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The isotopic characterization of geological gas deposits is
crucial for the exploration of resources for global energy
production. Methane (CH4) is a primary constituent of natural
gas reservoirs and in addition to its commercial importance it
also plays a major role in the global carbon cycle. It is involved
in various fluxes within atmospheric, microbial, hydrothermal
and magmatic systems, and it is a potential factor in the
anthropogenic acceleration of climate change.

The commonly measured molecule average (‘bulk’) isotope
compositions of methane, δ13C and δD, are determined by
conventional IRMS. They are valuable tools to aid identification
of methane’s origins but are often ambiguous with respect to
provenance and formation conditions. Also, they do not record
gas formation temperatures.

The doubly-substituted (‘clumped’) isotope signatures of
methane, Δ13CH3D and Δ12CH2D2, can be analyzed by High-
Resolution IRMS (HR-IRMS) [1]. They provide two new
independent constraints that can resolve ambiguities in methane
provenance and add fresh tools for understanding the
environments and chemical mechanisms of natural methane
formation [2-6].

We highlight the scientific added value of combined bulk
isotope and clumped isotope compositions of methane and show
how they (i) refine the forensic identification of methane sources,
(ii) aid in recognition of methane’s formation mechanisms, and
(iii) can be utilized as a natural geothermometer in cases where
the gas formed in internal thermodynamic equilibrium [7].
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