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Potential problems in the interpretation of powder X-ray diffraction
patterns from fine-dispersed 2M,; and 37 dioctahedral micas

Victor A. DRITS* and Boris A. SAKHAROV

Geological Institute, Russian Academy of Sciences, 7 Pyzhevsky Street, 119017 Moscow, Russia

Abstract: XRD patterns were calculated for 2M; and 3T dioctahedral mica structural models in which trans-vacant (¢v) and cis-
vacant (cv) layers were interstratified and arranged, independent of octahedral cation distribution, as in the periodic 2M; and 3T
mica polytypes. The XRD patterns of the interstratified cv/fv2M; and cv/tv3T models were shown to be similar to those of the
tv2M; and tv3T mica structures, respectively. Because both the positions and shapes of 4kl reflections in the XRD patterns of the
tv3T and cv/tv3T as well as of the v2M; and cv/tv2M,, respectively, are the same qualitative X-ray identification of the n2M,,
cv/tv2My, tv3T and cv/tv3T mica varieties should be a complex problem, especially when the amount of c¢v layers is either rather
low (10-15 %) or high (30-40 %) with significant tendency to segregation of the layer types.

The diffraction features of cv/tv2M,| and cv/tv3T mica structures make it possible to use the Rietveld technique for the struc-
tural refinement. Correct application of this technique to the cv/fv2M; and cv/tv3T structures should reveal partial occupancy of
trans-octahedra because of the ability of diffraction to average structural parameters. Pavese et al. (2001) found partial occupan-
cies of trans-octahedra in 37 and 2M; powder phengite samples. To explain these results the authors postulated the + 5/3 stacking
disorder. However, the calculations have shown that such disorder strongly modifies the XRD patterns. Therefore, in the paper an
alternative, crystal-chemically more justified hypothesis is suggested according to which the occupancy of frans-sites in 37 and
2M, phengites results from coexistence of v and cv layers in their structures. Diffraction features a dioctahedral mica sample given
as a tv3T standard in textbooks (Brindley, 1980; Bailey, 1984) are quite similar to those characteristic for a 37 structure in which
tv and cv 2:1 layers are interstratified.

Key-words: cis-vacant layers, frans-vacant layers, = b/3 disorder, interstratification, 2M;, 37 mica polytypes, simulation of XRD

patterns.

1. Introduction

Micas are rock-forming minerals which occur in quite
different geological environments and are often used as
markers of metamorphic grade. The mica structure consists
of 2:1 layers separated by large interlayer cations, such as
K or Na. In the general case, the octahedral sheet of a 2:1
layer contains three symmetrically independent sites diffe-
ring in mutual dispositions of OH groups and oxygen
atoms coordinating octahedral cations. They are termed as
M1 or trans-sites, and M2 and M2’, or cis-sites.

For a long time it was commonly accepted that in dioc-
tahedral phyllosilicates and in micas, in particular, the
trans-sites are vacant. This supposition was based on single
crystal structural refinements where octahedral cations in
2:1 layers of various polytypes of muscovite, phengite,
paragonite and margarite were shown to occupy only cis-
sites (Bailey, 1984). Therefore, identification of fine
dispersed mica polytypes and illites, in particular, was
usually based on the comparison between experimental
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positions and intensities of 4kl reflections and those calcu-
lated for trans-vacant (#v) polytype structural models given
in reference books (Brindley, 1980; Bailey, 1984).

The existence of dioctahedral phyllosilicates with diffe-
rent distributions of octahedral cations was first reported
by Méring & Oberlin (1967) for a sample of Wyoming
montmorillonite, for which one of the two symmetrically
independent cis-octahedra of the 2:1 layer was shown to be
vacant. Drits ef al. (1984) deduced unit cell parameters and
atomic coordinates for a one-layer monoclinic cis-vacant
(cv) illite model (cvIM). These authors calculated powder
XRD patterns for periodic cvlM and tv1M models, as well
as for models in which cv and #v mica-like layers are inter-
stratified. Based on these data they formulated diffraction
criteria for identification of the periodic and interstratified
mica-like structures as well as for those containing rota-
tional stacking faults. Zvyagin et al. (1985) were the first
to describe a monomineral Al-rich cvlM mica sample.
Reynolds & Thompson (1993) and Drits et al. (1993)
described other occurrences of cv1 M illites. The state of the
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art in structural and crystallochemical study of micas was
recently presented by Brigatti & Guggenheim (2000).

