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Abstract

In this paper, in order to study the microscopic pore structure characteristics
and influencing factors of its dense reservoir, the lithological characteristics
and pore characteristics of the Chang 4 + 5 reservoir in Heijiabao area were
studied by using casting thin section, scanning electron microscope, high
pressure mercury compression and other testing techniques, and the reservoir
distribution characteristics were also studied.
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1. Introduction

As an important type of unconventional oil and gas reservoirs, tight sandstone
reservoirs are currently a hot area for oil and gas exploration and development
[1] [2] [3] [4]. Compared with conventional sandstone reservoirs, dense sand-
stone is characterized by poor physical properties, complex pore structure and
non-homogeneity. Therefore, the microscopic pore throat of the reservoir is a
key factor that restricts and influences the fluid storage and percolation capacity.
Scholars at home and abroad have done a lot of research on the characteristics,
diagenesis and pore evolution, and formation mechanism of dense sandstone
reservoirs [5] [6] [7] [8] [9]. Xu Menglong [5] considered that diagenesis plays
an important role in reservoir physical properties; Luo Jinglan [6] considered
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that differential diagenetic evolution is a key factor leading to reservoir quality
and its strong inhomogeneity in spatial and temporal distribution; Zhang Xi [7]
considered that sedimentation and diagenesis are the dominant factors affecting
the relatively high-quality reservoir quality of lithologic reservoirs; Zhu Xiaomin
[8] considered that the original depositional environment of the dense reservoir
controls its reservoir material base, and the diagenesis controls the physical evo-
lution of the reservoir; Wang [9] argued that the physical properties of reservoirs
were controlled by pore type and pore structure. However, the differences in
depositional conditions and diagenetic evolution history make the complex
pore-throat systems developed in dense sandstones at the micron to nanometer
scale, which show great variability depending on the study area or formation.

The Qilicun oil field located in the southeastern part of Ordos Basin was pre-
viously explored and developed mainly for the Chang 6 oil formation group of
the Triassic Extension Group [10] [11] [12] [13]. After more than 100 years of
exploration and development, the field is now facing the unfavorable situation of
lacking favorable exploration blocks. In recent years, by changing the explora-
tion idea, while continuing to deepen the exploration of the Chang 6 formation
group, we also explored the upper part of the Chang 4 + 5 formation group, and
obtained a number of industrial oil flow wells, which initially showed good ex-
ploration prospects. However, the complex pore structure of the Chang 4 + 5
dense sandstones has caused large variations in good production and restricted
the exploration and development process. In this paper, taking the Chang 4 + 5
main exploration and development block (Heijiabao area) of Qilicun oilfield as
an example, the Chang 4 + 5 oil formation subgroup is used as the research ob-
ject, and the microscopic pore structure characteristics of the Chang 4 + 5 are
studied by various testing methods, with a view to providing geological support
for the subsequent development of the field.

2. Geological Background

The Ordos Basin is the second largest sedimentary basin in China, which can be
divided into six primary tectonic units according to tectonic units: the Yimeng
Uplift, the Weibei Uplift, the Jinxi Flexural Belt, the North Shaanxi Slope, the
Tianhuan Depression and the Western Margin Retrograde Fracture Tectonic
Belt. The Ordos Basin is rich in tight oil resources and is an important tight oil
production and development base in China [14] [15] [16]. The Heijiabao area of
Qilicun oil field is located in the northeastern part of the Ordos Basin in the
North Shaanxi slope tectonic unit, in Yan’an City, Yan’chang County (Figure 1),
and the Yan’an Formation strata in the study area are divided into ten oil forma-
tions from bottom to top. Among them, the Chang 7 formation group was de-
posited during the Late Triassic maximum lake flood period, and high-quality
hydrocarbon source rocks were developed in the center of the lake basin [17].
The Chang 6 Formation is the main oil-bearing and developing formation in the

oil field, and it has entered the late stage of development, which is more difficult
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Figure 1. The location map of Heijiabao area in Ordos Basin.

