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Introduction:  Methane was first detected in the 

Matian atmosphere in 2003 [1-3], and its implications 
have been widely debated [e.g., 4-8]. Methane can be 
generated in terrestrial biological systems, and so is a 
potential indicator for past or present life (see e.g., 
[4,5]). However, methane can be produced anorgani-
cally (without intervention of life) in several sorts of 
terrestrial environments, some of which are relevant 
for Mars [4-7,9-13]. On Earth, anorganic methane can 
be produced by redox reactions associated with high- 
and low-temperature alteration of Fe-bearing rocks, so 
long as carbon is present. Methane production is com-
mon in mid-ocean ridge hydrothermal systems, and 
wherever serpentine is forming [6,7]. In fact, the anor-
ganic production of methane on Earth is estimated to 
be 50–70 Mt y-1 [15].  Methane-producing reactions, in-
cluding serpentinitization, can also provide significant 
energy that can be utilized by living organisms [14].  

Thermochemical modeling of rock-water chemical 
reactions shows that, in addition to methane, molecular 
hydrogen and other reduced gas species can be pro-
duced. The alteration phases formed by those proc-
esses include hydrous silicates. Here, I quantify meth-
ane production and alteration minerals from three Mar-
tian rock compositions and pure olivine and compare 
them to the amounts released and observed in 2003.   

Method: The CHILLER code [16] is used to 
evaluate gas phases and mineral assemblages that are 
likely to form from Martian rocks in low-temperature 
alteration environments. Earlier, Schwenzer and Kring 
[17,18] modeled LEW 88516 whole rock composition, 
LEW 88516 olivine and Chassigny at 1 °C at 1 bar (= 
near Mars’ surface); here I add models with the com-
position of the Martian rock Fastball [19] at those con-
ditions and at 13 °C and 110 bar (~ 1 km depth [20]).  
CO2 concentration in the solution is adjusted to that in 
equilibrium with current Martian atmosphere: 0.2x10-4 
mole/L.  The system is closed to atmosphere and no 
further supply of C-species is available during con-
sumption of CO2 through the reaction. For compari-
son, I ran a model with higher CO2 concentration to 
explore the effects of a potentially denser atmosphere 
on early Mars or subsurface CO2 sources.  Results are 
in Figure 1-4, and Table 1.  

 

Fig. 1 (right): Alteration minerals (bar chart) and gas 
(pie chart; H2 (yellow), H2O (red)) formed upon alteration of 
LEW 88516 whole rock and olivine, Chassigny, and Fastball 
composition. Note, that the amount of CH4 produced is di-
rectly dependent on the amount of C-species in the system 
(see text). 
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Table 1. Amount of gas produced and concentrations of main 
gases. Gas amount is in wt.-% of total products and equals 
to the production from 1 kg of host rock; individual gases 
are given as wt.-% of the amount of total gas. Mole CO2 in 
the Fastball models refer to CO2 in the fluid; LEW 88516 
and Chassigny models were done with 0.2x10-4 mole CO2. 
 

 LEW 
88516 

LEW 
88516 Ol 

Chas-
signy 

T[°C]/P[bar] 1/1 1/1 13/110 
Gas amount [%] 3.5x10-3 0.131 0.065 
H2 93.68 94.02 77.22 
H2O 5.95 5.97 22.78 
CH4 0.37 1.0x10-3 0.8x10-6 
    
 Fastball 

0.2x10-4 
mole CO2 

Fastball 
0.2x10-4 
mole 
CO2 

Fastball 
0.01 mole 
CO2 

T[°C]/P[bar] 1/1 13/110 1/1 
Gas amount [%] 0.021 6.8x10-3 0.007 
H2 94.01 77.30 0.21 
H2O 5.92 22.70 0.76 
CH4 0.07 0.8x10-6 99.03 

 
Comparison to the observed “plume” release: The 

models show that, in fluids of 0.2x10-4 mole/L CO2, 
between 1.5x10-5, and 5.2x10-10 g methane are pro-
duced from the alteration of one kg of the above rocks 
and minerals. Methane production is limited by the 
limited availability of CO2/CO, and is therefore a mini-
mum estimate. To maintain the observed concentra-
tions of methane in the modern Martian atmosphere, a 
source of 1.26x105 kg yr-1 is required [4]. In this 
CO2/CO limited scenario, to match this or the largest 
observed plume (2003,  ~1.86x107 kg [3]) requires the 
complete alteration of 8.4x1011 kg or 1.2x1012 kg (0.2 
or 0.4 km³) of rock, respectively (taking the Fastball 
composition at 1 °C and 1 bar). If additional CO2 is avail-
able, more methane can be produced (Tab. 1). This 
conservative estimate demonstrates that a comparably 
small volume of rock is needed to produce the methane 
required to match the measured concentrations.  

Age of the methane and potential storage proc-
esses: An interesting question is, whether this methane 
is ancient (Noachian or Hesperian), or produced today. 
Ancient production on Mars during the Noachian is 
easily possible, because high-temperature environ-
ments in volcanic and impact generated hydrothermal 
systems were ubiquitous.  If the observed methane is 
of Noachian age, the question remains, how this meth-
ane has been stored. Max and Clifford [13] suggested 
methane-clathrate formation during the Noachian, 
which could bind CH4, and release it at any later time.   

Our calculations show that anorganic methane pro-
duction is possible on today’s Mars. With a geother-
mal gradient of 13 °C [20] and subsurface water, a 
considerable amount of methane could theoretically be 
produced at depth. Caution has to be exercised about 
production rates, because the formation of CH4 from 
CO or CO2 and H2 may be kinetically inhibited or very 
slow [21]. Therefore, methane production at high tem-
peratures, such as in hydrothermal systems, might have 
been the dominant process; and thus Noachian anor-
ganic methane could be the source for the methane 
observed today. The methane plume of 2003 was cen-
tered over the Syrtis Major shield volcano and the ad-
jacent Noachian terrane of Nili Fossae, which lead 
Mumma et al. [3] to suggest that the methane was ei-
ther related to the volcano or to the abundant clays 
found in the Nili Fossae area [3].   

If the methane is Noachian in age, impact craters 
could be significant in two ways. First, the heat re-
leased during crater formation could have driven both  
high- and low-temperature alteration of rocks ([17], 
Tab. 1) that produced methane. Second, impact craters 
can produce several sorts of reservoir structures for 
retention of methane: structural traps like faults, and 
stratigraphic caps like sheets of impact melt [22,23].  
Thus, impact craters could promote generation of 
methane, and trap it against escape to the atmosphere. 
Disruption of these traps, as by temperature changes, 
mass movement, or marsquake could lead to the sud-
den release of stored methane.   
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