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A B S T R A C T   

Jurassic lacustrine shales containing kerogen types II and III are widely distributed in sedimentary basins around 
the world. Previous studies on gas generation potential and pore characteristics of Jurassic lacustrine shales 
mainly focused on type III kerogen, but ignored the systematic study of the shales containing type II kerogen. 
This led to a poor understanding of the gas generation potential and pore characteristics of Jurassic lacustrine 
shales, which limits the effective exploration and development of shale gas. Taking the Lower Xinhe (J2x1) shale 
of the Yabulai Basin in northwestern China as the research object, this paper examines the gas generation po
tential and pore characteristics of a Jurassic lacustrine shale containing type II kerogen. The J2x1 shale is largely 
classified as a very good source rock, kerogen is predominantly type II, with thermal maturity ranging from 
mature to highly over-mature. The J2x1 shale is characterized by low porosity and permeability, and high content 
of brittle minerals. Different from the Jurassic lacustrine shales containing type III kerogen, the J2x1 shales have a 
large amount of interparticle and intraparticle dissolution pores in the clay minerals as well as organic pores. The 
porosity and pore structure of the J2x1 shale are strongly controlled by total organic carbon (TOC) content. The 
methane adsorption capacity of the J2x1 shale is in the range of 2.10–2.99 m3/t, which is controlled by TOC 
content, clay mineral content, temperature and pressure. The geochemical characteristics, mineral composition 
and adsorption capacity suggest that the J2x1 shale has good shale exploration and development potential. A 
mathematical model is established to describe the various characteristics of methane adsorption capacity with 
depth and TOC content. The methane adsorption capacity of the J2x1 shale first increases and then decreases with 
increasing depth, with the depth corresponding to the maximum methane adsorption increases with increasing 
TOC content. When the TOC values of the J2x1 shale are mainly between 1% and 10%, the corresponding depth 
of the maximum methane adsorption capacity is 400–800 m, and the adsorption amount of the shale tends to 
minimize at a depth range of 2600–5100 m. The favorable shale gas exploration depth of the J2x1 shale in the 
study area increases with increasing TOC content. This research provides a geological reference for the explo
ration of this Jurassic shale gas in the Yabulai Basin, and the relevant experimental data provide important 
parameters for the numerical simulation of shale gas reservoirs in the study area. Moreover, the results of this 
study also provide an important reference for other basins in northwestern China, as well as continental basins 
with similar geological conditions in other regions.   
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1. Introduction 

Large-scale development of shale gas has achieved success in marine 
shales, such as the Barnett and Longmaxi shales. These shales are 
dominated by type II organic matter (Jarvie et al., 2007; Jarboe et al., 
2015; Li and Horita, 2022). However, as exploration for continental 
shale gas has not achieved commercial breakthroughs, it is necessary to 
expand industry’s understanding of shale systems. Presently, in China 
the research on pore characteristics of continental shales have been 
mainly focused on Triassic shales in the Ordos Basin, Cretaceous shales 
in the Songliao Basin and Paleogene shales in the Bohai Bay Basin (Liu 
et al., 2015, 2023; Li et al., 2017). The pore characteristics of Jurassic 
continental shales were little studied. Continental shales from the 
Jurassic are widely distributed in sedimentary basins around the world, 
including larger gas-bearing basins (Ordos, Sichuan, Turpan-Hami, 
Junggar and West Siberian basins) and smaller gas-bearing basins 
(Yabulai and Minhe basins) (Chen et al., 1998; Wang et al., 2016; Gao 
et al., 2018; Han et al., 2020; Burnaz et al., 2022; Li et al., 2023). The 
sedimentary area of Jurassic continental shale in northwestern China is 

127 × 104 km2 (Zhao et al., 1996), with an estimated gas amount of 
approximately 2.8–5.6 × 1012 m3 (Lu et al., 2009; Dai et al., 2014; Ni 
et al., 2015), indicating that there exists good shale gas exploration 
potential in Jurassic continental shales, northwestern China. 

Comprehensively evaluating the gas generation potential of organic 
matter and pore characteristics of shale reservoirs can effectively reduce 
their exploration risk (Chalmers and Bustin, 2007; Ross and Bustin, 
2009; Chen et al., 2019, 2021a; Han et al., 2020; Miao et al., 2022). 
Some studies on gas generation potential and pore characteristics of 
Jurassic shales have been performed in China. For example, the Yan’an 
shale containing type III kerogen in the Ordos Basin has poor to very 
good hydrocarbon potential, and abundant inorganic pores (Wang et al., 
2016). The Badaowan shale containing type III kerogen in the Junggar 
Basin has fair to good hydrocarbon potential, and abundant intraparticle 
pores (Gao et al., 2016). The Dameigou shale containing type III kerogen 
in the Qaidam Basin has good to very good hydrocarbon potential, the 
pore types were mainly modified mineral pores with isopachous organic 
matter rims, with pore development affected by TOC and clay mineral 
content during the early oil and oil window stage (Ko et al., 2016; Liu 

Fig. 1. Location and geological sketch of study areas. (a) Showing the location of the Yabulai Basin in China; (b) Showing the surrounding basins of the Yabulai Basin 
(modified from Dong, 2014); (c) Structural units and sample collection locations in the Yabulai Basin. 
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et al., 2020a). The kerogen of Shimengou shale in the central and 
northern Qaidam Basin ranges from type I to type III, the pores are 
characterized as nanopores, micropores and mesopores, with pore 
development mainly affected by clay minerals (Shao et al., 2014, 2016; 
Liu et al., 2020b). In the small to moderate basins (such as the Chaoshui 
and Minhe basins), the pores of continental shale bearing type III 
kerogen are characterized by interparticle pores between clay platelets 
and the adsorption capacity of shale is controlled by TOC content (Han 
et al., 2020). 

Gas generation potential is controlled by the abundance of organic 
matter and adsorption capacity is controlled by surface area (Kim et al., 
2017; Han et al., 2020; Li et al., 2023). Analysis of geochemical char
acteristics of organic matter can provide a framework for shale gas 
exploration, and analysis of mineral composition and pore structure can 
provide significant information for hydraulic fracturing (Ye et al., 2022). 
The organic matter of Jurassic lacustrine source rocks is mainly 
composed of kerogen types II and III (Burnaz et al., 2022; Li et al., 2023; 
Wang et al., 2023a, 2023b). However, analysis of pore structures of the 
Jurassic lacustrine shales mainly focused on type III kerogen (Gao et al., 
2016; Han et al., 2020; Liu et al., 2020a, 2020b; Wu et al., 2020), which 
means that the pore characteristics of Jurassic lacustrine shale con
taining type II kerogen have not been well documented. As a result, the 
understanding of gas generation potential and pore characteristics of 
Jurassic lacustrine source rocks is not comprehensive, which restricts 
exploration progress. 