Tsipursky & Drits (1984), using oblique-texture elec-
tron diffraction (OTED), showed that dioctahedral smec-
tites have a wide range of proportions of ¢v and #v layers.
Reynolds (1993), McCarty & Reynolds (1995) and Drits et
al. (1996) demonstrated that the cv structure exists in illite
fundamental particles of the mixed-layer illite-smectites (I-
S) exhibiting the 1M and 1Md stacking sequences, and that
cv 2:1 layers are commonly interstratified with #v layers in
these illite stackings. Coexistence of cv and #v layers in I-S
formed in volcanic and sedimentary rocks was recently
described in many papers (McCarty & Reynolds, 2001;
Drits et al., 1998a, 2002; Ylagan ef al., 2000; Lindgreen et
al., 2000; Cuadros & Altaner, 1998). Drits & McCarty
(1996) proposed a method for semiquantitative determina-
tion of coexisting #v and cv layers in 1M illite and I-S using
experimental d(11/) values.

Drits et al. (1993) noted that rv3T and cv1M mica poly-
morphs produce similar diffraction effects, that is, in their
XRD patterns hkl reflections have similar intensities and
close positions. These features explain the reason for
confusion in the identification of w37 illite. Careful
analysis of the experimental data published in the literature
showed that illite varieties described as 37 (Warshaw, 1959;
Ey, 1984; Halter, 1988) in fact, correspond to cvlM (Drits
et al., 1993). Additional problems with reliable identifica-
tion of the actual structure of illites and other fine
dispersed dioctahedral micas may arise because of the
similarity of XRD patterns corresponding to different mica
varieties. For example, coexistence of #v and cv layers was
found in a nonswelling illite sample from Amethyst Vein
system, Creede Mining District, Colorado (Drits &
McCarty, 1996) which was initially described as 37 illite
(Horton, 1983). The reason is that powder XRD patterns
corresponding to tv37, cvIM and interstratification of #v
and cv layers in 1Md illite in which cv layers prevail are
very similar.

Recently Pavese et al. (2001) studied 37 and 2M,
powder phengite samples using low-temperature neutron
diffraction and the Rietveld technique. Phengites have the
idealized composition K(Al; sMgg5)(Si3 5Aly5)O019(OH),
and attract special attention because crystallization of a
specific polytype is supposed to depend on the thermobaric
conditions, which, in their turn, control the cation ordering
occurring in tetrahedral and octahedral sheets of the 2:1
layers (Sassi et al., 1994). For the studied 37 and 2M,
samples Pavese ef al. (2001) found that the occupancies of
trans-octahedra of these micas are not zero but roughly
equal to 0.18 and 0.12 atoms per octahedron, respectively.
The title of their paper contains a question: are these occu-
pancies real or an artefact? To explain the observed results,
Pavese et al. (2001) postulated stacking disorder resulting
from + b/3 slips in the octahedral sheet of the 2:1 layer that
occur in 2M; and 3T phengites. At the same time, the
authors noted that the + /3 disorder was observed experi-
mentally only for trioctahedral micas (Noe & Veblen,
1999), as for dioctahedral micas, there are energy
hindrances against this type of disorder. One has to note
that a partial occupancy of trans-sites in Mg-Fe-bearing
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muscovites 2M; was determined by Brigatti et al. (1998,
2000).

Taking into account that interstratification of #v and cv
layers in illite stacking sequences exists, one may assume
that the occupancy of trans-sites found in 37 and 2M,
phengite samples results from coexistence of both layer
types in their structure. The main aim of this paper is to
consider this alternative hypothesis using simulation of
powder XRD patterns from different structural models.
Special attention is paid to potential problems related with
identification of dispersed dioctahedral mica varieties
based on their powder XRD patterns.

2. Simulation of XRD patterns

The presence of stacking faults often prevents crystal-
chemical studies of dispersed layer minerals by conven-
tional methods of structure analysis, including the Rietveld
technique. One of the effective ways to obtain structural
and crystal chemical information from such minerals is to
simulate diffraction effects from realistic structural models
and then to compare the calculated and experimental XRD
patterns (Drits & Tchoubar, 1990). This approach was
successfully applied to natural and synthetic phyllosilicates
(Sakharov et al., 1990; Plangon et al., 1989; Reynolds,
1993; McCarty & Reynolds, 1995, 2001; Manceau et al.,
2000; Drits et al., 1993) and phyllomanganates (Drits et al.,
1998b; Lanson et al., 2000, 2002; Manceau et al., 1997).
The mathematical formalism used to calculate powder
diffraction patterns was described by Plangon & Tchoubar
(1977), Plangon (1981), Sakharov et al. (1982) and, in
greater detail, by Drits & Tchoubar (1990). One of the main
advantages of this approach is that it can predict diffraction
effects from diverse, theoretically possible and crystal
chemically justified layer structural models. Its application
makes it possible to analyze diffraction effects of various
parameters describing specific features of periodic and
defective structural models. For each particular model, the
following structural and probability parameters should be
defined: the structure and chemical composition of coexis-
ting layers; the azimuthial orientations, translations, reflec-
tion operations and modes of alternation of the layers;
probability parameters that describe quantitatively the
model (e.g. proportion of each layer type, W;, and condi-
tional probability, P;;, denoting the probability of a layer
type j to follow layer type i, when the short-range factor is
equal to 1). It is assumed that the interstratification of the
layer types follows the Marcovian statistics (Drits &
Tchoubar, 1990).

