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Abstract—Although structural disorder in kaolinite has been investigated extensively, it is still not
understood properly. To investigate the problem, a kaolinite specimen of sedimentary origin from Capim,
Brazil, was examined, mainly by transmission electron microscopy (TEM). Selected-area electron
diffraction (SAED) along the X; ([100], [110], and [110]) directions shows various features, from
completely discrete patterns to heavily streaked ones along the ¢* direction, suggesting that the degree of
stacking disorder is variable among individual grains. High-resolution TEM images indicate that stacking
faults are mainly caused by disorder of alternating #; (~—a/3) and ¢, (—a/3 +b/3) layer displacements.
Furthermore, stacking faults have been observed (1) as isolated stacking faults (e.g. insertion of an isolated
t, ‘fault’ in an ordered sequence with #; layer displacement) and (2) as interstratification of two kinds of
multilayer blocks having regular #; and ¢, layer displacements. A mixture of grains with various degrees
and modes of disorder with alternating #, and #, layer displacements may explain the experimental profile
of the 02, 11 X-ray diffraction band.

Faults related to displacement of the octahedral vacancy and/or to layer rotation were also observed in
HRTEM images. The SAED patterns along the ¥; ([010], [310], and [310]) directions occasionally have
extra spots and/or streaks, suggesting the presence of stacking sequences with (£60°, 180°) mutual layer
rotation and/or with (0, £b/3) layer displacements. The local dickite or nacrite-like fragments formed by
these faults are in qualitative agreement with recent low-temperature FTIR results from this sample, where
distinct V(OH) absorption bands reflect multiple interlayer O—H-:--O environments that are possibly

ascribed to dickite and nacrite.
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INTRODUCTION

Structural defects in kaolinite, Al,Si,05(OH),4, have
been investigated intensively because of the geologic
and industrial importance of the mineral. In particular,
the nature and degree of stacking disorder in kaolinite
have been of sustained interest during the past half
century. A number of quantitative models have been
proposed to describe stacking disorder in kaolinite (e.g.
Brindley and Robinson, 1946; Murray, 1954; Plangon
and Tchoubar, 1977; Giese, 1988; Bookin et al., 1989;
Zvyagin and Drits, 1996; Plangon, 2001; Reynolds and
Bish, 2002) including +b/3 random layer displacement
(Brindley and Robinson; 1946), +120° mutual layer
rotation (Murray, 1954), and displacement of octahedral
vacancy sites in the dioctahedral sheet (Plangon and
Tchoubar, 1977). Because kaolinite occurs as fine
particles, powder X-ray diffraction (XRD) is the most
convenient and useful technique for its crystallographic
characterization. Stacking disorder in kaolinite degrades
the observed XRD patterns in predictable ways depend-
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ing on the degree and nature of the disorder. The
accuracy of these models has been assessed by evaluat-
ing how well the simulated XRD patterns reproduce
experimental ones. Bookin et al. (1989) considered layer
distortions in the kaolinite layer and discussed the
possibility of the occurrence of these stacking disorder
models. They also found that the kaolinite layer contains
a pseudo-mirror plane passing through the octahedral
vacancy site and proposed a stacking disorder model
with two alternating layer displacements, #; (~—a/3) and
t, (—a/3 +b/3) that are related to each other by this
pseudo-mirror plane. Zvyagin and Drits (1992) deduced
possible variants of stacking faults in kaolinite based on
the structural features of kaolin-group minerals, follow-
ing the discussion in Bookin et al. (1989). Plangon ef al.
(1989) reported that XRD patterns of many kaolinite
specimens were reproduced by a model in which
alternating ¢; and ¢, layer displacements induce the
main stacking disorder/fault and insertion of the layer
with the octahedral vacancy at the C site (C layer) as the
minor fault. Plangon ez al. (1988, 1989) suggested that
two assemblages of kaolinite particles differing from
each other by their degree of structural disorder are
necessary to reproduce inter-peak intensities in the 02,
11 band in the XRD patterns from a number of kaolinite
specimens with Hinckley index (Hinckley, 1963) > 0.4.
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Kogure and Inoue (2005a) succeeded in determining
the stacking-fault structures directly from HRTEM
images of a kaolinite specimen of diagenetic origin,
overcoming the difficulty in recording HRTEM images
due to rapid radiation damage. They reported that most
faults observed in this kaolinite specimen were caused
by alternating ¢, and ¢, layer displacements, in accor-
dance with the suggestion by Bookin ef al. (1989) and
Plangon et al. (1989). Kogure and Inoue (2005b)
examined the stacking disorder in a dickite-dominant
specimen of hydrothermal origin using HRTEM, in
which they found the coexistence of the two types of
defects, disorder of the layer displacements and octahe-
dral vacancy sites. They also found several long-period
polytypes of kaolin-group minerals, indicating that the
crystals were formed by spiral growth.

