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 Introduction: Methane on Mars is a topic of intense 

interest because of its potential association with 
microbial life. Methane releases have been detected 

from Mars orbit by the Planetary Fourier Spectrometer 

on Mars Express [1-2], from telescopic observations 

from Earth [3], and from ground-based observations by 

the Curiosity rover [4-5]. These reports attest to 

spatially and temporarily varying methane in the 

atmosphere, but the origin and significance of that 

methane is unknown. Might it be abiotic (e.g., from 

chemical reactions or thermogenesis) or biotic (from 

microbial processes)? And when could any such 

methane have formed? If ancient, where would it be 

stored? And how and why is it released?  Here we 
discuss these questions, using the extensive knowledge 

of CH4 generation and migration from the petroleum 

industry and study of terrestrial methane seeps. 

 Background: Previous work has evaluated the 

possibility that the methane occurrence on Mars (~0.2-

60 ppbv) might be derived from atmospheric processes 

(e.g., UV-breakdown of surface organics). However, 

none of the processes considered is thought to account 

well for the methane detections [5]. In addition, the 

possibility of cometary delivery of methane [6] has 

been questioned, as to date, few correlations with 
atmospheric methane have been compelling [5, 7]. 

 In contrast, subsurface sources of methane are 

viewed as likely, based on terrestrial analogs of 

methane generation and emission through macro-seeps 

(e.g., from mud volcanoes, vents or springs) and 

microseepage (diffuse exhalations, unassociated with 

structures) [8]. Below we discuss subsurface processes 

most likely to be relevant to Mars (see [8] for details).  

 Methane generation:   Abiotic mechanisms include 

thermogenesis (due to thermal alteration of abiotic 

organics), Fischer-Tropsch Type (FTT) reactions, UV-

irradiation or ablation-pyrolysis of meteoritic organics, 
high temperature geothermal reactions, and magma 

degassing. Of these, thermogenesis and FTT reactions 

may be among the most significant for Mars.  

 1) Thermogenesis: On Earth, methane is commonly 

generated by thermal degradation of organics during 

burial, but this process has only recently been 

considered for Mars ([8] and references therein). On 

Mars, huge amounts of abiotic organics (>1015 kg) are 

estimated to have been delivered by meteorites and 

Interplanetary Dust Particles (IDPs), especially in first 

half billion years of Mars’ history [9]. UV- degradation 
of that material probably would have been less than 

today since Mars would have had a thicker atmosphere 

in that early period. In addition, early Mars fluvial 

processes would have concentrated and buried those 

organics in deep basins of the lowlands, adding long-

term protection from UV. Geothermal heating with 
burial could have produced methane by thermogenesis 

[8], a possibility supported by pyrolysis study of 

organics in the Murchison meteorite [10]. On Earth, 

methane starts to be generated at temperatures > ~60°C 

and is significant by 150°C. On Mars, Noachian to 

Hesperian geothermal gradients (GTGs) are estimated 

at ~10 to > 20oC km-1 [11], and using 20oC km-1, 

methane would begin to be produced at a depth of 3 

km, well within the fill estimates for lowlands basins 

[12]. Less burial would be needed in areas of higher 

GTGs due to magmatism or heating from large impacts.  

 2) FTT reactions:  The simplest FTT reaction that 
can be considered for Mars is CO2 hydrogenation 

(Sabatier reaction): CO2 + 4H2 = CH4 + 2H2O.  CO2 can 

come from magma degassing, thermal decomposition 

of carbonates, and from the atmosphere.  H2 can derive 

from serpentinization, radiolysis, cataclasis of silicates 

in fault zones, or magmatic degassing. We know that 

serpentinization has occurred on Mars from orbital 

detections of serpentine [13], and other work suggests 

that serpentinization has been a major source of H2 in 

the martian subsurface [14]. Serpentinization requires 

liquid water, olivine and pyroxene and most likely 
would occur in areas of ultramafic rocks. In addition, 

ultramafics include metal-rich rocks (such as 

chromitites), which can contain significant amounts of 

ruthenium (Ru), a catalyst that can support FTT 

reactions at low temperatures (< 100°C).  Relatively 

high concentrations of Ru have been reported in 

martian meteorites Chassigny and Chassignite NWA 

2737 [15], so on Mars, low temperature FTT abiotic 

methane could have been produced in regions with 

Chassigny-like rocks [8]. 

