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Abstract

In recent years, methane was detected in the Mar-
tian atmosphere [4, 5, 6, 7, 9]. However, its origin is
still unknown at present time and several mechanisms
have been suggested to explain its presence on the red
planet such as volcanic activity, contribution from me-
teorites and comets, photolysis of water in presence
of carbon monoxide, hydrogeochemical processes or
biological activity [1, 2]. Whatever the process of
methane formation, past or present CHy can be stored
in clathrates. These chemical compounds formed by
water and gas are stable in the Martian crust and could
serve as methane reservoirs. A change in temperature
or pressure can lead to the dissociation of clathrates
and thus the release of the trapped gas. The stability
zone of clathrates approach the Martian surface with
increasing latitude. Seasonal and interannual ther-
mal oscillations could therfore destabilize clathrates at
high latitude and cause the release of methane.

1. Introduction

Methane, observed at a level of 10 ppbv in Martian at-
mosphere, has a non-uniform distribution involving a
lifetime of 200 days, smaller than the 300 years cal-
culated by photochemical models [8]. Another in-
teresting characteristic about methane is the correla-
tion between the mixing ratios of water vapor and
methane [6] that strengthens the existence probability
of methane clathrates on Mars. Indeed, CH4 concen-
tration is higher where the water vapor is more abun-
dant. In order to explain this phenomenon, the exis-
tence of metastable clathrates decomposing in the at-
mosphere and releasing methane has been suggested
[3]. In this work, we focused on the stability of
clathrates in the Martian crust. Current conditions of
the red planet do not allow them to be stable on the sur-
face but they can remain stable in the crust if they were
formed below a certain depth depending on the surface
temperature conditions. With the change in tempera-

ture inside the crust it is possible to obtain destabiliza-
tion of clathrates.

2. Stability of clathrates

The region of the crust that meets the criteria for ther-
modynamic stability of clathrates is called clathrate
stability zone. We calculated this stability zone in the
present conditions of Mars for methane and carbon
dioxide clathrates. We used the software CSMHYD
[10] to obtain the phase diagrams of clathrates.
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Figure 1: Phase diagram of methane clathrate obtained
using the software CSMHYD [10].

We calculated the temperature and pressure variations
in the crust of Mars by assuming that the latter was
constituted of basalt with pores filled with ice. By
comparing the phase diagrams with temperature pro-
files obtained, we were able to determine the depths of
the start and the end of the methane and carbon diox-
ide clathrate stability zone in the crust for different lat-
itudes. The results showed that the clathrate stability
zone approaches the surface with increasing latitude
(therefore increasing the possibility to have methane
degassing near the poles) and that COs clathrates were



formed at shallower depth than methane clathrates
(therefore increasing the possibility to have methane
if methane is mixed with CO5).

3. Destabilization of clathrates

The temperature changes within the crust due to sur-
face temperature variations can cause the destabi-
lization of clathrates and release the trapped gas.
We studied the destabilization due to seasonal sur-
face temperature variations as well as changes in the
planet’s obliquity. The thermal oscillations caused by
the variation of the obliquity could have destabilized
clathrates at all latitudes while the seasonal or interan-
nual thermal oscillations destabilize clathrates at high
latitudes only.

4. Conclusion

Current conditions in the crust of Mars are favorable to
the presence of clathrates. These chemical structures
can serve as methane reservoirs and their dissociation
could release CH, in the atmosphere of Mars.
Observed spatial and temporal variations of methane
on Mars is not inconsistent with presence of clathrates
whose stability zone varies as a function of surface
temperature in seasonal and longer time scales.

In the present study, we considered a homogeneous
soil. The composition and thermo-physical proper-
ties of soil vary spatially and the geothermal flux is
likely not constant over the surface of Mars. We are
currently investigating the changes in clathrate stabil-
ity zone due to spatial variation of crustal temperature
profiles and other effects such as the salinity of water.

Acknowledgements

This research has been funded by PRODEX and the In-
teruniversity Attraction Poles Programme Planet Top-
ers, both initiated by the Belgian Science Policy Of-
fice.

References

[1] Atreya, S.K., Mahaffy, P.R., and Wong, A.-S.: Methane
and related trace species on Mars: Origin, loss, implica-
tions for life, and habitability, Planet. Space Sci., Vol. 55,
pp. 358-369, 2007.

[2] Bar-Nun, A. and Dimitrov, V.: Methane on Mars: A
product of H2O photolysis in the presence of CO, Icarus,
Vol. 181, pp. 320-322, 2006.

[3] Chassefiere, E.: Metastable methane clathrate particles
as a source of methane to the martian atmosphere, Icarus,
Vol. 204, pp. 137-144, 2009.

[4] Fonti, S. and Marzo, G.A.: Mapping the methane on
Mars, Astron. Astrophys., Vol. 512, id.A51, 2010.

[5] Formisano, V., Atreya, S., Encrenaz, T., Ignatiev, N.,
and Giuranna, M.: Detection of methane in the atmo-
sphere of Mars, Science, Vol. 306, pp. 1758-1761, 2004.

[6] Geminale, A., Formisano, V., and Giuranna, M.:
Methane in martian atmosphere: Average spatial, diur-
nal, and seasonal behaviour, Planet. Space Sci., Vol. 56,
pp. 1194-1203, 2008.

[7]1 Krasnopolsky, V.A., Maillard, J.-P., and Owen, T.C.:
Detection of methane in the martian atmosphere: Evi-
dence for life?, Icarus, Vol. 172, pp. 537-547, 2004.

[8] Lefevre, F. and Forget, F.: Observed variations of
methane on Mars unexplained by known atmospheric
chemistry and physics, Nature, Vol. 460, pp. 720-723,
2009.

[9] Mumma, M.J., Villanueva, G.L., Novak, R.E.,
Hewagama, T., Bonev, B.P.,, DiSanti, M.A., Mandell,
A.M, and Smith, M.D.: Strong release of methane on
Mars in northern summer 2003, Science, Vol. 323, pp.
1041-1045, 2009.

[10] Sloan, E.D. and Koh, C.A.: Clathrate hydrates of natu-
ral gases, CRC Press, 2008.



