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INTRODUCTION

Smectite-illite interstratiÞ ed clay minerals are dioctahedral 
layer phyllosilicates, which are ubiquitous in soils, sediments, 
and pelitic rocks. While smectite is common in soils and shallow 
sediments, illite is a more stable phase under diagenetic condi-
tions. When water-bearing and expandable smectite is buried 
and subject to increasing temperature and pressure, it tends to 
transform to illite (Dong and Peacor 1996; Dong et al. 1997; 
Dong 2005). The resultant illite is fundamentally different from 
smectite in both structure and composition. The smectite to il-
lite (S-I) reaction is considered to be one of the most important 
mineral reactions during sediment diagenesis of mudstones and 
shales (Peacor 1992), as the degree of the smectite to illite reac-
tion, termed �smectite illitization,� is linked to the maturation, 
migration and trapping of hydrocarbons (Burst 1969; Pevear 
1999; Weaver 1960), the development of pore pressures (Freed 
and Peacor 1989), growth faults (Bruce 1984), rock cementation 
and porosity reduction (Bjorkum and Nadeau 1998; Boles and 
Franks 1979), and pore water chemistry (Brown et al. 2001). 

The smectite to illite reaction proceeds through mixed-layer 
illite-smectite (I-S) intermediates in which the percentage of 
illite layers increases with increasing temperature (Hower et al. 
1976), time (Pytte and Reynolds 1989), K concentration (Huang 

et al. 1993), water/rock ratio (Whitney 1990), and pH (Drief et 
al. 2002; Eberl et al. 1993). Recent studies have shown an effect 
of microbes in promoting the smectite to illite reaction (Kim et 
al. 2004; Zhang et al. 2007). The microbially promoted smec-
tite-illite reaction can take place at room temperature and one 
atmosphere within two weeks (Kim et al. 2004). This reaction 
typically requires conditions of 300�350 °C, 100 MPa, and 4�5 
months in the absence of microbial activity. Our most recent 
study (Zhang et al. 2007) has demonstrated a strong catalytic 
effect of organic matter intercalated in the interlayer of the 
smectite structure.

The S-I reaction can be promoted by reducing structural Fe3+ 
in smectite, either biologically (Kim et al. 2004; Zhang et al. 
2007) or chemically (Eslinger et al. 1979; Russell et al. 1979). 
During the process, smectite may be partially dissolved, and illite 
precipitated. The extent of microbial dissolution of smectite may 
depend on several factors, such as the amount of Fe3+ in the struc-
ture and site occupancy (tetrahedral vs. octahedral), the extent 
of Fe3+ reduction, the type of bacteria, solution chemistry, and 
other experimental conditions (such as temperature). Iron-rich 
smectite is fairly common in nature, and the ferric iron content 
may vary from 0.4 mmol/g for Wyoming Na-Montmorillonite 
(Swy-1) (Source Clays Repository) to 4.2 mmol/g for nontronite 
(Keeling et al. 2000). It is also well established that microbes can 
reduce Fe3+ in the smectite structure (Stucki et al. 1987; Wu et al. 
1988; Gates et al. 1993; Kostka et al. 1996, 1999a, 1999b; Gates * E-mail: dongh@muohio.edu
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ABSTRACT

The illitization process of Fe-rich smectite (nontronite NAu-2) promoted by microbial reduction of 
structural Fe3+ was investigated by using a thermophilic metal-reducing bacterium, Thermoanaerobacter 
ethanolicus, isolated from the deep subsurface. T. ethanolicus was incubated with lactate as the sole 
electron donor and structural Fe3+ in nontronite as the sole electron acceptor, and anthraquinone-2, 6-
disulfonate (AQDS) as an electron shuttle in a growth medium (pH 6.2 and 9.2, 65 °C) with or without 
an external supply of Al and K sources. With an external supply of Al and K, the extent of reduction of 
Fe3+ in NAu-2 was 43.7 and 40.4% at pH 6.2 and 9.2, respectively. X-ray diffraction and scanning and 
transmission electron microscopy revealed formation of discrete illite at pH 9.2 with external Al and 
K sources, while mixed layers of illite/smectite or highly charged smectite were detected under other 
conditions. The morphology of biogenic illite evolved from lath and ß ake to pseudo-hexagonal shape. 
An external supply of Al and K under alkaline conditions enhances the smectite-illite reaction during 
microbial Fe3+ reduction of smectite. Biogenic SiO2 was observed as a result of bioreduction under 
all conditions. The microbially promoted smectite-illite reaction proceeds via dissolution of smectite 
and precipitation of illite. Thermophilic iron reducing bacteria have a signiÞ cant role in promoting 
the smectite to illite reaction under conditions common in sedimentary basins.
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