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Abstract 

The reservoir performance of pyroclastic reservoir plays an important role in 
hydrocarbon accumulation. In view of the unclear understanding of reservoir 
characteristics and control factors in block Su 13, geological and seismic data and logging 
data are used to conduct a detailed study of the reservoir in the study area. The results 
show that the carboniferous reservoirs are mesopore and ultra-low permeability 
reservoirs. The fault system in the study area is complex and can be divided into three 
grades according to the size of the fault interval. Fractures are relatively developed in 
the study area, and they are developed to varying degrees in all lithologies. The overall 
fracture development ratio is 17.21%. The controlling factors of reservoir development 
are mainly diagenesis and tectonics. Diagenesis, which plays a constructive role in 
porosity, is mainly fracture, and micro-fractures formed by fracture also provide a good 
dissolution channel for dissolution. Tectonics is the main factor of fracture formation. 
The better oil-bearing lithology in the study area is composed of sedimentary tuff and 
tuff. 
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1. Introduction 

Chepaizi bulge has achieved fruitful results in oil and gas exploration. It is generally believed that the 

Carboniferous in Chepaizi area is a favorable oil and gas enrichment zone[1-3]. Wang Pujun[4] 

established a lithology analysis system and identification criteria for the Carboniferous volcanic rocks 

and other rocks in the Junggar Basin on the basis of comprehensive analysis of volcanic rock 

classification studies at home and abroad. Wang Yujiao[5] believes that there are fractures of different 

origins developed in Chepaizi area. The existence of these fractures has greatly improved the reservoir 

performance of volcanic reservoirs in the study area. Meng Fanchao[6] conducted a detailed study on 

the volcanic rocks in Chepaizi area, and believed that the Carboniferous volcanic rocks in Chepaizi 

area are mainly lava, volcanic breccia and volcaniclastic rocks. Niu Hairui[7] believed that the 

Carboniferous mainly developed structural fractures, and the multi-phase fractures were mutually cut 

and filled. The study area has experienced multiple stages of tectonic activities, complex inside story, 

and the early exploration results are very different. The reservoir research is still in the preliminary 

stage. Therefore, this paper carried out reservoir characteristics and control for the 13 Carboniferous 

volcanic clastic rocks in Su Factor research. 

The Chepaizi bulge is located in the northwestern margin of the Junggar Basin. It belongs to the 

western uplift of the Junggar Basin in the regional structure. It is adjacent to the Zaire Mountain in 
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the west and north directions. The Changji depression and the Zhongguai protrusion are connected[8,9]. 

The study area is Su 13 well area in the west wing of Chepaizi bulge in Junggar Basin (Figure.1). 

 

 

Figure 1. Location of target area 

2. Stratigraphic and Structural Characteristics 

2.1 Stratigraphic characteristics  

The Carboniferous, Neogene and Quaternary developed from the bottom up in the study area. The 

Carboniferous strata in the area are widely distributed and contact with the overlying strata at an angle 

and unconformity. The predecessors studied the Chepaizi bulge in the western uplift of the Basin, and 

divided the Carboniferous of the Chepaizi bulge in the western uplift of the Junggar Basin into the 

Tallgula Formation (C1t) and the Baogutu Formation (C1-2b). ), Hibeculas Group (C2x)[10-12]. Among 

them, Hibeculas has poor stratification, poor maturity, complicated gravel composition, and irregular 

limestones of different sizes can be seen. There is a set of interbedded black basalt and red siliceous 

lithology in the lower part of the Tegula Formation, with thicker thickness; the middle and upper 

lithology are thin layered fine-grained tuff, crystal-clastic tuff, tuff siltstone, tuff Silty mudstone and 

other uneven interlayers are the main ones. For the Baogutu Formation, the lithology does not change 

much, mainly due to the difference in grain size, which can be divided into upper and lower parts. 

The lower part is mainly composed of thin layers, mainly tuff, tuff and conglomerate sandstone; the 

upper part is mainly composed of fine clastic deposits, and the lithology is mainly mudstone and tuff 

siltstone. It is in contact with the Lower Vybekulas Formation and the overlying Tegula Formation 

with the disappearance of fine volcaniclastic rocks and the appearance of coarse-grained sandstone 

or tuffy coarse sandstone in tuffy gravel. 

