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Introduction: Recently, a small quantity of me-

thane (≈ 10 ppbv) has been detected in the atmosphere 
of Mars by the Planetary Fourier Spectrometer (PFS) 
onboard the Mars Express spacecraft [1]. The photo-
chemical mean lifetime of the martian atmospheric 
methane is ≈ 300-600 years [1,2], and so it should not 
still exist today. To explain its presence, several scena-
rios have been invoked, like the release of methane 
from a subsurface reservoir, or the existence of an 
active biological (organisms living in the near subsur-
face of the planet [1,2,3]) or geological (e.g. olivine 
hydratation in the martian regolith or crust [4]) primary 
source of methane. The martian atmospheric methane 
could also come from the decomposition of possible 
methane clathrate hydrates in the near-subsurface 
[5,6]. Indeed, because they can trap methane over large 
timescales, clathrate hydrates could be a secondary 
reservoir, filled either by ancient or by current methane 
sources [5,6]. 

Such a mechanism has recently been studied by 
Chastain and Chevrier [6] with the program CSMHYD 
developed by Sloan [7], and for a model of an atmos-
phere containing only CO2 and CH4. We reinvestigate 
here this work, by using a statistical thermodynamic 
model based on experimental data and on the original 
work of van der Waals and Platteeuw [8]. This model 
enables calculations at lower temperatures than the 
CSMHYD, and for an initial gas phase containing 
more species. It is thus possible to study the composi-
tion of clathrate hydrates formed from the martian 
atmosphere, at temperatures even as lower as the ex-
treme ones measured in the polar caps (≈ 130 K [9]). 

 
Model: To carry out this study, we have used the 

same approach as in our previous studies devoted to 
the trapping of noble gases by clathrate hydrates on 
Titan [10,11], based on the statistical model proposed 
by van der Waals and Platteuw [8]. In such an ap-
proach the relative abundance �� of a guest species � 
in a clathrate hydrate (of structure I or II) is defined as 
the ratio of the average number of guest molecules of 
species � in the clathrate hydrate over the average total 
number of incorporated molecules, as : 
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where the sums in the denominator run over all species 
present in the system, and �
 and �� are the number of 
small and large cages per unit cell, respectively. This 
statistical approach relies on the representation of the 

interactions between the guest species � and the water 
molecules forming the surrounding cage by a spheri-
cally averaged Kihara potential. As a consequence, the 
calculations of the relative abundances of a guest spe-
cies trapped in clathrate hydrate strongly depend on the 
accurate determination of the interaction parameters. 

In this study, we have used the set of parameters 
for the Kihara potential determined by Parrish and 
Prausnitz [12] from experimentally measured clathrate 
hydrate properties. Unfortunately this set does not 
provide the complete list of Kihara parameters required 
by the molecules studied in our system. As a conse-
quence, for the CO molecule, we have used the para-
meters given by Diaz Peña et al. [13]. 

 
Results: This model has been used to calculate the 

composition of clathrate hydrates formed in the near 
subsurface of Mars as a function of the temperature 
and of the gas phase composition, from a martian at-
mosphere containing CO2, N2, O2, CO, Kr, Xe and Ar 
[15] together with CH4. Three different initial gas 
phase abundances of CH4 have been studied. In each 
case, the ratios between CO2, N2, O2, CO, Kr, Xe and 
Ar are taken equal to those measured in the present 
martian atmosphere, and the sum of all initial gas 
phase abundances is equal to 1. The largest value of 
CH4 initial gas phase abundance (50%) is typical of 
methane-rich conditions in which CH4 is supplied from 
below by microbial or geological processes or from 
above from ancient atmospheres. In contrast, the low-
est values (0.01% and 1%) are more typical of recent 
atmospheric compositions. 
The figure 1 shows the evolution with temperature of 
the relative abundances �� in clathrate hydrates of all 
the species initially present, and for the three different 
abundances of CH4 considered. For each case, the 
relative abundances of Ar, N2, O2, CO, Kr and CH4 
slightly increase with the formation temperature, whe-
reas that of CO2 and Xe slightly decrease, irrespective 
of the initial gas phase abundances. However, the trap-
ping of Ar, N2, O2, CO, Kr and Xe is always weak, 
whereas the incorporation of CH4 and CO2 in clathrate 
hydrates strongly depends on their initial gas phase 
abundances. Indeed, the figures 1(a) and 1(b) show 
that CH4 is poorly trapped when its initial gas phase 
abundance is lower than a few percent, whereas in 
such a situation, CO2 fills almost entirely the clathrate 
hydrates. On the contrary, considering a methane-rich 
initial gas phase leads to a strong competition between 
the trapping of CO2 and that of CH4 (figure 1(c)). 
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Figure 1: Relative abundances of CH4, CO2, CO, O2, N2, Ar, Kr and Xe in clathrate hydrates as a function of tem-
perature for the different methane abundances considered in the present work. 
 

To show the trapping efficiency, we have calcu-
lated the ratio between the relative abundance �� of a 
given gas in the multiple guest clathrate hydrate and its 
initial gas phase abundance �� [10,11]. These abun-
dance ratios have been calculated at the particular 
point on the dissociation curves corresponding to the 
present average atmospheric pressure on Mars, i.e. 
� � 7 mbar. 

These calculations show that in such conditions, 
the abundance ratio of CH4 increases with its initial gas 
phase abundance, but it remains lower than 1 in all 
situations, indicating that the trapping efficiency of 
CH4 in the multiple guest clathrate hydrates considered 
here is quite low. On the contrary, with an abundance 
ratio always larger than 1, CO2 is trapped in clathrate 
hydrates with a high efficiency. Thus, although the 
trapping of CH4 becomes more and more efficient 
when its initial gas phase abundance increases, it re-
mains much less efficient than the trapping of CO2. 
Note that the trapping of Xe (and in a lesser extent that 
of Kr) by clathrate hydrates is very efficient. However, 
Xe, Kr, Ar, CO, N2 and O2 have abundances almost 
negligible in the multiple guest clathrate hydrates con-
sidered in the present study. 

 
Conclusion: Our calculations show that CO2 and, 

in a lesser extent CH4, are strongly trapped in the mul-
tiple guest clathrate hydrates considered here, even 
when additional gases such as Ar, Kr, Xe, CO, O2 and 
N2 are present in the initial gas phase. Indeed, these 
latter gases do not influence the composition of the 
corresponding clathrate hydrate, although some of 
them are strongly trapped (Xe and Kr). 

Although we have considered an initial gas phase 
containing more species than the one studied by Chas-
tain and Chevrier [6], our results are mostly similar to 
those they obtained, that is in presence of CO2, a me-

thane-rich clathrate hydrate can be thermodynamically 
stable only if the gas phase is itself strongly enriched 
in CH4. 

As a consequence, if methane-rich clathrate hy-
drates exist on Mars, they cannot have been formed 
from the present martian atmosphere (poor in methane 
[1,2,15,16]), but only from an early martian atmos-
phere, richer in CH4 than the present one. 
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