In this paper, a Jurassic lacustrine shale containing type II kerogen 
was selected from the Lower Xinhe Formation (J2x1) in the Yabulai 
Basin, northwestern China. Analysis of the geochemical and mineral 
characteristics are used to evaluate gas generation and fracturing po
tential of this Jurassic lacustrine shale containing type II kerogen. 
Analysis of the pore structure and methane adsorption capacity is used 
to evaluate gas storage capacity of the Jurassic lacustrine shale con
taining type II kerogen. Based on these experiments, a mathematical 
model is established to describe the change characteristics of methane 
adsorption capacity of Jurassic lacustrine shales with depth and TOC 
content. This research may provide a geochemical reference for the 
exploration and development of Jurassic lacustrine shale gas and 
important parameters for the numerical simulation of the shale gas 
reservoirs in the Yabulai Basin. Moreover, the results of this study also 
have important reference significance for the relative research of other 
continental basins with similar geologic conditions, such as other basins 
belonging to the same basin group as the Yabulai Basin. 

2. Geological background and samples 

The Yabulai Basin is a Mesozoic-Cenozoic continental rift basin in 
northwestern China, with an area of 1.5 × 104 km2 (Zhang et al., 2018). 
The north of the basin is adjacent to the Ejinaqi Basin, the southwest of 
the basin is adjacent to the Chaoshui Basin, and the southeast of the 
basin is adjacent to the Bayanhaote Basin (Fig. 1a). The Yabulai Basin is 

Fig. 2. Generalized stratigraphy and lithology of Jurassic in the Yabulai Basin (modified from Wu et al., 2015).  
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divided into the Eastern uplift and Western depression. The Western 
depression is further subdivided into the Hongshanhu sag, Heiciwan low 
uplift and Saertai sag (Fig. 1b). The samples used in this study were 
collected from the Saertai sag (Fig. 1b). 

Since the Jurassic, the Yabulai Basin has experienced mainly Yan
shan and Himalayan movements (Wu et al., 2015). In the Mid-Jurassic, 
the Saertai sag was the depocenter, forming organic-rich source rocks of 
the Xinhe and Qingtujing formations. The organic-rich source rocks of 
the Xinhe Formation were mainly deposited in shallow lacustrine and 
deep lacustrine settings (Wu et al., 2007, 2015). The Yanshan move
ments caused the overall uplift of the basin, and exposed Jurassic strata 
were eroded during the Late Jurassic. After the Late Cretaceous, effected 
by the Himalayan movements, the southern basin was strongly trans
formed and the basin area decreased, forming the current tectonic 
framework. 

The stratigraphic section of the Yabulai Basin includes a series of 
formations ranging in age from Jurassic to Quaternary. The Jurassic 
strata are composed of Jijigou (J1j), Qingtujing (J2q), Xinhe (J2x) and 
Shazao (J3s) formations. The J2x Formation is further subdivided into 
Lower Xinhe (J2x1) and Upper Xinhe (J2x2) members (Fig. 2). Thirty- 
seven samples were collected from the J2x1 member. The J2x1 lithol
ogy is composed of light-grey sandstone and siltstone, dark-grey shale 
and coal (Fig. 2). 

3. Sample analyses and research methods 

3.1. Organic geochemistry 

The samples were crushed and sieved to 100 mesh, then 100 mg of 
powdered sample was treated with 5% HCl at 80 ◦C to remove 

carbonates. After the carbonate minerals were fully removed, the re
sidual was washed with distilled water. Treated samples were dried in 
oven at 80 ◦C for about 8 h. Iron powder (0.6–1.0 g) and tungsten tin 
alloy (0.8–1.5 g) were added to each sample as combustion improver, 
and the TOC contents of samples were measured on the LECO CS230 
elemental analyzer with the analytical precision estimated to be 2 ppm. 

The S1 (free hydrocarbon), S2 (present potential of the source rock) 
and Tmax (maximum pyrolysis peak temperature) parameters were 
measured on a Rock-Eval II instrument. Firstly, a 100 mg powdered 
sample was heated to 300 ◦C for 3 min to obtain the S1, then continue 
heating to 600 ◦C at the rate of 25 ◦C/min to obtain the S2 and Tmax. The 
S1+S2 value is used to evaluate the hydrocarbon generation potential. 
The cross plot of HI (hydrogen index, HI––S2 × 100/TOC) and Tmax was 
used to evaluate the type and maturity of organic matter. 

Vitrinite reflectance (Ro) was analyzed using a Lecia DM 4500P 
multipurpose microscope equipped with 50-X oil immersion objective 
lens using reflected white light. A reflectance standard (Ro = 0.904%) 
was used to calibrate the instrument. The Ro value of sample represents 
the average value of at least 30 points, and the testing standard refers to 
ASTM D7708-14 (2014) and ISO 7404-5 (2009). 

3.2. Reservoir 

Mineralogical characteristics of the bulk and clay fraction of the 
samples were analyzed using X-ray diffraction (XRD). The samples were 
crushed into fine powder and mounted on X-ray holders. The clay 
fraction separation was as follows: firstly, about 10 g of extracted sample 
were transferred to a 100 mL breaker followed by treatment with 0.01 
mol/L ethylenediaminetetraacetic acid to remove carbonates and 30% 
H2O2 to remove organic compounds. Then, after the sample was 

Table 1 
Geochemical parameters of the Lower Xinhe shale, in the Yabulai Basin.  

