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Abstract: There are abundant coal and coalbed methane (CBM) resources in the Xishanyao formation in the 

western region of the southern Junggar Basin, and the prospects for CBM exploration and development are 

promising. To promote the exploration and development of the CBM resources of the Xishanyao formation in this 

area, we studied previous coalfield survey data and CBM geological exploration data. Then, we analyzed the 

relationship between the gas content and methane concentration vs. coal seam thickness, burial depth, coal 

reservoir physical characteristics, hydrogeological conditions, and roof and floor lithology. In addition, we briefly 

discuss the main factors influencing CBM accumulation. First, we found that the coal strata of the Xishanyao 

formation in the study area are relatively simple in structure, and the coal seam has a large thickness and burial 

depth, as well as moderately good roof and floor conditions. The hydrogeological conditions and coal reservoir 

physical characteristics are also conducive to the enrichment and a high yield of CBM. We believe that the 

preservation of CBM resources in the study area is mainly controlled by the structure, burial depth, and 

hydrogeological conditions. Furthermore, on the basis of the above results, the coal seam of the Xishanyao 

formation in the synclinal shaft and buried at depths of 700–1000 m should be the first considered for 

development. 
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1. Introduction 
 

Because of the successful commercial production of low-rank coalbed methane (CBM) in the US 
and advances in CBM exploration and production in China, there has been considerable interest in 
domestic research and exploration of low-rank CBM in the Xinjiang autonomous region (Cui et al., 
2007; Liu et al., 2008; Yu et al., 2008; Wang et al., 2013; Wei et al., 2016; Hao et al., 2018; Zou et al., 
2018; Huang et al., 2019). The southern margin of the Junggar basin has superior CBM resources, 
having a predicted resource of as much as 0.95 × 10

12
 m

3
 at a burial depth of less than 2000 m (Yang et 

al., 2005). The coal-bearing formation includes the Badaowan formation of the lower Jurassic and 
Xishanyao formations of the middle Jurassic (Lan and Du, 2015). The first CBM demonstration base in 
Xinjiang was built in the Baiyanghe mining area in the eastern part at the southern margin of the 
Junggar Basin.  

Considering the low exploration degree and lack of data concerning the gas content, the China 
Geological Survey (CGS) has taken the lead in the exploration and development of CBM in the 
western region of the southern Junggar Basin. In 2014, the CGS constructed two CBM parameter wells, 
WXC1 and MMC1, in an undeveloped part of the Urumqi and Manas regions, respectively, and the two 
wells obtained good drilling results and allowed the evaluation of key CBM parameters. On this basis, 
the CGS successively operated the XWC1 well in the Urumqi region, the MMC2 and MMC3 wells in 
the Manas region, and the XHC1 and XHC2 wells in the Hutubi region from 2015 to 2018. The XWC1 
well has been operated for more than 20 months and achieved a large industrial gas output, having a 
maximum daily output of 4012 m

3
/d at present. Furthermore, significant progress in the geological 

survey of low-rank CBM has been made in the study area. The XMC3 well is the first CBM parameter 
well with stable gas production in the Manas and Hutubi areas, and the daily output of the MMC3 well 
is 677 m

3
/d at present and is rising steadily. This demonstrates the technical workability and the CBM 

and gas production capacity of the Xishanyao formation west of Liuhuanggou for the first time. These 
achievements have great significance, and the exploration and development of CBM in the southern 
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Junggar Basin has been carried out vertically from the Badaowan formation to the Xishanyao 
formation and laterally from the eastern part to western part of the southern Junggar Basin. The results 
of these early exploratory wells provide directions for the subsequent exploration and development of 
low-rank CBM in this area. 

The preliminary productivity results obtained from the western part of the southern Junggar Basin 
were achieved after years of effort, but these show differences from the commercial productivities of 
areas in the Badaowan formation on the southern margin of the Junggar Basin (Zhao et al., 2011; Chen 
et al., 2012; Hun et al., 2013; Kang et al., 2013). For example, the overall CBM drainage and 
production of the Xishanyao formation is still not ideal in the western part. Previous studies have 
shown that there is a strong water abundance in the roofs and floors of the main coal seams, but the 
understanding of the reservoir formation conditions, the main control factors, and the enrichment 
regularity is lacking, which has meant that drilling, completion, and drainage technology is not adapted 
to the actual geological conditions (Shao et al., 1998; Wang et al., 1998; Liu et al., 1999; Li et al., 2001; 
Li et al., 2005; Wang et al., 2006; Xing et al., 2006; Fu et al., 2017). As a result, the production of a 
single well is poor, and breakthroughs in the CBM exploration and development of the Xishanyao 
formation have not been made. Therefore, on the basis of coal sample analysis and field data from the 
CBM parameter wells, such as drilling and gas-bearing tests, in this study, the Xishanyao coal seams in 
western part of the Zhunnan coal field are analyzed, systematically focusing on the relationship 
between the gas-bearing properties and coal reservoir parameters, including the thickness, burial depth, 
structural type, hydrogeology, and lithology of the seam roof and floor. Our study of the influential 
factors and resource potential of the CBM enrichment in the study area will provide current geological 
information for the further evaluation of CBM resources and potential productivity.  
 
2. Geological settings 
 

The southern margin of the Junggar basin is located between the Altai and Tianshan mountains and 
extends zonally in the east–west direction bounded by Shuixigou in Jimusaer to the east, Sikushu in 
Wusu to the west, the Yilianhabierga mountain to the south, and the hinterland of the Changji 
depression to the north. The total coal-bearing area is approximately 6035.28 km

2
 (Bao et al., 2005; 

Dong et al., 2007; Yang et al., 2012). The southern margin of the Junggar basin has a complex structure 
and has undergone multi-period tectonic movements, i.e., the Cenozoic Himalayan movement, which 
resulted in strong folds and a series of large thrust faults in the northern margin of the Tianshan 
mountain (Chen et al., 2010; Yuan et al., 2018; Yu et al., 2019), which controlled the coal accumulation 
and formed a series of faults, folds, and intermountain basins in the NWW, EW, and NEE directions 
(Lin et al., 2000; Wang et al., 2007). The western part of the southern margin of the Junggar basin is a 
north-inclined monoclinal structure that is located in the Huomatu anticlinal belt and Qigu faulted–fold 
belt; it extends from the Manas River in the west to the Urumqi River in the east and is bounded by the 
Changji depression to the north. The structural conditions of the study area are relatively simple (Chen 
et al., 2007; Wei et al. 2010; Hao et al., 2018) (Fig. 1), which is conducive to CBM enrichment. The 
western part should be considered as key target for CBM exploration and development in the southern 
margin of the Junggar basin. 
 