for the oil field to increase reserves and production. In recent years, with the ex-
pansion of the field and the exploration of other layers, the Chang 4 + 5 oil for-
mation has been found to have commercial oil distribution in local areas. The
Chang 4 + 5 deposition period in Heijiabao area is in the period of contraction
of Ordos Lake basin and shallowing of water body, mainly developing delta plain
diversion river and inter-channel swamp deposition [18] [19]. The Chang 4 + 5
oil formation group is divided into two oil formation subgroups, Chang 4 + 5,
and Chang 4 + 5, from bottom to top, among which Chang 4 + 5, shows oil and
gas and is the main research formation in this paper, mainly developing light
gray siltstone and dark mudstone interbedded, and the reservoir type beChangs
to lithological oil and gas reservoir, with typical low pore and low permeability
characteristics, and the reservoir is quasi-continuous in large area without ob-
vious oil-water boundary [20]. Chang 4 + 5, is the regional cover of Chang 4 + 5,

and Chang 6 oil formation group.

3. The Petrographic Characteristics of the Reservoir
3.1. Rock Types

The results of thin section identification and analysis of 31 core samples from 9
wells in the Qilicun oilfield indicate that the lithology of the Chang 4 + 5 oil
formation in the study area is fine-grained feldspathic sandstone (Figure 2). The

clastic volume fraction is 79% - 98%, and the clastic fraction is mainly feldspar
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Figure 2. Triangular diagram of sandstone types of the Chang 4 + 5 formation in Heijia-
bao area.

and quartz. The volume fraction of feldspar in the clastic fraction ranges from
42% to 65%, with an average of 51.7%, of which potassium feldspar is dominant,
followed by plagioclase; the volume fraction of quartz ranges from 17% to 30%,
with an average of 23%; the volume fraction of rock chips ranges from 3% to
10%, with an average of 6.7%; and the volume fraction of mica ranges from 2%
to 9%, with an average of 4.8%.

The overall variation of the gap-filling fraction of the Chang 4 + 5 Formation
in the study area is large, with a volume fraction of 2%-18% and an average of
11%. The cement is mainly chlorite and calcite, of which chlorite has a volume
fraction of 4.84% and calcite has a volume fraction of 3.36%, followed by hy-
dromica (2.48%) and dolomite (1.93%).

3.2. Characteristics of Interstitial Material

According to the experimental data of 224 Chang 4 + 5 core samples from 16
core wells in Heijiabao area, the maximum value of porosity of Chang 4 + 5 in
Heijiabao area is 15.12%, the minimum value is 4.16%, and the average value is
10.43%; the maximum value of permeability is 7.79 mD, the minimum value is
0.02 mD, and the average value is 0.79 mD. The percentage of Chang 4 + 5 po-
rosity of 10% - 12% is 38%, followed by the percentage of porosity of 8% - 10% is
27%, and the percentage of greater than 12% is only 23%. The percentage of po-
rosity of Chang 4 + 5 is 38%, followed by the percentage of porosity of 8% - 10%
is 27%, while only 23% is greater than 12%; the percentage of permeability of
Chang 4 + 5is 0.1 - 0.5 mD is 50.4%, followed by the percentage of distribution
of 0.5 - 1 mD is 23.6%; according to the reservoir classification scheme [21], it is
determined that the Chang 4 + 5 reservoir in Heijiabao area is a dense type re-
servoir, and its permeability is low, which is ultra-low permeability reservoir.
According to the correlation curve between porosity and permeability (Figure
3), it can be seen that the porosity and permeability of the Chang 4 + 5 reservoir

are positively correlated, with a low correlation coefficient of 0.6898, indicating
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Figure 3. The correlation of porosity and permeability in the Heijiabao area.

that the reservoir pore type and pore structure are complex, and the overall has a

strong non-homogeneity[22].

4. Pore throat Characterization

The correlation between the physical data and the average pore throat radius of
the Chang 4 + 5 20 rock samples shows that the average pore throat radius of the
reservoir has a correlation relationship with both porosity and permeability
(Figure 4 and Figure 5). Based on the high-pressure mercury-pressure experi-
mental data, it can be seen that the distribution of the average roaring radius
ranges from 0.03 to 1.26 pm. Relative to the permeability of the reservoir, the
correlation between the average pore throat radius and porosity is better.