Sample numbers Well Depth(m) TOC (wt %) S1(mg/g) S2(mg/g) Tmax (◦C) HI (mg/g) Ro (%) 

YBL-1 J1 797.2 2.20 0.14 0.44 434 20 0.65 
YBL-2 J1 1060.0 1.62 0.05 1.61 432 99 0.83 
YBL-3 YC1 2613.0 1.25 0.39 4.43 442 354 / 
YBL-4 YC1 3376.5 1.02 1.37 1.33 432 131 0.75 
YBL-5 YC1 3378.0 1.24 0.36 2.52 452 203 / 
YBL-6 L1 2268.0 1.06 0.17 1.47 440 139 0.77 
YBL-7 L1 2437.0 0.91 0.22 2.63 440 289 0.88 
YBL-8 Y1 1349.0 1.10 0.11 2.10 432 191 / 
YBL-9 Y1 1582.0 1.17 0.31 3.14 433 268 / 
YBL-10 Y1 1786.9 0.59 0.06 0.50 435 85 0.73 
YBL-11 HS1 1180.0 2.10 0.12 3.46 436 165 / 
YBL-12 HS1 1482.0 1.02 0.06 2.09 438 205 / 
YBL-13 YT1 2481.5 1.06 0.38 1.87 440 176 0.86 
YBL-14 YT1 2714.8 0.37 0.06 0.56 445 151 0.98 
YBL-15 YT2 2090.0 1.88 0.30 5.55 438 395 0.78 
YBL-16 YT2 2290.5 1.35 0.13 3.27 440 242 0.83 
YBL-17 YT3 816.0 1.96 0.51 11.04 436 563 / 
YBL-18 YT3 1325.0 3.26 0.07 2.23 434 68 0.63 
YBL-19 YT4 1424.3 9.94 2.78 50.64 437 509 0.78 
YBL-20 YT4 1427.3 6.13 2.30 29.67 434 484 0.78 
YBL-21 YT4 1429.2 5.12 2.04 22.80 437 445 0.79 
YBL-22 YT4 1429.7 9.49 3.61 45.89 434 484 0.79 
YBL-23 YT5 2161.0 1.02 0.83 2.86 437 280 / 
YBL-24 YT6 2521.6 2.77 0.30 2.37 442 307 0.75 
YBL-25 YT6 2952.0 1.67 0.95 2.86 438 171 / 
YBL-26 YT6 3560.5 0.19 0.02 0.08 498 42 1.85 
YBL-27 YT8 1817.0 31.02 1.13 28.12 439 91 / 
YBL-28 YT10 2568.2 5.00 0.52 8.53 435 428 0.77 
YBL-29 YT11 2542.7 2.72 0.98 12.42 439 456 0.85 
YBL-30 YT11 2569.5 0.35 0.19 0.54 447 154 1.01 
YBL-31 YT11 2596.9 0.51 0.23 0.44 454 86 1.12 
YBL-32 YT11 2818.3 3.23 1.30 10.57 439 328 0.92 
YBL-33 YT11 2824.9 1.59 0.95 3.87 449 243 1.03 
YBL-34 YT11 2825.2 2.73 0.34 0.90 451 123 1.01 
YBL-35 YT11 2831.7 1.15 8.39 1.35 454 117 0.96 
YBL-36 YT11 2851.2 1.34 0.41 1.08 462 81 1.33 
YBL-37 YT11 2857.8 0.35 0.41 1.15 459 85 1.15  
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completely disaggregated, it was washed with distilled water to confirm 
complete disaggregation. Finally, the separated clay fraction was placed 
on a glass slide by pipetting with a dropper and left to dry. The exper
iment used Cu-Kα radiation generated by 30 Kv and 10 mA. The scans 
were performed over a 2θ range of 2.5◦–80◦ for the bulk samples and 
2.5◦–40◦ for the clay fractions, respectively. More detailed information 
on the methodology is described in Bhargava et al. (2005). 

The porosity and permeability of the samples were analyzed on a 
PDP 200 instrument. Samples were made into cylinders (diameter: 1.5 
cm; length: 2–3 cm). Firstly, the cylinder volume (Vo) is calculated ac
cording to the geometric size. Then, the particle volume (V′) was 
calculated from the experimental results with and without samples. 
Helium was used as the medium for the experiment. The helium porosity 
was calculated as follows: Ф= (1- V’/Vo) × 100%. Pulse permeability 
was calculated using the relationship between the average pressure of 
upstream and downstream and time. More detailed information on the 
methodology is described in Han et al. (2020). 

The field emission scanning electron microscope (FE-SEM) experi
ment was completed on the FEI Quanta 200F FE-SEM. Pretreatment 
before the observation is as follows: (1) the samples were cut into blocks 
(length: 1 cm; width: 0.5 cm); (2) these cut samples were polished with 
emery paper; (3) polished samples were argon milled; (4) milled samples 
were coated with gold. 

The low pressure N2 adsorption experiments were carried out on a 
Quadrasorb SI surface area instrument. The relative pressure of sample 
chamber pressure and vapor pressure above the gas (− 196.15 ◦C) 
increased continuously from 0.05 to 0.99. The Brunauer-Emmett-Teller 
(BET) method (Brunauer et al., 1938) was used to calculate the specific 
surface area (SSA) and the Barrett-Joyner-Halenda (BJH) method (Bar
rett et al., 1951) was used to obtain the pore size distribution of the 
sample. 

The mercury (Hg) intrusion experiment was performed using a 
PoreMaster 60 GT instrument (U.S). The mercury surface tension, 
mercury contact angle and sample holder volume are 480 erg/cm2, 140◦

and 0.5 mL, respectively. The pressure of mercury continues to increase 
from 0.14 to 200 MPa. The Washburn equation (Washburn, 1921) was 
used to calculate the pore diameter of the sample. Testing standard re
fers to ISO15901-1 (2005). The specific surface area is calculated using 
the following formula: 

S=
1

γ/cos θ

∫Vmax

0

pdV (1)  

where P is the intrusion pressure, MPa; γ is the surface tension of the 
intrusion liquid, N/m; θ is the contact angle of the intrusion liquid and 
the porous medium, degree. 

3.3. Methane isothermal adsorption experiment 

The FY-KT1000 isothermal adsorption instrument was used to 
complete the methane isothermal adsorption experiment of the samples. 
Helium and nitrogen were used to calibrate gas and carrier gas, 
respectively. Considering the distribution range of the burial depth and 
corresponding formation temperature in the J2x1 shale in the study area, 
the temperature of each sample was set at 40 ◦C,50 ◦C and 60 ◦C, 
respectively. The Langmuir volume and pressure of each sample at 
different temperatures were calculated by the Langmuir equation 
(Langmuir, 1918). 