 
Fig. 1. Tectonic sketch map of the western part of the southern margin of the Junggar Basin. 
(a) Map of the study area in the Junggar Basin; (b) Map of the study area in the southern margin of the Junggar Basin; (c) Outline of the 

western part of the southern margin of the Junggar Basin. 
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2.1 Coalbed distribution 

The lower Jurassic Badaowan formation and the middle Jurassic Xishanyao formation are the main 
coal-bearing formations in the southern margin of the Junggar Basin. These formations developed 
during the early and middle Jurassic. However, the effects of the boundary thrust fault have meant that 
the Badaowan formation is poorly developed at the western part of the Zhunnan coal field (Sha et al., 
2011; Yu et al., 2012). The Xishanyao coal-bearing formation and CBM resource are mainly developed 
in the western part of the Zhunnan coal field, and the coal-accumulating center in the Xishanyao 
formation ranges from the Manas River to Daxi River and the Liuhuanggou area of Urumqi. There are 
many thick and relatively stable coal seams, which vary greatly in the east-to-west direction, and the 
bifurcation and combination of the coal seams is common. In the lower part of the Xishanyao 
formation, there are several important commercial seams, having burial depths of 800–1500 m and 
exploitable thicknesses of 21.9–51.9 m. The single-layer exploitable thickness may be greater than 14.6 
m. Because of the minimal magmatic activity since the Jurassic Period, the coal–forming period in the 
Zhunnan coal field, coal properties have been well preserved without breakage (Tian and Yang, 2011; 
An, 2012) (Fig. 2), which is favorable for CBM accumulation and production. 
 

 
Fig. 2. Total coalbed isopach map of the western part of the southern margin of the Junggar Basin. 

 
2.2 Coal metamorphism and petrographic composition 

In general, the higher the rank of coal, the more gas it adsorbs (Zhang et al., 2002; Tang et al., 2018). 
The adsorptive capacity is also related to the maceral content, coal reservoir porosity, pore structure, 
and specific surface area (Shuheng et al., 2004; Yanbin et al., 2008). The study area is mainly enriched 
with bituminous coal of low rank, formed in a lacustrine facies coal-forming environment. According 
to the latest petrographic analysis and core experiments from field wells and CBM parameter wells 
(Table 1), the study area is enriched with long-flame coal and noncaking coal with a low ash content, 
medium to high volatile content, extremely low to low sulfur content, and medium to high caloricity. 
The maximum vitrinite reflectance, R0, max, increases gradually from west to east and ranges from 0.41% 
to 0.74%. The R0, max at the primary minable coal seams is 0.5–0.65%, which indicates that the 
evolution degree is low. In addition, the main coals are low-coalification bituminous coals containing 
long-flame coal and gas coal, which are low-rank and medium-rank coals, respectively. According to 
the maceral testing results and other data from the coal field, the organic matter content exceeds 90%, 
the average vitrinite content is 56.77%, the average inertinite content is 36.27%, and the average 
exinite content is 1.79%. In total, the vitrinite and inertinite contents occupy the large contents, and 
small exinite contents are favorable for gas generation. 
 
Table 1 Coal properties and maceral contents of coal from the study area 

Sample Location 
R0,max/% 

 (avg.) 

Proximate analysis (mass fraction) (%) Maceral (volume fraction) (%) 

Mad Ad Vdaf Vitrinite Inertinite Exinite 

1 

Hutubi–

Urumqi 

0.59 9.64 2.4 21.49 53.61 42.01 4.38 

2 0.49 4.29 5.7 36.63 59.58 33.14 7.28 

3 0.41 6.15 8.36 38.15 61.70 35.32 1.06 

4 0.57 2.24 5.08 34.15 65.62 32.08 2.31 

5 0.62 2.09 5.72 35.45 70.61 28.07 1.32 

6 0.71 2.32 24.13 25.20  72.30 22.20 1.50 

7 

Manas–

Hutubi 

0.65  4.06  9.64  34.97  45.30  40.70  0.30  

8 0.73  4.36  8.93  31.50  31.40  59.30  0.50  

9 0.63  4.34  9.67  36.00  49.60  39.20  0.40  

10 0.61 4.15  13.88  39.19  76.50  10.50  0.30  

11 0.74  4.77  6.44  31.99  38.20  56.50  0.40  
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2.3 Distribution of gas content 
The gas content of the coalbed is a direct index of the gas-bearing properties (Li et al., 2019). 

According to the latest on-site analysis of gas content in the coal seams of the CBM parameter wells, 
the gas content of the MMC1 well is 1.6–6.4 m

3
/t, having an average of 3.92 m

3
/t; the gas content of 

the coalbed roof and floor is 0.5–1.74 m
3
/t; and the methane concentration in the CBM is 61.43%–

94.79%, having an average of 78.89%. The gas content of the MMC2 well is 0.89–5.23 m
3
/t, having an 

average of 2.32 m
3
/t. The gas content of the MMC3 well is 1.16–9.66 m

3
/t, having an average of 5.00 

m
3
/t. The gas content of the XHC1 well is 2.05–6.27 m

3
/t, having an average of 3.39 m

3
/t. The gas 

content of the XHC2 well is 0.80–5.00 m
3
/t, having an average of 3.32 m

3
/t. The gas content of the core 

of the XWC1 well is 10.35–12.24 m
3
/t. The gas contents of the CS1 and CH2 wells is 1.30–5.16 m

3
/t, 

having an average of 3.16 m
3
/t. 

The above results, combined with the coal mine gas data, suggest widely developed coal seams 
having relatively high gas contents. The average gas content in the study area is about 5 m

3
/t, and the 

maximum is 7.32 m
3
/t (Fig. 3), which reaches the lower limit (i.e., 1 m

3
/t) of the CBM reserve 

calculation for low-rank and medium-rank coals (CBM resource/reserve standard No. DZ/T0216, 
2010). The areas with significant gas contents are mainly located from the Urumqi River to the Sigong 
River and from the Manas River to the Santun River, and the gas content presents a trend of being high 
in the middle and low at the two ends. 
 

 
Fig. 3. Gas content contour map of coal seams in the Xishanyao formation in the study area. 

 
3. Samples and Methods 
 

CBM mainly exists in the coal seams in an adsorbed state, and the gas content of the coal seam is 
primarily affected by the preservation conditions, the adsorptive capacity, and the migration direction 
of the CBM (Su et al., 2004; Li et al., 2013). Therefore, the CBM preservation condition are mainly 
affected by the thickness, burial depth, structural location, lithology of the roof and floor, and the 
hydrodynamic conditions of the coal seam. Furthermore, the adsorptive capacity of CBM is mainly 
affected by the coal macerals, as well as the physical condition of the coal reservoir. In contrast, the 
migration direction of CBM is mainly affected by the structural morphology and hydrodynamic 
conditions. 

Coal core samples were acquired from the latest and unique CBM parameter wells in the study area, 
as well as additional borehole samples from the coal field in the mining area. Conventional and 
nondestructive unconventional testing techniques (Yao et al., 2009; Shu et al., 2012; Yong et al., 2015; 
Yuan et al., 2015; Yan et al., 2017; Chen et al., 2018; Zhang et al., 2018), including mercury injection, 
scanning electron microscopy (SEM), low-temperature nitrogen adsorption, and isothermal adsorption 
tests, were used to investigate the pore structure, pore type, and micropore and fine pore distribution of 
the coal reservoirs, as well as obtaining the adsorptive parameters. We used an Micromeritics AutoPore 
IV 9500 (USA) mercury injection apparatus to analyze the specific surface, a Tescan VEGA 3 EPH 
SEM (Czech Republic) to analyze the cracks and pores in the coal, a Quantachrome Quadrasorb 2–SI–
KR/MP (USA) automatic aperture analyzer to analyze the pore diameter, and a Geo–Tek Energy 
Resources, Inc. ISO–300 (USA) isothermal adsorption instrument to analyze the Langmuir volume and 
Langmuir pressure. 
 