It is presumed that there are two reasons, the first one is that due to the rela-
tively isolated pores of dense sandstone reservoir, the throat channels connecting
the pores are irregular, and the throat channels are mostly in the form of fine or
curved flakes, which are poorly connected with each other and fail to form a
good percolation network; the second point is that the widely existing authigenic
clay minerals divide a large number of intergranular pores, such as the wide dis-
tribution of silk-hair illite and book-page kaolinite, which fill the pores and re-
duce the reservoir rock The permeability is low because of the permeability ca-
pacity. The filling of authigenic clay minerals also divides the reservoir space in-
to numerous micro-pores, which increases the percentage of micro-pores and
increases the saturation of bound water, and also makes the reservoir show the

characteristics of relatively high pore and low permeability.

5. Reservoir Distribution Characteristics

5.1. Longitudinal Distribution Characteristics of the Chang 4 + 5
Reservoir

The Chang 4 + 5 reservoir in the study area is mainly a lithologic reservoir, and

DOI: 10.4236/0alib.1109908

5 Open Access Library Journal


https://doi.org/10.4236/oalib.1109908

M. Chen

2 -
g
=
2]
2 15
3
= [ ]
§ y = 0.012e0-286x
= 1} R?=0.622
2
]
&
0]
& 05 f
o]
>
<
0 1 J
0 5 10 15 20

Porosity/%

Figure 4. Correlation between porosity and average pore throat radius.
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Figure 5. Correlation between permeability and average pore throat radius.

the distribution of deposition relative to reservoir is critical. The Chang 4 + 5
reservoir in the Heijiabao area has a certain scale, and each small layer shows a
sand-mud interlayer, in which the reservoir is mainly located in the Chang 4 +
52 small layer, followed by the Chang 4 + 51 small layer. The Chang 4 + 5, re-
servoir and Chang 4 + 5, reservoir have different distributions in the Changitu-
dinal direction. As Figure 6 shows the reservoir profile in the downstream di-
rection, the thickness and continuity of the main reservoir of the Chang 4 + 5,
reservoir are found to be better than that of the Chang 4 + 5, reservoir according
to the profile. Figure 7 shows the Chang 4 + 5 reservoir profile in the vertical
source direction in the study area, and according to the profile, it is found that
the main reservoir is concentrated in Chang 4 + 5,, and the thickness and conti-

nuity of Chang 4 + 5, reservoir are much better than that of Chang 4 + 5,.

5.2. Chang 4 + 5; Reservoir Planar Distribution Characteristics

Chang 4 + 5, development of the main reservoir of Chang 4 + 5, oil layer conti-
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Figure 8. Chang 4 + 5; reservoir distribution and sedimentary phase overlay map.

planar map found Chang 4 + 5, oil layer thickness up to 16m, mainly located in
the sand body development of submerged diversion river center, oil layer thick-
ness main body is located in 4 - 8 m, oil layer average thickness 11.72 m, river
flank transition zone oil layer. The thickness reaches the lower limit of 2 m, and
the oil layer is not developed in the inter-diversion bay. Combined with the ac-
tual initial monthly production, it can be found that the high-producing wells
(production greater than 30 t) are distributed in the area with the largest oil layer
thickness in the study area, the oil layer thickness in the distribution area of in-
dustrial oil flow wells (production greater than 10 t) is lower than the oil layer
thickness in the distribution area of high-producing wells, and the oil layer
thickness in the distribution area of low-producing wells (production less than
10t) is the thinnest. Considering the relationship between oil production and se-
dimentary phase zone, it is found that the main body of the high-producing
wells is distributed in the area with larger oil layer thickness or in the location
where the sand body is developed in the center of the river channel, and the oil
layer thickness of the wells that reach industrial oil flow is not large, and the
main body is located in the flank of the diversion river channel, and the low-

producing wells are located in the location with thin oil layer thickness, and all
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of them are located in the micro-phase of the inter-diversion bay, which makes

them unable to produce industrial oil flow.