Johnston et al. (2008) examined various kaolinite
specimens using low-temperature FTIR spectroscopy at
15 K and reported that spectra from several specimens
showed absorption bands that can be assigned to dickite
and nacrite, in addition to those of kaolinite. Of
particular interest was a sedimentary kaolinite from
Brazil which originates from weathering near the surface
and has not experienced high-temperature conditions.
This sample also showed the spectral features ascribed to
dickite- and nacrite-like stacking sequences that are
considered as high-temperature polytypes (e.g.
Ehrenberg et al., 1993). However, the FTIR data were
unclear as to whether these sequences exist as separate
phases or as stacking disorder.

In the present study, a kaolinite specimen investi-
gated by Johnston ef al. (2008) was reexamined, mainly
using HRTEM, to elucidate the nature of stacking
disorder and its relationship with the genesis of this
mineral, as well as the correspondence with the XRD
pattern and FTIR spectrum.

SAMPLE AND METHODS

The specimen investigated was a ‘soft kaolin’ from
the Amazon basin of northern Brazil, referred to as
Capim kaolin (Sousa et al., 2007). After gentle grinding,
the sample was dispersed with sodium hexametapho-
sphate and centrifuged to isolate the 2—5 um fraction
(Johnston et al., 2008). A powder XRD pattern was
collected using a Rigaku RINT-Ultima" diffractometer
with CuKo radiation, graphite monochromator, 0.3 mm
receiving slit, and 1.0° divergence and anti-scatter slits.
A continuous scan rate of 0.1°20 min~' and sampling
interval of 0.02° were adopted

Cross-sectional specimens for TEM experiments with
the electron beam parallel to [#kO] directions were
prepared as follows. Kaolinite particles dispersed in
water by ultrasonication were deposited by sedimenta-
tion onto a glass substrate to align the kaolinite plates in
parallel. After drying, platy aggregates of the particles
were collected and embedded between two glass slides
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with epoxy resin. The glass slides were then cut
perpendicular to their surfaces, using a diamond wheel,
to laths of ~1 mm thick. After mechanical thinning down
to ~70 um, the specimen was finally thinned by
conventional argon ion milling.

Examination by HRTEM was performed at 200 kV
using a JEOL JEM-2010 microscope with a UHR pole
piece (Cs = 0.5 mm). After setting the crystal orientation
using SAED, focus was adjusted with minimum
illumination using an LH72LL-TEM TV-rate CCD
camera (LHESA Electronique, Cergy, Pontoise,
France). Immediately after focusing, the illumination
was intensified for exposure on film. The exposure time
was ~0.5—1.0 s and the direct magnification on the films
was 400,000 x or 500,000 x. Generally, only one
exposure could be obtained before the crystal deterio-
rated due to the radiation damage (Kogure and Inoue,
2005a). Successful images recorded on the films were
digitized using a CCD camera. Noisy contrast from
amorphous materials in the images was removed using a
Wiener filter (Marks, 1996; Kilaas, 1998) developed by
K. Ishizuka (HREM Research Inc., Saitama, Japan) and
implemented in Gatan DigitalMicrograph version
3.1 0.0 (Kogure et al., 2008).

The recording of kaolinite crystals in the present
specimen by HRTEM was more difficult than in
previous studies (Kogure and Inoue, 2005a, 2005b)
because of the smaller grain size (~2 um in the present
specimen compared to ~10 pm in the prior studies).
Because the nature of the sample only permitted a
limited amount of time for focusing, whether the
contrast of the recorded image was reversed against
the electrostatic potential in the crystal is uncertain. The
results described in the following section are not
affected by this ambiguity, however. See Kogure and
Inoue (2005b) for an interpretation of the HRTEM
contrast of dioctahedral 1:1 layers and for additional
detail of how to analyze the stacking sequences.