 Biotic mechanisms would include 1) thermogenesis, 

as above, but of biogenic organics that were remnants 
of potential past life forms (as in kerogen, on Earth), 

and 2) methanogenesis by microbes that may live today 

or have lived in the past in the subsurface. If 

methanogenesis were by past organisms, that methane 

could still be stored in the subsurface. Yet, though a 

biotic origin for martian methane is conceivable, there 

is no firm evidence for past or present martian life.  

 Methane storage: Subsurface CH4 will migrate up 

faults and fractures until it is trapped in 1) permeable 

rocks sealed by less permeable rocks or 2) in clathrates 

or possibly zeolites. Mars traps could include structures 
formed in impact craters by uplifted/tilted fault blocks 

and collapse graben (e.g., Fig. 1). If effective seals, 

such as permafrost, are present, then CH4 

accumulations could persist in the subsurface. 
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Fig. 1.  Schematic cross section of complex impact crater, 
showing fault blocks that could provide structural traps for 

methane (adapted from [16] and [17]). 
 

 Methane clathrates (hydrates) hold methane within 

the lattice of frozen water molecules. These hydrates 

are estimated to exist in the martian subsurface from 

depths of ~ 10 m to 20 km and to represent a potential, 

major hydrocarbon resource [18]. Zeolites trap CH4 by 

adsorption into their ring structure and form by reaction 
of alkaline waters with volcanic rocks and ash. They 

have been detected on Mars and are thought to have 

formed mainly in the Noachian, though some are 

reported in younger lowlands settings [19].  

 Methane release: On Earth, methane migrates 

through faults and fractures in flow driven by pressure 

gradients and controlled by permeability. On Mars, 

even in the absence of significant plate tectonics, there 

are global faults from stresses related to the buildup of 

Tharsis, the formation and evolution of the dichotomy, 

and large impacts [8] (e.g., Figs. 2A-B).  Those faults 

 
Fig. 2. Faults/fractures on Mars. A, Regional image; 

MOLA elevation (reds, highs; blues, lows). B, Daytime IR 
showing fractures of Nili Fossae. C, HiRISE image of 

faults, Danielson crater, Arabia Terra, 8.1°N, 353.2°E.   
 

would penetrate the deep subsurface. Ongoing stresses 
due to smaller impacts, planetary cooling, or erosion 

could reactivate older faults and produce more recent 

and shallow fractures (e.g., Fig. 2C). These could link 

with the deep faults, providing conduits for gas 

emission to the atmosphere. Triggers for methane 

release would include changes in pressure/temperature 

that might destabilize clathrates/zeolites or melt 

permafrost as well as tectonic adjustments that could 
breach seals of trapped methane [8]. 

 Summary and Conclusions: Methane in present-

day releases on Mars may be ancient or recent and 

abiotic or possibly biotic (though there is no confirming 

evidence for biotic contributions). Significant abiotic 

methane is likely to have been produced by 

thermogenesis (thermal alteration of meteorite-/IDP-

derived organics) and FTT reactions.  Thermogenesis 

would be expected in deep basins and areas of high 

GTG while FTT reactions would occur in regions with 

ultramafics, particularly Chassigny-like chromitites.    

 Methane can be stored in subsurface clathrates, 

zeolites, and permafrost-sealed traps. It can be released 

to the atmosphere through macro-seeps (mud 

volcanoes, vents, springs) and through diffuse 

microseepage over areas of methane accumulation.  

Present-day releases can be triggered by temperature or 

pressure changes and seismicity due to impacts or 
continuing planetary stresses. Even though much of 

Mars’ potential subsurface methane may have been 

generated in the past, “Late Mars” activities provide the 

triggers for the releases that are being reported today. 

 Understanding subsurface methane generation, 

storage, and seepage on Mars allows geologic analysis 

to define potential areas of methane accumulation and 

release. These areas can be compared to methane 

detections and to constraints determined by modelling 

[20]. This type of comparison will help define 

candidates for future ground-based analyses that may 

provide more insight into the origin of the methane, its 
subsurface occurrence and potential relevance to life. 
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