3. Structural models

Cartesian coordinates and parameters for the cv and tv
unit cells used in this study are taken from Drits et al.
(1984) and correspond to their designation of C and T
layers. Let us term Cr and C! the cv layers in which the frac-
tional x, y coordinates of their vacant sites in the projection
on the ab plane are equal to (0.346, — 0.333) and (0.346,
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0.333) respectively. In the notation of Zvyagin (2001) Cr
and C/ layers are denoted as 51 and 15, respectively. These
numbers correspond to intersheet displacements S;S;
characterized by their normal projections on the ab plane in
the fixed coordinate system. These displacement vectors
are relating the upward succeeding sheets TO and OT in a
2:1 layer, respectively. The origins of the tetrahedral sheets
are in the centers of the ditrigonal cavities and the origins
of the octahedral sheets are in the centers of vacant octa-
hedra. The unit cells of the Cr, C/ and T layers have the
same dimensions @ = 5200 A, b = 9.007 A, aV3, ¢* =
9.98 A and the same cation composition K g(Al; 7o Mgy 30)
(Siz 5 Alys) Oy (OH),. In projection on the ab plane, the
position of K cation located in the ditrigonal hole of the
upper tetrahedral sheet of the 2:1 layer is shifted with
respect to the closest K site located in the lower tetrahedral
sheet by — 0.383a and — 0.3085a along the a axis for the tv
and cv unit cells, respectively.

3.1 The + b/3 disordered model

In accordance with Nespolo (2001) and Nespolo &
Ferraris (2001), Pavese et al. (2001) assumed that stacking
disorder occurring in phengite samples consists in = b/3
slips in the octahedral sheets of their 2:1 layers. These slips
move the upper plane of the apical oxygen atoms with
respect to the lower plane in the octahedral sheet. In order
to preserve the octahedral coordination for interlayer K
cations, the + 5/3 shift in the nth layer requires the same
shift for the layer located just above it. As a result, in dioc-
tahedral micas the position of a filled cis-site is superposed
on to that corresponding to a vacant frans-site in the defect-
free structure.

If all layers have the same azimuthual orientation, then
five types of 2:1 layers are required to describe the + 5/3
disordered structural model. Along with a defect-free T
layer, they include two “defective” layers, in which their
upper parts including the upper plane of the apical oxygen
atoms of the octahedral sheets are shifted with respect to
the lower planes by + b/3 (T layer) or — b/3 (T"layer) along
the b axis, respectively. Atomic coordinates for TY and
Tu layers are obtained by adding and substracting 0.333b
from the Y-coordinates of atoms located above the octahe-
dral cation plane in T layer, respectively. For the next two
defective layers in which their lower parts are shifted with
respect to the upper one by + b/3 and — b/3, (T! and
T! layers), respectively, the 0.333b value is added and
subtracted from the Y-coordinates of atoms located below
the octahedral cation plane. To preserve the octahedral
coordination of interlayer K cations some layer pairs must
be excluded from the consideration and only the following
pairs may exist:

TT; TTY; TTY TUT; TOT; T8 T); TETY TITY TITY T/TY
and T*T'.

The layer pairs having the same upper indexes but different
lower ones (e.g. TTY and TTY; TYT. and T'T’) can be shown
to be equivalent from the diffraction point of view.
Therefore, to describe the + /3 stacking disorder in tv1M
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Table 1. Matrice of conditional probabilities for the +b/3 disordered
2M, models.

T60 T-60 Tg() TPGO T%)O TEGO
T, | 0 P 0 1P 0 0
T | P 0 1P 0 0 0
Ty, | 0 0 0 0 0 1
T, | 0 0 0 0 1 0
T, | 0 P 0 1P 0 0
T, | P 0 1P 0 0 0

structure, three layer types, T, TY and T/ or T, T*and T/ can
be used. For simplicity, the lower subindexes in the layer
symbols may be omitted.

For a defective 2M, structure, adjacent layers should be
rotated with respect to each other by + 120° or related by
glide plane as in the periodic #/2M; mica. Therefore, six
layer types, Ty, T 0> To» T%,» T, and T, should be used
to describe the + /3 stacking sequence in defective 2M
micas. Lower indices 60 and —60 correspond to rotations of
T, Tu and T/ layers by 60° counter-clockwise and clockwise,
respectively, relative to the fixed a axis. One may assume
that the occurrence probabilities W(Tgp) = W(T_49) =W and
W(TY,) = W(T%,) = W(TL,) = W(Tl,) = W;. Table 1 shows
that among the 36 values of P;; only eight should be deter-
mined, because the other P;; values are equal to zero or to
1.0. In the first case, P; = 0 because the corresponding
layer pairs are forbidden, whereas in the second case,
P;j =1 because the T/ layers should always follow the Tu
layers for definition. If there are no additional constraints
for the layer stacking, then, as can be seen in Table 1, only
one parameter, P, should be defined. Its value is equal to the
total amount of T layers, that is, to 2W. In this case equa-
tions of the type W(Ty,) = W(T ) P (T ¢, T¢,) + W(T,)
P(T!gy Teo)> P(T g0, Tgo) + P(T o TYy) = 1, and 2(W + W))
= 1, satisfying the Marcovian statistics are fulfilled.