4. Results and Discussions  

 
4.1 Physical conditions of the coal reservoirs 

 
4.1.1 Pore and permeability characteristics 

The specific surface area, pore volume, and pore structure of coal are dependent on the adsorptive 
capacity of the coal reservoir and the migration and permeability of the CBM (Rodrigues et al., 2002; 
Yao et al., 2010). According to the standards proposed by Xohot (1966), the coal pores were classified 
into four types, i.e., macropores (pore diameter >1000 nm), mesopores (pore diameter 100–1000 nm), 
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fine pores (pore diameter 10–100 nm), and micropores (pore diameter <10 nm). According to mercury 
injection tests and additional data (Li et al., 2003; Yu et al., 2002) (Table 2), the porosity in the western 
part of the Zhunnan coal field is 3.35–7.96%, having an average of 5.22%. The coal seams have good 
reservoir properties and interconnectivity, but there is some heterogeneity. Statistical analysis of the 
volume percentage of micropores, fine pores, and mesopores of each coal sample indicates that the 
pore diameters range between 1 and 1000 nm, and micropores and fine pores with diameters less than 
100 nm account for the largest percentage, followed by mesopores. The average volume percentages of 
the micropores, fine pores, and mesopores are 48.7%, 39.6%, and 11.7%, respectively. The proportion 
of micropore and fine pores in the samples from the Manas–Hutubi area is larger than that in those 
from the Urumqi area (Fig. 4). 
 
Table 2 Mercury injection results of Xishanyao formation in the study area 

Sample 
Porosity 

(%) 

Permeability 

(10
–3

μm
2
) 

Displacement 

pressure 

(MPa) 

Median 

saturation 

pressure 

(MPa) 

Median 

pore radius 

(μm) 

Max. 

mercury 

saturation 

(%) 

Average 

pore 

radius 

(μm) 

Total 

mercury 

saturation 

(mL) 

Efficiency 

of mercury 

withdrawal 

(%) 

Percentage (%) 

Micropore 

+ fine 

pore 

Mesopore Macropore 

NS–1 7.55 2.193 0.138 22.188 0.035 91.71 0.619 0.77  48.85 50.71  27.68  21.61  

NS–2 5.43 / 0.138 62.59 0.012 88.49 0.689 0.55  67.76 63.63  13.81  22.56  

MC2–4 4.48 0.01 0.138 49.0  0.015 90.917 0.996 0.427 64.69 58.31  9.47  32.22  

TXH–1 6.97 2.448 0.265 28.11 0.027 91.55 0.34 0.75  50.39 55.24  27.75  17.01  

TXH–2 7.96 0.052 0.682 38.74 0.02 94.05 0.122 0.81  47.86 66.39  24.34  9.27  

TXH–3 5.59 0.181 0.673 45.74 0.016 93.95 0.133 0.63  58.34 67.65  23.05  9.30  

XGG–1 4.77 0.051 0.262 80.05 0.01 90.21 0.333 0.45  77.89 75.41  9.83  14.76  

XGG–2 6.35 0.001 2.744 59.023 0.013 92.99 0.046 0.73  58.91 73.86  18.93  7.21  

KG–1 3.17 0.13 0.257 66.468 0.012 85.54 0.333 0.31  82.87 73.82  10.47  15.71  

KG–2 4.34 1.08 5.496 73.585 0.01 94.45 0.024 0.50  73.77 78.66  14.18  7.16  

KG–3 4.28 0.001 13.778 90.417 0.009 90.05 0.013 0.46  86.23 84.78  8.70  6.52  

KG–4 4.31 0.005 13.774 82.969 0.009 93.07 0.012 0.49  82.477 80.35  11.09  8.57  

KG–5 4.48 0.002 5.496 81.194 0.009 93.95 0.022 0.47  81.669 82.79  10.38  6.82  

EDS–1 6.55 3.254 0.138 47.19 0.016 93.31 0.657 0.74  59.98 62.23  17.91  19.86  

LHG–2 3.55 0.002 13.78 81.26 0.009 96.15 0.013 0.41  89.32 85.29  9.25  5.46  

LHG–3 4.72 0.003 13.78 82.58 0.009 92.87 0.011 0.52  79.69 80.26  10.81  8.93  

CXY–2 5.08 / 5.497 67.316 0.012 92.99 0.026 0.57  73.99 76.66  15.73  7.61  

CXY–3 4.30 0.07 13.772 85.219 0.009 90.81 0.013 0.46  87.08 83.23  10.69  6.08  

 

 

Fig. 4. Distribution map of pore size by mercury injection in the southern margin of the Junggar Basin. 

 
The specific surface area reflects the micropore structure and surface area available for adsorption in 

coal seams. It is positively correlated with the total pore volume of a coal sample, i.e., a coal sample 
with a high specific surface area tends to have higher total pore volume (Kara et al., 2000; Pitman et al., 
2003; Karl-Heinz et al., 2008). According to the experimental results in this study and collected data, 
as shown in Table 3, the Brunauer–Emmett–Teller (BET) specific surface area ranges from 0.624 to 
9.585 m

2
/g, having an average of 3.407 m

2
/g. The Barrett–Joyner–Halenda (BJH) total pore volume is 

0.00601 mL/g on average, and the average pore diameter is 5.83 nm. The relationship between the pore 
radius and pore surface area indicates that the micropores with a diameter less than 10 nm contribute 
most to the specific surface area, and this may be attributed to the greater adsorption of methane by 
micropores than by fine pores and mesopores (Amarasekera and Scarlett, 1995; Zhao and Tang, 2001). 
The volume of adsorbed methane linearly increases with the pore specific surface area, and adsorption 
saturation linearly decreases with the pore specific surface area. In other words, a large specific surface 
area is favorable for methane adsorption (Guo et al., 2014; Meng et al., 2015). Consequently, on the 
basis of our analysis, the pore conditions of coal seams in the western part of the Zhunnan coal field are 
relatively good. The pore space in coal seams is mainly composed of micropores and fine pores, which 
is favorable for CBM adsorption and seepage. 
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Table 3 Statistics of low-temperature nitrogen adsorption results of Xishanyao coal samples in the study 

area 

 Sample Coal mine 

BET specific 

surface area 

(m
2
/g) 

Average pore 

diameter 

 (nm) 

BJH total pore 

volume 

 (10
–3 

cm
3
/g) 

Volume percentage (%) BET percentage (%) 