RESULTS

Most peaks in the XRD pattern (Figure 1) can be
assigned to kaolinite except for two weak peaks,
indicated with arrows, which may be assigned to dickite
(see the next section). The Hinckley index calculated
from the 02, 11 band was 1.12. The peak positions for
021, 021, 111, etc. were coincident with the calculated
values with deviations <0.02°, using the refinement-
based cell parameters of kaolinite (e.g. Bish and Von
Dreele, 1989) (Figure 1b).

Plan-view and cross-sectional TEM images of the
specimen (Figure 2) indicated that most grains show a
euhedral, hexagonal shape in the plan-view image
(Sousa et al., 2007). Platy grains were generally aligned
in the cross-sectional specimen (Figure 2b) resulting
from the sample preparation using sedimentation as
described above, which is suitable for observations
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Figure 1. Powder XRD pattern of Capim kaolinite. The two peaks indicated by the arrows in (a) are unidentified. (b) Magnified
pattern showing the peak profiles for the 021, 021, and 111 reflections. The figures on the peaks are the measured summit 20
positions of the peaks whereas those in the parentheses are calculated positions using the cell constants reported by Bish and Von

Dreele (1989).

along the [4k0] directions. The thickness of the grains
was rather uniform, from 50 to 100 nm. The SAED
patterns along the X; directions (Bailey, 1963), which
corresponded to the [100], [110], and [110] directions
for kaolinite, were taken from many grains using an
aperture of ~100 nm diameter (Figure 3). The diffrac-
tion patterns were varied (Figure 3a—d), from almost
discrete spots (Figure 3a) to continuous streaks
(Figure 3d) on the first and second diffraction rows

beside the 00/, suggesting that the degree of stacking
disorder was diverse among individual grains. The
pattern in Figure 3b had extra spots with streaks,
implying that the selected area contained interstratifica-
tion of two types of domains. On the other hand, the
pattern in Figure 3¢ had asymmetric streaking on the
two sides of the diffraction spots on 11/ or 11/
diffraction rows. The source of these diffraction features
is discussed below.

Figure 2. (a) Plan-view TEM image of Capim kaolinite dispersed on a holey carbon film. (b) Cross-sectional TEM image of the
specimen. The platy crystals of kaolinite were aligned by sedimentation during sample preparation.
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Figure 3. SAED patterns from several kaolinite crystals along the x; directions, using an aperture of ~100 nm diameter.

A HRTEM image of a kaolinite crystal along the
[110] (or [110]) direction (Figure 4a) contains several
irregular contrasts parallel to the (001) plane, which
corresponded to stacking faults. A more magnified
image at the edge of the crystal (Figure 4b) indicated
that the contrast of each kaolinite layer was identical
(indicated with a triangle, see Kogure and Inoue, 2005b)
but the relative position between adjacent layers was
changed locally as indicated by the arrows. The stacking
faults were a result of disorder of alternating #; and t,
layer displacements, as described by Kogure and Inoue
(2005a, 2005b). All faults recorded in Figure 4a were of
this type. A noticeable feature is that most of these faults
resulted from the isolated insertion of different layer
displacement in an ordered matrix. Figure 5 shows
similar features, although the density of faults is greater
than in Figure 4.

In Figure 6, the stacking disorder appears different
although it was also caused by alternating #; and ¢, layer
displacements. The stacking may be described as a mixture
of two types of multilayer blocks with regular ¢, and #, layer
displacements. Such a fault structure is expected to generate
an SAED pattern in which extra spots appear by the overlap
of two reciprocal lattices from the different blocks. The
SAED pattern in Figure 3b presumably corresponds to such
a structure (recording both the HRTEM image and SAED
pattern from the same area was impossible due to rapid
radiation damage). On the other hand, the SAED pattern
shown in Figure 3¢ (asymmetric streak) probably corre-
sponds to the defect structures shown in Figures 4 and 5.
Among the SAED patterns recorded, patterns such as those
shown in Figure 3b,c were commonly observed, suggesting
that both modes of the defect structures are common in the
specimen.

Figure 4. (a) Filtered HRTEM image of a kaolinite crystal along the [110] direction. Several stacking faults are observed as a distinct
contrast parallel to the (001) plane. (b) Magnified image of the rectangle area in (a). The triangle for each layer represents the
characteristics of the contrast for the kaolinite layer (Kogure and Inoue, 2005b). The solid line connects the equivalent point in each
layer. The arrows indicate the stacking faults with the different layer displacement (#, instead of #; or vice versa).
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Figure 5. Filtered HRTEM image of a kaolinite crystal along the
[100] direction. Stacking faults with the different layer
displacement are indicated by the arrows.

