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PRACTICAL NOTES CONCERNING THE INDEXING OF X-RAY
POWDER DIFFRACTION PATTERNS OF CLAY MINERALS
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Abstract—Hydrous phyllosilicate minerals exhibit many variations in unit-cell shape and symmetry,
distortion due to cation ordering, polytypic repeats along Z, and lateral modulations that can affect the
ease of indexing of X-ray powder diffraction patterns. In indexing the patterns of monoclinic and triclinic
hydrous phyllosilicates it is important that the indices of all overlapping but nonequivalent lines be listed
and used in the indexing program, with weights assigned according to their multiplicities. Deviations
from orthogonal unit-cell geometry show up by a broadening or a splitting of nearly superimposed lines,
as occurs also if the observed 3 angle differs from that produced by a layer shift of ideal magnitude (e.g.,
a/3). Observed powder intensities should be correlated with those expected from the structure, and an
index should not be assigned solely on the basis of the calculated d-value that is closest to that observed.
Assigned indices should not violate space group extinctions. Multilayer structures show up in reflections
of type k # 3n for C-centered unit cells, not in 00/ reflections.
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INTRODUCTION

To obtain correct indexing solutions of X-ray pow-
der diffraction (XRD) patterns from hydrous phyllosil-
icate minerals, the structural variations that are pos-
sible in these minerals must be understood. The
literature contains many examples of powder patterns
of phyllosilicates that are indexed incorrectly, includ-
ing some by the author. The purpose of the present
paper is to present examples of structural variations
that can cause indexing problems and to give sugges-
tions for solving these problems.

Several assumptions are made in this paper.

1. Only hydrous phyllosilicate minerals are involved.

2. Each sample is pure; no extraneous lines due to
impurities are present in the XRD patterns.

3. The powder particles are sufficiently small and
randomly oriented so that the entire XRD pattern is
recorded with smooth diffraction lines that have their
proper intensities. _

4. The stacking of layers is regular, and the samples
are well enough crystallized to give a sufficient num-
ber of sharp diffraction lines to allow successful index-
ing of the powder patterns.

5. The reader has access to a computer indexing
program similar to that of Appleman and Evans (1973).
The similarity of the structural motifs in hydrous phyl-
losilicates makes it easy to obtain approximate unit-
cell dimensions from the XRD patterns. Thus, it is not
necessary to use an automatic indexing program, in
which the pattern is treated as always triclinic or as
based on some assumed symmetry.

6. Powder diffractograms or Debye-Scherrer XRD
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patterns are used, rather than oblique texture electron
diffraction patterns.

UNIT-CELL SHAPE VS. SYMMETRY

The shape of a unit cell is an expression of the lattice
geometry and is not necessarily directly related to its
symmetry, which relates the positions and identities
of the atoms to one another within the unit cells. For
example, most chlorites have triclinic symmetry, but
many are based on orthorhombic- or monoclinic-
shaped unit cells; even the triclinic-shaped unit cells
of the most common chlorites deviate from monoclinic
geometry by only 0.5°. By definition, monoclinic sym-
metry allows one interaxial crystallographic angle (tak-
en here to be () to take any value, including 90°. Like-
wise for triclinic symmetry, all three interaxial angles
may have any value, including 90°. In many computer
indexing programs a starting “symmetry”” must be as-
sumed, but this term usually means the shape of the
unit cell because the assumption controls the axial re-
peats and interaxial angles that may be varied during
the computer run. The extinction conditions limiting
the possible reflections may or may not be included.