For a defective 3T structural model, each layer should
be rotated with respect to the preceding one by 120°, as in
the periodic #v3T mica. In this case, nine layer types, T,
T 500 Toagr T8 Tihgs Thao» T, Ti,o and Th,, should be used.
As in the previous case, one can assume that W(T,) =
W(Ty,0) = W(Toy) = W and portions of the other 6 layer
types, W,, are also equal to each other, so that 3W + 6W;
= 1. Within the constraints described above, only W and W;
values are needed to describe the + b/3 defective 37 model.
Indeed, in this case the conditional probability of the T, (or
T120, or T 249) layer to follow the T4, (or T}, T,,) is equal
to 3W, whereas the conditional probability of the Tu, (or
Tu1209 Tu240) layer to follow the T240 (or To, leo) is equal to
6W;. The rest of Pj; values differing from 0 and 1 can be
found using the equations: P(T},,, T,) + P(T,,, T) =1 or
P(T, T,y + P(T, T, = 1, etc.

Thus, in order to describe the + 5/3 defective 2M, and
3T models, the occurrence probability for each layer type
should be defined.
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3.2 Interstratification of cv and #v layers (tv/cv models)

In a defective tv/cv 2M| mica model, four layer types,
Teo> Tg0 Cho» and Crg, o1 T, T o, CLy and Clg are inter-
stratified in such a way that the layers in any layer pair,
independent of octahedral cation distribution, are rotated
with respect to each other by £ 120° as in a periodic tv2M,
mica. One may assume, that the occurrence probabilities
W(Tg,) = W(T_,) = W and W(Cg,) = W(C’)) = W;. In the
case of random interstratification of the layer types having
identical azimuthial orientations, the conditional probabili-
ties, P, for the layers T, to follow the layers T ¢, and C’, as
well as for the layer T_, to follow the layer T, and Cf are
both equal to 2W. The other nonzero conditional probabili-
ties, P’, for the layer Cf, to follow the layers T ., and C'
as well as for the layer C', to follow the layers T, and C§,
are both equal to 2W;and P + P’ =2(W + W) = 1.

In defective cv/tv 3T mica models, six layer types, T,
Ti500 Toagr Cf Clpg and Chyg or Ty, Ty, Toypr Ch Ciyg
and C},, are interstratified in such a way that each layer is
rotated, with respect to the preceding one, by 120°, counter-
clockwise for the first six layer types and clockwise for the
second layer sextet. For periodic ¢v3T structures, in terms
of Zvyagin’s notations, the counter-clockwise and clock-
wise periodic rotations of Cr layers by 120° are represented
as 51 13 35 and 51 35 13, respectively, whereas the corres-
ponding rotations of C! layers, as 15 31 53 and 15 53 31.
Let us assume that W(T() = W(T5) = W(T49) = W and
W(Cp) = W(Ch,,) = W(CE,,) = W,. As in the previous case,
if the layer types having identical azimuthal orientation are
interstratified at random then the conditional probabilities,
P, for the layer T, to follow the layers T,,, and C%,,, for the
layer T,,, to follow the layers T, and Cj, and for the layer
T,,, to follow the layers T,,, and Ct, are all equal to 3W.
The other nonzero conditional probabilities, P’, are equal
to 3W,, so that 3(W + W,) = 1.

In the general case, additional constraints on the layer
sequences may be imposed. For example, the layer types
may interstratify with some tendency to segregation. In this
case, the P and P’ values equal to 3W and 3W; for the
random interstratified model may vary within 3W <P <1
and 3W; > P’ > 0, respectively. The case P =1 and P’ =0
corresponds to a physical mixture of periodic w37 and
cv3T micas. In the case when P > 3W and P’ < 3W; the
occurrence probabilities for the layer subsequences T, T,,,
Ty4Ty... and C{Ci,,C5,,Cl increase in comparison with
those for the layer subsequences in the random model.
Simultaneously, the occurrence probabilities of layer
subsequences of mixed layer type compositions decrease.

More complex cv/tv3T structural models may consist of
nine interstratified layer types, T, T 50, T540, Cb» C'200 Chagr
Cl, Cl,, and C),,. These layers may be distributed at
random or with some tendency to segregation.

