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Abstract. The shale gas currently exploited in China is mainly featured by high thermal 

maturity level and the methane concentration is generally more than 95% (v/v). The H/C 

atomic ratios of residual kerogen gradually decreased with the maturity whereas the source of 

elemental hydrogen contribution to the shale gas generation within high-over matured shale 

rocks is still vague. In recent years, some work indicated that the methane generation and its 

hydrogen isotope characteristics were greatly affected by elemental hydrogen from external 

water at the over-mature stage in shale rocks. The significance of water should be probed in the 

processes of geochemical degradation of residual kerogen and hydrocarbon generation in 

shales.  It will be very meaningful to perform the hydrous pyrolysis experiments with heavy 

water to quantitatively appraise the impact of water on the hydrocarbon generation within shale 

rocks. A better understanding of the role that water plays on the shale gas generation and 

enrichment can be hopefully attained.  

1.  Introduction 

The shale gas currently exploited in China is mainly featured by high thermal maturity level, buried in 

great depth and with a high dryness index concerning its hydrocarbon compositions (Fig. 1). Among 

the hydrocarbon molecules, the methane concentration is generally more than 95%, while the H/C 

atomic ratios of kerogen tend to decrease with maturity [1-2]. As the main component of shale gas, the 

H/C atomic ratio in methane is 4:1, which means that essentially methane generation is a process of 

massive hydrogenation and the hydrogen of it mainly comes from the dehydration condensation of 

another part of organic matter. However, with the development of study, it is confirmed by 

experiments and geological practice that the external hydrogen may play an important impact on the 

formation of natural gas during the hydrocarbon generation process. In recent years, more and more 

researches have shown that formation water and shale had undergone complex physical-chemical 

interactions in diagenesis [3-6]. Hence the significance of water should be probed in the processes of 

geochemical degradation of residual kerogen and hydrocarbon generation in shale. Otherwise, the 

associated role of water, residual kerogens, and clay minerals in the rocks are important to affect the 

production and composition of shale gas and other geochemical characteristics of shale reservoirs. Up 

to date, it is not clear with respect to the geochemical/physiochemical mechanisms of water and 
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hydrocarbon-water-rock synergies in hydrocarbon generation processes that occurred inside shale 

rocks. 

 
Figure 1. Schematic diagram showing the distribution of shale gas explored and exploited in China. [7] 

2.  Geochemical characteristics of shale gas 

The humidity of high-over-mature shale gas is usually less than 5% [8]. For example, the composition 

of Longmaxi shale gas in Sichuan Basin is dominated by hydrocarbons, of which methane CH4 

accounts for 95.52-99.59% (mean CH4 = 98.54%), while ethane (C2H6) (0.48%) and propane content 

are low as shown in Figure 2.Longmaxi shale gas is one kind of typical dry gas whose dryness 

coefficient (C1/C1-4, %) averages 99.5% [9-12]. Non-hydrocarbon gases include a minor amount of 

CO2 (0.01%-1.48%) and N2 (0%-2.95%). 

It is greatly different between high-over-mature shale gas and low mature shale gas. Although the 

shale gas composition of Chang 7 member of the Yanchang Formation in Ordos Basin is dominated by 

hydrocarbons, the CH4 content of Yanchang shale gas accounts for 76.09%-91.68% (mean 

CH4=84.9%) obviously less than that of Longmaxi shale gas. Meanwhile, the content of ethane (6.83%) 

and propane (3.32%) is higher than that of Longmaxi shale gas [13]. Especially compared with the 

butane content (1.32%) in Yanchang shale gas, it is barely detected in Longmaxi shale gas (Fig. 2). 

Non-hydrocarbon gases of Yanchang shale gas include CO2 and N2 and their contents are less than 

1.0%. 
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Figure 2. Relative proportions of hydrocarbon components of Longmaxi and Yanchang shale gas from 

Sichuan and Ordos Basin, respectively. 

 

The kerogen in shale hardly undergoes thermal cracking at the immature-low maturity stage, yet it 

could still produce a small amount of methane [14]. At a higher mature stage, the dominant products 

from thermal cracking of residual kerogen are liquid hydrocarbons [14-15], followed by small 

hydrocarbon molecules and methane. For example, the TOC content and thermal maturity of the shale 

sample in the Chang 7 Formation (type I kerogen) are 6-14% and 0.7-1.2%Ro, respectively. And the 

sample has a high content of C2-C5 at the stage of a sharp rise in the oil generation [13]. At the high-

over maturity stage, the principal products from thermal cracking of kerogen are methane and small 

hydrocarbon molecules, and there is almost no liquid hydrocarbon in shale rock. However, the liquid 

hydrocarbon and small hydrocarbon molecules formed at the previous stage might be converted into 

shale gas at the high matured stage. Longmaxi shale gas is severely deficient in C2-C5 small molecular 

hydrocarbon. This implies that C2-C5 can be degraded to form methane meanwhile residual kerogen is 

degraded to generate small molecular hydrocarbons, which is instrumental in improving the drying 

coefficient of shale gas. Simulation experiments have shown that some minerals can catalyze the 

degradation of small molecular hydrocarbons in the presence of water [16-17], whose results are 

similar to high-over mature shale gas in the drying coefficient, the composition, and isotopic 

distribution characteristics, indicating that water may play an important role [18].  