Micropore Fine pore Mesopore Micropore Fine pore Mesopore 

HX–1 Hongxing 15.983 3.345 13.370 62.33 32.63 5.04 90.61 8.98 0.41 

LHG–2 Liuhuanggou 1.304 7.790 2.539 71.03 25.40 3.57 89.94 9.47 0.59 

LHG–3 Liuhuanggou 0.296 14.453 1.07 30.38 46.86 22.76 75.07 23.23 1.70 

CXY–2 Chenxingyuan 0.305 9.263 0.705 35.82 47.10 17.07 75.19 24.03 0.78 

CXY–3 Chenxingyuan 0.260 8.076 0.524 40.88 53.67 5.45 77.07 22.93 0.00 

XS Xishan 1.098 18.493 5.077 29.26 45.42 25.31 75.84 22.25 1.91 

BTY Baituyao 0.297 12.200 0.905 43.88 37.95 18.17 83.27 15.67 1.06 

DB Dabei 4.063 5.929 6.022 54.91 38.31 6.77 87.17 12.49 0.33 

TD Tengda 19.336 3.318 16.040 61.97 30.01 8.01 91.25 8.38 0.37 

TF–2 Tianfu 1.586 10.757 4.959 / / / / / / 

SG–4 Shawan 1.507 4.010 3.636 / / / / / / 

SG–5 Baye 0.624 3.219 1.841 / / / / / / 

HG–1 Dahonggou 2.788 4.028 6.707 / / / / / / 

KG–1 Kuangou 2.988 7.458 5.854 / / / / / / 

KG–2 Kuangou 4.774 6.880 8.611 / / / / / / 

XG–1 Shitizi 9.585 4.448 10.456 / / / / / / 

MC–1 Well MMC2 1.399 18.774 5.213 / / / / / / 

MC–2 Well MMC2 0.942 18.683 4.322 / / / / / / 

MC–3 Well MMC2 0.846 20.932 5.351 / / / / / / 

 
In the evaluation of the CBM exploration and development potential, accurate permeability 

measurements are crucial, and these are usually obtained through an injection/fall-off tests. There are 
five CBM parameter wells involved in well testing, and additional information concerning the 
permeability was obtained from laboratory tests of coal samples from the coal mines. The 
injection/fall-off tests were conducted for several thick and stable coal seams drilled in these wells, 
which extend over a large area. The permeability of the main coal seams was determined to be 0.0035–
7.28 × 10

–3
 μm

2 
(Table 4). The permeability of coal samples was measured to be 0.001–3.254 × 10

–

3
 μm

2 
(Table 2). In conclusion, the permeability in the study area shows a gradually increasing trend 

from west to east, reaching the maximum in the Urumqi area. Overall, the permeabilities of the samples 
in the study are relatively low and, in particular, lower than that in the Fukang mining area. The 
permeability varies with pore size because macropores and mesopores usually have greater 
permeability. As shown in Fig. 5, pores with a diameter of 0.6–2.5 μm contributed most to the 
permeability. This analysis demonstrates that the low permeability in the study area may be attributed 
to the small pore size. 
 
Table 4 Statistics of coal seam permeability of CBM parameter wells 

Coal seam CBM parameter well Permeability (× 10
–3

 μm
2
) Coal seam CBM parameter well permeability (× 10

–3
μm

2
) 

No.2 MMC2 0.0035 No.1 XHC1 0.25 

No.5 MMC2 0.2686 No.2 XHC1 0.88 

No.10 MMC2 1.9286 No.4 XHC1 0.37 

No.2 MMC3 0.0269 No.1 XHC2 0.09 

No.5 MMC3 0.0905 No.2 XHC2 0.28 

No.9 MMC3 0.0244 No.4 XHC2 0.05 

No.6 XWC1 0.13 No.7 XWC1 7.28 
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Fig. 5. Contribution of porosity to the permeability of typical samples. 

 
4.1.2 Adsorption features 

The Langmuir volume indicates the maximum adsorptive capacity of coal; that is, the adsorptive 
capacity increases with increasing Langmuir volume. The Langmuir pressure indicates whether or not 
CBM could be easily exploited and preserved, and a high Langmuir pressure is favorable for the output 
of adsorbed gas on pressure drop but unfavorable for gas preservation (Levy et al., 1997; Crosdale et 
al., 2008; Liu et al., 2014; Lin et al., 2016). The tests results show that the Langmuir volumes of the 
CBM parameter wells range from 7.31 to 16.94 cm

3
/g (dry and ash-free basis), having an average of 

12.58 cm
3
/g, and the Langmuir pressure ranges from 1.54 to 4.47 MPa, having an average of 3.57 MPa. 

In the tests of the supplementary coal samples, as shown in Table 5, the Langmuir volume ranges from 
6.38 to 27.68 cm

3
/g (dry and ash-free basis), and the Langmuir pressure ranges from 2.82 to 7.19 MPa. 

These similar results show the Langmuir volume in the study area is large and favorable for CBM 
adsorption, and the Langmuir volume and pressure increased from east to west generally; however, the 
Langmuir pressure is low and unfavorable for CBM production. 
 

Table 5 Langmuir volume and pressure of isothermal adsorption tests in the study area 

Sample LHG–

3 

CXY–

2 

NS–1 YA–1 MX–4 SG–4 KG–1 KG–3 XG–1 XG–3 

Langmuir volume 
(cm

3
/g) 

Air-dried basis 10.28 18.16 9.76 13.85 26.78 15.15 12.60 15.57 7.29 6.38 

Dry ash-free basis 11.95 11.95 11.89 14.78 27.68 17.43 13.46 16.98 8.49 7.06 

Langmuir 
pressure (MPa) 

Air-dried basis 7.19 3.79 5.05 4.70 6.83 4.25 3.45 4.55 3.70 2.82 

Dry ash-free basis 7.19 3.79 5.05 4.70 6.83 4.25 3.45 4.55 3.70 2.82 

 
As shown in Figs. 6 and 7, with respect to the correlation between Langmuir volume, the water 

content, and Ro, max, the maximum adsorption volume decrease with increased degree of metamorphism 
for low-rank coal. Because of the definite internal surface area for gas adsorption and greater amount of 
water adsorbed than methane in the coal, there is a negative correlation between Langmuir volume and 
water content. Therefore, the lower amount of methane adsorbed in higher-rank coal is mainly due to 
the higher water content. 
 

  

Fig. 6. Langmuir volume versus Ro, max. 

Fig. 7. Langmuir volume versus water content (Mad, %). 

 
Pore diameter is also closely dependent on the coal rank. According to the tests, all types of pore are 
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well developed in low-rank coal, but micropores may adsorb more gas than other pore types in 
low-rank coal because of the greater adsorption space in the micropores. In addition, the Langmuir 
pressure is positively related to the micropores, whereas the Langmuir volume is positively related to 
the existence of micropores and mesopores (Lv et al., 1991; Lin et al., 2013). Pyun and Rhee (2004) 
reported that the specific surface area of coal has a greater impact on the Langmuir volume than the 
pore volume, which signifies that the specific surface area dominates gas adsorption capacity and 
adsorption sites increase with increasing specific surface area. Chen (2013) pointed out that this 
principle applies to high-rank coal and low-rank coal. Hence, the adsorptive capacity increases with 
total pore volume and specific surface area, as well as micropore specific surface area. Micropores and 
fine pores comprise the greatest percentage in the coal reservoir in the study area, followed by 
mesopores; thus, the specific surface area and, consequently, Langmuir volume are large, which is 
favorable for gas adsorption. This is a typical adsorption features of low-rank coal, and the test data in 
this study are consistent with previous reports. 

