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Introduction:  As we go forward with astrobi-

ological missions to Mars, the identification of ad-

vantageous landing and research sites is of extreme 

importance. “Following the resources” is an obvious 

mantra in the search for appropriate sites.  Mars has 

plentiful carbon in the form of CO2, and the possibil-

ity of subsurface H2 gas has been established [1, 2, 

3].  Based on the following, methanogens have been 

suggested as a terrestrial analog of organisms that 

might be found in the martian subsurface: 

 

1)  Methanogens have the ability to utilize CO2 

and H2 as their sole carbon and energy sources [4], 

2)  Small amounts of methane have been detected 

in the martian atmosphere [5, 6, 7], 

3)  Some methanogens have the ability to fix ni-

trogen, thereby addressing the potential “nitrogen 

dilemma” on Mars [8]. 

 

The points listed above are important, but an or-

ganism’s micronutrient requirements should not be 

neglected in discussions of targeted research loca-

tions.  Availability of micronutrients is vital to an 

organism’s survival.  With this in mind, we initiated 

investigations of methanogens’ ability to extract nec-

essary micronutrients from materials similar or iden-

tical to those existing on Mars.  The results have 

stimulated investigations into possible alternative 

metabolic pathways that might occur in Mars-like 

environments. 

 

Methods:   

Three species of methanogens were used:   

 Methanobacterium formicicum 

 Methanosarcina barkeri 

 Methanothermobacter wolfeii 

Methanogenic cells were centrifuged and washed 

three times with sterile bicarbonate buffer to help 

minimize residual nutrient carryover.  The cells were 

then suspended in sterile buffer and injected into 

sterile, anaerobic tubes containing Mars regolith ana-

log.  Bicarbonate buffer and hydrogen gas provided 

carbon and energy.  The tubes were periodically 

pressurized with CO2 and H2.  Gas chromatography 

was used to analyze headspace composition.  Organ-

isms were transferred to new substrate tubes when 

substantial methane was detected.  This helped ex-

haust residual nutrients possibly stored during 

growth in the initial stock culture.  Two transfers of 

these cultures were performed. 

The following Mars regolith analogs were tested 

and compared to a sterile buffer control over a period 

of eight months: 

Jarosite 

Nontronite 

Montmorillonite 

JSC Mars-1 [9] 

JSC Mars-2 [10] 

 

Results:  Graphical representations of data col-

lected during the eight-month study are shown below 

(Figs. 1, 2, 3).  The two marked peaks on each graph 

indicate when culture transfers occurred.  Drops in 

methane concentration subsequent to the second 

transfer are due to periodic re-pressurization with H2 

and/or CO2.  Statistical analysis of final means 

showed methane production rates significantly 

greater than the control in the following substrate 

tubes: 

M. formicicum:  Montmorillonite 

M. barkeri:     Montmorillonite, JSC Mars-1 

M. wolfeii:     Montmorillonite, JSC Mars-1  
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Figure 1:  Methane production by M. formicicum on vari-

ous Mars-relevant geochemical substrates. 
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Figure 2:  Methane production by M. barkeri on various 

Mars-relevant geochemical substrates. 
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Figure 3:  Methane production by M. wolfeii on various 

Mars-relevant geochemical substrates. 

 

Discussion:  The results presented here indicate 

that methanogens can obtain necessary micronutri-

ents from materials present on Mars.  Subsequent, 

smaller investigations have supported this conclu-

sion.  These results also prompted us to inquire why 

two similar clay substrates such as nontronite and 

montmorillonite showed such contrasting results.  

The major difference between the clays is the high 

Fe
3+

 content of nontronite.  It was first thought that 

the Fe
3+

 might be oxidizing the CH4, but work was 

done to test this idea and has suggested otherwise.  A 

follow-up investigation was initiated to determine if 

the methanogens are preferentially metabolizing the 

Fe
3+

 in the nontronite.  Visual comparison of micro-

environments and initial analysis of the liquid phases 

present in the substrate tubes indicate that reduction 

of Fe
3+

 is occurring.  XRD and magnetic analyses 

indicate that magnetite formation is not likely.  It is 

thought that the dark layers shown below (Figs. 4, 5) 

are reduced nontronite containing structural ferrous 

iron. 

 

 
Figure 4:  Balch-tube microenvironments containing non-

tronite and bicarbonate buffer.  This picture was taken 

early in a follow-up study.  The six tubes on the left show-

ing discoloration contain methanogenic species, while the 

two control tubes on the right are identical except for their 

lack of microorganisms. 

 
Figure 5:  Progressive buildup of discolored material in 

tubes containing M. formicicum. 

 

Further work is being done to characterize the 

observed mineralogical alterations.  In addition, ex-

periments utilizing alternative electron sources 

known to occur on Mars are ongoing, as are experi-

ments involving methanogens incubated at Mars-

relevant temperatures. 
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