Hydrous phyllosilicates can have hexagonal, trigo-
nal, rhombohedral, orthorhombic, monoclinic, and tri-
clinic symmetries. Hexagonal and trigonal cells are
based on hexagonal-shaped lattices with three X-axes
120° apart and normal to Z; they differ by the presence
of 6-fold or 3-fold axes, respectively, parallel to crys-
tallographic Z. Rhombohedral crystals also have 3-fold
axes parallel to Z of the hexagonal setting, but that Z
is not normal to the three rhombohedral X-axes.
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(a) Two alternative unit cells connecting lattice points (small circles) for the tetrahedral sheet of a phyllosilicate

structure. Hexagonal-shaped cell (dashed) is primitive; orthohexagonal cell (solid line) is C-centered. (b) Octahedral sheet of
a 1:1 phyllosilicate. All cations (solid) and anions (open and ruled) repeat at intervals of /3 along the three possible

orthohexagonal Y-axes inclined at 120° to each other.

Rhombohedral patterns may be indexed on hexagonal-
shaped cells, however, but then reveal their rhombo-
hedral nature by systematic absences. All reflections
present will have hkil indices that obey either the ob-
verse or reverse orientations of the rhombohedral unit
cel, namely (—A + k+ D)=3nor(h — k+ ) = 3n
Working with hexagonal indices /4kil and rhombo-
hedral indices pgr can be difficult. Common practice,
therefore, is to index the XRD patterns of hydrous
phyllosilicate minerals by using an orthohexagonal cell,
rather than either a hexagonal- or rhombohedral-shaped
cell. An orthohexagonal cell is defined with the Y-axis
at 90° to one of the three X-axes, all taken as normal
to Z, and with b = a\/3 (Figure la). This orthohexa-
gonal cell is C-centered and has twice the volume of
the corresponding primitive cell based on hexagonal-
orrhombohedral-shaped geometry. The smallest prim-
itive unit cell contains one formula unit of atoms for
a l-layer phyllosilicate structure, whereas a C-centered
cell contains two formula units for a 1-layer structure.
An international agreement exists (Bailey, 1977) that
all mineral compositions should be expressed in terms
of formula units, not in terms of atoms per cell or half
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cell. The latter are variable with the cell shape and with
the number of layers in the c-repeat.

For ease of comparison, all 4kl indices in this paper
will be expressed in terms of a unit cell that has a
C-centered 5 A x 9 A base. The actual symmetry can
be primitive, however, and hexagonal- or rhombohe-
dral-shaped cells can be used in some cases. The jus-
tification for indexing all hydrous phyllosilicate min-
erals as C-centered is that exceptions to C-centering
for an orthohexagonal cell are limited. For example,
the Ba- and S-rich brittle mica anandite does not have
C-centering. Cation and anion ordering in anandite
creates a coordination group around the origin (0,0,0)
of the cell that is different in composition and size than
the group around the center of the XY base (Y2,%,0).
As a result, reflections occur that violate the C-cen-
tering systematic absences of type (2 + k) = 2n (Filut
et al., 1985). Another example is the primitive form
of minnesotaite, which has a modulated ribbon-like
structure and is more Mg-rich than C-centered min-
nesotaite (Guggenheim and Eggleton, 1986). In both
of these exceptions, however, those reflections that vi-
olate C-centering are too weak to observe on XRD
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powder patterns; they require the use of single crystals
or electron diffraction technigues for resolution of the
true symmetry. A published pattern of a hydrous phyl-
losilicate mineral based on a 5 A x 9 A unit cell that
lists mixed even and odd /4 and k values, such as 21/,
is thus a clear indication of incorrect indexing unless
proof is given that primitive symmetry exits. Modu-
lated structures (to be discussed below) can lead to
more complex unit cells (Guggenheim and Eggleton,
1988). For example, bementite is based on a primitive
cell that does not have a 5 A x 9 A base. Ganophyllite,
eggletonite, and bannisterite are based on A-centered
cells.