 

Figure 3. Hydrogen isotopic series of alkanes of Longmaxi shale gas and Yanchang shale gas. 
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The alkane hydrogen isotopic composition of Longmaxi shale gas in the Sichuan Basin illustrates 

that the hydrogen isotope values of methane and ethane are heavy. δ2HCH4 values of the Longmaxi 

shale gas range from -163‰ to -136‰ (mean δ2HCH4=-148.3‰) and δ2HC2H6 values are in the range of 

-224‰ - -128‰ (mean δ2HC2H6=-173‰). Hydrogen isotope values of methane of Yanchang shale gas 

are from -237‰ to -277‰, the average of which is -256‰. δ2HC2H6 values are in the range of -182‰--

286‰ (mean δ2HC2H6=-244‰) and δ2HC3H8 values range from -170‰ to -203‰ (mean δ2HC3H8=-188‰) 

[13, 19]. Figure 3 notes that comparing with Yanchang shale gas, the δ2HCH4 and δ2HC2H6 values of 

Longmaxi shale gas are much heavier. 

 

Figure 4. Relationship between Ro and hydrogen isotopic series of alkanes in Longmaxi shale gas and 

Yanchang shale gas. 

 

The δ2HCH4 and Ro value of the sample in Longmaxi Formation implies a significant negative 

correlation whereas a negative correlation tendency exists between δ2HC2H6 and the Ro value even 

though it isn't very clear. δ2HCH4 and δ2HC2H6 values display no obvious correlation with Ro in 

Yanchang Formation (Fig. 4). It has now become evident that the hydrogen isotopic composition of 

Longmaxi shale gas is significantly heavier than that of Yanchang shale gas, indicating that the water 

in the depositional environment may have an extremely important influence on the alkane hydrogen 

isotopic composition of shale gas. In other words, if the elemental hydrogen from water can participate 

in the process of shale gas generation, the hydrogen isotopic composition of shale gas will be affected 

by the external water under high-over thermal maturity [3, 20]. Proved by hydrous pyrolysis simulated 

experiments, the hydrogen isotope of production is influenced. Yet the specific mechanism and 

molecular detail are poorly understood [18, 21]. Apart from this work, future research should be 

concerned on further geochemistry significance and practical geological application about water. 

3.  Future study 

By comparing shale gas composition and alkane hydrogen isotopic data above, it must be pointed out 

that there is a huge difference between samples within high-over and low matured shale rocks. The 

methane generation and its hydrogen isotope characteristics are greatly affected by elemental hydrogen 

from external water at the over-mature stage in shale rocks. Otherwise, the source of elemental 

hydrogen contributing to the shale gas within high-over matured shale rocks is still vague. Researches 

illustrate that water molecules in the shale reservoirs may play an important role in the gas 

hydrocarbon generation at the high-over mature stage, which cannot be ignored. In addition, the 

hydrocarbon-water-rock interaction also has a huge impact whereas the mechanism of its synergy is 

still unclear. In summary, the comparison of data reveals the need for further experimental work 

should be carried out to investigate the geochemical-physiochemical mechanisms of water to the shale 

gases within high-over matured shale rocks and the hydrocarbon-water-rock synergies in hydrocarbon 

generation processes occurred inside shale rocks. 

We plan to launch a series of hydrous pyrolysis experiments with heavy water to quantitatively 

appraise the impact of water on hydrocarbon generation within shales. The extent and position of 
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deuterium substitution in a variety of hydrocarbon structural types is going to be measured by mass 

spectrometry. The isotopic transfer of water hydrogen to hydrocarbons generated can be quantified. 

Meanwhile, the physical and chemical properties of residual kerogen should be analyzed and 

compared before and after the reactions.  We expect to learn how water participates in the reactions 

and gain some insight into the mechanisms controlling the contribution of water hydrogen to 

hydrocarbon gas generation in sedimentary basins. A better understanding of the role that water plays 

on evaluating the potential of shale gas generation and formation can be offered. 

Acknowledgments 

This research work was financially supported by the National Natural Science Foundation of China 

(grant no. 41772117) and the Oil and Gas Special Project of China (2017ZX05008002). 

