidance for efficient oil exploration and development (Lei
et al., 2015; Zhang et al., 2018; Qu et al., 2019).

In recent years, with the fine oil and gas exploration of the
Baikouquan Formation in the northwestern margin of the
Junggar Basin, major breakthroughs have been made in oil
and gas exploration. It also confirmed the possibility of large-
scale lithologic reservoirs in the Baikouquan Formation. Well
S1 revealed that the lithologies of oil layers include conglomerate
rocks and sandstones. These two types of reservoirs are widely
concerned by researchers due to their strong heterogeneity
caused by diverse sedimentary environments and multiple
The

sandstone, and the research on the reservoir properties of

diagenesis. previous research mainly focused on
conglomerate rocks is still very limited (Yu et al, 2015; Qu
et al, 2019). Due to the complex lithology and less analysis of
controlling factors for high-quality reservoirs, the success rate of
exploration wells hinders further exploration of oil and gas in
this area.

In this paper, taking the Baikouquan Formation in the
Hongcheguai area on the northwestern margin of the Junggar
Basin as an example, core observations, thin sections, scanning
electron microscopy, and petro physical property test data were
used to evaluate the petro logical characteristics, reservoir space
types, diagenesis and pore evolution of sandstone and
conglomerate reservoirs. This research can provide new ideas
for the exploration of complex lithological reservoirs in similar

areas.
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2 Materials and methods
2.1 Geological background

The Hongcheguai area is located on the northwestern edge of
the Junggar Basin (Figure 1A) and is an important oil-producing
area in the Xinjiang Oilfield. The target layer is the Triassic
Baikouquan Formation. The Triassic stratum in the basin is a
west-dipping monocline (Figure 1B). During the deposition of
the Baikouquan Formation, the depositional environment of the
northwestern margin of the Junggar Basin was affected by
syngenetic faults and humid climate. The provenance of the
Baikouquan Formation are from the northwest areas. With a
small amount of volcanic activity, a large set of sandstone and
conglomerate deposits of the Baikouquan Formation were formed.
The Baikouquan Formation is in unconformity contact with the
underlying Permian, and its thickness ranges from 200 m to 400 m.

2.2 Experiments

The experiments used in this study include mercury intrusion,
thin section, scanning electron microscopy, X-ray diffraction and
petro physical property tests. The core diameter of the mercury
injection experiment is 2.5 cm and the length is 2.0 cm. Meanwhile,
the mercury porosimeter PM33GT-17 produced by Quantachrome
in the United States was used. The high-pressure power system is
composed of high-pressure metering pumps, the working pressure
range is 0.002-50 MPa, the pressure balance time is >60 s, and the
number of measurable pressure points reaches 100. The experiment
was completed in the Xinjiang Oilfield Experimental Inspection
Institute.

The sample size of the ordinary and cast thin sections is
25mm x 5mm. The sample was washed with oil, and the
pressure of the cast rubber was 6 MPa. The experiment was
completed in the Xinjiang Oilfield Experimental Inspection and
Research Institute, and a total of 60 thin sections were produced.

The sample size of the scanning electron microscope is
10-15mm in diameter and 5 mm in length. The intensity of
the electron beam is 10.9 mA and the high voltage is 5kV.
According to the “Analysis Method of Rock Samples by
Scanning Electron Microscope” SY/T5162-1997, 20 samples
were scanned with a scanning electron microscope JSM-
5500LV. The experiment was conducted at the Xinjiang
Oilfield Experimental Inspection Institute.

X-ray diffraction requires grinding sandstone samples to
powder. The X-ray spectrometer QUANTAX400 was used to
carry out the X-ray experiments. The instrument voltage is 40 kV
and the current is 250 mA. According to “Quantitative Analysis
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FIGURE 1
Location and strata distribution in the study area (Hu et al., 2020, modified) I. Wulungu Depression; II. Luliang Uplift; Ill. Western Uplift; IV. Central
Depression; V. Eastern Uplift; VI. Southern Depression; Mts. Mountains. (A) The Location of Junggar Basin and study area (B) The stratigraphic section
of (A,B), Which had been shown in (A).