3.3 Models with partial occupancy of trans-sites

In these models trans-sites in the octahedral sheets of
2M, and 3T mica models are occupied by Al or Mg cations.
These models will be denoted as m2M; and m3T where m
is the occupancy factor equal to 0.10; 0.20, efc. atoms per
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trans-site whereas the occupancy of cis-sites is equal to
0.95; 0.90, etc. atoms per cis-site. The atomic coordinates
remain the same independent of the occupancy of trans-
and cis-sites.

4. Results

Powder XRD patterns have been calculated for the
models described above in the interval 19.0° — 65.0° 26.
Intensities were calculated with a step equal to 0.02° 26.
Thicknesses of coherent scattering domains (CSDs) were
distributed log-normally and the parameters of this distri-
bution were determined using the mean number of mica
layers in CSDs and the regression given by Drits et al.
(1997) with mean (N) and maximum (N,,,,) numbers of
mica layers in CSDs as variable parameters. For all models,
Nmax = 50 and N varies from 15 to 12. CSDs were assumed
to have disc-like shape, with the diameter of 500 A. In
order to compare XRD patterns calculated for different
models, reflection intensities were normalized to those
corresponding to reflections whose intensities do not
depend on the distribution of octahedral cations over cis-
and trans-sites. These intensities correspond to 20/, 13/ and
11/ reflections of the 2M| and 37 structural models, respec-
tively. In order to estimate the relative difference between
the intensities of XRD patterns calculated for two
compared models, the standard factor R,,, was used.

4.1 Diffraction effects from m3T and m2M,; models

Figure 1 compares XRD patterns calculated for
periodic #v3T and rv2M; micas with those calculated for
m3T and m2M, structural models with m = 0.20 atoms per
MIl-site. Figure 1 shows that this partial occupancy is
accompanied by three principal diffraction features. First,
the intensities of 110 and 100 reflections corresponding to
the m2M; and m3T models, respectively, decrease. Second,
117, 02/ and 10/ reflections of the m2M, and m3T models
have different sensitivity to redistribution of octahedral
cations over trans- and cis-sites. For example, the intensi-
ties of some 02/, 11/ reflections decrease, whereas the
intensities of the other reflections are similar for the m2M,
and periodic /v2M| micas (Fig.1a). In the case of the m3T
model, the cation redistribution significantly decreases
intensities the first four 10/ reflections with / < 5 (Fig. 1b).
Third, the intensities of Akl reflections located at 20 > 34°
are almost insensitive to the cation distribution. It is
obvious that the difference between the compared XRD
patterns depends on the occupancy of the trans-sites. The
calculations have shown that for m = 0.20 atoms, R,,, =
7.4 % and 7.5 % for the m3T and m2M, , respectively; but
R, values decrease down to 3.7% for both models for m =
0.10 and increase up to 11.2 % and 11,1 % when m = 0.30.

4.2 Diffraction effects from #v/cv3T models
XRD patterns calculated for tv/cv3T models consisting

of different amounts of interstratified cv and #v layers and
differing from each other in the modes in the layer distri-
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Fig. 1. Comparison of
XRD patterns calcu-
lated for the #2M,

(solid line) and m2M,
models (a) as well as u
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and m3T models (b). m 19 24
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bution were compared with that calculated for a periodic
tv3T mica. It was found that the XRD patterns of the 3T
and cv/tv3T containing 10 % of cv layers are almost undis-
tinguishable (R,,, = 6.3 %). Further increase of cv layers is
accompanied more significant modification (Fig. 2a). In
particular, intensity of 102 and 103 reflections dramatically
decreases whereas 106 reflection becomes more strong in
comparison with corresponding reflections of the #w3T.
Accordingly, the R,,, values increase and equal to 9.0 %,
12.5 % and 15.3 % when amount of ¢v layers are equal to
20 %, 30 % and 40 %. It is remarkable, however, that
segregation of the interstratified layer types in #v/cv3T
models significantly decreases the difference between
XRD patterns calculated for the models containing diffe-
rent amount of c¢v layers. For example the XRD patterns
corresponding to ¢v/tv3T models consisting of 20 % and
10 % cv layers almost coincide (R = 2.1%) when layers in

both models are distributed with P = 0.90. Similarly, XRD
patterns calculated for #v/cv3T models containing 20, 30
and 40 % of cv layers in which the layer types are distri-
buted with P = 0.80 are also very similar. Comparison of
these patterns shows that for any two patterns the R,,, value
does not exceed 4.3 %. Therefore, it is not surprising that
XRD patterns calculated for a segregated tv/cv3T model
containing 40 % of cv layers remain quite similar to that of
tv3T mica except for 10/ reflections with / < 4 (Fig. 2b). For
the compared XRD patterns, R, values vary from 7.5 to
10.8 % depending on the cv layer amount.

