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ABSTRACT 

Understanding the origin and controls of hydrogen sulfide (H2S) distribution in petroleum reservoirs is critical for 

optimal field development and facility design planning. The objective of this study is to assess the origin of H2S and 

the extent of reaction pathways found in conventional and unconventional plays. 

This study was performed on gases, condensate, and rock samples. The gases were analyzed using gas chromatography 

for compositional analysis. Carbon isotopic analysis was conducted using a GC-isotope ratio mass spectrometer (GC-

IRMS). Sulfur isotopic compositions (δ34S) of H2S and anhydrite, carbon isotopic (δ13C) and chemical compositions 

of more than 200 sour (i.e., containing H2S) subsurface gas samples were used in identifying the origin and extent of 

the different generation mechanisms of H2S gas. The sulfur stable isotope ratio 34S/32S was determined by using an 

elemental analyzer (EA) coupled to an IRMS. 

The results reveal that H2S was generated by two mechanisms: thermochemical sulfate reduction (TSR) and thermal 

chemical alteration (TCA). δ34S of H2S results show distinct signatures for both H2S generation processes. The H2S 

in the conventional plays generated by TSR exhibits significant enrichment in 34S compared to that produced by TCA 

in the unconventional plays. The values of δ34S from H2S generated by TSR range from +14‰ to +21‰. The values 

of δ34S from H2S generated by TCA range from -7‰ to +3‰. Furthermore, the δ13C of methane in the gases altered 

by TSR are characterized by higher values (-44‰ to -33‰) compared to those generated by TCA (-57‰ to -46‰). 

Elevated H2S concentrations correlate with limited sulfur isotopic fractionation between the sourced sulfate and 

produced H2S (34S= 8‰ to 1‰). Systematic trends between the high H2S concentrations and the elevated values of 

δ34S indicate an ongoing supply of sulfate. However, few samples exhibited unexpectedly low H2S concentrations and 

larger isotopic fractionation, possible indication of either the mineralization of H2S into sulfides, or dilution of non-

TSR migrated hydrocarbons. In contrast, H2S concentrations produced by the TCA process are primarily dictated by 

the type of hydrocarbon source rock and level of thermal maturity at the time of hydrocarbon generation. 

Integrating geochemical findings with geological context enhances the resolution of 3D models of H2S distribution in 

the subsurface, which is critical for petroleum exploration (prospecting) efforts, pre-drill predictions of high H2S zones, 

and the development of alternative energy resources. 




