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Abstract. Reservoir characteristics and influences by diagenesis and sedimentary 
environment of the Qingshuihe clastic formation of Shinan area, Junggar Basin, 

are studied in this paper by SEM, casting thin sections, X-ray diffraction, 

combining geology logging and well logging data, providing a theoretical guide 
for further exploration and development. The results show that the Qingshuihe 

Formation in the region of interest was developed in braided river front subfacies, 

of which the lithology includes grey medium-coarse-grained sandstone and 
medium-fine-grained sandstone with which some grey siltstone and grey silty 

mudstone were mingled. In the process of diagenesis, compaction caused about 60% 

of the primary pore loss, and cementation caused about 20% of the primary pore 
loss. The physical properties of Qingshuihe Formation are principally controlled 

by sedimentary environment, on which the influence of diagenesis is small.  
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1. Introduction 

The research on reservoir physical properties and prediction of high-quality reservoir is 

pivotal segment to cohere exploration and development of oil and gas. In the forming 

process of clastic reservoir, physical properties of clastic reservoir are affected by 

country rocks, sedimentary environment, and diagenesis in different stages. The nature 

of country rock determines the composition of reservoir and the transformation of 

reservoir by sedimentary environment and diagenesis lately [1]. The sedimentary 

environment controls constructure, size, grading, roundness, and content of matrix of 

the reservoir [2]. Diagenesis is divided into destructive diagenesis and constructive 

diagenesis [3], destructive diagenesis mainly includes compaction and cementation, 

constructive diagenesis mainly means late dissolution. The degrees of effect on 

reservoir properties of reservoir by country rocks, sedimentary environment and 

diagenesis are quite not the same in different basins or in different blocks of the same 

basin, even in different formations of the same block [4-7]. Shinan field in Junggar 
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Basin was discovered by obtaining commercial oil flow from Shinan 4 well in 1996, of 

which the main formation includes Qingshuihe Formation in cretaceous, Toutunhe 

Formation and Xishanyao Formation in Jurassic. In recent decades, massive research 

has been carried out by scholars focusing on hydrocarbon accumulation and migration 

and sedimentary system [8-12], lacking studies on reservoir physical properties, 

diagenesis, and main factors of reservoir.  

2. Geological Background 

The Junggar Basin is in the northern Xinjiang Uygur Autonomous Region, between 

Altay Mountains and Tianshan Mountains, which is one of the most potential 

large-scale superimposed basins in western China. Shinan area is situated in hinterland 

of Gurbantunggut Desert in the center of Junggar Basin, about 130 km west from 

Karamay City, the main body of the tectonic area is the secondary tectonic unit Jidong 

Nose, which is in the Luliang Uplift, which was formed in the Late Hercynian 

Movement [13]. The Jidong Nose descended to the Southwest, reached North to the 

Sangequan Nose, of which the Southwest plunging end connected with Dabasong Nose 

stretching to the West hydrocarbon generating Sunken of Pen 1 well. In early 

Devonian-Carboniferous, a whole set of arc calc-alkaline volcanic suite was deposited 

in the region of interest, Because of the strong and long durating tectonic movement in 

this period, most of the Jiamuhe Formation (P1j), Fengcheng Formation (P1f), Xiazijie 

Formation (P2x) and Wuerhe Formation (P2w) in Permian above the Carboniferous in 

the structural high part were absent. The whole Junggar Basin declined until the late 

Triassic, entering the Pan-lake sedimentary period when the entire Lunan Uplift was 

generally covered by a dark lacustrine mudstone layer with a thickness of about 200 m, 

which was widely distributed and had a large thickness, becoming a stable regional cap 

rock. In the early-middle Jurassic, the tectonic movements in the region of interest were 

relatively less and stable, a set of river-lake- swamp facies coal-bearing sand-mudstone 

layers with a uniform thickness of nearly 800 m were deposited. Up to the early 

Yanshan Movement, the Luliang Uplift began to rise again, and unconformity and a 

few extension fractures appeared in Jurassic formation, the Cretaceous overlies the 

Toutunhe Formation in the middle Jurassic in the local structural high part of the uplift. 