Fig. 3. Geochemical parameters intersection diagram of the Lower Xinhe shales in the Yabulai Basin. (a) S1+S2 vs. TOC (after Peters et al., 1986); (b) Ro vs. Tmax; (c) 
HI vs. Tmax. 
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4. Results and discussion 

4.1. Gas generation potential 

The basic geochemical parameters of the J2x1 shale are shown in 
Table 1. The TOC and S1+S2 values of the J2x1 shale range from 0.19% to 
31.02% and 0.1 mg/g to 53.42 mg/g (Table 1), with an average of 3.01% 
and 8.35 mg/g, respectively. The TOC and S1+S2 values indicate that 
most of the J2x1 shale can be classified as a very good source rock 
(Fig. 3a). The Ro value of the J2x1 shale sample varies from 0.63% to 
1.85%. Ro values indicate that the J2x1 shales with low maturity to high- 
over maturity are distributed across the study area, with most of the J2x1 

shale in the mature stage. Except for samples with an S2 value less than 1 
mg/g, the HI and Tmax of range from 68 mg/g to 563 mg/g and 
432 ◦C–462 ◦C(Table 1) respectively, indicating that the kerogen of 
these sample is dominated by type II organic matter, with a small 
amount of typeIand type III kerogen (Fig. 3b). The positive correlation 
between Ro and Tmax value indicates that Tmax value can be used to 
assess the organic matter maturity of J2x1 shale (Fig. 3c). In the cross 
plot of HI and Tmax, except for samples YBL-36 and YBL-37 that fall into 
the high-over mature zone, the J2x1 shale samples fall into the mature 
zone (Fig. 3b), indicating that the thermal evolution of the sample 
ranges from mature to highly mature, and most of the J2x1 shale samples 
are in the mature stage. 

Previous studies have suggested that the enrichment of shale gas is 
mainly determined by the gas generation potential and storage capacity 
(Han et al., 2020). The gas generation potential is mainly controlled by 
organic matter abundance and thermal maturity of source rocks (Jarvie 
et al., 2007). US exploration practices show that the TOC values of shales 
that can generate shale gas are generally greater than 2.0% (Jarvie et al., 
2007; Ross and Bustin, 2008). The diversity of shale gas genesis in
dicates that shale gas reservoirs of commercial development scale can be 
formed at low (Ro < 1.0%) or high maturity (Ro > 2.0%) (Montgomery 
et al., 2005). Typical low maturity gas reservoirs include Jurassic nat
ural gas in the Turpan-Hami and Santanghu basins of China (Qian et al., 
2017). In addition, due to the different activation energy values of 
different macerals (Sun et al., 1999; Jiang et al., 2005; Xu et al., 2018), 
different types of organic matter require different maturities when 
entering the large-scale gas generation stage, and humic kerogen with 
low activation energy values can provide material foundation for early 
shale gas generation during the low thermal evolution stage (Galimov, 
1988; Zheng et al., 2022). For example, shale gas from the Urengoy gas 
field is the product of humic organic matter in the Pokur Formation 
source rocks during low thermal evolution stage (Cramer et al., 1998; 
Schaefer et al., 1999). The mechanism of early formation of shale gas 
from humic organic matter is related to the process of condensation of 
aromatic structures with heteroatomic substitutions (Galimov, 1988; Xu 
et al., 2009). As the organic matter changes from type I, type II to type III 
kerogen, the maturity requirement for shale gas generation decreases 
(Fu, 1990; Zheng et al., 2022). Therefore, considering the shale gas 
exploration achievements in foreign and the characteristics of conti
nental shale gas reservoirs in China, Luo and Ji (2013) used TOC = 2.0% 
and Ro = 0.9% as the lower limit to define favorable area for continental 
shale gas. The thermal simulation experiment results of Jurassic source 
rocks (type II and III kerogens) in the southern margin of the Junggar 
Basin also show that the source rocks enter the stage of rapid gas gen
eration and expulsion when the Ro > 0.9% (Ma et al., 2020). The 
abundance and thermal maturity of organic matter in most of the J2x1 

shale have reached the lower limit of shale gas favorable area 
evaluation. 

Affected by the tectonic evolution, the depocenter of the basin 
migrated eastward during the sedimentary period of the J2x1, resulting 
in a decrease in shale thickness in the Saertai sag from east to west. The 
cumulative thickness of the J2x1 shale ranges from 396 m to 1174 m, the 
maximum thickness of shale single layer exceeding 50 m (Wang, 2014), 
which is greater than the lower limit (30 m) of continuous thickness of Ta
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shale in the evaluation criteria of continental shale gas favorable area 
(Zou et al., 2010; Luo and Ji, 2013). In addition, previous studies show 
that the thermal evolution of most of the J2x1 source rocks in the Yabulai 
Basin have reached the peak stage of hydrocarbon generation, with a 
total hydrocarbon generation of about 42.5 × 109 t (Wang, 2014; Dong, 
2014). Affected by the low thermal maturity of the source rocks in this 
member, the gas generation of most J2x1 shale cannot meet the basic 
adsorption requirements of reservoirs pores (Dong, 2014; Tian, 2015), 
so most of the shale gas are distributed in the pores of shale and adjacent 
sandstone. The results of canister desorption indicate that the gas con
tents of the J2x1 shale is 0.67 m3/t (Han et al., 2014), which is close to 
the Lewis Shale (0.42–1.27 m3/t) (Curtis, 2002). Therefore, the J2x1 

shale has good gas exploration potential in the study area. 

4.2. Mineral composition 

The mineral components of the J2x1 shale in the Yabulai Basin are 
shown in Table 2 and Fig. 4. The mineralogical compositions of these 
samples are mainly clays (24.7–71.7%, average value = 50.5%) and 
quartz (0–29.4%, average value = 17.1%), followed by feldspar 
(3.9–38.2%, average value = 12.9%), calcite (0–22.6%, average value 
= 8.4%), ankerite (0–29.5%, average value = 5.8%) and siderite 
(0–33.4%, average value = 4.4%). The contents of analcime, augite and 
pyrite are relatively low. The brittleness index ((quartz + feldspar +
carbonate)/(quartz + feldspar + carbonate + clay) (Zou et al., 2010) of 
the samples varies from 0.28 to 0.64 (Table 2), with an average of 0.49. 
A value of 0.4 is generally considered to be the threshold of brittle 
mineral content for effective hydraulic fracturing (Jarvie et al., 2007), 
therefore, the J2x1 shale in the Yabulai Basin has good hydraulic frac
turing potential. 