6. Conclusions

1) The lithology of the Chang 4 + 5 formation in the study area is fine-grained
feldspathic sandstone, with an average porosity of 10.43% and an average per-
meability of 0.79 mD.

2) The average pore throat radius and porosity and permeability are corre-
lated, and have a significant effect on porosity.

3) The Chang 4 + 5 main reservoir is developed in the Chang 4 + 5, sublevel,
the sedimentary phase zone is the key factor affecting the distribution of the re-
servoir, and the submerged divergent river channel is the preferred zone for ex-

ploration and development.

Conflicts of Interest

The author declares no conflicts of interest.

References

[1] Jia, C.Z., Zou, C.N,, Li, J.Z., et al (2012) Assessment Criteria, Main Types, Basic
Features and Resource Prospects of the Tight Oil in China. Acta Petrolei Sinica, 33,
343-350.

[2] Jia, C.Z., Zheng, M. and Zhang, Y.F. (2012) Unconventional Hydrocarbon Re-
sources in China and the Prospect of Exploration and Development. Petroleum Ex-
ploration and Development, 39, 129-136.
https://doi.org/10.1016/S1876-3804(12)60026-3

[3] Zou, CN,, Zhang, G.S., Yang, Z., et al. (2013) Geological Concepts, Characteristics, Re-
source Potential and Key Techniques of Unconventional Hydrocarbon: On Unconven-

tional Petroleum Geology. Petroleum Exploration and Development, 40, 413-428.
https://doi.org/10.1016/S1876-3804(13)60053-1

[4] Zou, C.N,, Zhu, RK,, Wu, S.T., et al (2012) Types, Characteristics, Genesis and Pros-
pects of Conventional and Unconventional Hydrocarbon Accumulations: Taking
Tight Oil and Tight Gas in China as an Instance. Acta Petrolei Sinica, 33, 173-187.

[5] Xu, M.L., He, Z.L., Yin, W., et al. (2015) Characteristics and Main Controlling Fac-
tors of Tight Sandstone Reservoirs in the 8th Member of the Yanchang Formation
in Zhenjing Area, Ordos Basin. Oi/ & Gas Geology, 36, 240-247.

[6] Luo,]J.L., Luo, X.R,, Bai, Y.B,, et al (2016) Impact of Differential Diagenetic Evolution
on the Chronological Tightening and Pore Evolution of Tight Sandstone Reser-

voirs—A Case Study from the Chang-7 Tight Turbidite Sandstone Reservoir in the
Southwestern Ordos Basin. Journal of Earth Sciences and Environment, 38, 79-92.

[7] Zahng, X., Sun, W, Yang, X.J., et al (2017) Quantitative Calculation of Tight Sand-
stone Reservoir Porosity Evolution Based on Different Diagenesis: A Case Study of
Chang 63 Reservoir in Huaqing Area, Ordos Basin. Petroleum Geology and Experi-
ment, 39, 126-133.

[8] Zhu, X.M,, Pan, R, Zhu, S.F,, et al (2018) Research Progress and Core Issues in Tight
Reservoir Exploration. Farth Sciene Frontiers, 25, 141-146.

[9] Wang, E.Z, Wu, Z.B,, Song, Y.C., ef al (2022) Pore Structure and Diagenetic Evolu-

DOI: 10.4236/0alib.1109908

9 Open Access Library Journal


https://doi.org/10.4236/oalib.1109908
https://doi.org/10.1016/S1876-3804(12)60026-3
https://doi.org/10.1016/S1876-3804(13)60053-1

M. Chen

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

tion Features of Member-7 of Yanchang Formation in Qingcheng Area, Ordos Basin,
NW China. Acta Scientiarum Naturalium Universitatis Pekinensis, 58, 249-260.

Yang, Z., Fu, ].H.,, Guo, Q.L,, et al (2017) Discovery, Characteristics and Resource
Potential of Continental Tight Oil in Triassic Yanchang Formation, Ordos Basin.
China Petroleum Exploration, 22, 9-15.