Figure 6. Filtered HRTEM image of a kaolinite crystal along one
of the x; directions. The two solid lines connect the equivalent
point in each layer along the stacking. Note that the stacking
structure consists almost entirely of the two kinds of multi-layer
blocks with different layer displacements.
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Although less common than the disorder by alternat-
ing ¢, and #, layer displacements, another type of
stacking fault, where the contrast of each layer was not
uniform for all kaolinite layers, was also found
(Figures 7 and 8). The kaolinite layers indicated by the
square brackets or arrows in Figure 7 have a contrast
with white bars perpendicular to the layers in the
thinnest region of the crystal, whereas the other layers
have a contrast with staggered white dots, as indicated
by the triangles in Figure 4b. This is due either to the
displacement of the octahedral vacancy or to the rotation
of adjacent layers by n60, n = 1—5. The blocks indicated
by the square brackets have different directions of layer
displacement as well as different contrast of the layers
from those in the rest area. Hence, they are considered as

Figure 7. Filtered HRTEM image of a kaolinite crystal along one
ofthe x; directions. The layers indicated with the square brackets
and arrows have a different contrast from the others, suggesting
displacement of the octahedral vacancy site or n60° layer
rotation. The white lines connect the equivalent point in each
layer along stacking, within multi-layer blocks with the same
layer contrast.
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Figure 8. Filtered HRTEM image of a kaolinite crystal along one
of'the x; directions. The arrows and bracket indicate layers with a
different contrast from others. Note that two-layer periodicity is
observed locally, implying the formation of dickite- or nacrite-
like stacking. The disturbed contrast at the top right of the image
is probably due to misalignment of the crystal orientation by
local crystal bending.

rotational twins. Stacking containing a ‘local’ two-layer
periodicity with the different layer contrasts was also
observed (Figure 8). This contrast is similar to dickite or
nacrite structures.

As reported by Johnston et al. (2008), electron
diffraction patterns of the specimen recorded along the
Y; directions, or [010], [310], and [310] of kaolinite, also
indicated stacking disorder (Figure 9). As shown by
Kogure and Inoue (2005b), alternation of # and ¢, layer
displacements, displacement of the octahedral vacancy
among the 4, B, and C sites (Bailey, 1963), and/or the
occurrence of 2n60° layer rotation have almost no
influence on the diffraction pattern along the Y; directions
(Figure 9a). The patterns showed extra spots and/or
streaks on the second and third diffraction rows
(Figures 9b and 9c), indicating that the stacking
sequences contained faults corresponding to (0 or +b/3)
layer displacement, and/or (2n+1)60° layer rotation.

To determine the actual defect types occurring in the
specimen, HRTEM images along Y; directions were
necessary, as reported by Kogure et al. (2001) for
cronstedtite. HRTEM images of kaolin-group minerals
were more difficult to obtain along the Y; direction than
along the X; direction, because the resolution required to
analyze the stacking sequences was greater (<2.6 10\).
Virtually all attempts failed with the exception of one
imperfect image (Figure 10). Although the crystal
structure almost disappeared, the two-dimensional lat-
tice image and its Fourier transform (inset on Figure 10)
prove unambiguously the existence of stacking disorder
in the crystal.

DISCUSSION

The TEM experiments have revealed that the stacking
disorder in the present specimen is diverse. The degree
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Figure 9. SAED patterns along the y; directions of kaolinite. The
pattern in (a) is common and the normal one with a regular
reciprocal lattice, whereas those in (b) and (c) contain extra
spots and streaks, suggesting stacking disorder with (0 or +b/3)
layer displacement and/or (2n+1)60° layer rotation.

of stacking disorder is very variable among individual
grains (Figure 3). Sousa er al. (2007) suggested that
Capim kaolinite was formed by intense lateritization of
sandy-clay sediments. The diversity of stacking disorder
among individual grains implied that local environments
to precipitate kaolinite were inhomogeneous or that it
formed in a non-equilibrium manner. As mentioned
above, Plangon et al. (1988) proposed a model with a
mixture of two types of crystallites (or coherent
scattering domains) having different degrees of stacking
disorder to explain the inter-peak intensity in the 02, 11
band. However, the degrees of stacking disorder appear
to be much more variable among the crystallites,
although the limited number of grains examined by
SAED precludes a quantitative comparison with XRD
data.

