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Recent evidence for plumes of methane outgassing 

from the Martian interior [1] provides support to the 

notion that there may be substainal chemical dise-

quilibrium in martian aquifers.  In the shallow subsur-

face, microbial life could be supported by methane 

oxidation coupled to the reduction of sulfate or metal 

oxides.  The past decade has seen substainal research 

into the microbial anaerobic oxidation of methane 

couled to the reduction of sulfate in Earth’s marine 

sediments. Recently, we reported that both manganese 

and iron can be used as electron acceptors in methane 

oxidation in marine sediments [2], which previously 

was thought to be exclusively a sulfate-dependent 

process. 

By following a 
13

C-label added to the methane 

headapace of incuabtions, we observed that manga-

nese, in the form of birnessite, and iron, in the form of 

ferrihydrite, can be used by marine sediment microbes 

in the absence of sulfate.  Manganese- and iron-

dependent marine methane oxidation occur at one 

fourth and one tenth the rate, respectively of sulfate-

dependent methane oxidation.  At present, we do not 

know the mechanism and the organisms responsible 

for manganese- and iron-dependent methane oxidation.   

Our most recent work has focused on characteriz-

ing organisms involved in manganese-dependent 

methane oxidation.  For this work we have compared 

the 16S rRNA phylotypes from our various incuba-

tions, performed fluorescent-in-situ-hybridization 

(FISH), and analyzed 
15

N-labeled samples using FISH-

SIMS (or FISH coupled to secondary ion mass spec-

trometry [3]).  In these studies, 
15

N-labeled ammonium 

was added near the end of the incubation to allow for 

the identification of the active microbial groups pre-

sent. 

 The delta Proteobacteria in the iron incubation 

show a large enrichment of organisms involved in both 

iron/manganese and sulfur cycling, many of which are 

also capable of sulfur disproportionation (Desulfobul-

bus, Desulfovibrio, and Desulfuromonas).  In contrast, 

the manganese incubation shows enrichment of puta-

tive metal reducers, a slight decrease in organisms in-

volved in metal/sulfur cycling, and a decrease in or-

ganism involved in sulfur cycling (mainly Desulfosar-

cina) as compared to its associated sulfate control.  

The FISH and the 16s rRNA results reveal the pres-

ence of ANMEs in these incubations.  Preliminary 

FISH and FISH-SIMS results show the growth of 

ANME/SRB shell aggergates in sulfate controls, and, 

in contrast, the growth of mixed and mixed cluster 

aggerates in the manganese incubations.  In other 

words, the dominant aggregate morphology (and pos-

sibly the type of ANME/SRB sub-species) appears to 

shift in the manganese incubation.The results indicate 

that the microbial process by which marine methane 

oxidation can be coupled to metal-reduction is similar 

to the process by which ANMEs couple methane oxi-

dation to sulfate reduction.  However, the results also 

suggest that several groups of metal reducing bacteria, 

as well as, mixed and mixed cluster aggergates are 

favored during manganese dependent methane oxida-

tion.  

The discovery of microorganisms capable of ma-

rine methane oxidation coupled to the reduction of 

metal oxides provides a useful Earth analog and labo-

ratory analog for a microbial metabolism possible in 

the shallow subsurface of Mars.  Our preliminary stud-

ies suggest that this metabolism is mediated by mixed 

and mixed cluster aggergates of bacteria and archaea.  

Of possible interest to future astrobioogical studies of 

Mars is the observation that sediments of the uplifted 

Franciscan Complex, a paleo-marine basin that had 

methane seeps, show 
13

C-depleted carbonate associated 

with rhodocrosite [4].  This kind of mineralogical 

biosignature reflecting metal-dependent methane oxi-

dation could be forming in shallow martian aquifers. 
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