In Cretaceous, the tectonic movements decreased, and the deposition was relatively 

stable, and the formation thickness is evenly distributed over a wide range. The main 

body of the Lower Cretaceous Tugulu Formation is an important regional caprock. 

Since the Tertiary, the overall tilting effect rising in the north and descending in the 

south of the Junggar Basin has become more intense, but the fault activity has basically 

ended, and the area with intense Himalayan Movement of the basin has moved to the 

piedmont depression of the North Tianshan, the tectonic activities of the Luliang were 

very weak, so that the early traps were preserved [14].  

3. Physical Properties of Reservoir 

3.1. Petrological Characteristics 

The Qingshuihe Formation has a stable distribution in the region of interest and is 
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mainly comprised of gray and gray-brown fine-sandstone, medium sandstone, siltstone, 

argillaceous siltstone, fine sandstone and frequent gray, red-brown mudstone alternate 

layers., which is primarily characterized by widely spread red-brown mudstone, and 

mingled with gray, gray-white and varicolored conglomerate and glutenite (as shown in 

Figure 1). The Qingshuihe Formation contacts with the lower Toutunhe Formation 

uncomformably.  

 
Figure 1. Petrological characteristics of Qingshuihe Formation. 

3.2. Physical Characteristics of Reservoir 

The porosity of the Qingshuihe Formation in Shinan area is mainly distributed between 

1.4% and 29.1%, with an average of 13.57%, and the permeability is mainly distributed 

in the range of 0.02×10-3 μm2 to 2860×10-3 μm2, with an average of 7.53 ×10-3 μm2, 

median 8.55×10-3 μm2. According to the observation by microscope and scanning 

electron, combining with the research on diagenesis and intergranular cements, the 

Qingshuihe Formation is dominated by primary intergranular pores, remaining 

intergranular pores and intragranular dissolved pores.  

3.3. Pore-throat Characteristics 

The structure characteristics of sandstone pore-throat are classified by capillary 

pressure curves and image analysis, combining with scanning electron microscope, thin 

cast section and petrophysical properties. According to various parameters, combining 

with pore types, the pore structure of sandstone reservoir in the region of interest is 

divided into four types (as shown in Figure 2).  

� Coarse pore-throat structure. The pore types are chiefly intergranular pores 

and intragranular dissolved pores, with a high degree of pore connectivity. The 

sandstone with this coarse pore-throat structure has a high degree of homogeneity, and 

its coefficient of variation and heterogeneity are smaller than others. The formation is 

mainly made up of medium-fine sandstone and coarse silt sandstone with structural 
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maturity, weak diagenetic compaction and cementation, and strong dissolution. So, 

these types of pores were formed in the sand body deposited in shallow buried or high 

energy environment.  

� Medium pore-throat structure. The pore types are intergranular dissolved pores, 

intragranular dissolved pores and residual intergranular pores. The degree of correlation 

between porosity and permeability is relatively high, the correlation coefficient is 

generally greater than 0.7, and the degree of heterogeneity is strengthened. The 

formation is mainly composed of fine sandstone, siltstone, and argillaceous siltstone. 

The structural maturity from good to poor. The siliceous cementation is obviously 

strengthened. The accumulation of oil and gas and the existence of abnormal high 

pressure are conducive to the preservation of pores, which provides conditions for the 

formation of medium pore-throat structure. 

� Fine pore-throat structure. The chief pore types are intergranular dissolved 

pores, intragranular dissolved pores, intergranular pores, and micro pores. The 

correlation between porosity and permeability deteriorated significantly, the correlation 

coefficient is generally less than 0.7, and the permeability decreases sharply with the 

decrease of porosity. The heterogeneity is strong. 

