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Introduction:  Ferrous iron (Fe(II)) can serve as an 

electron donor for chemolithotrophic iron-oxidizing 

microorganisms under both oxic and anoxic condi-

tions. It may also have played a role in past (and possi-

bly, present) life on Mars, whose crust has a relatively 

rich content of Fe(II)-bearing silicate minerals (e.g. 

ultramafic basalt rocks) [1]. Our initial goals were to 

determine whether an established chemolithoauto-

trophic Fe(II)-oxidizing, nitrate-reducing culture [2-4] 

can grow by oxidation of Fe(II) in basalt glass.  Previ-

ous and ongoing NAI-supported studies have demon-

strated that this culture is capable of growing with in-

soluble Fe(II)-bearing phyllosilicate phases such as 

biotite, smectite, and illite.   

Our interest in the potential for microbial oxidation 

of Fe(II) in basalt glass stems from recent suggestions 

that near-surface hydrothermal venting may have oc-

curred during past periods of active volcanic/tectonic 

activity on Mars [5].  Such activities could have pro-

duced basalt glass phases that might have served as 

energy sources for chemolithotrophic microbial activi-

ty.  We plan to study Fe mineral transformations asso-

ciated with this process, as well as other mineral for-

mation reactions that might accompany utilization of 

the ferric iron produced by Fe(II) oxidation.  In both 

cases, the potential exists for generation of mineralogi-

cally or morphologically unique phases that could 

serve as biosignatures of microbial activity.   

Basalt Glass:  The basalt glass, contributed by 

USGS volcanologist F. Trusdell, was collected molten 

from the TEB flow, Kilauea, HI and quenched with 

water. It was ground by a SPEX Shatterbox and the 

clay sized fraction was isolated via gravitational grain 

size separation based off Stoke’s Law.  

Enrichment Culture:  KS-Mad is a Fe(II)-

oxidizing, nitrate-reducing, culture capable of auto-

trophic growth via the following reaction [2-4]: 

 

10Fe
2+

 + 2NO3
- 
+ 24H2O→10Fe(OH)3 + N2 + 18H

+ 

 

The culture is dominated (95%) by a phylotype 

similar to Sideroxyns lithotrophicus, an autotrophic 

Fe(II)-oxidizer [4]. 

Current Work:  The total iron content of the bas-

alt was 7.7 wt % as determined by HF dissolution and 

ferrozine [6] analysis. Dilute (0.5M) HCl extraction 

was used to monitor changes in Fe(II) content over 

time. Nitrate concentrations were measured with a Di-

onex ion chromatograph. 

KS-Mad was maintained in anaerobic pressure 

tubes with 10 mM FeCl2∙H2O and 4 mM KNO3 in bi-

carbonate buffered (pH 6.8) medium [7] at 30 °C since 

1998.  

Experimental samples were prepared by anaerobic 

transfer of 1 mL from the maintained sample, with 10 

mM Fe(II) (from 0.5 g clay-sized basalt glass) and 4 

mM KNO3, into anaerobic pressure tubes containing 9 

mL of bicarbonate buffered (pH 6.8) medium [7] and 

incubated at 30 °C.  

Positive controls mimic the maintained conditions, 

and negative controls mimic the sample conditions 

minus the addition of KNO3. Initial results over the 

course of 10 days show a 25% oxidation of HCl ex-

tractable Fe(II) with no oxidation in the negative con-

trol, and 75% oxidation of Fe(II) in parallel FeCl2∙H2O 

cultures. 

Future Work:  Growth experiments will be con-

tinued in order to definitively link observation of Fe(II) 

oxidation to the KS-Mad culture. If confirmed, anaero-

bic reduction experiments will be conducted using 

Geobacter sulfurreducens to recycle the oxidized iron 

back to a ferrous form, after which the newly recycled 

Fe(II) will undergo further redox transformation by 

KS-Mad and G. sulfurreducens.  

 X-ray diffraction will be conducted over the 

course of growth experiments in order to characterize 

Fe phases produced during continued oxidation and 

reduction. ESEM will be used to visualize any associa-

tions between Fe phases and microbial cells. These 

analyses will be compared with samples abiotically 

oxidized by H2O2 and reduced by C6H8O6 to determine 

whether enzymatic activity produces compositionally 

or morphologically unique end products. 
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