Redistribution of 10/ reflections observed for cv/vv3T
models consisting in nine interstratified layer types, T,
T 200 Taagr Chs Clags Chags C, Chypg» and Chy is quite similar
to that observed for the cv/tv3T models containing six layer
types. However, increase of c¢v layers in these nine-compo-
nent systems is accompanied more significant decreasing



104 V. A. Drits, B. A. Sakharov

a)

19.5 245 29.5 345 395 44.5 49.5 54.5 59.5 64.5

20
b)
8
L
L
L
4 8
8
_ - - .
195 245 205 495 545 59.5 645
20

Fig. 2. Comparison of
XRD patterns calcu-
lated for the 3T
(solid line, N = 12) and
for the cv/tv3T models
containing 20 % (a)
and 40 % (b) of cv
layers (N = 15). The
XRD  pattern  (b)
corresponds to the
cv/tv3T in which the
layer types distribution
has a strong tendency
to segregation (see
text).

Fig. 3. Comparison of
XRD patterns calcu-
lated for the defect-
free nv2M, (solid line,
N = 12) and for the
cvitv2M, models
containing 20 % of c¢v

layers (N = 15).
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a)

Fig. 4. Comparison of
XRD patterns corres-
ponding to the 37 (a)
and n2M,; (b) (solid
lines)and to the + /3
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disordered 37 and 2M,

models  containing

20 % of defective Tu _ _ ] . . . _ v

and T/ layers (N = 15) 135 245 295 345 395 44,5 49.5 54.5 59.5 4.5
(see text). 20

of 10/ reflections with / < 5. Therefore, Ry, values increase
up to 10.0, 14.2 and 17.8 % when total amount of cv layers
are equal to 20, 30 and 40 %.

4.3 Diffraction effects from #v/cv2M; model

XRD patterns calculated for #v/cv2M; models contai-
ning different total amounts of cv layers, W(C), were
compared with those calculated for periodic tv2M; mica
structures. An increase in cv layers is accompanied mainly
by a redistribution of 02/, 11/ reflections intensities. In
particular, the intensities of 110, 111, 022, 113, 024 and
115 reflections decrease, whereas the other reflections are
not so sensitive to variations in cv layers content. However,
as in the case of ¢v/tv3T models when the amounts of cv
layers are relatively small (e.g. W(C) = 10 %), the XRD
patterns of the tv/cv2M; and pure n2M; are practically
undistinguishable (R, = 7.3 %). Figure 3 shows that even
when W(C) = 20 % the difference between the compared

XRD patterns remains relatively small (R, = 9.7 %). For
tv/ev2M| models with W(C) > 25 %, the intensity redistri-
bution becomes stronger, and the models may be identified
taking account of very low intensities of 111, 022, 112 and
113 reflections.

As mentioned above, the interstratification of ¢v and #v
layers is accompanied by the interstratification of different
interlayer translations equal to —0.383a¢ and —0.3085a
which are associated with #v and cv layers, respectively. It
is well known that the remarkable feature of diffraction
effects is their ability to average interstratified structural
parameters (Méring, 1949; Drits & McCarty, 1996).
Similar effects are observed in the case of rv/cv2M| mica
models. Both layer types have two azimuthal orientations
rotated with respect to each other by 120°. Along each of
these directions, as well as along the resulting a axis, the
two interlayer translations are interstratified in proportion
determined by the amount of #v and c¢v layers. Therefore
diffraction averages interstratified —0.383a and —0.3085a
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translations. It means that each given tv/cv2M, structure is
characterized by a statistically weighted interlayer displa-
cement equal to T, = —0.383W(T) — 0.3085W(C).
Therefore, the positions of /k/ reflections in XRD patterns
of the tv/cv2M; models depend on the contents of the inter-
stratified layers. Moreover, for each given tv/cv2M, struc-
ture, the positions of Akl reflections should coincide with
those of n2M; structure, for which the projection of the ¢
axis on the ab plane (c cos f/a) is equal to T, calculated for
a given tv/cv ratio. The validity of these considerations is
confirmed by full coincidence of Akl reflections’ positions
in the compared XRD patterns shown in Fig. 3. In parti-
cular, the XRD patterns of #v2M;| micas were calculated
with ¢ cos f/a equal to —0.3756a, —0.3681a and —0.3607a
in order to be compared with the XRD patterns of the
tv/lev2M; models containing 10 %, 20 % and 30 % of cv
layers.

4.4 Diffraction effects from + b/3 disordered models

XRD patterns calculated for the + 5/3 disordered 37
and 2M; models having 10 % and 20 % of defective Tu and
T! layers were compared with XRD patterns of defect-free
tv3T and tv2M; micas. An increase in the amount of defec-
tive layers is accompanied by increasing background
within of 26 from 19° to 34° and decreasing intensities of
hkl reflections located in this diagnostic interval of 26.
Note that Akl reflections located at 20 > 34° have low sensi-
tivity to variation in the “defective” layer content. At low
amount of Tu and T/ layers (e.g. 10 %), modifications of the
XRD patterns are relatively small and Ry, factor is equal to
12.8 % and 9.0 % when the XRD patterns of the defective
3T and 2M, structural models are compared with those of
the defect-free 3T and nv2M,. However, Fig. 4a and 4b
shows that the difference between the compared XRD
patterns increases dramatically when the amount of the
“defective” layers is equal to 20 % and R, values are equal
to 22.2 % and 16.0 for the 37 and 2M; models.