4.3. Pore structure and control factors 

Helium porosity and pulse permeability of the J2x1 shale samples are 
shown in Table 3. The porosity and permeability of these samples ranged 
from 3.00% to 3.54% and from 0.00020 mD to 0.00052 mD (Table 3), 
respectively. Compared other porosity and permeability characteristics 
of shale gas reservoirs, the J2x1 shale has relatively high porosity and 
permeability. For example, the J2x1 shale has higher porosity than the 
Chang 7 shale (0.15–3.42%) and the Yan’an shale (2.01–2.92%) in the 
Ordos Basin, and higher permeability than the Barnett Shale 
(0.00010–0.00025 mD) in the Fort Worth Basin and the Woodford Shale 
(0.0001–0.0002 mD) in the Arkoma Basin (Curtis, 2002; Wang et al., 
2016; Han et al., 2020) (Table 3). The relatively high permeability of the 
J2x1 shale indicates that the connection between pores is good, which is 
conducive to the migration and accumulation of oil and gas. The rela
tively high porosity provides sufficient accommodation space for oil and 
gas. Moreover, hydraulic fracturing can also further improve the 
permeability and enhance the connectivity of the J2x1 shale. Therefore, 
the porosity and permeability characteristics of the J2x1 shale have the 
conditions to form large shale gas reservoirs. 

The pores of shale are generally divided into interparticle, intra
particle and organic pores (Loucks et al., 2012). Based on formation 
mechanism of mineral pores, the interparticle pores and intraparticle 
pores of shale can be further divided into residual interparticle pores, 
interparticle dissolution pores, residual intraparticle pores and intra
particle dissolution pores (He et al., 2017). Different from the pore 
characteristics of Jurassic shale containing type III kerogen in the 
Junggar and Qaidam basins (Gao et al., 2016; Han et al., 2020; Liu et al., 
2020a, 2020b; Wu et al., 2020), a large number of interparticle disso
lution pores and organic pores were observed in the J2x1 shale in the 
Yabulai Basin, in addition to the residual interparticle pores between 
clay platelets (Fig. 5a). 

The interparticle dissolution pores are distributed in clay (Fig. 5b–d) 
or along the edge of organic matter (Fig. 5e). The dimensions of the 
interparticle dissolution pores ranges from 3.8 nm to 14 μm. The size of 
the organic pores varies from 27 nm to 501 nm (Fig. 5f–h). Moreover, 
microfractures were also observed in the J2x1 shale, the lengths of the 
microfractures are greater than 4 μm and widths are greater than 250 
nm (Fig. 5h). The development of microfractures distributed along 
organic matter in the J2x1 shale can significantly improve the fracturing 
effect (Chen et al., 2021b). On the whole, the pores of the J2x1 shale 
containing type II kerogen in the Yabulai Basin are mainly composed of 
residual interparticle pores, interparticle dissolution pores and organic 
pores. The majority of pores in the Jurassic continental shale are inor
ganic pores with a small percentage of organic pores in the Yuka 
depression of the Qaidam and Chaoshui basins (Liu et al., 2020a; Han 
et al., 2020). Different from the Jurassic continental shale in the Yuka 
depression of the Qaidam and Chaoshui basins, the pore composition of 
the J2x1 shale containing type II kerogen in the Yabulai Basin contains a 

Fig. 4. Ternary diagram of the mineralogical compositions of the Lower Xinhe 
shale in Yabulai basin. 

Table 3 
Helium porosity and plus permeability of shale samples in the Yabulai Basin and other basins.  

Basin shale Sample Well Depth (m) Ro (%) Porosity (%) Permeability (mD) 

Yabulai Xinhe member YBL-4 YC1 3376.5 0.75 3.35 0.00015 
YBL-19 YT4 1424.3 0.78 3.54 0.00020 
YBL-21 YT4 1429.2 0.79 3.41 0.00043 
YBL-24 YT6 2521.6 0.75 3.20 0.00032 
YBL-28 YT10 2568.2 0.77 3.52 0.00039 
YBL-32 YT11 2818.3 0.92 3.29 0.00051 
YBL-34 YT11 2825.2 1.01 3.31 0.00026 
YBL-35 YT11 2831.7 0.96 3.15 0.00052 
YBL-36 YT11 2851.2 1.33 3.25 0.00034 
YBL-37 YT11 2857.8 1.15 3.00 0.00045 

Ordos Yan’an / / / 0.4–0.7 2.01–2.92 0.041–0.067  
Chang 7 / / / 0.52–1.25 0.15–3.42 / 

Fort Worth Barnett / / / 1.0–1.3 4.00–5.00 0.00010–0.00025 
Arkoma Woodford / / /  / 0.0001–0.0002  
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Fig. 5. The SEM images of the Lower Xinhe shale in the Yabulai ((a) YBL-19; (b) YBL-27; (C) YBL-22; (d) YBL-19; (e) YBL-27; (f): YBL-18; (g) YBL-19; (h): YBL- 19).  
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large number of organic matter pores (Fig. 5). Moreover, the size of 
interparticle dissolution pores in the J2x1 shale containing type II 
kerogen in the Yabulai Basin is similar to that of the Jurassic continental 
shale in Chaoshui Basin (Han et al., 2020), but larger than that of the 
Jurassic continental low-maturing shale in the northern margin of the 
Qaidam Basin (Zhang et al., 2021). 

The experimental results of low-pressure N2 adsorption and 
desorption isotherms of the J2x1 shale are shown in Fig. 6. The 
adsorption curves of the J2x1 shales are characterized by a reversed S 
shape, and belong to the type II isotherms (Brunauer, et al., 1940; Sing, 
1982), indicating that there is multilayer adsorption in these samples 
and that the surface area can be calculated using the BET theory (Gregg 
and Sing, 1982). Moreover, the adsorption curves increased rapidly 
when the relative pressure (P/Po) was greater than 0.9, indicating that 
there is a small amount of macropores in the J2x1 shale and a large 
amount of micropores and mesopores (Gregg and Sing, 1982). When 
P/Po > 0.45, the desorption curves are above the adsorption curves in 
the J2x1 shale (Fig. 6). When P/Po < 0.45, the desorption curves basi
cally overlap with the adsorption curves in the J2x1 shale (Fig. 6a, b, e, 
f). The hysteresis phenomenon of the desorption curve when P/Po is 
greater than 0.45 is related to the capillary condensation in the 
desorption process (Barsotti et al., 2016). The hysteresis loops of the J2x1 

shale are characterized by type H4 hysteresis (Fig. 6a, b, e, f) (Sing, 
1982), suggesting that pores may be characterized as slit-typed pores. In 
addition, these adsorption curves have forced closure phenomenon 
when the relative pressure is about 0.45, indicating that the shale also 

contains flask shaped ink bottle pores (Li et al., 2019). The hysteresis 
curves of YBL-22 and YBL-26 are not closed when P/Po < 0.45 (Fig. 6c 
and d), which is related to swelling or nitrogen molecule adsorption in 
micropores (Gregg and Sing, 1982). 

