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Report: 
Microbial iron reduction may cause the formation of Fe(II) containing minerals such as magnetite (Fe3O4), 

siderite (FeCO3), ferrous hydroxy carbonates, vivianite (Fe3PO4 • 8H2O), or green rust type phases. 

Experiment EC 145 was accomplished to investigate these biotransformed Fe(II) minerals. A main objective 

was to check whether or not Fe(II)-rich coatings on the original Fe(III) minerals induce surface passivation at 

later stages of microbial reduction.  

With that aim in view we examined different incubation experiments involving the dissimilatory iron-

reducing bacterium Shewanella oneidensis and (i) well crystalline goethite (α-FeOOH), (ii) poorly 

crystalline goethite, (iii) ferrihydrite and (iv) and material from a rice field soil. Whereas literature suggests 

the formation of magnetite for the chosen experimental conditions, we found a couple of other Fe(II) phases 

in each sample. However, we could not identify these phases by comparison to our set of standards or to 

published spectra (Figure 1). In other words, the formation of new Fe(II) phases was evident, but must be 

explained by other minerals/solids than magnetite, siderite, vivianite, pyrite, FeS, marcasite or green rust.  

To visualize the spatial Fe(II) distribution across several distinct particles we collected maps at different 

energies (pre-edge: 7110eV; high energy: 7200 eV; whiteline Fe(II): 7127.5 eV, whiteline Fe(III): 7131.5eV) 

and maps of XANES spectra. While very fine Fe(III) particles were not converted to Fe(II) phases, we 

observed that most of the larger particles (5-100µm) have been completely transformed or newly formed. 



 

Within the spatial resolution of the instrument (~1µm) we found for all bioreduced Fe(II) particles a 

homogeneous distribution of XANES spectra and major elements (Figure 2). 

From these preliminary results we conclude that  

• the mineralogy of the microbially produced phases is more complex than usually acknowledged and 

needs further research 

• Shewanella oneidensis does not produce Fe(II) crusts on Fe(III) oxides under the given experimental 

conditions. Therefore surface passivation seems not to be responsible for the ceasing reduction rates 

during the incubation experiments. However, we cannot exclude the formation of coatings thinner 

than 1 µm. 

 

 

 

 
 

Figure 1: (left) Spectra obtained after incubation of well crystalline goethite with Shewanella 

oneidensis. The lowermost spectrum is very similar to the spectrum of goethite [Fe(III) OOH ], but the 

others could not be identified; (right) close up of pre-edge peak spectra. 
 

 

   
a) 7.110 keV b) 7.200 keV e) difference 7.1675-7.1715 

  

 

Figure 2: (a-d) Maps at different 

energies have been collected to 

visualize the Fe(II) distribution across 

several particles. Figure 2e displays the 

subtraction of picture c minus picture d. 

Here, Fe(III) rich particles are 

supposed to appear darker (arrows).  

Width × height = 80 × 100µm. 

c) 7.1275 keV d) 7.1315 keV  
 