Zhao, ].Z., Meng, X.G. and Han, Z.H. (2020) Near-Source Hydrocarbon Accumula-
tion: Geochemical Evidence of Lacustrine Crude Oil from the Member 6 of Yanchang
Formation, Eastern Margin of Ordos Basin. Acta Petrolei Sinica, 41, 1513-1526.

Du, G.C,, Hu, S.Q., Shi, L.H., et al. (2015) Reservoir Characteristics and Pore Evolu-
tion of Chang 6 Oil Reservoir Set in Qilicun Oilfield. Lithologie Reservoirs, 27, 51-57.

Du, G.C. (2014) Sedimentary Facies and Sedimentary Model for the Chang 62 Oil
Measures of the Triassic Yanchang Formation in the Qilicun Oil Field, Ordos Basin.
Sedimentary Geology and Tethyan Geology, 34, 30-39.

Fu, J.H,, Yu, J., Xu, L.M.,, et al. (2015) New Progress in Exploration and Develop-
ment of Tight Oil in Ordos Basin and Main Controlling Factors of Large-Scale
Enrichment and Exploitable Capacity. China Petroleum Exploration, 20, 9-19.
Yang, H,, Li, S.X. and Liu, X.Y. (2013) Characteristics and Resource Prospects of
Tight Oil and Shale Oil in Ordos Basin. Acta Petrolei Sinica, 34, 1-11.

Yao, J.L., Deng, X.Q., Zhao, Y.D., et al (2013) Characteristics of Tight Oil in Trias-
sic Yanchang Formation, Ordos Basin. Petroleum Exploration and Development,
40, 150-158. https://doi.org/10.1016/S1876-3804(13)60019-1

Li, W.H,, Liu, X,, Zhang, Q., et al. (2019) Deposition Evolution of Middle-Late Tri-
assic Yanchang Formation in Ordos Basin. Journal of Northwest University (Natu-
ral Science Edition), 49, 605-621.

Guo, Y.Q., Hui, L., Zhang, X.N., et al (2018) Sedimentary System Characteristics
and Lake Basin Evolution of Triassic Yanchang Formation in Ordos Basin. Journal
of Northwest University (Natural Science Edjtion), 48, 593-602.

Guo, Y.Q., Li, W.H,, Guo, B.C,, et al (2019) Sedimentary Systzems and Palaeogeo-
graphy Evolution of Ordos Basin. Journal of Palaeogeogarphy, 21, 293-320.

Zhao, J.Z., Bai, Y.B., Cao, Q., et al (2012) Quasi-Continuous Hydrocarbon Accu-
mulation: A New Pattern for Large Tight Sand Oilfields in the Ordos Basin. O/ and
Gas Geology, 33, 811-827.

Zhao, J.Z., Wu, S.B. and Wu, F.L. (2007) The Classification and Evaluation Criterion
of Low Permeability Reservoir: An Example from Ordos Basin. Lithologie Reservoirs,

No. 3, 28-31.

Lu, M.M. (2023) Study on Evaluation of Chang-6 Tight Sandstone Reservoir Cha-
racteristics in Zhangjiatan, Ordos Basin. Open Access Library Journal, 10, €9689.
https://doi.org/10.4236/0alib.1109689

DOI: 10.4236/0alib.1109908

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1109908
https://doi.org/10.1016/S1876-3804(13)60019-1
https://doi.org/10.4236/oalib.1109689

	Characteristics of Chang 4 + 5 Reservoir and Reservoir Distribution in Heijiabao Area, Ordos Basin
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Geological Background
	3. The Petrographic Characteristics of the Reservoir
	3.1. Rock Types 
	3.2. Characteristics of Interstitial Material

	4. Pore throat Characterization
	5. Reservoir Distribution Characteristics
	5.1. Longitudinal Distribution Characteristics of the Chang 4 + 5 Reservoir
	5.2. Chang 4 + 52 Reservoir Planar Distribution Characteristics

	6. Conclusions
	Conflicts of Interest
	References