Method for Energy Spectrum of Rocks and Minerals” SY/T6189-
1996, the test temperature is 20°C and the humidity is 50%. The
X-diffraction experiment was completed in the Xinjiang Oilfield
Experimental Inspection Institute.

3 Results
3.1 Lithology and sedimentary structure

Through a large number of core observations, the sandstone,
conglomerate rocks, mudstone, argillaceous siltstone and silty
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mudstone are developed in the Triassic Baikouquan Formation
in the study area. In addition, the horizontal beddings, bottom
channel scouring, and massive beddings can be seen frequently in
the Baikouquan Formation.

The washed channel surface (Figure 2A) is extremely
developed in the target layer of the study area. At its bottom,
there are directional arrangement of mud gravel components.
The particle size of the mud gravel components can be up to
10 cm. They are generally formed by the scouring of the
unconsolidated mudstones at the bottom of the river channels.

Parallel bedding (Figure 2B) is mainly developed in sandstones or
granular limestones. Under strong hydrodynamic conditions, the
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FIGURE 2

Development characteristics of different types of sandstones in Baikouguan Formation.(A) Well G6, 3024.4 m, flushed river channel surface; (B)
Well G6, 3024.6 m, parallel bedding; (C) Well G103, 3307.82 m, maroon mudstone; (D) Well G6, 3025.2 m, horizontal bedding.

FIGURE 3

Types of conglomerate rocks in the Baikouquan Formation in the study area. (A) Well G10, Quan 2 Member, 3595.75 m, medium-grained
conglomerate; (B) Well G103, Quan 2 Member, 3303.3 m, unequal-grained sandy conglomerate; (C) Well S1, Quan 2 Member, 4635.8 m, sand
-containing medium grained conglomerate; (D) Well G6, Quan 3 Member, 3026.2 m, small-grained conglomerate.

sand migrates from a flat bed in a high flow state, and the continuous
rolling sand on the bed produces a horizontal fine layer separated by
thickness and fineness. Parallel-beddings are generally formed in
rapids and high-energy environments, such as river channels and
lakeshore environments (Feng., 1993; Li,, 2001; Wang,, 2016).

Maroon-red mudstones (Figure 2C) are less developed in the
target layer in the study area, reflecting that the target layer was in
a semi-oxidative-semi-reduced depositional environment during
this period.

Horizontal beddings (Figure 2D) are mainly developed in
fine clastic rocks. It is formed by suspended sedimentation under
relatively weak hydrodynamic conditions.

Frontiers in Earth Science

Massive beddings can be seen in the coring segments of the
Baikouquan Formation, and are mainly existed in siltstones,
argillaceous siltstones and silty mudstones. Its internal
materials are relatively uniform.

The conglomerate rocks in the Baikouquan Formation in the
study area are mainly exhibit small and medium grain size, and
different types of conglomerates develop in different members of
the Baikouquan Formation. Among them, medium-grained
conglomerate rocks are more common in the Quan
2 Member, and small-grained conglomerate is relatively
developed in the Quan 3 Member (Figure 3). The main
features of the conglomerate rocks in the Baikouquan
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FIGURE 4

Logging response of fan delta plain micro facies in the Baikouguan Formation (T1b3 and T1b2) in Well G103.

Formation are: @ Most of the conglomerate is gray, with good
roundness, sub-circular and sub-angular shape, and poor sorting.

The comparison shows that the conglomerate rocks in the Quan

2 Member

have poor

sorting,

and the

small-grained

conglomerate rocks in the Quan 3 Member have good sorting;

® Gravels have different particle sizes, some of which are more

than 8 cm. The composition of the gravels is mainly magmatic

rocks, followed by metamorphic and sedimentary rocks (Qiu and
Xue., 1997; Ma et al., 2000).

3.2 Single well sedimentary micro facies

The Quan 1, 2, and 3 Members of the Baikouquan Formation

in the study area belong to fan delta facies. The tectonic

subsidence of the Triassic in the study area is relatively large,

and the terrain is in an active period and is conducive to the
formation of fan deltas (Scherer., 1987; Jin et al., 2017; Hu et al.,
2020). Fan delta plain deposits are widely developed in the

Baikouquan Formation in the study area.