 
4.2 Preservation conditions 

 
4.2.1 Structural types 

The reservoir structure is the most important and direct gas-controlling factor. On one hand, the 
structure controls the distribution, migration, accumulation, and formation of the coal seam and 
coalbed methane directly or indirectly, and, on the other hand, it results in constructive or destructive 
transformations of the existing coal gas formation (Jin et al., 2015; Zhang et al., 2018). The southern 
margin of the Junggar Basin is located at the piedmont tectonic belt, which contains faults and folds, 
and the main structural types are synclinal–anticlinal structures developed from south to north. The 
distribution of the whole structural line is consistent with the direction of the Tianshan fold belt (Song 
et al., 2010; Yang et al., 2013; Xv et al., 2019). Coal reservoirs with different structural types have 
different methane adsorption properties, which may lead to different CBM enrichment conditions 
(Lamarre and Burns, 1997; Li et al., 2014; Chen et al., 2015; Jia et al., 2015). Depending on the 
combination of tectonic stress, the gas-controlling structural types were classified into four types, i.e., 
monocline, syncline, reverse fault, and imbricate structures. 

(1) Gas control in large inclination monoclines 
The tectonic setting of the southern margin of the Junggar basin is a monoclinal structure with 

significant north-dipping. The amount of CBM in this structure has great significance to the CBM 
resource potential in the whole southern margin of the Junggar basin. The monoclinal structure does 
not contain structural traps that are favorable for CBM enrichment, and the CBM enrichment is mainly 
controlled by the burial depth and hydrological conditions. At favorable burial depths (> 800 m) and 
hydrological conditions, the glacial meltwater of the north Tianshan mountain can results in hydraulic 
plugging of the thermogenic gas of coal measures. As a result, large-scale CBM enrichment may occur 
in the monocline structure, and the Manas area is the most typical area for this gas-controlling 
structural type. The MMC2 well is located in the south limb of the south Manas syncline, which is a 
monoclinal structure with some small synclines. The interlayer spacing of coal seams in the Xishanyao 
formation changes only slightly, and the formation dip is generally between 30° to 45° (Fig. 8). 
Groundwater infiltration can prevent the upward dissipation of CBM effectively, resulting in hydraulic 
plugging. Thus, the CBM in the slope zone accumulates easily in this structural type. The average gas 
content in the MMC2 well is 3.66 m

3
/t in the field, and the maximum is 6.43 m

3
/t. Laboratory tests 

show that the coal seam has the characteristics of high gas saturation, high critical desorption pressure, 
and high critical desorption pressure to reservoir pressure ratio, so the conditions for the ground 
exploitation of CBM are ideal. 
 

 

Fig. 8. The profile of south-north inclined monocline in the Manas area. 

 
(2) Gas control in the synclines 
Fold neutral planes in the south area of the Junggar Basin are often found in the Sangonghe 

formation, so the coal reservoir in the anticline and syncline with concentrated tectonic stress is 
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favorable for methane adsorption and CBM preservation. In the synclinal structure, the axial part above 
the neutral plane and the two limbs are the high compressive stress area, which show obvious stress 
concentration. In the axial part, because the strata are squeezed, the pores or fractures in the strata are 
intense or compacted, and the pores, fractures and roof of the coal seam are not developed, thus 
forming good cover for the preservation of the inferior CBM and preventing the upward dissipation of 
CBM. This is beneficial for the enrichment of CBM. Because the coal seam is usually buried at a large 
depth and only a small number of open fractures are generated to release some of the stress, the axial 
part under neutral plane is a relatively low pressure area, which shows extensive stress. Anticlines 
show contrasting behavior to synclines. 

The anticlinal structure is only widely developed in the northern belt of the southern margin of the 
Junggar basin, and the coal seams under the neutral plane are seldom developed. Therefore, the axial 
part above the neutral plane and the two limbs of syncline are favorable for CBM preservation and 
accumulation; in particular, the axial part is an abnormal area with a high CBM content. By comparing 
the CBM wells located at the syncline and monocline, we found that the average gas content of 
Xishanyao formation in the syncline (4.63–6.34 m

3
/t) is significantly larger than that in the monocline 

(2.84–4.13 m
3
/t). Thus, we concluded that both the hydrodynamic field and tectonic stress field can 

control CBM accumulation in synclinal structures, but hydrogeological conditions are the major 
controlling factors for CBM accumulation in monoclinal structures. In addition, the CBM content 
variation in the Actun syncline in the western part of the study area indicates that the CBM content 
increases gradually from the two limbs to the axial part of syncline structure (Fig. 9). These synclinal 
structures are mainly developed in the Qingshui River, Hutubi River, and Changji areas. 
 

   

Fig. 9. The relationship between CBM content and structure in Santun River area (modified after Wang et al., 

2014). 

 
(3) Gas control of reverse fault and imbricate structures 
The compressional reverse faults widely developed in the study area are mainly plugging fracture 

structures with good sealing characteristics, which is beneficial for CBM enrichment. Taking the 
Liuhuanggou mining area as an example, a series of normal faults are densely developed in the 
southeast part of mining area, where the coal seam has poor gas content. However, in the southwest 
part, where a large number of reverse faults are developed, the CBM content is significantly higher 
than that of the former (Zhou et al., 2015). On the one hand, the reservoir pressure near the reverse 
fault is obviously increased, which leads to an increase in the CBM content. On the other hand, the 
reverse fault section is often closed, which is not conducive to CBM dissipation through the section. 
Faults in the southern margin of the Junggar basin are mainly reverse faults and a few normal faults, 
and most of the reverse faults are associated with anticlinal and synclinal structural traps, which act as 
a barrier against CBM migration. 

The imbricate structure is mainly developed in the western region of the Urumqi River, which is 
affected by the Urumqi–Miquan strike-slip fault (Fig. 10). One limb of the Toutunhe syncline is cut by 
the Xishan reverse fault, and the strong tectonic stress at the syncline core between the reverse faults 
increases the adsorption capacity and gas content of CBM. In this kind of imbricated structure, the gas 
content at the forefront is the highest, so the gas content in the core area of the Toutunhe syncline is 
high. This is due to the strong compressional stress at the forefront of the reverse fault, which improves 
the adsorption capacity of the coal reservoir. At the same time, the sealing property of the thrust fault 
results in the coal reservoir near the Xishan fault having good gas-bearing properties. The Xishan thrust 
fault and related folds formed in the Yanshanian underwent a reverse compression transformation again 
in the Himalayan, which improved the coal seam porosity and permeability, and the free gas in the coal 
seam migrated along the high-angle fractures to the structural high strand near the fault for enrichment. 
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Fig. 10. The relationship between structure and gas content in the western area of the Urumqi River. 

