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Abstract
Clays and clay minerals are common components in soils, sediments, and sedimentary rocks,
and they play an important role in many environmental processes. Iron is ubiquitous in clays and
clay minerals and its oxidation state, in part, controls the physical and chemical properties of these
fine-grained minerals. The structural ferric iron in clay minerals can be reduced either chemically or
biologically. Biological reductants include mesophilic and thermophilic microorganisms from diverse
environments such as soils, sediments, sedimentary rocks, and hydrothermal hot springs. Multiple clay
minerals have been used for microbial reduction studies, including dioctahedral smectite-illite series,
palygorskite, chlorite, and their various mixtures in natural soils and sediments. All of these clay minerals are reducible by microorganisms under various conditions with smectite (nontronite) being the
most reducible and illite the least. The rate and extent of bioreduction depends on many experimental
factors, such as the type of microorganisms and clay minerals, solution chemistry, and temperature.
Despite significant efforts, current understanding of the mechanisms of microbial reduction of ferric
iron in clay minerals is still limited. Whereas some studies have presented evidence for a solid-state
reduction mechanism, others argue that the clay mineral structure partially dissolves when the extent
of reduction is high. This inconsistency may be related to several experimental conditions, and their
specific effects are discussed in this paper. Whereas past experiments have been largely conducted in
well-controlled laboratory systems, recent efforts have attempted to transfer knowledge to the field to
improve our understanding of more complex soil systems for better agricultural practices. Biologically
reduced clay minerals are also important agents in remediating inorganic and organic contaminants in
soil and groundwater systems. This paper reviews the most recent developments and suggests some
directions for future research.
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Introduction
Clays and clay minerals are ubiquitous in soils, sediments, and
sedimentary rocks. They play an important role in environmental
processes such as nutrient cycling, plant growth, contaminant
migration, organic matter maturation, and petroleum production
(Dong 2005; Moore and Reynolds 1997; Stucki 2006). Iron is
the fourth most abundant element in the Earth’s crust and is
ubiquitous in clays and clay minerals (Horne 1978; Moore and
Reynolds 1997; Stucki 2006; Stumm and Sulzberger 1992).
The changes in the oxidation state of the structural iron in clay
minerals, in part, control their physical and chemical properties in natural environments, such as clay particle flocculation,
dispersion, swelling, hydraulic conductivity, surface area, cation
and anion exchange capacity, and reactivity toward organic and
inorganic contaminants (Jaisi 2007; Kim et al. 2005; Stucki
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2006; Stucki and Kostka 2006; Stucki et al. 2002). For example,
as a result of Fe(III) reduction to Fe(II), specific surface area
of clay minerals decreases, cation exchange capacity (CEC)
increases, and swelling in water decreases (Stucki 2006; Stucki
and Kostka 2006).
The structural ferric iron in clay minerals can be reduced
either chemically or biologically. Many different chemical
reductants have been used in the past, but the most commonly
used agent is dithionite (Stucki 2006). Biological reductants
are bacteria, including dissimilatory iron-reducing prokaryotes
(DIRP) and sulfate-reducing bacteria (SRB). A wide variety
of DIRP have been used to reduce ferric iron in clay minerals,
including mesophilic, thermophilic, and hyperthermophilic
prokaryotes. Likewise, multiple clay minerals have been used
for microbial-reduction studies, including smectite, nontronite
(an iron-rich smectite variety), illite, mixed-layer illite/smectite,
chlorite, vermiculite, palygorskite, and their various mixtures.
All of these clay minerals are reducible by microorganisms
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