
Objective 
 

Reversed alkane δ13C and δ2H values in many prolific 
shale plays all over the world have aroused much attention 
in the study of the formation mechanism of reversed 
isotope series in alkanes in the past few years(Zou Caineng 
et al., 2016). Although many researchers have put forward 
different hypotheses, the mechanism has not been well 
understood yet. The openness degree of oil and gas system 
has been neglected in previous studies which may be an 
important factor responsible for the isotope reversal. Since 
there is no isotope reversal in closed-system hydrocarbon 
generation  simulation  or  open  system  hydrocarbon 
generation simulation, a relative open oil and gas system 
is  necessary  for  isotope  reversal.  It  is  increasingly 
accepted that the mixing of natural gas from different 
maturity or source rock is a very important factor for 
reversed alkane isotope. However, the mixing effect of 
natural gas on isotope reversal is only effective on the 
premise that differential diffusion happens to different 
endmember in a relative open oil and gas system. Shale 
gas  play  is  traditionally  recognized  as  a  closed  self-
sourced reservoir, however, more and more researches 
indicate that Jiaoshiba shale gas experienced multistage 
gas generation, migration and accumulation, similar with 
conventional natural gas reservoir. The objective of this 
study is to discuss the potential relationship between the 
openness degree of Jiaoshiba mudrock systems and the 
carbon isotopic reversal.  
 
 

Methods 
 

A total of 29 wellhead shale gas samples were collected 
from the Jiaoshiba shale play. The alkane compositions of 
shale gas samples were analyzed using Agilent 6890N Gas 
chromatography. The carbon isotope of alkane in shale gas 
was measured using DELTA Plus XP mass spectrometer. 
The isotope analyses of He and Ar were carried out using 
quadrupole  mass  spectrometry  (QMS).  Since  the 
concentration of He and Ar is very low in shale gas, the 
He and Ar elements were purified from shale gas in a 
noble gas purification system before isotope analysis. The 
shale gas was introduced into a Zr-Al purifying furnace 
(held at 350°C for 20 min) to remove CO2, hydrocarbons 
and other active gases. An aliquot of purified noble gases 
was then introduced to the gas getters for a second round 
purification, and then the noble gas was introduced into 
QMS for isotope analyses of He and Ar. 
 
Results 
 

The Jiaoshiba shale gas in this study is dominated by 
methane, with an average concentration of 99.12%. The 
carbon isotope of C1–3 in the Jiaoshiba shale gas are all in 
reversed isotope series (δ13C1> δ13C2>δ13C3). The δ13C1 
values vary from −32.7‰ to −29.3‰ with an average 
value of −30.7‰; the δ13C2 values vary from −35.6‰ to 
33.2‰ with an average value of −34.8‰, and the δ13C3 
values vary from −37.7‰ to −34.1‰ with an average 
value of −36.2‰. The Jiaoshiba shale gas has 3He/4He 
values of 1.41 ppb to 1.69 ppb with an average value of 
1.51 ppb, and R/Ra ratios vary from 0.010 to 0.012 with 
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an average value of 0.011, indicative of a typical crustal 
origin. The 40Ar/36Ar values vary from 9.96 to 19.8 with 
an average of 15.4, far greater than the 40Ar/36Ar value of 
air  (295.5),  indicating  an  overall  stable  conservation 
condition. The Jiaoshiba shale gas samples are distributed 
along the open system trend in Fig. 1a, suggesting that 
Jiaoshiba shale gas is derived from an open system. The 
enrichments of light noble gases (4He and 40Ar*), high 
production ratio of 4He/40Ar* close to crustal production 
levels  and  reversed  carbon  isotope  values  between 
methane and ethane in Fig.1b indicate that the Jiaoshiba 
shale gas is a migratory natural gas (40Ar* represents 40Ar 
exclusively from radiogenic production). 
 
Conclusion 
 

The openness study suggests that the Jiaoshiba shale gas 
is a migratory natural gas derived from an open system, 
which  may be  related  with  the  multiple  hydrocarbon 
accumulation  process.  Meanwhile,  the  far  greater 
40Ar/36Ar values of Jiaoshiba shale gas than that of air 
indicate  an  overall  good  conservation  condition. 
Accordingly, the moderate openness degree of Jiaoshiba 
shale play is probably an important factor responsible for 
reversed isotope series. The detailed studies of differential 
accumulation and loss of hydrocarbons responsible for 

isotope  reversal  during  the  multiple  hydrocarbon 
generation and accumulation processes are in progress. 
 
Acknowledgments 
 

This  work  was  supported  by  the  National  Natural 
Science Foundation of China (grant No. 41503033), Basic 
Foresight  Program  of  the  Ministry  of  science  and 
technology, Sinopec (grant No. G5800-15-ZS-KJB050-02) 
and the Key Laboratory Project of Gansu Province (grant 
No. 1309RTSA041). 
 
References 
Hunt, A.G., Darrah, T.H., and Poreda, R.J., 2012. Determining 

the source and genetic fingerprint of natural gases using noble 
gas geochemistry: a northern Appalachian Basin case study. 
AAPG Bulletin, 96(96): 1785–1811. 

Xiao Qilin, 2012. Carbon and hydrogen isotopic reversals in 
deep  basin  gas:  evidence  for  limits  to  the  stability  of 
hydrocarbons  by  Burruss  and  Laughrey  (Organic 
Geochemistry  41,  1285–1296)–discussion.  Organic 
Geochemistry, 44(3): 71–76. 

Zou Caineng, Yang Zhi, Pan Songqi, Chen Yanyan, Lin Senhu, 
Huang Jinliang, Wu Songtao, Dong Dazhong, Wang Shufang, 
Liang Feng, Sun Shasha, Huang Yong and Weng Dingwei, 
2016.  Shale  gas  formation  and  occurrence  in  China:  an 
overview of the  current  status and future  potential.  Acta 
Geologica Sinica (English edition), 90(4): 1249–1283.  

 

Fig. 1. (a), Plots of C2/C3 versus δ13C[C2–C3] indicating that Jiaoshiba shale gases are derived from open system (modified 
from Xiao, 2011); (b), Plots of 4He/40Ar* versus δ13C[C2–C1] indicating that Jiaoshiba shale gases are migratory natural gas 
(modified from Hunt et al., 2012). 
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