Frontiers in Earth Science

05

The fan delta plain deposits are mainly composed of clastic
flow, distributary channel and interchannel bay deposits
(Beard and Weyl., 1973; Luo., 1991; Chen et al., 2015). The
lithology of the distributary channel is relatively coarse, and it
is composed of gravel-bearing sandstones and pure
sandstones. Gravel-bearing sandstones and pure sandstones
are light gray or gray-white, and are loose and granular. Its
composition is mainly quartz, followed by feldspar and a little
mica, and it has several positive cyclic features that taper

upwards vertically (Figure 4).

3.2.3 Debris flow sedimentary micro facies

It is mainly composed of variegated conglomerate with
high content of miscellaneous matrix, poor sorting and poor
roundness. In addition, they are mostly supported by matrix,
arranged in a disorderly manner, and thick and massive; they
are mostly distributed in the root and middle part of the
fan body and in areas with large terrain slopes; and
argillaceous-supported conglomerate rocks are developed
(Figure 4).
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FIGURE 5

Distribution histogram of pore types in the Baikouquan Formation in the study area. (A) Quan 1 Member; (B) Quan 2 Member; (C) Quan

3 Member.

3.2.2 Distributary channel sedimentary micro
facies

It is an important micro facies type in the fan delta plain sub
facies, and its deposition thickness can account for more than
70% of the plain sub facies. It is formed by frequent lateral
migration and accumulation of river channel sand bars during
deposition (Li et al., 2004; Yu et al,, 2015; Liu et al., 2019). The
grain size of the distributary channel sediments is relatively
coarse, and fine-grained sediments can be seen locally. They
consist of several upwardly tapering layers. The thickness of a
single sequence generally ranges from 0.5 m to 4 m. Its bottom is
in scouring contact, and there are sediments of gravel retained by
the river bed on it (Wang et al., 2007; Wang et al., 2008; Yu et al.,
2018).

3.2.1 Interchannel bay sedimentary micro facies
It is uncommon in fan delta plains.

3.3 Developmental characteristics of
pores

The reservoir properties and reservoir space types of clastic
rocks vary with burial depth and diagenesis. Generally, the pore
types change from shallow to deep as follows: development of
primary pores — development of mixed pores — development of
secondary pores — reduction of secondary pores and
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FIGURE 6

Microscopic characteristics of pore types in the Baikouquan
Formation in the study area. Well S1, 4631.89m, Quan 1 Member,
residual intergranular pores.

development of fractures. During this process, the internal
structures of the rocks change from loose to dense.
Microscopic observations show that the reservoir spaces of the
Baikouquan Formation sandstone and conglomerate reservoirs in
the study area are mainly primary intergranular pores (Figure 5),
followed by intragranular dissolved pores, microfractures, and
intergranular dissolved pores. For the Quan 2 Member, the
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contents of primary pores and secondary pores are similar. For the
Quan 3 Member, not only primary pores are mainly developed, but
also micro-fractures and secondary pores are relatively developed
as well.

3.3.1 Primary intergranular pores

The primary pores refer to the pores preserved after the original
pores have undergone a series of diagenesis such as compaction and
cementation. This type of pores is common in both sandstone and
conglomerate reservoirs in the Baikouquan Formation (Figure 6).
Most of the remaining primary pores are polygonal pores between
particles, and the pores are filled with calcite or kaolinite components.

3.3.2 Secondary pores

Secondary pores refer to pores formed by dissolution or
compaction in sandstones. Common types of secondary pores
include intragranular dissolved pores, microfractures, and
intergranular dissolved pores. The main types of secondary pores
in the Baikouquan Formation sandstone and conglomerate reservoirs
in the study area are intragranular and intergranular dissolved pores.

