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Introduction:  As part of a Mars analog study, we 

are examining an iron microbe dominated terrestrial 
environment for isotopic characteristics of iron micro-
bial mats and for potential morphological preservation 
of microbial matter in accumulating sediments. The 
iron microbes we are studying occur in a small spring-
fed creek and are part of a persistent iron-microbial 
mat community. The iron microbes form well defined 
microbial mats and biohermal structures that show 
remarkable resilience to erosive events and rebuild a 
thick creek-covering mat within a week of erosive 
events [1]. 

The dominant mat forming iron microbe is Lepto-
thrix sp., an organism that produces sheaths consisting 
of parallel arranged polysaccharide nanofibers held 
together by an outer capsular layer [2]. These sheaths 
are encrusted with amorphous to poorly crystalline 
(ferrihydrite) iron oxyhydroxides, are produced in 
large quantities, and are the main structural component 
of the microbial mats [1]. From study of freeze dried 
materials it appears that “discarded” sheats (not con-
taining Leptothrix trichomes) strongly dominate the 
organic material produced in these mats. These sheats, 
due to their abundant production and mechanical sta-
bility, are considered to have the highest potential to 
be preserved once buried in sediments. We have al-
ready examined the degradation of these sheaths in 
oxic to anoxic settings, and in clay and halite matrices, 
and shown that they can be preserved as iron sulfide 
replicas in reducing settings, as well as being well pre-
served in growing halite crystals during evaporation 
[1]. 

Methods: In order to examine the potential of the 
Leptothrix sheats in a silica precipitating environment, 
we placed multiple samples of mat material into vials 
of sodium silicate solution. One set of vials was kept at 
room temperature, the other set was placed in a sand 
bath heated to 50 degrees C. One vial from each set 
was opened after three months, and the contents 
washed with dilute NaOH and finally with distilled 
water. The residue was shock frozen in liquid nitrogen 
and freeze dried. A control sample of mat material (not 
exposed to sodium silicate) was washed and processed 
in the same manner. The samples were then examined 
with an EDS-equipped ESEM. 

Observations: The control sample showed vari-
able degradation of the original Leptothrix sheaths, and 
measurements of composition were made on “free” 
sheaths that were variably encrusted with iron hydrox-

ides. EDS detected mainly C, O, Fe, and minor 
amounts of Si, Al, and Ca that can be attributed to a 
smectite clay dusting on the Leptothrix sheaths (Fig. 
1).  

 

 
Fig. 1: Characteristic EDS spectrum for untreated mat 
material (inset image). The Ca and Al peaks are due to 
small amounts of clay that adhere to the Leptothrix 
sheaths. 
 

Na-silicate immersed mat material that had been 
kept at room temperature showed a modest but notice-
able increase in the Si content of  Leptothrix sheaths 
(Fig. 2). In relative terms, sheaths with a low level of 
Fe-hydroxide encrustation showed a more pronounced 
enrichment than sheaths that were more heavily en-
crusted (Fig. 2).   
 

 
Fig. 2: EDS spectra of Leptothrix sheats that were 
stored in Na-silicate solution at room temperature. The 
EDS trace for smooth (low encrusted) sheats is in red 
(inset sheath image with red frame), and the EDS trace 
for the heavily encrusted sheath (inset with blue frame) 
is in blue. The traces are very similar with the excep-
tion of Si (and O). 
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In comparison, Na-silicate immersed mat material 
that had been kept at 50 degrees C showed a marked 
increase in the Si content of  Leptothrix sheaths (Figs. 
3 & 4). As in the material that was kept at room tem-
perature, sheaths with a low level of Fe-hydroxide 
encrustation showed stronger Si enrichment than 
sheaths that were more heavily encrusted (Figs. 3 & 
4).   

 

 
Fig. 3: EDS trace for a Leptothrix sheath with low lev-
els of Fe-hydroxide encrustation (arrow in inset im-
age). Note the much stronger Si enrichment when 
compared with Fig. 2. 
 

 
Fig. 4: EDS trace for a Leptothrix sheath that shows a 
high level of Fe-hydroxide encrustation and a thick-
ened sheath wall (arrow in inset image). Si enrichment 
is markedly stronger when compared with Fig. 2, but 
relative Si enrichment is lower than in the less en-
crusted sheath above (see Fig. 3). 
 

Conclusions: Silicification of organic and micro-
bial remains has been abundantly observed in the rock 
record [2, 3], and has also bee studied in modern hot 
spring environments with active silica precipitation [4, 
5, 6]. However, whereas these earlier studies reported 
the preservation of a variety of microbes, including 
cyanobacteria and fungi, this is to our knowledge the 
first report on the silicification potential of iron bacte-
ria. EDS spectra show clearly that silica is being in-

corporated into sheath material immersed in a Na-
silicate solution, and that increased temperature is very 
beneficial to the process. Comparison between lightly 
and heavily Fe-hydroxide encrusted sheats strongly 
suggests that the added silica is associated with the 
organic polysaccharide matrix of the sheaths. At this 
stage in the experiment there is no visible morphologi-
cal manifestation of this silica addition, such as silica 
encrustation and infilling of sheaths with silica precipi-
tates, features that have been observed in studies of 
modern hotspring deposits [4, 5, 6]. In the coming 
months we will conduct TEM examination of the cur-
rent samples to establish in detail the locus of silica 
accumulation, and whether fine crystalline silica has 
already started to grow within the organic matrix. The 
current experiment will continue until growth of silica 
on the sample material is clearly visible.  
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