The volume and surface area data of the J2x1 shale in the Yabulai 
Basin are shown in Table 4. The total pore volume of the J2x1 shale 
obtained by the N2 adsorption experiment and mercury intrusion 
experiment varies from 0.00053 cm3/g to 0.01090 cm3/g and from 
0.00090 cm3/g to 0.00440 cm3/g, respectively. The BET surface area 
obtained by the N2 adsorption experiment ranges from 0.152 cm3/g to 
6.521 m2/g, with the specific surface area obtained by mercury intrusion 
experiments ranging from 0.09 cm3/g to 1.29 m2/g. The dv/dD diagram 
shows that the pore size of the J2x1 shale is characterized by near 4 nm 

Fig. 6. The adsorption/desorption isothermal curves of the Lower Xinhe shale in the Yabulai Basin (a. YBL-18; b. YBL-19; c. YBL-22; d. YBL-26; e. YBL-27; f. YBL-29).  

Table 4 
Total pore volume and specific surface area of the Lower Xinhe shale in the 
Yabulai Basin.  

Sample Total pore volume (cm3/g) Specific surface area (m2/g) 

N2 

adsorption 
Mercury 
intrusion 

N2 

adsorption 
Mercury 
intrusion 

YBL-19 0.01090 nd 6.521 nd 
YBL-21 0.00657 0.00440 2.077 1.29 
YBL-24 0.00402 0.00220 3.739 0.78 
YBL-28 0.00265 0.00300 1.594 0.90 
YBL-32 0.00159 0.00095 1.139 0.60 
YBL-35 0.00053 0.00090 0.152 0.09  
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(Fig. 7), 58 nm (Fig. 7f), and >10 μm (Fig. 7d,e). According to the 
dimension of the pores, the pores can be divided into micropores (<2 
nm), mesopores (2–50 nm) and macropores (>50 nm) following Rou
querol et al. (1994). Thus, pores of the J2x1 shale are dominated by 
mesopores and macropores. 

There is a positive correlation between porosity and TOC content in 
the J2x1 shale (Fig. 8a), which has also been observed in the Marcellus 
Formation of Pennsylvania (Milliken et al., 2013). The porosity of the 
J2x1 shale increases rapidly when TOC<2.0%, and slowly when 
TOC>2.0% (Fig. 8a). This is because the higher the TOC content, the 
greater the number of organic pores and the greater the porosity. 
However, when the TOC content is too high, mechanical compaction 
results in organic matter compression and deformation, resulting in the 
closure or reduction of organic pores (Curtis et al., 2012; Wang et al., 
2023a). The positive correlation indicates that there are a large number 
of pores associated with the organic matter, which is consistent with the 
results observed using FE-SEM (Fig. 5f–h). The porosity of the J2x1 shale 
decreases with an increase of Tmax (Fig. 8b), which is related to the 
destruction of pores during compaction (Dang et al., 2018). Moreover, 
negative correlations can be seen between porosity and quartz and clay 
contents (Fig. 8c, d), while a positive correlation can be seen between 
porosity and carbonate content (Fig. 8e). The relatively high content of 
brittle minerals and low content of clay minerals improves the 
anti-compression strength of shale, which is conducive to the formation 
of inorganic pores such as interparticle and intraparticle pores. The 
correlation between porosity and quartz, clay and carbonate content of 
the J2x1 shale indicates that the inorganic pores in clay and carbonate 
minerals provide the main pore space. Sample YBL-18 deviated from the 
trend in Fig. 8c–e, which is mainly related to low carbonate content. 
Therefore, the organic matter abundance and thermal maturity, as well 
as mineral composition have significant influence on the porosity of the 

J2x1 shale, and the contribution of pores mainly comes from organic 
pores related to organic matter and inorganic pores related to clay and 
carbonate minerals. 

The pore volume and specific surface area of the J2x1 shale are 
positively correlated with TOC content (Fig. 9a–d), indicating that 
organic pores account for a large proportion of the pores in the J2x1 

shale. For example, the mineral compositions of the YBL-19 and YBL-29 
are basically the same, but the TOC content of YBL-19 is higher than YBl- 
29, and the pore volume and specific surface area of the YBL-19 are 
higher than that of YBL-29. The BET surface area and pore volume of 
low-pressure N2 adsorption show a trend of first increasing and then 
decreasing with Tmax values (Fig. 9e and f), which may be related to the 
formation of organic pores at low maturity stage (Wang et al., 2022) and 
the collapse and filling of organic pores at high maturity stage (Zhao 
et al., 2016; Zhang et al., 2017). The BET surface area and pore volume 
of low-pressure N2 adsorption are weakly negatively correlated with 
carbonate content (Fig. 9g and h) and weakly positively correlated with 
clay content (Fig. 9i and j), indicating that inorganic pores account for a 
small proportion in the pores of the J2x1 shale. These characteristics 
indicate that the TOC content has a significant impact on the pore 
structure of the J2x1 shale. 

4.4. Adsorption capacity and control factors 

The characteristics of the methane isothermal adsorption curves of 
the J2x1 shale are similar and belong to type I variety (Fig. 10). The 
methane adsorption capacity of the J2x1 shale gradually increases with 
the increase of pressure at the same temperature, while the methane 
adsorption capacity of the J2x1 shale decreases with the increase of 
temperature at the same pressure (Fig. 10 and Table 5). The results show 
that the methane adsorption capacity of the J2x1 shale is affected by 

Fig. 7. Pore size distributions of the Lower Xinhe shale from N2 adsorption and mercury intrusion experiments (a. YBL-18; b. YBL-19; c. YBL-22; d. YBL-26; e. YBL- 
27; f. YBL-29). 
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pressure and temperature. The volume and pressure of the sample 
calculated according to the Langmuir equation (Langmuir, 1918) are 
shown in Table 5. The Langmuir volumes of the J2x1 shale display a 
range of 2.10–2.99 m3/t and average 2.53 m3/t, which is higher than the 
Lower Cretaceous shales in Canada (Chalmers and Bustin, 2007) and 
Qiongzusi shales in Sichuan Basin (Wang et al., 2013). This indicates 
that the J2x1 shale has a relatively good gas storage capacity. 

