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INTRODUCTION

Mixed-layer minerals, including clays, are quite common
in soils and other geological materials. X-ray diffraction tech-
niques are generally used to identify such minerals. Clay min-
eral characterization has improved during the two decades with
the use of high-resolution electron microscopy and modern X-
ray diffraction methods. For example, the thickness of coher-
ent scattering domains, i.e., the number of layers making
“fundamental particles” as described by Nadeau et al. (1984),
and the structural organization of clay layer types have been
studied by X-ray diffraction (Reynolds 1980; Bethke et al.
1986), transmission electron microscopy (Nadeau et al. 1984),
and high-resolution transmission electron microscopy (Środoń
et al. 1990; Veblen et al. 1990).

More recently, far infrared (FIR) spectrometry has been used
to probe the structural environment surrounding K+ in K-bear-
ing mixed-layer minerals (Laperche 1991; Schroeder 1992).
Potassium in micas generates three normal modes of vibration,
which are parallel to the crystallographic axes (Diaz et al. 2000).
Modes parallel to the a and b axes give FIR absorption bands
very close to one another. As a result, only one band, near 110
cm–1 for dioctahedral micas, is visible. The mode parallel to the
c axis results in an absorption band at higher wavenumbers,
near 135 cm–1.

The purpose of this study is to show how FIR spectrometry
can be used to characterize mixed-layer minerals such as illite-
smectite (I-S) or phlogopite/vermiculite (P-V) by probing the
environment of the K+ ions.

MATERIALS AND METHODS

Sample identification and references for mixed-layer min-
erals used in this FIR study are given in Table 1. The samples
were provided by the authors of the references listed in Table

1. Kaube illite was supplied by J. Środoń. Physicochemical
properties of minerals, such as the percentage of smectitic (%S)
or vermiculitic (%V) interlamellar spaces, and K+ content, are
taken from the references cited. The compensating cations in
smectitic and vermiculitic interlamellar spaces are Ca2+ and
Mg2+, respectively. The Kaube (illite), SG4 (primarily musco-
vite), and DV4 (rectorite) illite-smectite samples comprise a
wide range of smectite content in materials formed in different
transformation environments (e.g., temperature, parent mate-
rial, K+ availability). In addition, illite formation from smectite
can involve different mechanisms (layer collapse and dissolu-
tion/reprecipitation) whereas phlogopite transformation to ver-
miculite generally occurs layer by layer at low temperature.
Thus, these samples can be used to determine if the FIR fea-
tures of mixed-layer materials can be attributed primarily to
the nature of the transformation products, namely K+ content
and thickness, regardless of material origin or transformation
mechanisms.

The FIR spectra were recorded under vacuum with a
BRUKER IFS 113V instrument, using polyethylene (PE) pel-
lets made of 10 mg of powdered sample mixed with 30 mg of
PE or 40 mg deposits on Millipore filters of 0.45 mm pore size.
Data were obtained in this study for the mixed-layer minerals
belonging to each different series shown in Table 1 except the
Inoue series. The FIR spectra for the Inoue samples were ob-
tained by Laperche (1991) and are included here for the conve-
nience of the reader.

Integrated intensities of the individual FIR absorption bands
were measured by simple decompositions of the spectra. A
Gaussian component was applied to each visible band below
150 cm–1. A linear baseline was drawn between two limits cor-
responding to the ends of the Gaussian components. In this
way, we minimized the effect of background in this FIR range,
especially between 70 and 40 cm–1. Wavenumbers, bandwidth,
and intensity were treated as variables. For I-S spectra, a linear
baseline was drawn between 150 and 70 cm–1 and three com-* E-mail: mdiaz@versailles.inra.fr
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ABSTRACT

Mixed-layer minerals were analyzed by far infrared (FIR) spectrometry. The FIR spectra show
two bands, which occur at 84–87 and 108–114 cm–1 for mixed-layer illite-smectite (I-S) and at 71–
79 and 103 cm–1 for mixed-layer phlogopite/vermiculite (P-V). The 103 cm–1 band seen in the P-V
series from Palabora is independent of K+ content and is attributed to lattice vibrations. The lower
wavenumber band observed at 85 cm–1 for I-S mixed-layers and 71–73 cm–1 for P-V mixed-layers
corresponds to K+ fixed in the two-layer stacking sequences. This low wavenumber band shifts to
higher wavenumbers as the thickness of coherent scattering domains increases: shifting toward 97
cm–1 for the illite end-member of the I-S series and to 79 cm–1 for Palabora phlogopite, the end-
member of the P-V series.


