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INTRODUCTION

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), and water/rock ratio (Whitney 1990). These empiri-
cal relationships have been used to infer paleotemperature and 
diagenetic grade (Hoffman and Hower 1979). However, ambi-
guity exists as to the mechanisms by which smectite layers are 
converted to illite. In one model (Hower et al. 1976), the smec-
tite-to-illite reaction is believed to occur through a sequence of 
mixed-layer I-S, including smectite-rich R0, R1, R2, R3 I-S (R0 
and R1 are Reichwite numbers: R0 = randomly interstratiÞ ed, 
R1 = regularly interstratiÞ ed IS, R2 = IIS, and R3 = ISII), and 
illite-rich I-S, with a continuously variable ratio in the propor-
tions of smectite and illite layers. The model implies that all I-S 
with the relative proportions of illite layers from 0 to 100% are 
likely to occur in nature. This concept led to the implication that 
the smectite-to-illite transformation can proceed layer-by-layer in 

the solid state. However, several TEM studies indicated that R1 
I-S with 50% illite layers is abundant, whereas other proportions 
of mixed-layer I-S phases (i.e., R2, R4, etc.) are rarely observed 
(Ahn and Peacor 1989; Veblen et al. 1990). Using the L.R. White 
resin (Electron Microscopy Sciences, HatÞ eld, Pennsylvania) 
treatment (Kim et al. 1995), Dong et al. (1997) determined that 
smectite, R1 I-S, and illite are the dominant phases in the I-S 
series, and that R1 I-S has a unique structure and composition. 
Recent lattice energy calculations (Stixrude and Peacor 2002) 
are consistent with that observation. These data (uniqueness 
of R1 and absence of other mixed layer phases) imply that the 
smectite to illite reaction occurs via dissolution of smectite and 
precipitation of illite. 

Different mechanisms for the smectite to illite reaction may 
be in part due to the different conditions of the geological sys-
tems studied, including variables such as water/rock ratio, ß uid 
composition, redox state, and presence or absence of organic 
matter (Dong 2005). Solid-state transformation may be operative 
in closed systems, where the water/rock ratio is low, whereas 
dissolution-precipitation may be predominant in open systems, 
where the water/rock ratio is high. Numerous studies have 
been performed in support of one model, or the other (Nadeau * E-mail: dongh@muohio.edu
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ABSTRACT

Cysteine and toluene as model organic molecules were intercalated into Fe-rich smectite (non-
tronite, NAu-2). The illitization of these intercalated smectites as induced by microbial reduction of 
structural Fe3+ was investigated. Iron-reducing bacterium Shewanella putrefaciens CN32 was incubated 
with lactate as the sole electron donor and structural Fe3+ in cysteine- and toluene-intercalated NAu-2 
(referred to as cysteine-NAu-2 and toluene-NAu-2 hereafter) as the sole electron acceptor. Anthra-
quinone-2, 6-disulfonate (AQDS) was used as an electron shuttle in bicarbonate buffer. The extent 
of Fe3+ reduction in cysteine-NAu-2 and toluene-NAu-2 was 15.7 and 5.4%, respectively, compared 
to 20.5% in NAu-2 without organic matter intercalation. In the bioreduced NAu-2, X-ray diffraction, 
and scanning and transmission electron microscopy did not detect any discrete illite, although illite/
smectite mixed layer or high charge smectite phases were observed. In bioreduced cysteine-NAu-2, 
discrete illite and siderite formed. In contrast, bioreduction of toluene-NAu-2 did not result in any 
mineralogical changes. The contrasting bioreduction results between cysteine- and toluene-intercalated 
nontronite may be ascribed to the nature of organic matter-bacteria interactions. Whereas cysteine is 
an essential amino acid for bacteria and can also serve as an electron shuttle, thus enhancing the extent 
of Fe3+ bioreduction and illitization, toluene is toxic and inhibits Fe3+-reducing activity. This study, 
therefore, highlights the signiÞ cant role of organic matter in promoting the smectite to illite reaction 
under conditions typical of natural environments (i.e., non-growth condition for bacteria).
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