According to the stratigraphic characteristics, the lithological characteristics of each well are 

compared and analyzed, and the strata of each well are divided into groups. The Carboniferous of Su 

13 is mainly composed of Baogutu group (Table 1). 

 

Table 1 Comparison table of each well segment of Chepaizi uplift in western Junggar basin 

Well Su132 Su 131 Su 13 Su 1-13 Su 1-18 Su 1-22 Su 1-5 

Group 
Baogutu 

Group 

Baogutu 

Group 

Baogutu 

Group 

Tegula 

Group 

Baogutu 

Group 

1737-1850m Tegula Group Baogutu 

Group 1850-2037m Baogutu Group 
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2.2 Structural characteristics 

The Chepaizi uplift was formed in the late Hercynian movement, and the Indosinian and Yanshanian 

periods were strong uplift stages. The uplift subducted from northwest to southeast, forming a series 

of large-scale thrust faults, and the erosion of the strata from the uplift to the depression became 

smaller[13]; The Himalayan period tends to settle slowly. The strong uplift has severely eroded the 

strata above the Carboniferous in the study area, and it is in unconformity contact with the Paleogene. 

Due to the multi-stage thrust faults, the west of Pai10 shows a structural pattern of ditch and beam, 

and the Su 13 well area is located on one of the structural beams. The top surface of the Carboniferous 

in the well area gradually increased from south to north, showing the characteristics of north high and 

south low (Figure.2); in the east-west direction, it showed a slight decrease from west to east, almost 

horizontal. 

According to the size of the fault distance and the control effect on the stratum, it can be divided into 

three levels. The Class I fault is the main fault, which controls the boundary of the study area, and is 

characterized by a large scale, a long plane extension, and a fault distance greater than 100 meters; 

the Class II fault has a controlling effect on the local structure in the study area, producing small fault 

blocks, plane The extension is long, and the fault distance is concentrated between 10-30 meters; the 

III-level fault is a fault associated with the above faults, with short development time and small scale, 

which complicates the local structure in small fault blocks,and the fault distance is usually less than 

10 meters. 

 

 

Figure.2 Profile of outcrop area to the north of Su13 well 

3. Reservoir Characteristics 

3.1 Physical characteristics 

The storage space of tuff formation mainly includes intergranular pores, dissolved pores and fractures, 

and the reservoirs are mainly fractured reservoirs. 

The intergranular pores are formed by the accumulation of 0.1-3.0mm volcanic debris in the tuff layer, 

which is very developed, but the throat is fine, and it is generally an oil-free void. Most of the 

intergranular pores in tuff formations have no storage capacity, and no intergranular pores with 

storage capacity have been found in the Carboniferous strata of Chepaizi uplift. 

Dissolution pores include intergranular, intergranular (intra) and dissolved pores along fractures, and 

occasionally matrix dissolved pores[14,15]. However, according to the core data of Jing Su 13, Well 1-

22, and Well 131, there are no obvious dissolution pores in the Carboniferous tuff formations in the 

area. 

The fractures in the Carboniferous in the study area are well-developed, and the tuff mudstone and 

tuff sandstone are all developed in the core data. The width is generally 0.5-4mm and the maximum 

can reach 8mm. The fractures are mainly structural fractures, which have a steep dip angle and a 

relatively linear density Big. The storage and infiltration space of the Carboniferous tuff formation in 

Chepaizi uplift is mainly high and steep fractures, which is conducive to communicating the interior 

of the tuff and the unconformity storage and infiltration space, so that oil and gas can be stored in the 

tuff formation. 
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From 7 wells drilled in Su 13 blocks encountered with Carboniferous pyroclastic rocks, 103 pieces 

of pyroclastic rocks were selected for physical property testing. The results show (Table 2) that the 

porosity distribution of pyroclastic rocks ranges from 0.08% to 18.10% on average It is 6.33%; the 

permeability distribution range is (0.002~13.784)×10-3μm2, with an average of 0.416×10-3μm2. In 

general, it is mesopore-ultra-low permeability reservoir, with positive correlation between porosity 

and permeability. 

