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Introduction: The origin of the martian methane is 

still poorly understood. Recent in situ measurements 
performed by Mars Science Laboratory (MSL) have 
evidenced variations in the methane detection at the 
location of Gale Crater. Despite a background level of 
methane remaining at 0.69 ± 0.25 ppbv, an elevated 
level of methane of 7.2 ± 2.1 ppbv was evidenced dur-
ing a timespan of ~6 months [1], a range of values 
comparable to the levels observed remotely during the 
last decade. 

Because local methane enhancements such as those 
measured by MSL require CH4 atmospheric lifetimes 
of less than 1 yr [2], its release from a subsurface res-
ervoir or an active primary source has widely been 
discussed in the literature. A plausible explanation is 
that CH4 could have been produced either by hydro-
thermal alteration of basaltic crust [3] or by serpentini-
zation of ultramafic rocks producing H2 and reducing 
crustal carbon into CH4 [4-8]. Once formed, methane 
storage on Mars is commonly associated to the pres-
ence of hidden clathrate reservoirs. Martian clathrates 
would form an intermediate storage reservoir in the 
subsurface that regularly releases methane into the 
atmosphere 

Here, because of their ability to trap substantial 
amounts of gases, we suggest that zeolites may form 
an alternative plausible storage reservoir of methane in 
the martian subsurface. Spectral evidence for the pres-
ence of zeolite has been found on the martian surface 
[9-12] and there is strong geological case arguing for 
the presence of this aluminosilicate as part of the mar-
tian regolite. 

 
Adsorption properties of the chabazite zeolite: 

Because chabazite is the end product of weathering 
sequences in a wide range of chemical context ranging 
from silica-rich to silica-poor volcanic rocks, we esti-
mate that this mineral is a good candidate to account 
for the widespread occurrence of zeolites on Mars. 

The common chemical formula of a hydrated cha-
bazite is [Ca6Al12Si24O72],(H2O)40. There exists several 
forms of chabazite zeolites that differ from their Si/Al 
ratio and the nature of cations, which counterbalance 
the electric charges. The framework structure of cha-

basite is composed of SiO4 and AlO4 tetrahedrons 
joined by their oxygen atoms. This arrangement forms 
primary building units interconnected by secondary 
building units, as shown in Fig. 1. The unit cell of cha-
bazite thus contains one large ellipsoidal cavity ac-
cessed by six 8-ring windows [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Structural arrangement of chabazite unit cells viewed 
along [001] [14]. For clarity reason the silicon, aluminium, 
oxygen and alkali atoms are not represented. 

 
The chabazite zeolite gets specific adsorption prop-

erties for various molecules having a size smaller than 
the 8-ring apertures, which gives them access to the 
ellipsoidal cages. Owing to the presence of compensa-
tion alkali cations, the chabazite is a hydrophilic mate-
rial. This zeolite is also able to adsorb CO2 and CH4, 
two molecules of interest for the martian atmosphere. 
Figure 2 represents the evolution of the CH4/CO2 ratio 
in chabazite as a function of the CH4/CO2 ratio in the 
coexisting gas at three temperatures of interest, namely  
the coldest winter temperature reached in the south 
pole region (150 K), and the average night (200 K) and 
day (300 K) surface temperatures at mid-latitudes. It 
shows that the CH4/CO2 ratio must be in the ~10-5-
3x10-4 range at 150 K in the coexisting gas phase to 
give a ratio in chabazite matching the values measured 
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by MSL (between ~0.25 and 7.2 ppbv). On the other 
hand, CH4/CO2 ratios exceeding ~0,1 and 4 ppmv in 
gas give ratios in chabazite that are always higher than 
the MSL values at 300 and 200 K, respectively. 

 

 
Fig. 2: CH4/CO2 ratio in zeolite as a function of its ratio in 
coexisting gas represented at T = 150, 200 and 300 K and 0.6 
KPa of total pressure. The grey area corresponds to the range 
of CH4 measurements made so far by MSL in the martian 
atmosphere. 

 
 
Discussion: Comparison with models depicting the 

composition of clathrates potentially existing in the 
martian subsurface shows that zeolite can be a compa-
rable methane sink at significantly higher tempera-
tures. For example, the CH4/CO2 ratio in chabazite is at 
least 10% the value in the coexisting gas at tempera-
tures exceeding 285 K. Similar selectivities are 
achieved in clathrates for CH4 mole fractions in the  
10-4-10-2 range but the existence of these structures 
requires temperatures lower than ~150 K at 0.6 kPa of 
atmospheric pressure [15], namely the coldest tempera-
ture reached during winter in the south pole region. 
Therefore, scenarios advocating a substantial trapping 
of volatiles in martian clathrates argue that these ices 
are buried in the soil at sufficient depth, allowing them 
to be isolated from the atmosphere and remain stable 
over long time periods [7, 15-18]. This scenario also 
applies to martian zeolites, allowing CH4 to be ex-
tracted either from a potentially methane-rich ancient 
atmosphere or directly from an abiotic source localized 
in the crust. Because of their burial in the soil, zeolites 
could have preserved the trapped methane over long 
time periods and create the sporadic releases observed 

in the atmosphere over the last decade due to impacts, 
seismic activity or erosion. 
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