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Top-down models of the global atmospheric methane budget use isotopic and/or molecular data to constrain
source-specific emissions. These models are sensitive to end-member signatures (delta-13CCH4, delta-DCH4,
ethane:methane ratios) for the three main source categories, microbial methanogenesis, biomass burning, and
fossil fuels. However, the end-member values are poorly constrained and based on data of unknown or limited
sample count, regional extent and global representation. For fossil fuels in particular, few modeling studies
reference primary data, despite a vast literature in petroleum geology reporting on the isotopic and molecular
composition of natural gas. To address this problem, we compiled a database of 8,734 natural gas analyses from
peer-reviewed literature, government reports and databases, with data on the molecular (C1-C6) and isotopic
delta-13CC1-C5 and delta-DC1-C5 composition of conventional oil and gas, coal and shale gas. The data comprise 45
countries, representing 82% of global natural gas production and 80% of global coal production. Raw
delta-13CCH4 values averaged -44.0 ± 0.1 ‰ (1 STDERR., n = 6080) for conventional oil and gas, -49.5 ± 0.3‰
(n = 1402) for coal, and -42.5 ± 0.3‰ (n = 646) for shale gas. All three categories of fossil fuel have left-skewed
or bimodal delta-13CCH4 distributions, reflecting microbial methanogenesis in a significant fraction of the world’s
oil- and gas-producing reservoirs (e.g. giant Cenomanian gas fields of western Siberia), and in relatively shallow
coal-bearing formations. These fossil-fuel end-member values have significant implications for top-down
models of regional and global methane budgets. The database will be published in the public domain.

Figure 1. Histograms of the delta-13CCH4 of conventional oil&gas, coal and shale gas from the global database.
Vertical lines represent mean values for each category.