Among the different types of faults, that correspond-
ing to alternating #, and ¢, layer displacements was most
abundant. The two layer displacements are related to
each other by the pseudo-mirror plane in the kaolinite
layer, and the structures with ¢, and ¢, layer displace-
ments are thus enantiomers (Bookin et al., 1989). Two
extreme modes of occurrence of this type of defect have
been observed (Figures 4—6). In the paper by Kogure
and Inoue (2005a), all HRTEM images from a diagenetic
kaolinite specimen showed stacking disorder similar to
that in Figure 6, an interstratification of two kinds of
multilayer blocks having regular ¢, and ¢, layer
displacements. Bookin ez al. (1989) described the
stacking disorder illustrated in Figures 4 and 5 as
‘mechanical displacement’ and that in Figure 6 as
‘growth faults.” However, whether the stacking disorder
shown in Figures 4 and 5 were actually formed
‘mechanically’ by an external force after crystallization
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Figure 10. Filtered HRTEM image of a kaolinite crystal along one of the y; directions. The crystal was damaged by electron radiation
(making itamorphous) except for the central region. The inset is the Fourier transform of the image, showing stacking disorder in the

image.

is unclear. The two types of stacking disorder are thus
referred to hereafter as ‘isolated faults’ (IF) and
‘enantiomeric twins’ (ET).

Bookin et al. (1989) simulated XRD patterns to
estimate how IF and ET defects affect the XRD profiles.
Unfortunately, their results are confusing, having been
published with editorial errors. In addition, the para-
meters used for their calculations are not adequate for
comparison with the present data. Hence, XRD patterns
for IF and ET defects, according to the description by
Bookin et al. (1989), were also calculated here by
simulation using the DIFFaX program (Treacy et al.,
1991). In the simulation, a layer with #; displacement
was named layer 1 and the equivalent layer, but with
layer displacement of #,, as layer 2. The ratio of the
number of each layer in the stacking sequence was
expressed as W, :W,, and the junction probabilities were
expressed as P; (ij = 1, 2) ie. a 2x2 matrix
(Reichweite = 1). Among these six parameters, two
were independent as Wy + W, =1, Py + Pip, =1, Py +
Py, =1, and W x P, = W, X Py;.

P in IF mode were expressed as

Py P\ _(l=p p
Py Py 1 0

with p (= P1,) < 0.5. The p is the junction probability
from layer 1 to layer 2 and equivalent to the ratio of
layers 1 and 2 (p = W,/W)) in this case. On the other
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hand, assuming W, = W, in ET mode, values for P
could be expressed as

(Pll P12)2<1—P p >
Py Py p l-p

where p (= P, < 0.5) is equivalent to the inverse of the
average number of layers in a block. The influence of p,
which expresses the degree of stacking disorder in each
mode upon several reflections of the 02, 11 band in the
XRD patterns, is shown in Figure 11. The peak position
and width of other reflections in the band were also
affected by the disorder but the degree of their peak shift
and broadening was less than those of the reflections
shown in Figure 11 (Plangon and Zacharie, 1990).
Disorder in ET mode broadens the 021, 021, and 111
peaks but does not change their peak positions unless p
becomes larger (0.3). On the contrary, disorder in IF
mode shifts the peak positions to a larger (021 and 111)
or smaller (021) angle, and broadens the peaks. These
peak shifts were expected quantitatively because inser-
tion of the layers with #, layer displacement in the
ordered stack of layers with ¢, displacement alters the
‘average’ o and [ angles of the crystal (see the
schematic figure in the right of Figure 11b).

As mentioned, the positions of experimental 021,
021, and 111 peaks in the XRD pattern were not shifted
within precision (Figure 1b), suggesting the prevalence
of highly ordered grains or the presence of
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Figure 11. Simulations of the 02, 11 band in the XRD pattern with various degrees of stacking disorder expressed by p in the junction
probability (P;;) matrix shown in the figure. The columns to the right are schematic illustrations of examples of the stacking, drawn
with the p parameter and randomizer function: (a) enantiomeric twin model; (b) isolated faults model (see the text for detail).