References 

[1] Yang C, Zhang J C, Tang X 2017 Comparative study on micro-pore structure of marine, 

terrestrial, and transitional shales in key areas, China International Journal of Coal Geology. 171 

76-92. 

[2] Vandenbroucke M, Albrecht P and Durand B 1976 Geochemical studies on organic-matter from 

Douala basin(Cameroon) Geochim. Cosmochim. Acta. 40 1241-49. 

[3] Dow and W.G 1977 Kerogen studies and geological interpretations J Geochem Explor. 7 79-99. 

[4] Lewan and M.D. 1997 Experiments on the role of water in petroleum formation Geochim. 

Cosmochim. Acta. 61(17) 3691-723. 

[5] Wang Y S, Zhang S C and Zhu R F 2013 Water consumption in hydrocarbon generation and its 

significance to reservoir formation Pet. Explor. Dev. 40(02) 242-9. 

[6] Zhang WL, Qin JZ and Tian L 2000 Discussion on the high sterane isomerization degree and the 

formation mechanism of immature oil from the fourth member of Shahejie to Kong1 member in 

the Lower Tertiary in Jinxian Depression Pet. Explor. Dev. 5 27-31. 

[7] Zheng LJ, Guan DF, Guo XW and Ma ZL 2015 Key Geological Conditions Affecting Pyrolysis 

Experiments of Marine Source Rocks for Hydrocarbon Generation Earth Science-Journal of 

China University of Geosciences. 40(05) 909-17 

[8] Xia XY, Chen J, Braun R and Tang YC 2013 Isotopic reversals with respect to maturity trends 

due to mixing of primary and secondary products in source rocks Chem. Geol. 205-12. 

[9] Zhang JC, Jin ZJ and Yuan MS 2004 Mechanism and distribution of shale gas accumulation 

Natural gas industry. 24(7) 14-8. 

[10] Zhang JC, Xu B and Nie HK 2008 Shale gas resource exploration potential in China Natural gas 

industry. 28(6) 136-141. 

[11] Ellis L, Brown A, Schoell M and Uchytil S 2003 Mud gas isotope logging (MGIL) assists in oil 

and gas drilling operations (http:/ / isotopelogging.com/ oilgas-may 2003). 09-24. 

[12] Li YX, Zhang JC, Jiang SL and Han SB 2012 Geologic evaluation and targets optimization of 

shale gas Front. Earth Sci. 19(5) 332-38. 

[13] Dai J X, Zou C N, Dong D Z, Ni Y Y, Wu W, Gong D Y, Wang Y M, Huang S P, Huang J L, Fang 

C C, et al. 2016 Geochemical characteristics of marine and terrestrial shale gas in China Mar Pet 

Geol. 76 444-63. 

[14] Tissot B P and Welte D H 1978 Diagenesis, Catagenesis and Metagenesis of Organic Matter 

Petroleum Formation and Occurrence: A New Approach to Oil and Gas Exploration. 69-73. 

[15] Huang D 1999 Advances in hydrocarbon generation theory (I): Generation and evolution model 

for immature oils and hydrocarbon Journal of J. Pet. Sci. Eng. 22(1) 121-30. 

[16] Seewald J S 2001a Aqueous geochemistry of low molecular weight hydrocarbons at elevated 

temperatures and pressures: Constraints from mineral buffered laboratory experiments Geochim. 

Cosmochim. Acta. 65 1641-64. 

[17] Seewald S J., Zolotov M Y and McCollom T 2006 Experimental investigation of single carbon 

compounds under hydrothermal conditions Geochim. Cosmochim. Acta. 70 446-60. 



The 1st Virtual Meeting on Deep Oil and Gas

IOP Conf. Series: Earth and Environmental Science 600 (2020) 012015

IOP Publishing

doi:10.1088/1755-1315/600/1/012015

6

 

 

 

 

 

 

[18] Gao L, Schimmelmann A, Tang Y C and Mastalerz M 2014 Isotope rollover in shale gas 

observed in laboratory pyrolysis experiments: Insights to the role of water in thermogenesis of 

mature gas Org. Geochem. 68 95-106. 

[19] Lin J F, HuH Y and LiQ 2017 Geochemical Characteristics and Implications of Shale Gas in 

Jiaoshiba, Eastern Sichuan, China Earth Science. 42 (7) 1124-33. 

[20] Liu WH, Zhang DW and Wang XF 2006 Influence of Hydrogenation and TSR(thermochemical 

sulfate reduction ) to natural gas isotopic composition Acta Petro Sin. 22(8) 2237-42. 

[21] Reeves E P, Seewald J S and Sylva S P 2012 Hydrogen isotope exchange between n-alkanes and 

water under hydrothermal conditions Geochim. Cosmochim. Acta. 77 582-99. 

 

 

 