The residual interparticle, interparticle dissolution and organic pores 
in the J2x1 shale provide a large number of sites for gas adsorption. 
Moreover, the microfractures distributed along organic matter can also 
be used to adsorb the gas in the J2x1 shale, Yabulai Basin. The methane 
adsorption capacity of the J2x1 shale (type II kerogen) is directly pro
portional to TOC content, with an R2 value of 0.7437 (Fig. 11a), which 
has been observed in the Eocene Green River Shale (typeIkerogen), 
Devonian–Mississippian Woodford Shale (type II keorgen), the Chang 7 
Member (the seventh member of Yanchang Formation) shale (type II 
kerogen) in the Ordos Basin and the Jurassic J2x1 shale (type III kerogen) 
in the Yabulai Basin (Zhang et al., 2012; Xing et al., 2018; Han et al., 
2020). The methane adsorption capacity of the J2x1 shale is inversely 
proportional to clay content, with an R2 value of 0.7622 (Fig. 11b). The 
clay composition of the J2x1 shale is composed of illite-smectite and illite 
(Table 2), the surface area of smectite (800 m2/g) is much higher than 
that of illite (30 m2/g), and the pore volume is generally directly pro
portional to surface area (Ross and Bustin, 2009; Passey et al., 2010). 
Moreover, the enrichment of organic matter also reduces the specific 
surface area of clay minerals, resulting in the reduction of gas adsorption 
sites (Ji et al., 2015; Gao et al., 2017). Therefore, the negative correla
tion between the methane adsorption capacity and clay content in the 

J2x1 shale may be related to the high content of illite-smectite and illite 
in clay minerals and the strong effect of TOC. In summary, the methane 
adsorption capacity of the J2x1 shale in the Yabulai Basin is strongly 
controlled by the TOC and clay mineral contents. Moreover, the 
methane adsorption capacity of the J2x1 shale is inversely proportional 
to the temperature and pressure, with an R2 values of 0.889–0.997 and 
0.8169–0.9683 (Fig. 11c and d), respectively, indicating that the 
methane adsorption capacity of the J2x1 shale in the Yabulai Basin de
creases with increasing temperature (maturity) and pressure. 

4.5. Prediction of adsorption capacity 

The prerequisites for comprehensive analysis of shale gas exploration 
potential are favorable geochemical conditions and rocks with sufficient 
gas adsorption capacity and potential for fracturing. Most of the J2x1 

shale in the Yabulai Basin can be classified as a very good source rock, 
and the kerogen type is dominated by type II (Fig. 3). The J2x1 shale has 
a moderate maturity, corresponding to the main hydrocarbon genera
tion window. The source rocks dominated by type II/III kerogen can 
generate gas at a relatively low thermal evolution stage (Galimov, 1988; 
Wang et al., 2010). Therefore, there are abundant shale gas resources in 
J2x1 shale reservoir in the Yabulai Basin, which has been suggested by 
the desorption results of fresh shale samples (Han et al., 2014). For a 
given sedimentary basin, the hydrocarbon generation conditions of 
shale gas, such as organic matter abundance, kerogen type and maturity 
of source rocks, have been determined, so the scale of the shale gas re
serves mainly depend on methane adsorption capacity. 

As mentioned above, the adsorption capacity of the J2x1 shale (type 

Fig. 8. Porosity vs. TOC (a), Tamx (◦C) (b), quartz content (c), clay content (d) and carbonate content (e) of the Lower Xinhe shale in the Yabulai Basin.  
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II) is controlled by TOC content, clay mineral content, temperature and 
pressure. Therefore, based on these experimental data of the J2x1 shale 
in this study and previous studies (Han et al., 2020), the relationship 
between the Langmuir volume, TOC content, clay mineral content and 
temperature of the J2x1 shale containing type II kerogen in the Yabulai 
Basin was established using correlation and regression analysis. The 
expression is as follows:  

VL = 0.866 × TOC+0.053 × CM-0.05 × T-0.651 R2 = 0.8494             (2) 

VL: Langmuir volume, m3/t; TOC: total organic carbon content, %; CM: 
the content of clay minerals, %; T: temperature, ◦C. The calculated 
Langmuir volume of the J2x1 shale was directly proportional to its 

measured Langmuir volume, with an R2 value of 0.8476 (Fig. 12a), 
which shows that calculation model is reliable. 

The clay mineral content of the J2x1 shale containing type II kerogen 
in the Yabulai Basin was inversely proportional to TOC content, with an 
R2 value of 0.9167 (Fig. 12b). Thus, the relationship between the clay 
mineral and TOC contents of the J2x1 shale containing type II kerogen 
was established using correlation and regression analysis. The expres
sion is as follows:  

CM = − 8.9116 × TOC +80.852 R2 = 0.9167                                     (3) 

CM: the content of clay minerals, %; TOC: total organic carbon content, 
%. 

Fig. 9. Pore volume and surface area vs. TOC, carbonate and clay contents of the Lower Xinhe shale in the Yabulai Basin.  
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In addition, the natural logarithm of the Langmuir pressure is 
directly proportional to temperature, with an R2 value of 0.8108 
(Fig. 12c). Therefore, the relationship between the Langmuir pressure 
and temperature of the J2x1 shale was established using correlation and 
regression analysis. The expression is as follows:  

In (PL) = 0.032 × T +0.0361 R2 = 0.8108                                          (4) 

PL: Langmuir pressure, MPa; T: temperature, ◦C. 
Bringing Eq. (2), Eq. (3) and Eq. (4) into the Langmuir equation, a 

mathematical model is established to describe the influence of TOC 
content, clay mineral content, temperature and pressure on the gas 
adsorption capacity of the J2x1 shale in the Yabulai Basin. The expres
sion is as follows: 

V=
(0.394 × TOC − 0.05 × T + 3.634) × P

P + e(0.032×T+0.0361) (5)  

V: methane adsorption amount, m3/t; T: temperature, ◦C; P: pressure 
under geological condition, MPa. The model of methane adsorption 
capacity not only predicts the methane adsorption capacity of the J2x1 

shale in the Yabulai Basin under current geological conditions, but also 
reconstructs the dynamic evolution process of methane adsorption ca
pacity of the shale reservoir in geological history. 