 
The MMC3 well is located in the south limb of the South Manas Syncline, which was the first CBM 

parameter well with stable gas production in the Manas and Hutubi areas. The well area has simple 
structure and no large faults. The sealing property of the coal reservoir in the well area is good, and the 
interlayer spacing between the Xishanyao coal seams changes little, which is conducive to the 
preservation of CBM. According to the fracturing and drainage of coal seams Nos. 8 and 10 in the 
Xishanyao formation, the daily output of the MMC3 well is 677 m

3
/d at present and is rising steadily. 

The XWC1 well is located in the Xishan monocline structure of piedmont fault–fold belt, where the 
structure is simple and stable and the strata is north dipping, and this well is the first CBM parameter 
well in the Urumqi–Hexi area. The stable daily output at this well is between 3200 and 3300 m

3
/d, 

since then, great progress has been made in the CBM exploration of the Xishanyao formation in the 
southern Junggar Basin. In summary, the coal seams of the Xishanyao formation in the syncline axis 
and two wings are favorable position for CBM enrichment and accumulation in the study area and are 
the preferred targets for CBM exploration in the future. 

 

4.2.2 Thickness and burial depth of coal seams 
Theoretically, with the same burial depth, gas content, and roof and floor plugging conditions, the 

CBM resource potential increases with increasing thickness of the coal seam. There are two main 
coal-rich belts in the sedimentary Xishanyao Formation in the southern Junggar Basin. One is located 
from the Shichang area of Shawan county to the Baiyanggou area of Hutubi county, and its 
coal-accumulating center is from the Manas River to the Hutubi River area. The other is located from 
the Toutunhe River of Changji city to the Sangonghe River of Fukang city, and its coal-accumulating 
center is around the Liuhuanggou area in Urumqi. There are 3–18 coal seams with total thicknesses of 
25.57–55.06 m and 3–11 commercial seams with exploitable thicknesses of 25.57–52.53 m in the 
Manas–Hutubi belt. This is increased to 21–49 coal seams with total thicknesses of 26.10–57.23 m, and 
11–23 commercial seams with exploitable thicknesses of 23.22–51.76 m in the Hutubi–Toutunhe River 
belt. The coal measure strata become thinner and the coal seams tend to thin out from the Manas to the 
Bayingou mining area, and the average total thickness of coal seams is 5.88–25.49 m. In the most 
western Sikeshu mining area, there are 8–10 coal seams with maximum total thicknesses of 24.76–
31.25 m and exploitable thicknesses of 20 m. In the coal–rich belt between the Toutunhe River and 
Sangonghe River, there are 16–39 coal seams with a total thickness of 37–144 m, small spacing, and 
simple structures. Based on the above, the thick coal seams of the Xishanyao Formation generally 
extend over the whole region. On the one hand, the upper coal seams have few layers and thin seams 
with a mostly simple structure; however, the coal seams are unstable, locally recoverable, 
unrecoverable, or even thin out. On the other hand, the major commercial seams with simple structures 
are developed in the lower coal seams, and the thick coal seams are very stable in the Liuhuanggou 
mining area. Their total thickness increases eastwardly to the Laojunmiao area. 

The coal seams in the coal-accumulating center from the Manas River to the Hutubi River area have 
a large change along the east–west direction. The coal seams decrease in thickness from north to south 
and are thick in the middle and east and thin in the west (Fig. 11). Despite the small number of major 
commercial seams, a large single-layer exploitable thickness is favorable for CBM accumulation and 
production. The Urumqi area is another coal-accumulating center of the Xishanyao formation, and the 
large total thickness of coal seams and single-layer thickness of major commercial seams provide 
storage space for CBM and good exploitation conditions (Fig. 12). 
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Fig. 11. Total coalbed isopach map of the coal-accumulating center from the Manas River to the Hutubi River. 

 

 

Fig. 12. Total coalbed map of the coal-accumulating center in Urumqi. 

 
The burial depth conditions of coal seams can be divided by two parameters: the maximum burial 

depth of the coal seam during tectonic evolution and the present burial depth of the coal seam. The 
former determines the evolution of the coal rank (i.e., the gas generation conditions) and the latter 
determines the current preservation conditions of coal seams. The southern Junggar Basin is located at 
the front edge of the piedmont tectonic belt, and the formation extends along the east–west direction 
mostly because of the effects of tectonic compression in the north–south direction. In addition, the 
burial depth of the coal seams increases from south to north and may become smaller because of local 
tectonic uplift. Because of the lower degree of coal metamorphism in the study area, the maximum 
burial depth of the coal seam during the tectonic evolution process was not significant, and the 
enrichment of CBM is mainly affected by the current burial depth conditions (i.e., preservation 
conditions). Under the influence of tectonic compression, most Jurassic formations in the study area are 
basset with a large inclination; therefore, the weathering zone of methane is deep, and CBM dissipates 
easily. The gas content of coal seams at two CBM parameter wells in the south wing of the Qigu 
syncline is greater than 6 m

3
/t, having, in general, a burial depth of 1000 m, and the gas content of coal 

seams in Liuhuanggou mining area can reach 5 m
3
/t, having burial depths of 400–700m. These data 

indicate gas content of coal seams increases with increasing burial depth (Fig. 13). In the study area, 
the controlling effect of the burial depth on gas content is obvious, so the axial part of anticline and 
syncline and the deep part of monocline are potential targets for CBM exploration. 
 

 

Fig. 13. Relationship between CBM content and coalbed burial depth at the MMC1 well. 
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Fig. 14. Relationship between coal reservoir pressure and coalbed burial depth of the Xishanyao formation. 

 
On the basis of the pressure measurements obtained through injection/fall-off tests, the burial depth 

of the coal seams in the Xishanyao formation were found to range from 400 to 1500 m, having an 
average of about 900 m. The accurate pressure of the coal reservoir ranges from 2.85 to 15.18 MPa, 
having an average of 8.54 MPa. Using correlation analysis of the burial depth and pressure of the coal 
reservoir in Table 7, we found that there is a close relationship between coal reservoir pressure and 
burial depth in the Xishanyao formation, and there is a significant positive correlation (Fig. 14). The 
above results are consistent with the general variation in the coal reservoir pressure and burial depth in 
China. Therefore, the reservoir pressure can be predicted by this correlation with the burial depth of 
coal seams. Generally, in the study area, coal seams with burial depths between 800 and 1000 m are 
atmospheric reservoirs. However, when the burial depth is larger than 1000 m, the pressure gradient of 
the coal reservoir increases slowly. In conclusion, the preferred targets for CBM exploration and 
production are main coal seams with burial depths between 700 and 1000 m, which represent areas 
with favorable gas content because of the reservoir pressure. 