According to the test production results, 7 wells are divided into two types: successful test wells and 

unsuccessful test wells. The reservoir rock types of each well are further subdivided and found (Table 

3, Table 4). Closely related to lithology, the porosity of normal pyroclastic rocks is generally better 

than that of volcanic sedimentary clastic rocks, but the permeability of tuffy sandstone is higher than 

other lithologies. 

 

Table 2 Prosity andpermeability of carboniferous formation in Su 13 block 

Well Lithology 
Quanti-

ty 

Porosity (%) Permeability (×10-3μm2) 

Maximu

m 

Minimum -

value 

Average 

value 

Maximu

m 

Minimum -

value 

Average 

value 

Su1-5 
Tuff fine sandstone 3 6.23 2.582 4.287 0.429 0.018 0.219 

Tuff 2 10.972 8.85 9.91 4.321 1.72 3.021 

Su 13 
Tuffite 13 7.898 2.544 5.362 1.141 0.028 0.51 

Tuff 1 3.153 0.034 

Su 1-

18 

Tuff fine sandstone 10 14.001 1.944 6.05 41.095 0.118 5.6728 

Tuff 4 14.001 2.655 8.967 41.095 0.153 14.904 

Tuffite 5 5.585 0.436 3.189 0.689 0.1 0.268 

Su 1-

22 

Tuff fine sandstone 6 11.46 1.607 5.231 10.062 0.1 1.961 

Tuff 1 3.42 0.145 

Tuff mudstone 3 11.46 5.87 7.891 10.062 0.631 3.905 

Su 1-

13 

Tuffite 15 13.671 1.239 6.514 25.003 0.1 3.566 

Tuff 9 10.614 0.838 3.764 11.424 0.1 1.836 

Su 131 Tuff mudstone 2 6.3 1.4 3.85 6.685 2.513 4.599 

Su 132 

Tuff fine sandstone 6 6.963 1.308 4.287 0.518 0.1 0.218 

Tuff mudstone 4 5.911 1.26 4.111 0.342 0.1 0.202 

Gray-black 

mudstone 
5 4.335 2.658 3.228 0.206 0.1 0.121 

 

Table 3 The lithology,prosity and permeability of carboniferous strata of production successful well 

in Su 13 block 

Well Su 1-5 Su 1-18 Su 13 

Formation 

lithology 

Tuff(55.56%) 

Tuff fine sandstone(44.44%) 

Tuff(21.57%) 

Tuffite(17.65%) 

Tuff fine sandstone(60.78%) 

Tuffite(79.00%) 

Tuff mudstone(21.00%) 

Porosity (%) 

A total of 3 layers were 

measured, with a maximum 

value of 8.44, a minimum 

value of 4.58 and an average 

value of 6.31 

A total of 13 layers were 

measured, with a maximum 

value of 14, a minimum value of 

0.68 and an average value of 

6.0462 

A total of 18 layers were 

measured, with a maximum 

value of 7.79, a minimum 

value of 3.15of 4.9378 

Permeability 

(×10-3μm2) 

A total of 3 layers were 

measured, with a maximum 

value of 1.54, a minimum 

value of 0.13 and an average 

value of 0.6833 

A total of 13 layers were 

measured, with the maximum 

value of 41.09, the minimum 

value of 0.11 and the average 

value of 5.7615 

A total of 18 layers were 

measured, with a maximum 

value of 1.21, a minimum 

value of 0.03 and an average 

value of 0.3311 
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Table 4 The lithology,prosity and permeability of carboniferous strata of production failed well in 

Su 13 block 

Well Su131 Su 132 Su 1-22 Su 1-13 

Formation 

lithology 

Tuffite(15.57%) 

Tuff 

mudstone(83.57%) 

Mudstone(0.86%) 

Tuff fine 

sandstone(27.42%) 

Tuff mudstone(33.51%) 

Mudstone(39.07%) 

Tuff(1.00%) 

Tuff fine 

sandstone(21.00%) 

Tuff 

mudstone(29.17%) 

Mudstone(48.83%) 

Tuff(34.75%) 

Tuffite(25.00%) 

Tuff mudstone(21.00%) 

Calcareous mudstone(1.25%) 

Conglomeratic 

mudstone(0.50%) 

Mudstone(17.50%) 

Porosity (%) 

A total of 23 layers 

were measured, with a 

maximum value of 

6.57, a minimum value 

of 1.38 and an average 

value of 2.98 

A total of 13 layers were 

measured, with a 

maximum value of 6.963, 

a minimum value of 1.26 

and an average value of 

3.5686 

A total of 18 layers 

were measured, with a 

maximum value of 11.4, 

a minimum value of 

1.68 and an average 

value of 5.2217 

A total of 41 layers were 

measured. 

