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Gas hydrates (clathrate hydrates) have been suggested to be of major importance in
planetary bodies like Mars (as CO2 hydrate) [1] or Titan (as methane hydrate) [2].
Recently, decomposition of gas hydrates into vacuum has been proposed as a mech-
anism of Enceladus’ plume formation [3]. We will report on laboratory work related
to composition and stability as well as the formation and decomposition kinetics of
gas hydrates with a focus on CO2, methane and neon hydrates and covering a tem-
perature range from∼120 K up to the ice melting point. In-situ neutron diffraction,
Raman spectroscopy and electron microscopy are used to establish a general model
for hydrate formation and decomposition including the effect of anomalous preserva-
tion; the latter is explained in terms of an ice shielding effect [4], which depends on
the ice microstructure [5] and varies with guest type and the p-T conditions during the
initial decomposition step. Our work [6] clearly establishes the importance of exposed
surface area for the formation and decomposition of gas hydrates. Furthermore, the
crystallographic nature of the water ices (amorphous ice, ice Ic and normal ice Ih) in-
volved appears to play some role for the kinetics. It turns out that “cubic” ice (Ice Ic)
well known from small icy bodies may be of particular importance also in planetary
settings. Our studies give clear indications on the still unresolved question whether or
not CO2 hydrates play any major role in terra-forming processes on Mars. The sea-
sonal near-surface formation of CO2 hydrates in polar regions of Mars is considered
to be unlikely due to very slow reaction kinetics. Also, the experimentally established
cage fillings contradict earlier speculations for planetary noble gas reservoirs in the



form of mixed CO2 hydrates.
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