
American Mineralogist, Volume 91, pages 589�603, 2006

0003-004X/06/0004�589$05.00/DOI: 10.2138/am.2006.2047      589

INTRODUCTION

Mixed-layer illite-smectite (I-S) is a typical component of, 
e.g., shales, K-bentonites, mudstones, and hydrothermally altered 
rocks. Transformation of smectite into illite through a series 
of I-S is accompanied by increasing of illite interlayers, and a 
tendency to ordering in the distribution of illite and smectite 
interlayers (e.g., Shutov et al. 1969a, 1969b; Perry and Hower 
1970; Hower et al. 1976). The increase in illite layers in I-S 
occurs by tetrahedral Al for Si substitution and replacement of 
exchangeable cations by Þ xed K and/or NH4 (Hower et al. 1976; 
Lindgreen et al. 1991, 2000; Lindgreen 1994; Drits et al. 2002). 
In the octahedral sheets of the interstratiÞ ed layers, this reaction 
includes an increase in Al and Fe2+/(Fe2++Fe3+) and a decrease in 
Mg and Fe (Eslinger et al. 1979; Nadeau and Bain 1986; Lind-
green et al. 1991, 2000; Środoń et al. 1992; Cuadros and Altaner 
1998; Drits et al. 2002). Therefore, diagenetic changes in the 
cation distribution of the octahedral sheets in I-S are important 
to understand the mechanism of smectite illitization.

Determination of the actual cation distributions in dioc-
tahedral 2:1 phyllosilicates and especially in I-S have been 
performed, most of them recently (Dainyak et al. 1992; Drits et 

al. 1997a; Muller et al. 1997; Cuadros et al. 1999; Manceau et 
al. 2001; Sainz-Diaz et al. 2001a, 2001b, 2002, 2003a, 2003b; 
Timon et al. 2003). Assignment of Fe3+ to trans- and cis-sites 
based on Mössbauer spectroscopy alone was replaced by a long-
range distribution of octahedral cations over cis- and trans-sites 
determined by diffraction methods (Bookin et al. 1978; Dainyak 
et al. 1981; Dainyak and Drits 1987; Dainyak et al. 1992). In 
particular, the observed differences in the quadrupole splittings of 
Fe3+ cations are assumed to be due to distortions of Fe3+ octahedra 
by different local cation environments. Quadrupole splittings for 
each local cation environment have been deduced for Fe3+ (Drits 
et al. 1997a; Dainyak and KheiÞ ts 1999) and, recently, for Fe2+ 
based on relationships between the quadrupole splitting and the 
corresponding local cation arrangements around these cations 
(Dainyak et al. 2004). These assignments allow presenting the 
Þ tted broadened doublets as groups of closely overlapping peaks. 
Similar presentation of the Þ tted doublets follows from quad-
rupole splitting distribution (QSD) analysis (Wivel and Mørup 
1981; Rancourt and Ping 1991; Rusakov 1999). It was pointed 
out (Rancourt 1994) that two discrete doublets in the spectra of 
trioctahedral biotite and annite cannot be assigned to cis- and 
trans-sites and should be replaced by a QSD because the local 
structural disorder due to cation distribution does inß uences the 
Fe2+ Mössbauer parameters independent of the structural location * E-mail: hl@geus.dk
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ABSTRACT

During diagenesis of Jurassic and Cambrian oil source rock shales illite-smectite(-vermiculite) 
[I-S(-V)] is transformed to illite-tobelite-smectite(-vermiculite) [I-T-S(-V)]. This transformation of S 
layers to T layers takes place by an increase in tetrahedral charge through Al for Si substitution and 
subsequent Þ xation of interlayer NH4, accompanied by an increase in Al and a decrease in Fe and 
Mg in the octahedral sheet. In the present investigation, the distribution of isomorphous cations in 
octahedral sheets of trans-vacant I-S(-V) and I-T-S(-V) was studied by Mössbauer and Infrared (IR) 
spectroscopies. Mössbauer spectra have been modeled using numerical values of the Fe3+ and Fe2+ 
quadrupole doublets corresponding to local cation arrangements around Fe3+ and Fe2+ in octahedral 
sheets of micaceous minerals. To interpret IR spectra in the OH-stretching region, frequencies for 
each pair of cations bonded to OH groups determined for micas and I-S are used. Combination of 
Mössbauer and IR data by computer simulation provides two-dimensional cation distributions of oc-
tahedral cations. The Jurassic and Cambrian I-S(-V) and I-T-S(-V) have clustered octahedral sheets. 
Ordered clusters of mixed cation composition (Mg, Al, Fe3+, and Fe2+) with regular alternation of 
di- and trivalent cations and Fe3+-clusters dispersed over an Al-matrix are found in detrital samples. 
In diagenetically transformed samples, ordered clusters persist while Fe3+-clusters degenerate to 
either short chains consisting of two Fe-Fe pairs or to isolated Fe-Fe pairs oriented along the b, b1, 
and b2 directions. The release of Fe and Mg during diagenesis occurs from Fe3+ clusters and through 
partial destruction of ordered clusters and of b1, b2-oriented Mg-Mg pairs. However, as the cation 
composition and the short-range cation order within the clusters are preserved and the Al for Fe and 
Mg substitution occurs at cluster edges, the diagenetic transformation of S (and V) to T layers in both 
the Jurassic and Cambrian I-S(-V) proceeds through a solid-phase transformation and not through 
dissolution-reprecipitation.
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