The maximum value is 13.67, 

the minimum value is 0.5, 

The average of 4.4973 

Permeability 

(×10-3μm2) 

A total of 23 layers 

were measured, with a 

maximum value of 

0.55, a minimum value 

of 0.1 and an average 

value of 0.15 

A total of 13 layers were 

measured, with a 

maximum value of 0.518, 

a minimum value of 0.1 

and an average value of 

0.1728 

A total of 18 layers 

were measured, with a 

maximum value of 

10.06, a minimum value 

of 0.1, and an average 

value of 1.3517 

A total of 41 layers were 

measured. 

The maximum value is 25, 

the minimum value is 0.1, 

The average of 1.8780 

3.2 Characteristics of fracture development 

Based on the logging curve, the discriminating method of fractures was studied[16-18]. The logging 

curve of the interval where the fracture may develop mainly shows that the local acoustic wave time 

difference suddenly increases, the density decreases and the neutron porosity increases, and the 

natural potential shows negative Abnormality, the resistivity decreases and the resistivity curves of 

different detection depths tend to separate. The logging curves of fractures with different lithologies 

are not the same. For example, the logging curves of tuffic fine sandstones with fractures are mainly 

manifested by higher natural gamma value and large acoustic wave time difference, while the logging 

curves of tuffs with fractures The main manifestations are the low natural gamma value anomaly, the 

low density value is obviously abnormal, and the neutron porosity value is increased. 

According to the logging curve characteristics when fractures of different lithologies develop, logging 

is performed on tuff, tuff fine sandstone, mudstone, sedimentary tuff and tuff mudstone to identify 

fractures. According to the quantitative interpretation results, fracture strata are developed in each 

well in the Su 13 well area The thickness is shown in the following table (Table 5). 

 

Table 5 Fracture lithologic thickness developed in each well 

Well 

Carboniferous 

drilling 

thickness 

Fine sands-

tone 

Mu

ds-
ton

e 

Tuff 
Tuff fine 

sands-tone 

Tuff 

mudsto-

ne 

Tuffite 
Glutenit-

e 

Develope

d fracture 

thickness 

Developmen

-tal fracture 

ratio 

Su 13 380 0 0 0 0 40.7 51.3 0 92 24.21% 

Su 1-13 401 0 15 22 0 28 21 5 91 22.69% 

Su 1-22 299 0 
21.

5 
0 27 31.5 0 0 80 26.76% 

Su 1-18 205 0 28 5 22 0 8 0 63 30.73% 

Su 131 701.4 0 0 0 0 47 14 0 61 8.70% 

Su 132 400 0 6 0 7.5 7.5 0 0 21 5.25% 

Su 1-5 101 2 10 3 5 0 0 0 20 19.80% 

The thickness 

of fractures 

developed in 

each rock 

2487.4 2 
80.

5 
30 61.5 154.7 94.3 5 428 17.21% 
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Each lithology developed in the study area has developed fractures of different degrees. The 

tuffaceous mudstone fractures are the most developed. The formation thickness of the developed 

fractures is 154.7m. There are few fractures in the sand conglomerate and fine sandstone, but because 

of their overall development in the study area The thickness is less than 20m, so the reference value 

is low. The overall cracks in the study area are relatively developed, with a growth rate of 17.21%. 

