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Introduction 
Judging from recent data, Martian surface waters of 

the past were rich in iron and sulfate [1], suggesting 
that metabolic pathways based on chemical reactions 
that utilize dissolved iron may have been employed by 
ancient life forms. On Earth, such pathways are abun-
dantly exemplified by microbes that oxidize or reduce 
iron [2,3]. Microbial communities centered on these 
kinds of bacteria may be viable Mars analogs, and re-
search on their biosignatures may help us to identify 
indications of past microbial life forms on Mars. 
Therefore we conducted a pilot study of carbon and 
iron isotopic characteristics of iron oxidizing bacteria 
in a small creek SE of Bloomington, Indiana (Fig. 1). 
We’ve chosen these two elements, because carbon is  

 

major building block of life as we know it and  iron 
provides a chemical energy for these organisms. The 
apparent exclusive occurrence of the mat biota in our 
study near a source of iron-rich (12.5 ppm Fe) waters, 
seems to suggest that iron availability confers a tangi-
ble benefit. This benefit could be (a) energy gain or 
alternatively a (b) reduction of ambient pO2. The latter 
can be considered a benefit because these microbes are 
microaerophilic [4]. 

 
Carbon isotopes: Leptothrix, the predominant mat 

building organism, is a chemoheterotroph and requires 
an organic carbon source to flourish [5]. Because we 
observed that the mats recovered within about a week 
after strong rainfall events, regardless of season, we 

assumed that the critical carbon source was not decay-
ing plant in the outflow channel, but rather dissolved 
organic carbon (DOC) in the springwater [6] (2 mg/l). 
The DOC consists probably of simple organic mole-
cules like acetate.  

When we began analyzing mat samples for carbon 
stable isotopes, our initial expectation was that mat 
microbes would cause a shift towards more negative 
δ13C values. Indeed, our first measurements on samples 
from August 2003 seemed to support this hypothesis 
(Fig. 2). However, when we resampled in February 
2004, our analyses showed a curious see-saw pattern of 
δ13C values (Fig. 2).  

 

 

Fig. 2: Changes in δ13C values of microbial mat carbon 
along the outflow channel (Fig. 1). See-saw pattern of 
δ13C values correlates with pools (decreasing δ13C) and 
stretches of rapid flow (increasing δ13C).  

Fig.1: Sketch of study site. Domal 
buildups of iron bacteria in deeper 
“pool” areas, thin flat mats (biofilms) 
in areas of shallow and fast flow. Out-
flow channel connects spring to Jack-
son Creek. Except for rainstorms, the 
outflow channel only contains water 
from the iron-rich spring. 
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The observation that these mats of iron bacteria 

produce carbon isotope fractionation relative to the 
likely source materials in both a negative and positive 
direction may reflect the combined effects of flow re-
gime and availability of organic carbon. In pools with a 
slow flow regime, more negative δ13C values in down-
stream direction may indicate greater availability of 
DOC (therefore more selective uptake) and probably 
increase in recycling of previously grown and decayed 
mat material [7]. In contrast, in the shallow fast flowing 
sections, where the DOC is much less available, the 
microbes gradually enrich the remaining downstream 
flowing DOC in 13C, causing an upwards shift in δ13C 
values in mats downstream (Fig. 2). 

 
Iron isotopes:  A preliminary set of Fe isotope data 

on aqueous Fe solutions and ferrihydrite-encrusted 
bacterial mats from our study site have been analyzed 
for their Fe isotope compositions (Fig. 3).  The ferric 
phase (Fe3+ from mat samples) has higher δ56Fe values 
than the corresponding ferrous phase (aqueous Fe2+) as 

would be expected based on the general observation 
that ferric iron tends to have higher 56Fe/54Fe ratios as 
compared to ferrous iron [8].  However, the difference 
in Fe isotope composition between ferrous and ferric 
iron is variable. At low Feaq concentration ∆56Feferric-

ferrous (the ferric-ferrous fractionation factor) is smaller 
as compared to high Feaq concentration (Fig. 3). It may 
suggest that in the latter conditions, the precipitation of 
ferric iron is partially catalized by iron-oxidizing bacte-
ria, as it is easier to precipitate 56Fe2+ iron, because the 
heavy isotopes preferentially tend to be at higher oxi-
dation state. At low Fe2+ concentration ∆56Feferric-ferrous 
value reaches its typical abiogenic level, because bacte-
ria can’t be selective anymore and iron precipitation 
reaches prevailingly a spontaneous fassion.  The one 
outlier of this trend on figure 3 was sampled in an deep 
standing water in the upper pool where the available 
amount of Fe2+ was more accessible for bacterial selec-
tiveness than from the fast flowing channel passing by 
the pool, although they both had the same Fe2+ concen-
trations.  

 
Conclusions: The data indicate that our site, while 

a simple system, displays sufficient complexity to serve 
as a natural laboratory for the study of factors that de-
termine geochemical characteristics of iron oxidizing 
microbial communities and their potential manifesta-
tion in the rock record. The closely associated mix of 
positive and negative, sometimes erratic looking, ex-
cursions of δ13C values and relatively large ∆56Feferric-

ferrous values (1.1 – 1.4‰) are of interest in the context 
of using isotopic data as a biosignature to identify mi-
crobial involvement in ancient sedimentary rocks [9]. 
Because these organisms rely for their survival on com-
pounds that were in abundant supply on early Earth and 
probably also on early Mars, comparable life forms 
might be found in Martian sedimentary rocks in the not 
too distant future. 
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Fig. 3: Plot of δ56Fe measured for aqueous Fe and 
ferrihydrite encrusted bacterial mats from the spring 
vent (high Fe concentration) to points down the flow 
path (lower Fe concentration).  Error bars smaller than 
symbol size.  Inset shows the variability in the frac-
tionation factor between ferrihydrite encrusted bacte-
rial mats and aqueous Fe(II) solutions as a function of 
aqueous Fe(II) concentration. 
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