5. Discussion

The results of the calculations allow us to answer the
question of Pavese et al. (2001) concerning the origin of
partial occupancy of trans-sites in the phengite samples, as
well as to reveal certain problems which should be taken
into account to determine the actual structure of fine-
dispersed dioctahedral 37 and 2M; mica polytypes using
their powder XRD patterns. The presence of the Tv and T!
layers in the 2M; and 3T structures is accompanied by
displacements of some octahedral and tetrahedral cations
as well as oxygen atoms from their standard positions to
those which are unoccupied in the defect-free polytypes.
The contribution of these “shifted” atoms disturbs the
reflections’ intensities. Due to the ability of diffraction to
average structural parameters, a XRD pattern from the +
b/3 disordered mica structure should be treated in terms of
the unit cell in which occupancies can appear in positions
generated by the structural disorder. Pavese et al. (2001)
assumed that the scaling of the structural factors should
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greatly smooth the effect of the contribution of the shifted
atoms to the reflections’ intensities, but they did not esti-
mate this effect quantitatively.

Analysis of the XRD patterns calculated from the + 5/3
disordered 2M, and 37 models shows that the main contri-
bution to the modification of the patterns results not from
the partial occupancy of trans-sites in the defective Tv and
T! layers but from the disordered displacements of the tetra-
hedral sheets and oxygen atoms of the octahedral sheets in
these layers by + /3. Indeed, as shown in Fig. 1, partial
occupancy of trans-sites decreases the intensities of only
some of the 11/, 02/ and 10/ reflections of the m2M, and
m3T models and does not change the background. In
contrast, the + /3 layer displacements decrease the inten-
sities of all 11/, 02/ and 10/ reflections and dramatically
increase the background (Fig. 4). These features are typical
for the XRD patterns of the &+ 5/3 disordered phyllosilicates
(Drits & Tchoubar, 1990; Drits et al., 1984). In particular,
to get a fractional occupancy of trans-sites of about 20 %,
the + b/3 defective 37T structure should contain similar
amounts of Tu and T’ layers. As a consequence, the back-
ground increases and 10/ reflections’ intensities decrease
so dramatically that the scaling of the structural factors
cannot smooth this effect (Fig. 4).

Even when the amounts of T/ and Tu layers in the 2M,
and 37 micas are rather small, and corresponding XRD
patterns can be used for the Rietveld refinement the
presence of the £ b/3 disorder can be detected using the
fact that background and intensities of 11/, 02/ and 10/
reflections located in the interval 19°-34° 20 are most
sensitive to this disorder. Therefore, R,,, factors determined
for two different intervals of the XRD pattern (19°- 34°26
and 20 > 34°20) should be significantly different if the
intensity in each interval is scaled using reflections which
are not sensitive to the = b/3 disorder. In this case, R,
factor for the first interval should be much higher than that
for the second one. For example, comparison of XRD
patterns calculated for 37 model containing 10 % of the
defective layers and for #/v37 model shows R,,, = 14.7 % for
the first and R,,, = 8.55 % for the second interval.

Diffraction effects from #v/cv2M| and tv/cv3T models
are, in general, quite similar to those observed for m2M,
and m3T models especially when W(C) = m. Indeed, an
increase in the cv-layer amount, as well as in the occupancy
of trans-sites in the models is accompanied by decreasing
intensity of reflections having the same /k/ indices. This
similarity does not mean that the XRD patterns of the
tv/ev3T and m3T completely coincide because average
overlapping of atomic positions of the interstratified cv and
tv layers is not equivalent to the atomic sites of the layers
with a partial occupancy of frans-sites. It means, however,
that the main modification of the XRD patterns from the
tv/ev3T structures appears as a result of the partial occu-
pancy of trans-sites mimicking the presence of cv layers in
the actual structure. For example, 20 % of cv layers in the
tv/ev3T (Fig. 2b) and 20 % atoms in trans-sites in the m3T
(Fig. 1a) result in a similar decrease in the intensities of 10/
reflections having the same / values. Similar diffraction
features are observed for nv/cv2M; models. For example,
comparison of Fig. 1b and 3 shows that an increase in the
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amount of c¢v layers in the tv/cv2M, structures as well as
partial occupancy of trans-sites in the m2M; ones are
accompanied by similar decrease in the intensities of
reflections having the same Akl indices. A remarkable
diffraction feature of the tv/cv2M, is that the positions of
hkl reflections observed in each XRD pattern can be
described in terms of the unique unit cell despite the inter-
stratification of two different interlayer translations. The
fact that in this cell, the effective interlayer displacement
along the « axis, |c-cos B/al, decreases with the amount of
cv layers, can be used as an additional criterion for the
identification of the tv/cv2M| micas, taking into account
that |c-cos B/a| = 0.383 for micas of muscovite-phengite
composition (Bailey, 1984).