ET-disordered ones (Figure 11a). However, the profiles
of these reflections are considerably asymmetric
(Figure 1b) which may be explained by the addition of
shifted peaks by the disorder with IF mode to non-
shifted peaks. Such asymmetries of 021, 021 peaks were
also found in XRD patterns of kaolinite with a similar
Hinckley index in previous works (Plangon et al., 1988,
1989). Together with the results of SAED (Figure 3) and
HRTEM, the profiles of the 02, 11 band reflected
primarily a mixture of grains with various degrees and
modes of disorder with alternating #; and ¢, layer
displacement, which is considered the most abundant
defect type.

The formation of the disordered structure with ET
mode seems natural. During layer-by-layer growth of
kaolinite, stacking of a new layer with the same layer
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displacement as that of the preceding layer is probably
favored energetically compared to that with a different
layer displacement. This led to small Py, values (<0.5) in
the calculation of the ET mode. On the other hand, the
origin of the fault structure with IF mode was not
straightforward. As stated by Bookin ez al. (1989), the
faults can be introduced by an external shear force
applied after kaolinite crystals formed. Capim kaolinite
may have experienced a geologic shear force. Such
asymmetric peaks were also generated experimentally by
long and intense grinding of kaolinite (Reynolds and
Bish, 2002). The asymmetric character in the present
specimen was not induced in this way because grinding
was minimal (Johnston et al., 2008). Another possibility
is that the crystals were formed by spiral growth
mechanism to memorize the stacking sequence through
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the crystal. In this case, stacking faults can be inserted
by the formation of extrinsic two-dimensional nuclei
with different layer displacement on the spiral surfaces,
or by the occasional invasion of the ridge from
neighboring spirals with different layer displacement
(Kogure and Nespolo, 1999).

Stacking faults with the displacement of octahedral
vacancy sites and/or n60° layer rotation were also found
in the specimen, although they were less common than
those related to alternating ¢, and #, layer displacements.
Johnston et al. (2008) reported that low-temperature
FTIR spectra from a number of kaolinite specimens,
including the present one, showed absorption bands that
can be ascribed to dickite and nacrite. One of the
objectives of the present study was thus to establish
whether these polytypes exist as separate crystals or as
local stacking sequences in the kaolinite matrix. Among
a number of SAED patterns taken during the experiment,
none showed two-layer periodicity as evidence of dickite
or nacrite. Hence, together with the results from Figures
7—10, the absorption bands in the FTIR spectrum may
correspond to stacking faults inducing structural frag-
ments similar to dickite or nacrite in the main kaolinite
structure. On the other hand, the XRD pattern
(Figure 1a) shows peaks that can be assigned to dickite
(023 and 114), indicating that the dickite phase may
exist as separate crystals in the specimen. However, the
peaks for dickite are weak, and intense characteristic
peaks for dickite are absent from the experimental
pattern. For instance, 022 at 23.5°20 should be observed
at the midpoint between the two kaolinite peaks for 021
(23.1°) and 021 (23.8°), or the inter-peak intensity
between the two kaolinite peaks should be greater than
others in the 02, 11 band in the patterns. Hence, the two
observed peaks are probably related to other impurities.
With respect to nacrite, major peaks for 314, 022, and
310 should appear between 36.5 and 38°20 but the
experimental pattern is almost flat in this region.
However, the volume of nacrite seemed so small, from
the FTIR spectrum, that characteristic peaks of nacrite
may not be detected in the XRD pattern.

CONCLUSIONS

The majority of stacking disorder in sedimentary
kaolinite from Capim, Brazil, is related to the alternation
of t; and ¢, layer displacements. However, faults induced
by the displacement of octahedral vacancies and/or by
n60° layer rotations, thus locally forming dickite/nacrite-
like fragments, were occasionally observed in HRTEM
images. Electron diffraction suggested the existence of
faults corresponding to (0 or +b/3) layer displacements
and/or to (2n+1)60° layer rotation between adjacent
layers, suggesting the existence of nacrite-like stacking.
These local dickite/nacrite-like fragments may be
responsible for the v(OH) absorption bands ascribed to
dickite and nacrite in a low-temperature FTIR spectrum
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reported by Johnston et al. (2008). With respect to the
disorder induced by alternating ¢, and ¢, layer displace-
ments, two extreme modes (isolated faults and enantio-
meric twins) were observed in the HRTEM images. The
former is probably related to the asymmetric peak profile
of several reflections in the 02, 11 band of the XRD
pattern.
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