3.3.2.1 Intragranular and intergranular dissolution pores

Intragranular dissolved pores are mainly feldspar and detrital
dissolved pores. This type of pores is common, but the
connectivity is poor. The proportion of the feldspar and
detrital dissolved pores accounts for 5%-10%, respectively. In
addition, the intergranular dissolved pores are mainly dissolved
pores formed by the dissolution of feldspar particles and
intergranular calcite, zeolite and other cements, and their
edges are serrated or have harbor-like form. The proportion
of intergranular dissolved pores ranges from 25% to 40%.

3.3.2.2 Micro fractures

Micro fractures are mainly formed due to the complex external
stresses in the rock. Micro-fractures can be seen in the cores of the
Baikouquan Formation, some of which are unfilled effective fractures,
and some are completely filled with quartz. The filled quartz is mainly
formed by the accumulation of silica released from the dissolution of
volcanic rock debris. Quartz fillings account for 20%-30% of all
fillings. The fine fractures are mainly distributed along the grain
edges, which are usually effective fractures formed by the dissolution
of acidic fluids. The proportion of this type of fractures is 10%.

4 Discussion

4.1 Comparison of petro logical
characteristics

Through statistical classification of the reservoir rocks, it is
found that the reservoir rocks of the Baikouquan Formation in
the Hongcheguai area are mainly conglomerate rocks, followed
by sandstones (Figure 7).
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4.1.1 Sandstone reservoir

According to the statistics of the clastic content of the
sandstone samples in the Baikouquan Formation, the rock
types of the Baikouquan Formation in the study area are
mainly lithic sandstones. The relative mass fraction of the
lithic components is 75%-80%, with an average of 77.5%. The
debris components are mainly magmatic rock debris; the
metamorphic rock debris components are mainly altered
rocks; and the sedimentary rock debris components are
mainly mudstone. In addition, the relative mass fraction of
the quartz debris in the sandstones is 3%-15%, with an
average of 5.25%. The quartz component is mainly composed
of single crystal quartz (Figures 7A,B). Most of the single crystal
quartz comes from magmatic rocks, and the secondary enlarged-
edge quartz is rare in the reservoir sandstones.

4.1.2 Conglomerate reservoir

The conglomerate reservoir rock types of the Baikouquan
Formation mainly include small-grained and medium-grained
conglomerate rocks (Figures 7C,D). The conglomerate rocks are
mostly gray, and the roundness of the gravel is good. The
particles are often sub-circular, sub-angular, and the overall
sorting is poor. In addition, the gravels vary in size, some are
more than 8 cm. The gravel compositions are mainly magmatic
rocks (mainly tuff), followed by metamorphic rocks and
sedimentary rocks.

The mass fraction of miscellaneous bases in conglomerate
reservoirs ranges from 1% to 7%, with an average of 4.3%; the
mass fraction of miscellaneous bases in sandstone reservoirs
ranges from 1% to 8%, with an average content of 4.25%. The
hetero-bases contained are mainly composed of mud-grade
minerals. The widely distributed cement mineral components
in the sandstones are mainly authigenic clay minerals (kaolinite),
(iron) calcite, efc., with a small amount of laumontite and
siliceous minerals. Among them, clay minerals and calcite are
the main materials that act as cements for the clastic particles.
The roundness of sandstone is mainly sub-edge-sub-circular, and
a small amount is sub-circular and round. The structural
maturity of the sandstones is better than that of the
conglomerate rocks. Detritus components are generally
supported by particles. The sandstone particles are mostly in
point and point-line contacts. The main cementation type is
contact cementation, followed by press-embedded type and
press-embedded- porous type.

4.2 Analysis of differences in petro
physical properties

Reservoir petro physical properties are the main factors
that determine reservoir quality and productivity (Meng et al.,
2019; Tang et al., 2019). According to 66 groups of petro
physical property data, the reservoir porosity of the
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FIGURE 7

< Conglomerate

10.3389/feart.2022.1033344

v

Cores and microscopic images of sandstones and conglomerate rocks of the target layer in the study area. Notes: (A) Well C5, 4,068.93 m,
sandstone, residual intergranular pores; (B) Well S1, 4,636.5 m, sandstone, micro-cracks; (C) Well G6, 3,026.2 m, gray conglomerate; (D) Well S1,

4,963.68 m, gray-green conglomerate.