LINE MULTIPLICITIES

Except for oblique texture patterns, all reflections of
the same d-value will superimpose on the powder pat-
tern, and the resulting line will have a multiplicity »
that specifies the number of superimposed reflections.
Thus, the 001 line has a multiplicity of n = 2 due to
superposition of the 001 and 001 reflections. More
importantly, because all hydrous phyllosilicates are
based on a pseudohexagonal structure and most are
close to the orthohexagonal lattice geometry of b =
aV/ 3, reflections of type 20/ will superimpose or nearly
superimpose on reflections of type 13/ and 13/ (plus
Friedel equivalents). All of these reflections are equiv-
alent in hexagonal or orthorhombic symmetry but not
in lower symmetries. Thus, information may be lost
about the intensities of the individual reflections that
are important for determining the true symmetry. These
lines (of the class 240/, h3hl, and h3Al) are the most
intense on the powder patterns of hydrous phyllosili-
cates, except for certain mica polytypes.

In indexing the patterns of monoclinic and triclinic
hydrous phyllosilicates it is important that the indices
of all overlapping but nonequivalent lines be listed and
used in the indexing program. For example, if only 20/
indices are used for the strongest X = 3» lines, an in-
accurate value of the b repeat may result because of
the paucity of indices with k # 0. Instead, for a line
composed of superimposed non-Friedel reflections,
several entries should be listed with different indices
but the same d-value. Each entry should be weighted
according to its multiplicity if the intensities of the
individual reflections are about the same (see discus-
sion below). Thus, for a monoclinic phyllosilicate min-
eral based on an orthohexagonal-shaped cell, 13/ (n =
4) should have twice the weight of 20/ (n = 2). For
broad lines due to incipient separation of the lines (see
below), slightly different d-values can be used for the
lines involved.

LINE INTENSITIES

The intensity of an individual reflection in an XRD
pattern is related to the position of each atom within
the unit cell, the number of electrons associated with
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each atom, thermal vibration, and the diffraction angle.
For hydrous phyllosilicate minerals all octahedral cat-
ions and anions repeat at intervals of 5/3 along the
three pseudohexagonal Y-directions (Figure 1b). Thus,
these atoms scatter X-rays in phase only for reflections
where k = 3n, and these lines are usually the most
intense on the pattern. Basal oxygen atoms and mica
interlayer cations contribute to all reflections, but they
are the only contributors to reflections with k # 3n for
an undistorted structure. Hence, the lines with k # 3»
are generally less intense. Because of the pseudohex-
agonal nature of the structure of hydrous phyllosili-
cates, “triplets™ of superimposed reflections (actually,
n = 6) exist that have identical or nearly identical in-
tensities and d-values. Examples of such ““triplets™ in-
clude reflections in the class 20/, 13/, and 13/ (plus
Friedel equivalents) for k = 3n and 02/, 11/, and 11/
(plus Friedel equivalents) for £ # 3n. The [/ values
within each “triplet” set may or may not be identical
and will depend on the shape of the unit cell (see below).
Despite their superposition, the similarity in intensities
within the triplet set allows each reflection to be weight-~
ed according to its multiplicity during cell parameter
refinement.

DEVIATIONS FROM ORTHOGONALITY

If B = 90°, the three pairs of reflections, 20/ and 20/,
13/ and 13/, 13/ and 13/, plus their six Friedel equiv-
alents superimpose precisely onto one line of multi-
plicity 12. Cation ordering may distort the structure
away from orthogonality, thereby affecting the three
interaxial angles (although in practice the y angle com-
monly remains near 90°). If the distortion is small, the
effect only broadens certain lines. With greater distor-
tion, however, there is a separation of the lines that
would superimpose with orthogonal geometry. A non-
orthogonal cell then must be assumed in the indexing
program and, to facilitate convergence, an approximate
value of the appropriate angle should be entered. This
angle and its approximate value can be determined
from the pattern by noting the indices affected (20! or
0kl) and the amount of separation of the lines. Figure
2 illustrates the progression from sharp lines to broad
lines to resolved doublets for different specimens of
amesite and kellyite. In these examples only the 8 angle
is distorted from 90°, and the affected indices are of
type 20/and 13/. A deviation of 0.6° from 90°in kellyite
is sufficient to resolve the doublets at d-values <2.2 A
for FeK« radiation using a 114.6-mm diameter Debye-
Scherrer camera; even greater resolution would be
achieved with a diffractometer.

