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ABSTRACT
The planar disorder of Ca-montmorillonite (Fuller’s earth) has been investigated using structural
simulations of X-ray powder patterns. A standard sample was fully characterized using chemical,
microscopic, and diffraction methods. Earlier models of disorder taken from the literature and newly
formulated combined models were used to generate simulated powder patterns to be compared with
the experimental spectrum.
A new model of disorder with random shifts of –a/3 and ±b/3, with a total density of defects of
75%, gives the best fit to the observed data. Thus, the sample cannot be classified as a turbostratic
structure (fully disordered) and consequently turbostratic disorder does not invariably apply to all
smectite samples. These findings open a debate on the nature and application of turbostratic disorder: is it possible for smectite samples to have intermediate degrees of disorder between a fully
disordered stacking (turbostratic) and a highly faulted but well-defined stacking or is the result
obtained for the Ca-montmorillonite just an exception?
This model of disorder is useful for the quantitative phase analysis by X-ray powder diffraction
based on the Rietveld method, which can now benefit from a more reliable initial structure model for
Ca-montmorillonite and which will improve the accuracy of the weight-fraction estimates.

INTRODUCTION
Smectite minerals are constituents of soils and are the main
component of bentonite rocks. The structural formula of
dioctahedral aluminous smectites in the series montmorillonite-beidellite is (Al2–yMgy)(Si4–xAlx)O10(OH)2Ex+y·nH2O when
y > x, smectite is called montmorillonite (Güven 1988). The
basic silicate building block is composed of a 2:1 structure with
an octahedral layer sandwiched between two tetrahedral layers. If we describe the structure in its ideal monoclinic symmetry, there are, in principle, three octahedral cavities per unit
cell. The cavity on the mirror plane designated M1 is usually
vacant in the dioctahedral species, and the other two cavities to
the left and right of the mirror plane are designated M2. M1
sites have a trans configuration (i.e., hydroxyls are across the
site), whereas M2 sites display a cis configuration (i.e., hydroxyls are adjacent on one side of the coordination polyhedron). A configuration with vacant trans sites M1 produces an
elementary layer with C2/m symmetry when the cis sites are
occupied by the same element (Zvyagin and Pinsker 1949).
Another arrangement where the trans M1 site and one of the
cis sites are occupied gives C2 symmetry (Méring and Oberlin
1971; Tsipursky and Drits 1984).
Several substitutions may take place in either octahedral
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and/or tetrahedral sites, whose net charge compensation requires
the presence of cations and water molecules in the interlayer
region. Univalent and divalent cations are the most common
substitutes in the interlayer space. The known interlayer sites
favorable for a cation without a hydration shell are located at
the center of the O atom triad corresponding in projection with
the tetrahedral cation and within the hexagonal cavities closer
to two basal and one apical O atom of the tetrahedra with R3+
substitutions. The most favorable position for the divalent compensating cations is at the center of two adjacent basal O atom
triads belonging to adjacent layers, thus forming sixfold coordination in various geometries. Divalent cations can also occur
in the hexagonal cavities coordinating two charged O atoms
from each adjacent layer. The hexagonal cavity is the most favorable position for monovalent cations (12-fold coordination).
A basic feature of montmorillonite (and smectites in general) is the stacking of elementary layers with the diffraction
patterns showing only two types of reflections: the basal (00l)
and the unmodulated (hk0) bands corresponding to a two-dimensional diffraction (Drits et al. 1984). Méring (1975) described three stacking modes: (1) regular, with zero degree
rotations between successive layers in a pseudohexagonal arrangement with a perfect 3D periodicity. This mode is rarely
observed for dioctahedral smectites, (2) semi-random, with n
¥ 60∞ rotations. Hexagonal cavities are retained and only the
(hkl) reflections with k = 3n are observed, (3) turbostratic, with
completely random rotations and translations between adjacent