3.3 Relationship between fracture development and oiliness 

In the study area, the tuff and sink tuff formations have the highest oil content, followed by tuff fine 

sandstone, and the mudstone contains almost no oil. In the oil-bearing layer in the whole area of the 

study area, tuff and sink tuff occupy 62%, of which tuff is 4% more than sink tuff. In the oil test 

success wells, the oil-bearing lithology is mainly tuff, accounting for 52%, and the tuff only accounts 

for 13% of all oil-bearing lithology, while the oil test unsuccessful wells. The tuff occupies 33% of 

all oil-bearing lithology. According to the analysis of the physical properties of the reservoir, there is 

little difference in porosity and permeability between tuff and sink tuff. The main difference between 

the two in the study area is their difficulty in developing fractures. According to Figure 5, sink tuff is 

more likely to develop cracks than tuff The proportion of developed fractures in sinking tuff reaches 

36.84%, while that of tuff only 15.75%. 

According to the above comparison between successful and unsuccessful wells, the distribution of 

oil-bearing lithology between different wells is quite different. Successful wells are mainly dominated 

by tuff, while unsuccessful wells are dominated by tuff. However, the development degree of cracks 

between sinking tuff and tuff is quite different. Therefore, the degree of fracture development is an 

important factor affecting the oil-bearing properties of the formation. 

4. Control Factors of Reservoir Development 

4.1 Lithology 

According to the classification scheme of volcaniclastic rocks proposed by Wang Pujun[4], core 

observation and thin section identification of the Carboniferous volcaniclastic rocks in the study area 

based on the content of volcaniclastic materials and the size of the clastic particles revealed that there 

are already normal volcaniclastic rocks in this area Rocks also have volcanic-sedimentary transitional 

types of volcanic sedimentary clastic rocks, and the rock types are more complex. 

Core observations show that the volcanic debris in the study area has a finer particle size, as shown 

in Figure.3, which is mainly volcanic ash with a particle size of less than 0.01mm, containing a small 

amount of debris, crystal debris and glass debris. The debris is rhyolite debris and andesite debris. It 

is mainly composed of medium-acid debris such as tuff debris, medium rounded, and mostly sub-

angular or sub-circular; the crystal debris is angular, mainly feldspar, quartz and biotite, the 

percentage is 25%-30%; glass The chips are irregular strips or granules, and devitrification and 

sericite can be seen under the microscope. The compaction is mainly compacted between the debris, 

and compacted fusion is also seen. Among them, authigenic minerals such as microcrystalline quartz, 

calcite, Iron dolomite and illite. 

According to statistics, 5 types of rocks are mainly developed in the Carboniferous of 7 wells in the 

study area, namely tuffaceous mudstone, sedimentary tuff, mudstone, tuffite fine sandstone and tuff. 

The overall grain size of each lithology is fine. According to comprehensive analysis, the rock types 

in Well Su 13 are mainly tuffy sedimentary rocks in the transition to sedimentary rocks, followed by 

pyroclastic rocks. It can also be seen from this that the well area is a volcanic sedimentary rock 

development area far away from the volcanic eruption. 

4.2 Diagenesis 

The main diagenesis experienced by the Carboniferous reservoir in the Su 13 well area are: 

compaction, cementation and rupture. 

Post-deposition effects that negatively destroy pores include compaction and cementation[19,20]. The 

compaction is characterized by the compaction of the rock due to volume reduction[21], and the long-
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term effects of tectonic stress and formation pressure in the Carboniferous stratum. The tuff and tuff 

fine sandstone are dense and hard. The heavy load pressure reduces the porosity, reduces the volume, 

and infiltrates The rate decreases and the storage capacity is destroyed. In cementation, cements 

include calcite, siliceous and clay minerals, mainly carbonates. The primary pores are destroyed in 

the early stage of cementation, but provide soluble substances for later dissolution. Because of the 

presence of clay minerals, the pore throats become tortuous and even block the throats, which has a 

significant effect on the connectivity between the reservoir pores and greatly reduces the permeability 

of the reservoir. 

The diagenesis that plays a constructive role in the pores is mainly rupture. According to the core 

data, the formation in the study area has vertical fractures observed from the core. The development 

of fractures can improve the permeability of the reservoir to a certain extent. The microcracks formed 

also provide a good dissolution channel for dissolution Figure.4. 

 

 

Figure.3 Major rock types and microscopic photographs 

4.3 Tectonic effect 

According to the physical properties of the reservoir, the physical properties of the 13 Carboniferous 

pyroclastic rocks in Chepaizisu are poor. However, a large amount of oil and gas is still enriched, and 

oil and gas reserves are mainly controlled by the degree of development of faults and fractures. 