Baikouquan Formation ranges from 4.4% to 16.69%, with an
average value of 10.37%; the permeability ranges from
0.15x107° pm® to 142x107° um?® with an average value of
6.85x107 um*. The porosity distribution range of the
conglomerate reservoirs is 4.4%-16.69%, with an average
value of 9.23%; the permeability distribution range is
0.15x107° um®~142x10~° um?, with an average value of
9.11x107° um®. The conglomerate rocks appear as low-
porosity and low-permeability reservoirs as a whole, but
low-porosity, medium- and high-permeability reservoirs are
locally developed. The comparison results show that the
Petriphysical properties of conglomerate reservoirs are
better than those of the sandstone reservoirs.

The correlation between the porosity and permeability of the
reservoir rocks can reflect the physical characteristics of the
reservoir to a certain extent. For clastic reservoirs, generally,
the greater the effective porosity, the higher the rock
permeability. That is, the permeability increases regularly with
the increase of the effective porosity, and it reflects that the petro
physical properties of clastic rock reservoirs are mainly affected
by sedimentation (Xue et al., 2002; Yu et al., 2014). The porosity
and permeability of the Baikouquan conglomerate show a
negative correlation (Figure 8A), that is, as the porosity
increases, the permeability gradually decreases. It reflects that
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with the increase of burial depth, the diagenetic environment of
the conglomerate rocks of the Baikouquan Formation has
changed greatly, and the petro physical properties of the
has been greatly
diagenesis, resulting in a complex relationship between rock

conglomerate  rocks transformed by
porosity and permeability. On the whole, the porosity and
permeability of the conglomerate reservoirs show a negative
correlation, and the porosity and permeability of the
sandstone reservoirs show a positive correlation (Figure 8B).
From the typical curves of high pressure mercury injection in
the Baikouquan Formation, it can be found that the displacement
pressures of the conglomerate reservoirs are not consistent.
Among them, one type is a high discharge pressure curve,
which shows that the mercury saturation is low, and the
mercury intake curve shows a trend of rapid growth. It
reflects that there is little difference in pore structures, at the
same time, the mercury removal efficiency is not high, and the
small throat is not conducive to the movement of fluids inside the
pores. This type of mercury injection curve is most common in
sandstone reservoirs (Figure 8A, samples C1 and C2). The other
type has a lower discharge pressure, which shows that the
mercury saturation is relatively high, and the mercury
saturation increases with the increase of the discharge
pressure. It reflects that the pore structures are quite different,
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Relationship between porosity and permeability and mercury intrusion characteristics of conglomerate and sandstone reservoirs. (A) Porosity-
permeability relationship(left) and mercury intrusion curve(right) of conglomerate, (B) Porosity-permeability relationship(left) and mercury intrusion

curve(right) of sandstone.

and the mercury removal efficiency is extremely low. Fine throats
severely block the movement of fluids inside the pores (Figure 8B,
sample S1). The pore structures of the sandstone reservoirs is
more uniform than that of the conglomerate reservoirs in the
Baikouquan Formation.

With the increase of the burial depth and the influence of
sedimentation and diagenesis, the reservoir rocks have changed
from loose to dense, and the petro physical properties of the
reservoirs have changed significantly. At the same time, the types
of storage spaces have also changed continuously. Observations
and statistics of 60 thin sections of the Baikouquan Formation in
the study area revealed that the reservoir space mainly includes
primary intergranular pores, secondary dissolved pores and
microfractures, and the primary intergranular pores are
dominated (Figure 9A). Primary intergranular pores are
developed in both conglomerate and sandstone reservoirs,
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most of which are polygonal pores among grains. In the range
of burial depth of 3,000-5,000 m, the preservation of a large
number of primary pores is speculated to be related to the
abnormal pressures and cementation of clay minerals
(Figure 9B). Secondary dissolved pores are widely developed
in the conglomerate reservoirs, and they are less developed in the
sandstone pores, including intragranular and intergranular
dissolved pores (Figures 9C,D). Dissolved pores in grains are
common in feldspar pores, and feldspar pores are usually
distributed along a certain direction (along the cleavage
direction). The intergranular dissolution pores are mainly
formed by the particles and
intergranular calcite, zeolite and other cements. The edges of
the dissolution pores are sawtooth or bay-shaped (Figures 9E,F).