Qualitative identification of the #/cv3T and tv/cv2M,
micas should be especially problematic in the following
cases: low content of cv layers (< 10 %); a strong tendency
of cv and #v layers to be segregated in tv/cv3T; very small
sizes of CSDs; presence of rotational stacking faults. In the
first case, the XRD patterns from the interstratified and
defect-free 37 and 2M;| models are quite similar or even
undistinguishable. As was mentioned, a strong tendency to
segregation of the layer types in the #v/cv3T significantly
decreases the difference between the XRD patterns corres-
ponding to the models having quite different amounts of cv
layers. The main reason is that XRD patterns correspon-
ding to the periodic T T,,;T,4,T,... and C{Cl,,C5,,Ch. ..
layer sequences (space group P3;12) are rather similar. As
can be seen in Fig. 5a and 5b, they have the same positions
and shapes of Akl reflections and differ from each other
only by lower intensities of 105 and 108 reflections corres-
ponding to the ¢v3T structure. The significant difference
between the intensities of the 106 reflections in the
compared XRD patterns has no diagnostic meaning
because of their overlapping with 006 reflection. Finally,
small sizes of CSDs and stacking faults are accompanied
by broadening of %kl reflections and decreasing difference
between the compared XRD patterns.

However, when the amount of cv layers in tv/cv2M; and
tv/ev3T is rather high (> 20 %) and they are distributed “at
random” among tv layers, then the following criteria can be
used for their identification: absence or extremely low
intensities of 102 and 103 reflections for #v/cv3T (Fig. 2)
and of 111 and 022 ones for tv/cv2M,; (Fig. 3). Because of
the absence of 102 and 103 reflections one may suspect
that a dioctahedral mica sample given as a fv37 standard in
the textbooks (Brindley, 1980; Bailey, 1980, 1984) consists
of interstratified cv and #v layers.

Because both positions and profiles of 4kl reflections of
the tv/cv2M; and tv/cv3T models are the same as those of
periodic and defect-free structures, the Rietveld technique
may be used to refine mica samples consisting of #v and cv
layers using both X-ray and neutron diffraction. However,
in the general case, along with conventional #v mica poly-
types, initial models for the Rietveld refinement should
include a partial occupancy of trans-sites. This requirement
may have a practical meaning. It is well known that cation
ordering over the tetrahedral and octahedral sites in diocta-
hedral micas is the subject of many publications (see
review in Pavese, 2002). Special interest to this problem for
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phengites is derived from the assumption that the stability
of 2M, and 3T phengites is related to the cation ordering
occurring in T and M sites. However, it would be difficult
to achieve reliable results in terms of cation partitioning if
the actual structure of phengite samples consists of v and
cv layers.

Let us consider some crystal-chemical features of the
tv3T, ¢v3T and tv/cv3T structures which, most probably,
make their XRD patterns similar. As was mentioned, in the
tv3T, ¢v3T and cv/tv3T structures, T and/or Cr layers are
counter-clockwise rotated with respect to the preceding
one by 120°. Therefore, in the normal projection on the ab
plane one of the two sets of symmetrically independent
octahedral cations of the subsequent T and/or Cr layer
almost superimpose on the OH groups located in the lower
oxygen plane of the octahedral sheet of the preceding layer.
The other half of the octahedral cations, as well as vacant
octahedral sites of the subsequent layer, almost coincide
with the tetrahedral cations of the lower sheet of the prece-
ding layer. Such homogeneous disposition of the octahedral
and tetrahedral cations, as well as OH groups in the adja-
cent layers is more favourable in comparison with a cation
distribution when in the projection on the ab plane all octa-
hedral cations of the subsequent layer superimpose on the
tetrahedral cations of the following layer. Such an unfavou-
rable mutual cation disposition takes place in cv/#v3T mica
models in which the subsequent T or Cr layers are clock-
wise rotated with respect to the preceding one by 120°. In
such structures, mutual dispositions of octahedral and
tetrahedral cations in the adjacent layer pairs are different.
In particular, in the projection on the ab plane, all octahe-
dral cations of the following layer in the Cr— Crand Cr—T
layer pairs almost coincide with tetrahedral cations of the
lower sheet of the preceding layer. In contrast, for layer
pairs T — T and T — Cr, only half of the octahedral cations
overlap with tetrahedral ones. That is why the XRD
patterns corresponding to such structural models (Fig. 5c)
are quite similar to those characteristic for disordered
micas containing rotational stacking faults.
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