The development degree of the fault zone structure is affected by various factors. It is generally 

believed that stress conditions, fault activity, burial depth, fault location (active disk, passive disk), 

rock mechanical properties, distance from the fault, and fault combination law can all be factors that 
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affect the development of the fault zone structure[22]. Among them, the stress condition has the 

greatest influence on the development characteristics of the internal structure of the fault zone. The 

stress conditions are different, and the nature of the fault will also change. Block Su 13 is located in 

the front of the thrust belt in the Junggar Basin in terms of structural position. The tectonic movement 

is intense and the fault is well developed. On the profile, the fault properties are mainly high-angle 

thrust faults. 

The formation mechanism of fault zones and fractures is affected by many factors, including rock 

mechanical properties and tectonic stress. Generally speaking, brittle rocks are more prone to fracture 

than ductile rocks. The greater the difference between the tectonic stress and the stress at which the 

rock fractures, the more favorable it is for fracture formation. 

 

 

Figure.4 Type of carboniferous reservoir space in Su13 well area 

 

According to the fault distribution map under ideal conditions (Figure.5), the reverse fault should be 

developed with "X" type conjugation, but the actual situation is much more complicated. Take Su 1-

22 as an example, the reverse fault developed around Su 1-22 No conjugated faults of the same level 

are developed (Figure.6), but it is obvious that a series of tensile fractures are developed. A small 

reverse fault is developed at this location. For some reasons, the tensile fractures are not fully 

connected. Observe the upper and lower fractures of the fault. The upper fractures are mainly shear 

fractures. The fracture width is small, straight, well developed, and mostly high-angle fractures. There 
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are few cracks in the lower wall, mainly tensile cracks, wide crack width, curved fracture surface, 

unstable occurrence, mostly high-angle, low-angle cracks are developed in small amounts, and most 

of the stress will be consumed in the fault when reverse fault occurs In the upper wall, the stress 

transmitted to the lower wall of the fault is reduced, resulting in more fractures in the upper wall of 

the fault than in the lower wall of the fault. 

 

 

Figure.5 Potential fault distribution under ideal horizontal stress 

 

Figure.6 Fault and fracture analysis of Su1-22 

5. Conclusion 

In this paper, the Su 13 block of Chepaizi bulge is studied in detail. On the basis of previous studies, 

the main researches are on fault structure, fracture identification and reservoir physical properties. 

The physical characteristics and characteristics of the Su 13 block are summarized. Some control 

factors, main results and conclusions are as follows: 

1) The main strata encountered in the Carboniferous in the study area are the Baogutu group, and the 

rock types are mainly tuff sedimentary rocks in the transition type to sedimentary rocks, followed by 

volcaniclastic rocks. It is a volcanic sedimentary rock development area far away from the volcanic 

eruption. 
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2) The fault system in the study area is complex, and the fault can be divided into three levels 

according to the size of the fault distance. The block characteristics of "first-level fault control, 

second-level fault derivation, and third-level fault complication" are proposed. The ancient terrain of 

the Carboniferous was studied. The top surface of the Carboniferous gradually increased from south 

to north, and was nearly horizontal from west to east. 

3) The Carboniferous cracks are relatively well developed in the study area, and the proportion of 

cracks in the whole development reaches 17.21%. The five main types of lithology in the well area 

all have fractures, among which the tufted mudstones have the thickest strata, and the sinking tuffs 

are the most prone to develop fractures. 

4) The lithologic porosity and permeability data of the Carboniferous in the study area are generally 

poor. Generally, they are medium-pore and ultra-low permeability reservoirs, and a small part are 

low-pore and ultra-low permeability reservoirs. Lithology is an important factor to control the 

reservoir performance of the reservoir, mainly because different lithologies have different fracturing 

capabilities and thus affect the reservoir performance. The main diagenesis effects on reservoir 

physical properties are compaction, cementation and rupture. 

5) Clarified the relationship between lithology, fracture development and oiliness. Among them, 

sinking tuff, tuff and tuff fine sandstone are good oil-bearing lithology. The degree of fracture 

development is the main factor affecting the oil-bearing properties of the reservoir. 
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