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  Introduction:  Banded Iron Formations (BIFs) are 
composed of alternating layers of Fe-bearing minerals 
and chert. Fe-rich BIF strata contain minerals such as 
hematite, magnetite, siderite, and  various Fe-silicate 
phases [1]. In some cases, these minerals have unique 
stable Fe isotope compositions that are thought to re-
flect pathways of BIF formation [2]. Dissimilatory 
microbial iron oxide reduction (DIR) coupled to oxida-
tion of organic matter codeposited with Fe(III) oxides 
has been identified as a mechanism for the production 
of Fe(II)-bearing minerals such as magnetite and 
siderite [3-5], and recent studies have provided insight 
into how DIR may have influenced the Fe isotope 
composition of BIF minerals [6, 7]. However, the exact 
role that DIR may have played in BIF mineral genesis 
is not fully understood. 

Current Work:  We are engaged in a program of 
experimental research to better define the potential for 
DIR to generate Fe-bearing BIF minerals and/or their 
less- or non-crystalline precursors in reaction systems 
that mimic conditions that are thought to have been 
present in Archean oceans.  A modern artificial sea-
water recipe was modified to produce an Artificial 
Archean Seawater (AAS) which is low in sulfate (ca. 
200 µM) and contains ca. 2 mM dissolved silica.  A 
novel Fe(III) oxide-silica coprecipitate was produced 
to serve as an electron acceptor for DIR in AAS me-
dium. The coprecipitate, which is formed through oxi-
dation of ferrous chloride in a sodium bicarbonate-
buffered solution oversaturated with silicic acid spe-
cies, is analogous to what is expected to have been 
present Archean ocean surface sediments. The copre-
cipitate was examined by x-ray diffraction (XRD) and 
transmission electron microscopy (TEM) and found to 
be amorphous and to have a very small particle size 
(less than 5 nm). 

Several enrichment cultures of dissimilatory iron-
reducing microorganisms (DIRMs) were obtained from 
marine mud flat sediment using the coprecipitate as an 
electron acceptor. These cultures use either acetate or 
heat-killed Bakers yeast as a carbon source, and have 
been actively reducing Fe(III) for over 6 months with 
transfers to fresh media when 50-70% of all Fe(III) has 
been reduced. The Bakers yeast represents a complex 
organic carbon substrate which supports the growth of 
hydrolytic and fermentative organisms that generate 
acetate and hydrogen that are utilized by DIRMs. The 
cultures have been investigated through denaturing 

gradient gel electrophoresis (DGGE) and partial 16S 
rRNA gene sequencing, and work is under way to iso-
late pure cultures from them. Additional work has been 
conducted with a pure culture of the marine DIRM 
Desulfuromonas acetoxidans to verify results obtained 
with the enrichment cultures which indicated that the 
Fe(III) oxide-silica coprecipitate is reduced both faster 
and to a greater total extent compared to silica-free 
amorphous Fe(III) oxide. 

The pure and mixed DIRM cultures are being used 
to examine the hypothesis that input of different 
amounts of organic carbon relative to Fe(III) oxide will 
result in formation of distinct Fe-bearing minerals after 
simulated burial diagenesis. In particular, we are test-
ing the idea put forward by Walker [3] that more 
Fe(II)-rich minerals (siderite and Fe-silicates) will be 
generated with increasing organic carbon input to DIR 
systems.  Experiments with D. acetoxidans and the 
acetate-oxidizing DIRM enrichment culture are un-
derway with varying amounts of electron donor (ace-
tate) relative to electron acceptor (in electron equiva-
lents) in AAS medium. Once Fe(III) reduction activity 
has ceased (as monitored via HCl extraction and col-
orimetric Fe(II) analysis), the DIR end products will 
undergo simulated modest burial diagenesis by heating 
to 95oC for a few days to a few months. The solids will 
be examined by XRD and TEM, and their Fe isotope 
composition (as well as that of aqueous Fe(II)) will be 
determined by multicollector inductively coupled 
plasma mass spectrometry. The solids will be com-
pared to samples of BIFs collected in Western Austra-
lia to determine whether or not they are representative 
of minerals present in Precambrian BIFs [1]. 
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