Microfractures are common in both conglomerate and sandstone

dissolution of feldspar

reservoirs. The filling of quartz in structural fractures is mainly
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due to the accumulation of silica released by the dissolution of
volcanic rock cuttings, and this type accounts for 20%-30%; the
proportion of diagenetic fractures formed by acid fluid
dissolution is about 10%.

4.3 Controlling factors for differences in
petro physical properties of sandstone and
conglomerate reservoirs

The petro physical properties of the reservoir are controlled
by factors such as sedimentation, diagenesis, and tectonic
processes.

4.3.1 Sedimentary micro facies

The sedimentary environment of the Baikouquan Formation
reservoir sandbodies in the study area is mainly fan delta system.
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It has diverse sedimentary micro facies, including clastic flow
(distributed in fan-delta plain),
(distributed in fan-delta front), distributary river channel

underwater clastic flow

(distributed in fan-delta plain), and underwater distributary
channel (distributed in fan-delta front) (Figure 10). The oil
layers are mostly distributed near the distributary river
channels and underwater distributary river channel, where the
sand ratio is distributed between 0.3 and 0.9. According to coring
and petro physical property data, it is found that the reservoir
petro physical properties in the underwater distributary river
channel environment are the best, followed by the distributary
river channel sand bodies, and the clastic flow and underwater
clastic flow reservoirs have poor petro physical properties
(Figure 11A).

Affected by ancient geomorphology, provenance, and
the
characteristics of the Baikouquan Formation (referring to

hydrodynamic  conditions, sedimentary  fabric
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Planar distribution of sedimentary micro facies of the target
layer in the study area.

particle size, clastic composition, interstitial volume fraction) are
quite different. The consistency of porosity and permeability of
the conglomerate reservoirs is poor. As the depth increases, the
porosity and permeability tend to improve to varying degrees
(Figure 11B). However, the porosity and permeability of the
sandstone reservoirs decrease significantly as the depth increases

10.3389/feart.2022.1033344

(Figure 11C). The reason is that the composition of gravel is
mainly tuffaceous components, and its compression resistance is
weak. At the same time, the gravel particles are relatively large,
and the volume fraction of the interstitials between the particles is
large. Under the action of strong compaction, the primary pores
are severely damaged. At a burial depth of 4,000 m, the feldspar
and volcanic debris in the reservoir rocks are susceptible to
dissolution, resulting in secondary pores. At the same time,
the dissolution between particles improves the connectivity
between pores, and the permeability of the reservoir is
improved as well. Therefore, the proportion of secondary
dissolved pores in the pore types of the conglomerate rocks is
relatively large. The sandy particles are relatively small, and the
rounding and sorting of the particles are better. Especially under
strong hydrodynamic conditions, the mass fraction of mud is
low. The rigid component (mainly quartz) has a large volume
fraction, which offsets the impact of compaction to a certain
extent. Parts of the original pores are preserved. Since the volume
fraction of the shaped soluble particles is small, the later
dissolution does not contribute much to the improvement of
petro physical properties. Therefore, the pore types of the
sandstones in the Baikouquan Formation are mainly primary

pores.

4.3.2 Diagenesis

The compaction of the target layer causes a loss of 50%-90%
of the porosity between the primary grains. According to
previous empirical formulas (Yu et al, 2022), it is calculated
that the average compaction intensity of the conglomerate
reservoirs is 62.6%; and the average compaction intensity of
the sandstone reservoirs is 50.2%. Therefore, the degree of
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compaction of the conglomerate reservoirs is much higher than
that of the sandstone reservoirs. According to the compaction
strength classification scheme, the Baikouquan Formation in the
study area belongs to the strong compaction area, which is the
main factor for the deterioration of the pore structures. The mass
fraction of cements was used to calculate the porosity loss caused
by cementation, and it was found that the cementation caused an
average loss of primary porosity of 10%. The average mass
fraction of cements in the conglomerate reservoirs is 10.2%,
and the average mass fraction of cements in the sandstone
reservoirs is 13%. Therefore, the loss of pores caused by the
cementation of sandstone reservoirs is greater than that of the
conglomerate reservoirs.

