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Abstract
The primary aim of this study was the accurate determination of unit-cell parameters and description of disorder in chlorites with semi-random stacking using common X‑ray diffraction (XRD) data
for bulk powder samples. In the case of ordered chlorite structures, comprehensive crystallographic
information can be obtained based on powder XRD data. Problems arise for samples with semi-random
stacking, where due to strong broadening of hkl peaks with k ≠ 3n, the determination of unit-cell
parameters is demanding. In this study a complete set of information about the stacking sequences in
chlorite structures was determined based on XRD pattern simulation, which included determining a
fraction of layers shifted by ±1/3b, interstratification with different polytypes and 2:1 layer rotations.
A carefully selected series of pure Mg-Fe tri-trioctahedral chlorites with iron content in the range
from 0.1 to 3.9 atoms per half formula unit cell was used in the study. In addition, powder XRD patterns were carefully investigated for the broadening of the odd-number basal reflections to determine
interstratification of 14 and 7 Å layers. These type of interstratifications were finally not found in any
of the samples. This result was also confirmed by the XRD pattern simulations, assuming interstratification with R0 ordering.
Based on h0l XRD reflections, all the studied chlorites were found to be the IIbb polytype with a
monoclinic-shaped unit cell (β ≈ 97°). For three samples, the hkl reflections with k ≠ 3n were partially
resolvable; therefore, a conventional indexing procedure was applied. Two of the chlorites were found
to have a monoclinic cell (with α, γ = 90°). Nevertheless, among all the samples, the more general
triclinic (pseudomonoclinic) crystal system with symmetry C1 was assumed, to calculate unit-cell
parameters using Le Bail fitting.
A detailed study of semi-random stacking sequences shows that simple consideration of the proportion of IIb-2 and IIb-4/6 polytypes, assuming equal content of IIb-4 and IIb-6, is not sufficient to
fully model the stacking structure in chlorites. Several, more general, possible models were therefore
considered. In the first approach, a parameter describing a shift into one of the ±1/3b directions (thus,
the proportion of IIb-4 and IIb-6 polytypes) was refined. In the second approach, for samples with
slightly distinguishable hkl reflections with k ≠ 3n, some kind of segregation of individual polytypes
(IIb-2/4/6) was considered. In the third approach, a model with rotations of 2:1 layers about 0°, 120°,
240° was shown to have the lowest number of parameters to be optimized and therefore give the most
reliable fits. In all of the studied samples, interstratification of different polytypes was revealed with
the fraction of polytypes being different than IIbb ranging from 5 to 19%, as confirmed by fitting of
h0l XRD reflections.
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Introduction
Interest in the chlorite structure has been growing since it was
first described by Pauling (1930), who showed that chlorites are
built of two main units: the 2:1 and brucite-type layers, arranged
in an alternating manner. The negative charge generated in the 2:1
layer (R2+,R3+)3(Si4–xAlx)O10(OH)2 is compensated by the octahedral
sheet (R2+,R3+,o)3(OH)6 present in the interlayer; where R2+ is Mg,
Fe; R3+ is Al, Fe, rarely Cr, Mn; o is vacancy. In the 2:1 layer, one
octahedral sheet is sandwiched between two tetrahedral sheets,
thus for one crystallographic unit cell, six octahedral and eight
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tetrahedral sites are available. In the interlayer, a maximum of six
octahedral sites can be occupied. Depending on the occupancy
of available octahedral sites, four sub-groups of chlorites can be
distinguished (tri-trioctahedral; di-trioctahedral; tri-dioctahedral;
di-dioctahedral). Tri-trioctahedral chlorites, where virtually all six
octahedral sites (in both the 2:1 layer and interlayer sheets) are
occupied by divalent cations, are the most abundant class.
Independently of octahedral occupancy, Brown and Bailey
(1962) proposed a chlorite polytype classification based on a
mutual arrangement of the interlayer sheet and the 2:1 layer and
involving a shift by a/3 (Ia, IIa, Ib, IIb). These four structural units
(2:1 layer + interlayer sheet) can be shifted with respect to each
other by ±1/3b. The shift results in aperiodic stacking—a so-called
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