� Micro pore-throat structure. The main types of pores are small residual pores, 

intragranular dissolved pores and incompressible intergranular pores, which are 

hydrophilic rocks and can store natural gas, but it is difficult to maintain stable 

production. The formation is mainly composed of siltstone and argillaceous siltstone 

with good to poor structural maturity. 

 

Figure 2. Capillary curves of the Qingshhuihe Formation in the region of interest. 

4. Analysis of Main Controlling Factors of Reservoir 

4.1. Analysis of Effect of Sedimentary Environment on Reservoir 

The research of precipitation facies shows that the Qingshuihe Formation in Cretaceous 

mainly growed in braided river delta front subfacies, of which the lithology includes 

gray medium-coarse-grained sandstone and medium-fine-grained sandstone (belongs to 

the microfacies of underwater distributary channel of front subfacies, and the plate-like 

cross-bedding is common.), mingles with gray siltstone and grey silt mudstone 

(belongs to the microfacies of underwater distributary interchannel of front subfacies, 

and the ripple bedding was developed somewhere). So, for sandstones and 

conglomerates developed in the delta front, the reservoir properties are significantly 
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affected by the content of argillaceous matrix controlled by the hydrodynamic forces 

during deposition. The clastic rocks which were developed in underwater distributary 

channel with strong hydrodynamic force were strongly elutriated, so that the physical 

properties of reservoir are the best because of the lower content of argillaceous matrix, 

the well-developed intergranular pores and the relatively weaker compaction. On the 

contrary, the clastic rocks which were developed in underwater distributary 

interchannel with weak hydrodynamic force has higher content of argillaceous matrix, 

as a result the physical properties are poor because of the damage by compaction under 

the lubrication of muddy matrix.  

4.2. Analysis on the Controlling Effect of Diagenesis on Reservoir 

Although the Qingshuihe Formation in Shinan area is mainly influenced by 

sedimentary environment, the influence of diagenesis on physical properties of the 

reservoir still cannot be ignored. The figure of relationship between porosity and depth 

shows that the correlation between porosity and depth is strong, indicating that 

compaction has a greater impact on reservoir porosity (as shown in Figure 3). The 

evaluation of effect of compaction and cementation on the physical properties of 

reservoir indicated that cementation caused about 20% of the porosity loss, which 

varies greatly from sample to sample, and compaction caused about 60% of the pore 

loss. 

 
Figure 3. Relationship between porosity and depth. 

4.3. Analysis of Main Factors of Physical Properties of the Reservoir 

The Cretaceous Qingshuihe Formation in Shinan area which was composed of 

fine-grained clastic sediments such as fine sandstone, medium sandstone and 

medium-fine sandstone and experienced diagenesis, mainly developed in braided river 

delta front underwater distributary channel and braided river delta plain distributary 

channel belongs to medium porosity and medium-low permeability reservoir. The 

physical properties are mainly influenced by sedimentary environment, and diagenesis 

has little effect on it. The sand body developed in braided river delta front underwater 

distributary channel always has better physical properties. 
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5. Conclusion 

The Qingshuihe Formation in Shinan area was developed in braided river front 

subfacies, of which the lithology includes grey medium-coarse-grained sandstone and 

medium-fine-grained sandstone with which some grey siltstone and grey silty 

mudstone were mingled. The grey medium-coarse-grained sandstone with tabular cross 

bedding belongs to the microfacies of front subaqueous distributary channel, and the 

grey siltstone and grey silty mudstone with ripple bedding belongs to front subaqueous 

distributary interchannel. The provenance come from the North of the region of interest. 

In the process of diagenesis, compaction caused about 60% of the primary pore loss, 

and cementation caused about 20% of the primary pore loss. The physical properties of 

Qingshuihe Formation are mainly controlled by sedimentary environment, on which 

the influence of diagenesis is small. 
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