Assuming that the J2x1 shale gas is composed of methane, Eq. (5) can 
be used to calculate adsorption amount of the J2x1 shale under given 
geological conditions. The surface temperature and geothermal gradient 
are 10 ◦C and 2.7 ◦C/100m (Tian et al., 2015), respectively. The hy
drostatic pressure gradient is 10.5 MPa/km (Ma et al., 2016). The 
variation in adsorption capacity of the J2x1 shale with depth and TOC 
content are shown in Fig. 13. The methane adsorption capacity of the 
J2x1 shale first increases and then decreases with increasing depth, and 
the depth corresponding to the maximum methane adsorption increases 
with increasing TOC content. The maximum adsorption amount of the 
J2x1 shale appears at 400–800 m when the TOC contents vary from 1% 
to 10%. Above the maximum value, the positive impact of formation 
pressure is greater than the negative effect of formation temperature on 
methane adsorption capacity, resulting in the increase of methane 
adsorption capacity with increasing depth. Below the maximum value 
the condition is reversed (Ji et al., 2014; Xing et al., 2018). In addition, 
when the TOC contents vary from 1% to 10%, the minimum adsorption 
amount of the J2x1 shale appears below 2600 m, and the depth corre
sponding to the minimum methane adsorption amount increases with 
increasing TOC content. The adsorption amount of the J2x1 shale tends 
to disappear at a depth range of 2600–5100m, which is mainly related to 
high formation temperature and pressure. When the burial depth is 
greater than the depth corresponding to the minimum adsorption 
amount, due to the high formation temperature and pressure, the shale 

Fig. 10. Methane isothermal adsorption for the Lower Xinhe shale in Yabu
lai Basin. 

Table 5 
Langmuir parameters for the Lower Xinhe shale in the Yabulai Basin.  

Sample Temperature 
(◦C) 

Langmuir volume (m3/ 
t) 

Langmuir pressure 
(MPa) 

YBL-21 40 2.99 4.85 
50 2.93 5.58 
60 2.68 6.09 

YBL-24 40 2.73 4.90 
50 2.42 5.63 
60 2.16 6.78 

YBL-32 50 2.19 5.45 
YBL-36 50 2.10 4.07  

Fig. 11. Methane isothermal adsorption capacity vs. TOC and clay content (a, b), and methane isothermal adsorption capacity vs. temperature and pressure of the 
Lower Xinhe shale in the Yabulai Basin. 
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adsorption capacity begins to decrease significantly, the free gas content 
beings to exceed the adsorption gas content, and the shale gas is 
dominated by free gas. For example, the shale gas is dominated by 
adsorbed gas shallower than 2600m when the TOC content of the J2x1 

shale is 1%, and the shale gas is dominated by free gas deeper than 
2600m, and the favorable shale gas exploration depth of the J2x1 shale 
in the study area is deeper than 2600m (Fig. 13). The shale gas is 
dominated by adsorbed gas shallower than 5100m when the TOC con
tent of the J2x1 shale is 10%, and the shale gas is dominated by free gas 
deeper than 5100m, and the favorable shale gas exploration depth of the 
J2x1 shale in the study area is deeper than 5100m. In summary, the 
depth corresponding to the minimum adsorption amount increases with 
increasing TOC content, resulting in the favorable shale gas exploration 
depth of the J2x1 shale in the study area increasing with increasing TOC 
content. 

As mentioned above, the TOC values of the J2x1 shale range from 
0.19% to 31.02% (Table 1 and Fig. 3a), with an average value of 3.01%. 
When the TOC content is 3.01%, according to the predictive model for 
methane adsorption amount of the J2x1 shale (Eq. (5)), the methane 
adsorption capacity of the shale first increases and then decreases with 
increasing depth, reaching its maximum value at 500m (Fig. 13). The 
total shale gas is dominated by adsorbed gas shallower than 3200m, and 
the shale gas is dominated by free gas deeper than 3200m. The favorable 
shale gas exploration depth of the J2x1 shale in the study area is deeper 
than 3200m. In addition, for other continental basins with similar 
geological conditions, such as Chaoshui and Bayanhaote basins in 
northwestern China (Li et al., 2016), a predictive model for shale 
methane adsorption capacity can be established using this approach, 
reflecting the dynamic evolution of shale methane adsorption capacity 
with depth and TOC content. 

5. Conclusion 

The J2x1 shale is mainly classified as a very good source rock. 
Kerogen is dominated by type II organic matter with thermal evolution 
ranging from mature to highly over-mature. The content of brittle 
minerals is high and has good hydraulic fracturing potential. The 
methane adsorption capacity is in the range of 2.10–2.99 m3/t, which is 
higher than other gas shales. The geochemical parameters and methane 
adsorption capacity suggest that the J2x1 shale has good shale explora
tion and development potential. 

Compared with the Jurassic shale containing type III kerogen, there 
are not only residual interparticle pores between clay platelets, but also 
a large number of interparticle dissolution pores in clay minerals and 
organic pores in the J2x1 shale. In addition, there are microfractures 
along the edge of organic matter in the J2x1 shale. Pores and micro
fractures provide sufficient sites for shale gas adsorption in the J2x1 

shale. The pores of the J2x1 shale are dominated by mesopores and 
macropores, and the TOC content has a significant impact on the 
porosity and pore structure of the J2x1 shale. 

The methane adsorption capacity of the J2x1 shale is mainly affected 
by TOC content, clay mineral content, temperature and pressure. A 
mathematical model for the variation of methane adsorption capacity 
with depth and TOC content in the J2x1 shale is established. The 
methane adsorption capacity of the J2x1 shale first increases and then 
decreases with the increase of depth, and the depth corresponding to the 
maximum methane adsorption increases with increasing TOC content. 
When TOC contents vary from 1% to 10%, the maximum value of 
adsorbed amount of the J2x1 shale appears at 400–800 m, and the 
adsorption amount of the shale tends to disappear at a depth range of 
2600–5100 m. The favorable shale gas exploration depth of the J2x1 

shale in the study area increases with increasing TOC content. 
The research results provide geochemical references for the J2x1 

shale gas exploration in the Yabulai Basin, and are of significance for 

Fig. 12. The Calculated adsorption volume vs. measured adsorption volume (a), clay content vs. TOC content (b), and Ln (Langmuir Pressure) vs. Temperature (c) of 
the Lower Xinhe shale in Yabulai Basin. 
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Jurassic shale gas exploration in other continental basins with similar 
geologic conditions such as the Chaoshui and Bayanhaote basins in 
northwestern China. In addition, the research results provide important 
geochemical parameters for reconstructing the dynamic evolution of the 
methane adsorption capacity of Jurassic shale gas reservoirs. 
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