 
Table 6 Injection/fall-off test results of coal reservoir in the study area 

Well 

number 

Coal 

seam 

Burial depth of 

roof 

 (m) 

Burial depth of 

roof 

 (m) 

Middle 

burial depth 

(m) 

Wellhead 

elevation 

(m) 

Middle elevation 

of coal seam 

 (m) 

Reservoir 

pressure 

(MPa) 

Pressure 

gradient 

(kPa/m) 

WXC1 B7 391.29 400.98 396.14 1450 1053.865 2.85 7.8 

B6 602.04 625.36 613.7 1450 836.3 5.15 8.65 

WXC2 

B8 546.4 547.5 546.95 1500 953.05 3.96 7.55 

B7 587.8 590.5 589.15 1500 910.85 5.76 10 

B5 712.2 716.7 714.45 1500 785.55 4.93 7.04 

MC2 

B1 924.4 926.6 925.5 1460 534.5 9.47 10.4 

B5 965.6 971.2 968.4 1460 491.6 9.83 10.3 

B10 996.8 1007.1 1001.95 1460 458.05 9.76 9.92 

XHD1 B4 978 979.5 978.75 1310 331.25 9.34 9.67 

MMC2 

B10 1183.15 1188.2 1185.68 1590 404.325 12.21 10.3 

B5 1384.83 1391.62 1388.23 1590 201.775 14.02 10.1 

B2 1468.87 1478.85 1473.86 1590 116.14 15.18 10.3 

 
4.2.3 Roof and floor 

In saturated or supersaturated coal seams, if there is no good cap rock, the free gas will dissipate and 
the pressure will decrease. Because of the concentration difference, the adsorbed gas will also be 
desorbed from the pore surface, and it will they flow into the fracture system and become free gas and 
dissipate; thus, the coal seams become undersaturated coal seams (Jiang et al., 2010; Peng et al., 2010). 
Therefore, the sealing function of surrounding rock is indispensable for the good preservation of CBM. 
The proportion of free gas in the low-rank coal reservoir is larger than that in the high-rank coal 
reservoir. Based on the above results, it can be seen that the pores and cracks develop in the coal seams. 
During tectonic movements in the Yanshanian and Himalayan, the physical properties of coal reservoirs 
were improved, and some gas adsorbed in the coal was converted into free gas; as a result, the 
proportion of free gas increased. Therefore, the sealing of coal seam roofs plays a very important role 
in the preservation of CBM in the study area. 

The Jurassic coal-bearing strata in the Junggar basin are controlled by sedimentary conditions, and 
the roofs of the main coal seams are plugged by compact mudstone or coarse sandstone. The history of 
geological development shows that Junggar Basin experienced geological subsidence in the early 
stages, coal formation in the middle stages, and uplift in the late stages of the Jurassic period, and the 
coal-bearing strata were sedimented widely during this period. In particular, in the late Jurassic, 
although affected by the Yanshanian movement, hundreds of meters of mud and sandstone alternated 
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with tuff remain sedimented in the study area, and this has acted as an effective sealing barrier, 
providing good conditions for the preservation of CBM (Li et al., 2018). The coal-bearing strata in the 
Xishanyao formation are more than 900 m thick vertically, of which coarse clastic rocks account for 
35.6% and the fine clastic rocks for 57.3%, so the coal-bearing strata have good sealing properties. On 
the whole, the east area of Santun River is dominated by lakeside and swamp facies, and the roof of 
main coal seam is dominated by fine mudstone. The western area of the Santun River is dominated by 
braided rivers, delta plains, and swamp facies, and the roof of main coal seam is dominated by coarse 
sandstone, in which the strata associated with the coal seam and sandstone were developed (Table 7). 

 
Table 7 Lithology statistics of the roofs and floors of the main coal seams of Xishanyao formation in the 

study area 

Drilling 
Drilling 

location 

 Lithology of 

coal seam roof 

Lithology of 

coal seam floor 
Drilling 

Drilling 

location 

Lithology of 

coal seam roof 

Lithology of 

coal seam floor 

3–4 
Majia river 

mining area 
Mudstone Mudstone 6–2 

Baituyao 

mining area 
Mudstone Mudstone 

15–2 
Qianshui 

river mine 

field 

Mudstone Mudstone ZK01 
Baituyao 

mining area 
Mudstone Mudstone 

15–3 
Qianshui 

river mine 

field 

Siltstone Mudstone 472 
Xishan mining 

area 
Siltstone Mudstone 

15–4 
Qianshui 

river mine 

field 

Mudstone Mudstone 421 
Xishan mining 

area 
Siltstone Siltstone 

20–1 
Qianshui 

river mine 

field 

Siltstone Mudstone 427 
Xishan mining 

area 
Siltstone Mudstone 

20–2 
Qianshui 

river mine 

field 

Carbon 

mudstone 
Mudstone 422 

Xishan mining 

area 
Mudstone Mudstone 

22–1 
Qianshui 

river mine 

field 

Siltstone Mudstone 412 
Xishan mining 

area 
Mudstone Mudstone 

17–1 
Qianshui 

river mine 

field 

Mudstone Mudstone 431 
Xishan mining 

area 
Siltstone Mudstone 

17–2 
Qianshui 

river mine 

field 

Carbon 

mudstone 
Siltstone 441 

Xishan mining 

area 
Fine sandstone Mudstone 

17–3 
Qianshui 

river mine 

field 

Sandy 

mudstone 
Siltstone 446 

Xishan mining 

area 
Fine sandstone Mudstone 

18–1 
Qianshui 

river mine 

field 

Siltstone Mudstone 443 
Xishan mining 

area 
Mudstone Mudstone 

19–1 
Qianshui 

river mine 

field 

Mudstone Mudstone 452 
Xishan mining 

area 
Siltstone 

Carbon 

mudstone 

19–2 
Qianshui 

river mine 

field 

Siltstone Siltstone 45–11 
Xishan mining 

area 
Siltstone 

Carbon 

mudstone 

19–3 
Qianshui 

river mine 

field 

Mudstone Sandy mudstone 19–1 
Liuhuanggou 

mining area 
Mudstone Mudstone 

WXC–1 
Laojunmiao 

mining area 
Siltstone Siltstone 21–6 

Liuhuanggou 

mining area 
Siltstone Mudstone 

WXC–2 
Toutun river 

syncline 

Pebbled 

sandstone 
Mudstone 23–1 

Liuhuanggou 

mining area 
Mudstone 

Carbon 

mudstone 

316 
Laojunmiao 

mining area 

Carbon 

mudstone 
Siltstone 23–2 

Liuhuanggou 

mining area 

Carbon 

mudstone 

Carbon 

mudstone 

ZKJ 
Baituyao 

mining area 
Fine sandstone Mudstone 23–3 

Liuhuanggou 

mining area 

Carbon 

mudstone 

Carbon 

mudstone 

9–2 
Baituyao 

mining area 
Mudstone 

Carbon 

mudstone 
24–2 

Liuhuanggou 

mining area 
Mudstone 

Carbon 

mudstone 

9–3 
Baituyao 

mining area 
Mudstone Mudstone 21–5 

Liuhuanggou 

mining area 

Carbon 

mudstone 
Mudstone 

 