After strong compaction and cementation, the primary pores in
the pore type are almost destroyed. The secondary pores originate from
the dissolution of particles, and the development of dissolution is of
great significance to the improvement of storage properties. It can be
seen from Figure 11B that with the increase of buried depth, the
porosity of the conglomerate reservoirs decreases first and increases
afterwards; with the increase of buried depth, the porosity of the
sandstone reservoirs gradually decreases (Figure 11C). It reflects that
the dissolution is of great significance to the improvement of the petro
physical properties of the conglomerate reservoirs.
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The has
characteristics. Early feldspar and plastic debris were dissolve

development of dissolution multi-stage
to promote the formation of clay minerals and clay films. The
development of the clay films is beneficial to slow down the
compaction effect on the destruction of the primary pores, but it
destroys the normal shape of the throats, resulting in a decrease
in permeability and an increase in the heterogeneity of the
throats. In the later period, the dissolution of calcite and
(tuffin) the

improvement of porosity and permeability. According to

pyroclastic is of great significance to

statistical results, the dissolved pore porosity of the
conglomerate reservoirs increased by an average of 10%, and
the dissolved pore porosity of the sandstone reservoirs
increased by an average of 3%. Therefore, secondary pores

are more developed in conglomerate reservoirs.

4.3.3 Tectonic effect

Multi-phase tectonic movements have a controlling effect on
the formation of paleomorphology in the study area. The western
area is a convex area, which gradually expands towards the
eastern slope. The formation of the ancient landforms has an
important influence on the distribution of sediments. The lower
slope area of the slope break zone controls the front facies
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sediments and has strong hydrodynamic conditions, which is a
favorable conglomerate reservoir development area.

The abnormal pressure caused by tectonic action has a
certain protective effect on the development of primary pores
(Figures 12A,B). The strong squeezing action causes fractures in
the particles. The development of micro-fractures can be
observed in the thin sectiones of the conglomerate reservoirs.
Combined with fluorescent thin sections, it is found that on the
one hand, fractures lead to an increase in the micro-heterogeneity
of the reservoir and improve the seepage ability of fluids in low-
porosity and low-permeability reservoirs. On the other hand,
they provide channels for oil and gas migration and
accumulation (Figures 12C,D). This is also the reason of the
differences of the petro physical properties of the conglomerate
and sandstone reservoirs. The controlling factors of the petro
physical properties of the conglomerate and sandstone reservoirs
are different. The controlling factors of the sandstone reservoirs
include sedimentation (sedimentary micro facies and fabric),
diagenesis, and abnormal pressure. However, the petro physical
properties of the conglomerate reservoirs are also controlled by
the development of fractures.

5 Conclusion

(1) The sandstone and conglomerate rocks of the Baikouquan
Formation in the study area have a large content of
tuffaceous components. The sandstone reservoirs are
dominated by primary intergranular pores, and the
conglomerate reservoirs are dominated by secondary
dissolved pores.

(2) The porosity is negatively correlated with rock permeability

for the conglomerate rocks of the Baikouquan Formation.

However, the porosity is positively correlated with rock

permeability of the sandstone reservoirs.

(3) According to the analysis of the diagenetic process, the

compaction and cementation can lead to a significant

decrease in the petro physical properties of the reservoir.

While dissolution can improve the petro physical properties

of the sandstone reservoirs to a small extent, and can

improve that of the conglomerate reservoirs to a greater
extent. Moreover, local fractures are important factors
affecting the petro physical properties of the conglomerate

reservoirs. The existence of abnormal high pressure has a

certain effect on the preservation of primary pores.

(4) On the whole, the controlling factors of the petro physical

of the

sedimentation, diagenesis, and tectonics, while the petro

properties conglomerate reservoirs include
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physical properties of the sandstone reservoirs are mainly
controlled by sedimentation and diagenesis.
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