If adjacent layers are shifted to give a monoclinic-
shaped unit cell, e.g., by the layer stacking vector —a/3
found in 1M micas, a diffraction line that would have
n = 12 for an orthogonal cell splits into two lines of n
= 6 each. One line is of index 207 and is superposed
by reflections of index 13(/ — 1) and 13(/ — 1) plus
their three Friedel equivalents (n = 6) for a 1M mica.
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Figure 2. Change from sharp lines (a) to slightly broadened
lines (b) to resolved doublets (c) as 8 angle progressively de-
viates from 90°. All X-ray powder diffraction patterns taken
in a 114.6-mm diameter Gandolfi camera with graphite-
monochromatized FeKa radiation. (a) amesite-6R;, Antarc-
tica, 8 = 90°, (b) amesite-6R,, Ural Mins., U.S.S.R., 8 =90.2°.
(c) kellyite-2H,, Bald Knob, North Carolina, 8 = 90.6°.

For example, 203 is superimposed by 132 and 132,
etc. The second line is of index 20/ plus 13(7+1) and
13(/+1) and the three Friedel equivalents (# = 6). For
example, 203 is superimposed by 134 and 134. The
general case for 1M and 2M |, micas is expressed as 240/
superimposes on 234 — k) and A3A( — A) plus the
Friedel equivalents 240/, A3A(I + h), and A3k(I + h).
The amount of separation of the two lines is a function
of the magnitude of the deviation of 8 from 90°, and
the least-square routine in the refinement program will
vary the § angle to achieve the best fit of the observed
and calculated d-values or #-angles. The amount of
separation is large for a 1M mica (8 = 100°; e.g., for
lepidolite-1M d(202) = 2.48 A and d(202) = 2.13 A.
Structural distortion due to cation ordering may cause
the resultant 8 angle to be larger or smaller than the
ideal B angle given by an exact layer shift of —a/3 in
the formula arccos(—a/3¢) = Bigea- A deviation of +0.2°
from ideal is sufficient to split superimposed “triplets”
(n = 6) at high angles. This deviation produces doublets
in which one line is about twice as intense as the other
(due to different multiplicities). Assuming that the cell
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Figure 3. Splitting of superimposed lines (a) into doublets
(b) when B, > Bigew. (@) preiswerkite-2M, from Penninic
Alps, Switzerland (8,,; = Bigear)- (b) muscovite-1M from Foun-
tain Fm near Commerce City, Colorado (B.p; > Bigeat by 1.5°).
Debye-Scherrer camera of 114.6-mm diameter with graphite-
monochromatized FeKa radiation.

axes are chosen so that the resultant layer shift is along
— X, the doublet line 207 will have a larger d-value (but
about half of the intensity) than line 13( — 1) + 13(/
— 1) for the usual case where Bsmne > Bigea- CON-
versely, doublet line 20/ will have a smaller d-value
than line 13(7 + 1) + 13( + 1) (but about half of its
intensity). Examples of both types of indices are illus-
trated for muscovite-1M in Figure 3. The splitting into
doublets here is due to the octahedral ordering pattern
in which the vacant M1 site is larger than the Al-rich
M2 sites. This causes 8, to be 1.5° greater than 8,,.,.
The splitting is much smaller in muscovite-2M,.

