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INTRODUCTION

Two competing models have been proposed for the stack-
ing structure of interstratified illite/smectite (I/S): the MacEwan
crystallite model based on Markov theory (Hendricks and Teller
1942; MacEwan 1956, 1958), and the fundamental particle
model by Nadeau and co-workers (1984a, 1984c). The
MacEwan crystallite model regards I/S as relatively large crys-
tallites comprising both illite and smectite of 5 to 15 layers as
determined from X-ray diffraction (XRD) studies of dispersed
samples (Reynolds and Hower 1970; Reynolds 1980). Nadeau
et al. (1984a, 1984b, 1984c) suggested that XRD patterns of
various I/S in nature are due to interparticle diffraction, and
they compared these with artificial I/S. They found from trans-
mission electron microscopic (TEM) studies using the Pt shad-
owing method that the mixed-layer I/S consists of aggregates
of very thin, so-called fundamental particles—particles of
smectite of single 2:1 layer and illite that are two or more 2:1
layers thick. Thus, individual fundamental particles are taken
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ABSTRACT

To re-investigate “fundamental particles” and “interparticle diffraction” proposed by Nadeau et
al. (1984a, 1984b, 1984c), we made physical mixtures of smectite and rectorite and examined them
by X-ray diffraction analysis and transmission electron microscopy. Smectite and rectorite consist-
ing of at least 10 and 23 silicate layers in their parent rocks, respectively, reduce their thickness by
dispersion in water and a fractionation procedure that releases thin silicate layers from the original
crystals. The <0.1 µm fractions of the smectites are composed of mostly two to three silicate layers
that are not fundamental particles. The mixtures of smectite and rectorite of 0.5–2 µm fractions are
mere physical mixtures and do not show interparticle diffraction. In contrast, the mixtures of smectite
and rectorite of <0.1 µm fractions have interstratified structures of a segregation type and show
interparticle diffraction. However, interparticle diffraction does not occur for synthetic hectorite
with aspect ratios smaller than those of the above smectites of the <0.1 µm fractions. These results
strongly suggest that interparticle diffraction occurs, and that interstratified structures are formed by
mixing rectorite and smectite physically and preparing the oriented specimens when the particle size
in the a-b plane and the particle thickness are appropriate. However, such mixtures do not reflect the
actual characteristics of natural smectite and illite. A rectorite particle of about 30 nm thickness
consists of sub-particles of two or more rectorite units, or four or more 2:1 layers that are nearly
perfectly coherent with one another, and the sub-particles are turbostratically stacked. Our results
suggest that natural, interstratified illite/smectite are not accumulations of fundamental particles but
represent their structural sequences when formed.

as primary crystallization products rather than secondary par-
ticles disarticulated from larger crystals during sample prepa-
ration (Nadeau et al. 1984b, 1984c, 1985). Apparently thick
grains of I/S with <50% smectite, for instance, can occur as a
result of interparticle diffraction among artificially stacked fun-
damental particles with smectitic interlayers at their external
surfaces (Nadeau et al. 1984b).

In contrast, the disarticulation and reconstruction during the
preparation of specimens for XRD studies can change layer
sequences that could therefore be different from those observed
by TEM for which samples are not disarticulated (Ahn and
Peacor 1986a, 1986b). The cleavages of rectorite observed by
TEM are separated from one another at the expandable
interlayers (Ahn and Peacor 1986b). Disarticulation at smectitic
interlayers may also occur by osmotic swelling during an Na
or Li saturation process (Altaner et al. 1988; Altaner and Bethke
1988). Lattice fringe observation of smectite and I/S found no
“fundamental particles” (Bell 1986; Ahn and Peacor 1986a),
and the crystallite thicknesses are more similar to those of
MacEwan crystallites than to fundamental particles (Ahn and
Buseck 1990; Ś rodoń et al. 1990; Veblen et al. 1990). It was
concluded that apparent discrepancies between the above two
models could be attributed to the difference in sample prepara-


