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Thermal cracking of kerogen and other organic matter is
widely recognized as the primary source of non-biogenic
natural gas. This chemistry is generally considered to be
irreversible, involving isotopic fractionations controlled by
kinetic isotope effects. However, the clumped isotopologues
(13CH3D and 12CH2D2) of most thermogenic methane are
consistent with equilibrium at the temperatures of gas
generation. Clumped isotope thermometry constrains the
temperature of formation/equilibration when methane forms
in thermodynamic equilibrium. However, two cases are
known where nonequilibrium clumped isotope contents are
observed in thermogenic methane: unconventional oilassociated gases and coal pyrolysis experiments. It is
hypothesized that the non-equilibrated signature may be a
result of a specific formation mechanism, with cracking of
aliphatic hydrocarbons as the leading guess.
In order to test this hypothesis, we performed controlled
pyrolysis experiments on an oil-analog aliphatic compound,
n-octadecane (C18H38). We characterized the gas chemistry,
carbon and hydrogen isotope, and 13CH3D and 12CH2D2
compositions of the products. We also examined the carbon
and hydrogen isotope, and 13CH3D and 12CH2D2
compositions of several suites of unconventional gases from
Marcellus, Haynesville, Eagle Ford and Bakken formations.
Results to-date show that pyrolysis products have 13CH3D
composition relatively close to equilibrium at the
experimental temperature whereas 12CH2D2 are highly
depleted than expected for equilibrium. Similary,
unconventional oil-associated gases from Eagle Ford and
Bakken formations show depleted 12CH2D2 abundance.
We fit an isotope-enabled reaction model to these results,
demonstrating that the ‘combinatorial effect’ can explain the
inconsistency between the behaviors of 13CH3D and 12CH2D2.
The close-to-equlibrium 13CH3D composition and highlydepleted 12CH2D2 composition can be a novel signature for
secondary cracking of oil and wet gases in nature.