The sealing capacity of the surrounding rock not only depends on the grain size but also on the layer 
thickness. The best condition for CBM preservation is a combination of a fine-grained lithology, 
appropriate thickness, and extensive and stable distribution. According to the detailed observation and 
geological record of CBM parameter well cores from the Manas and Hutubi areas, as well as research 
and analysis of the lithology of the roof and floor, sedimentary structure, sedimentary facies, and 
sequence of major coal seams, the coal seams in the Xishanyao formation in the study area can be 
classified into five lithologic combination of roof and floor: sandstone and argillaceous siltstone in an 
interdistributary bay + coal seam + distributary channel (combination A), longshore bar + coal seam + 
shore–shallow lacustrine sandstone and mudstone (combination B), longshore bar + coal seam + 
sandstone and mudstone in a delta front (combination C), silty mudstone in an interdistributary bay + 
coal seam + grey black mudstone in an interdistributary bay (combination D), and grey black mudstone 
in an interdistributary bay + coal seam + grey black mudstone in an interdistributary bay (combination 
E). For the preservation of CBM, combination A is the most unfavorable, whereas combination E is the 
most favorable. Generally, the coal seams in the Xishanyao formation are many and thick in the 
western area of the southern Junggar Basin, and the lithology of the roof and floor of the target coal 
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seams is dominated by fine clastic rock, which is beneficial for CBM preservation. Most areas have 
good sealing conditions because the total amount of mudstone and siltstone exceeds 50%. However, in 
some areas, such as the Queergou area of Hutubi county, the river and delta facies sedimentary 
environment is developed in the main coal seams, and the roof of these coal seams is mostly coarse 
sandstone, which are not beneficial for the accumulation and preservation of CBM without 
hydrodynamic plugging. 

 
4.3 Hydrogeology 

The results show that there is biogenic CBM in the southern Junggar Basin (Wang et al., 2009), so 
the study of the living and reproduction conditions of methanogens can reveal the biogas potential in 
study area. In particular, the groundwater salinity is an important factor for the survival and 
reproduction of methanogens (Li et al., 2003; Liu et al., 2010; Li et al., 2013; Tao et al., 2014). When 
the groundwater salinity is less than 4000 mg/L, methanogens have the highest activity and the highest 
gas production efficiency (Li et al., 2003). With increasing groundwater salinity, the activity and gas 
production efficiency of the methanogens decreased, and the methanogens die when the salinity is 
greater than 10,000 mg/L. Therefore, in this paper, the area where the salinity of coalbed water is less 
than 4000 mg/L is regarded as the most conducive to the survival and gas production of methanogens. 
The overall evaluation shows that the salinity variation range of coalbed water is large in the southern 
Junggar Basin. In the outcrops and shallows of the formation in the southern area, the groundwater is 
closely related to the surface water, and the salinity is relatively low. In contrast, deep in the formation 
in some areas, such as the syncline core, the salinity is high, so it becomes the high salinity center in 
the local area (Table 8). 
 
Table 8 Statistics of coalbed water salinity in study area 

Hydrogeology Unit 
Aquifer 

stratum 

Minimum salinity 

(mg/L) 

Maximum salinity 

(mg/L) 

Average salinity 

(mg/L) 

Median salinity 

(mg/L) 

Wusu 
J2X 694 17739 3949 3688 

J1B 739 4163 2493 2578 

Toudao River–Manas River 
J2X 5902 15259 10649 10572.15 

J1B 2000 2000 2000 2000 

Manas River–Hutubi River J2X 1192 3549 2082 2101 

Urumqi 
J2X 1281 10592 6278 6484 

J1B 4686 10044 8127 9652 

Miquan 
J2X 5688 9444 6950 5720 

J1B 6072 6072 6072 6072 

Houxia J1B 162 830 358 206 

 
The migration characteristics of the coalbed water are "from south to north" and "from west to east" 

in the southern Junggar Basin, and the water collecting center with high salinity is formed in the 
Liuhuanggou and Miquan areas (Fig. 15). Based on the increase in water level, salinity, structural type, 
and gas-bearing properties of coal seams, etc., the hydrogeological gas control can be divided into two 
categories: control over monocline or syncline and control over anticline (hereafter, referred to as 
categories A and B, respectively). Methane gas in the monocline or syncline is generally controlled by 
both hydraulic plugging and fault plugging, so surficial secondary biogas can migrate to the deep coal 
reservoir with runoff and accumulate. The hydrogeological conditions are beneficial for large-scale 
CBM enrichment in these structures. The anticlinal structures are generally located in the northern 
margin of the study area, which is far away from the snow water source area of Tianshan, and the 
coalbed water is mainly meteoric water. Secondary biogas supplements the coalbed gas little, so 
hydrogeological conditions have little effect on the CBM accumulation of this trap. Therefore, the 
synclinal structure is a local stagnant zone of groundwater in the southern Junggar Basin, and the 
hydrodynamic conditions are conducive to the enrichment of CBM. 

Although the hydrogeological conditions in the study area are beneficial to the generation and 
preservation of CBM, the water inflow and leakage of the CBM parameter wells are still complex 
during drilling, and water production continues to be high after fracturing. By arranging and analyzing 
the above field data, the Xishanyao formation in the vertical direction was classified into three main 
aquifer sections: the sandstone stratum at the bottom of the Xishanyao formation (1# coal seam to the 
sandstone stratum at the top of Sangonghe formation), the sandstone stratum at the bottom of the main 
coal-bearing formation (the middle of the Xishanyao formation), and the sandstone stratum at the 
bottom of coal free formation (the top of the Xishanyao formation). In the plane, there are four 
water-rich centers, i.e., the Manas River, Hutubi River, Santun River, and Toutunhe River (Fig. 16), in 
which exploration and development should be avoided. In view of the strong water-rich roof and floor 
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of the main thick coal seams in the Xishanyao formation, reservoir reconstruction is difficult. After 
many attempts, the multi-step addition of sand and low-concentration sand-laden guanidine gum fluid 
have been used for small-scale fracturing in well MMC3, and good drainage results have been achieved 
(Shan et al., 2018). 
 

 
Fig. 15. Groundwater salinity and migration direction in southern margin of the Junggar basin. 

 

 

Fig. 16. Comparison of major aquifers of the Xishanyao formation in the study area. 

 
5. Conclusions 

 
(1) In the western region of the southern Junggar basin, the middle-thickness coal seams of 

Xishanyao formation are developed, having many layers, a large total thickness, and relatively little 
interlayer spacing. The coal is mainly long-flame coal with a primary structure having macerals mainly 
include vitrinite and inertinite. The pore structure is good, comprising mostly micropores and fine pores. 
The coal seams feature large porosities, specific surface areas, Langmuir volumes, and good reservoir 
properties and interconnectivities, which are beneficial to the adsorption and seepage of CBM, but 
there is moderate heterogeneity and low permeability. 

(2) In the study area, the coal-bearing strata in the Xishanyao formation have a relatively simple 
tectonic setting, thick coal seams, moderate burial depth, high gas content, high methane content, and 
favorable hydrogeological conditions. The roof and floor of the major commercial coal seams are 
mainly fine clastic rocks, so the hydrogeological conditions of the roof and floor are moderately good. 
Overall, the coal seam has high gas content and good geological and reservoir conditions. 

(3) In the study area, the preservation of CBM resources in the Xishanyao formation is mainly 
controlled by structure, burial depth, and hydrogeological conditions. In the future, the preferred target 

 

 
This article is protected by copyright. All rights reserved. 



for CBM exploration and production should focus on those optimal spots, such as the axial part of 
synclinal structure, moderate burial depth of 700–1000 m, and gas content corresponding to the 
reservoir pressure. 
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