In some samples a deviation of an angle from 90° is
indicated only by a larger than normal deviation of
observed and calculated d-values for a few lines if a
90° angle is assumed. For the di, trioctahedral chlorite
sudoite, for example, the calculated d-values based on
a monoclinic-shaped cell differ from the observed val-
ues by more than 3o for the 135, 136, and 137 reflec-
tions (Fransolet and Bourguignon, 1978; Lin and Bai-
ley, 1985). Observed versus calculated d-values for these
indices were reported as 1.995 vs. 1.987 A, 1.816 vs.
1.812 A, and 1.549 vs. 1.553 A, respectively. A single
crystal study suggested the true symmetry is triclinic,
and successful indexing of the powder pattern was
achieved only by proposing a triclinic-shaped cell with
a = 90.5° (Bailey and Lister, 1989). This triclinic dis-
tortion also has the effect of creating resolved doublets
from reflections such as 068 and 068, which would be
equivalent in monoclinic symmetry (Figure 4).
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Figure 4. Splitting of lines that would be equivalent in
monoclinic symmetry. Triclinic sudoite from Ottré, Belgium
(e = 90.5°. Debye-Scherrer camera of 114.6-mm diameter
with graphite-monochromatized FeKe radiation.

In kaolinite, the triclinic distortion is even larger,
with @ = 91.7°, and this effect is combined with a larger-
than-ideal  angle to create a powder pattern containing
many resolved doublets and triplets (Bailey, 1930).
Thus, 061 and 332 are resolved from 061 and 333,
204 and 133, from 133, 111 from 111; 021 from 021,
etc.

MULTILAYER STRUCTURES

The presence of a multilayer structure is indicated
by additional Akl lines that cannot be indexed on the
basis of a 1-layer repeat along Z. Because multilayer
structures normally are caused by a particular stacking
sequence of layers, the c-repeat is measured between
planes of basal oxygen atoms within the layers that are
truly identical. As mentioned above, the contributions
of these atoms to the diffraction lines are best observed
in reflections of index k # 3n for which they alone
contribute to the intensities without any contributions
from the octahedral cations and anions. Thus, the ad-
ditional lines for most multilayer polytypes will be in-
dexed as 02/, 11/, 04/, 22/, etc., although in some min-
erals 20/, 13/, etc. may also be involved, The most
visible additional lines will occur in the region of 4.5
to 3.0 A, Tables of k = 37 lines that identify the poly-
types were given in the reviews of Bailey (1980, 1985,
1988a, 1988b). Figure 5 illustrates the 02/ lines that
identify the 6-layer structure of a synthetic serpentine.

The 00/ type reflections never indicate the layer peri-
odicities in multilayer polytypes. These reflections only
record the layer thicknesses, such as 7 A, 10 A, 14 A,
and suborders thereof. Multiples of these values do not
occur because adjacent layers normally have identical
compositions, and their contributions to the intensities
of multilayer 00/ reflections exactly cancel out. Thus,
a 3-layer mica will have a 10-A line but not the 20-A
or 30-A multiples.

If extra 00/ lines are observed they must be due to
one of the following causes:
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Figure 5. Sequence of 02/ lines from / = 3 to / = 13 that
identify the multilayer nature of a synthetic Mg-Ge serpen-
tine. Filtered CuKa radiation, Debye-Scherrer camera of 114.6-
mm diameter.

1. Regular interstratification of different layer types
or interlayers so that adjacent unit structures either
have different thicknesses or compositions. Under these
circumstances a composite large spacing daor) + daory
results, in addition to suborders of the large spacing,
provided the regularity of interstratification is long-
range in nature. Examples of these composite struc-
tures are corrensite and rectorite (Bailey, 1982).
Gonyerite is a special case in which there is an inter-
stratification of two layers that are structurally different
as a result of modulation (Guggenheim and Eggleton,
1988).

2. Cation ordering between layers and consequent
layer distortions so that adjacent layers or interlayers
have different compositions or thicknesses. If the or-
dering is regular, a superlattice forms with a larger
spacing than that of an individual layer. In addition to
the regular interstratifications noted above, other ex-
amples include the hypothetical ordering of Na and Ca
inalternate interlayers of mica, smectite, or vermiculite
or a regular alternation of different amounts of layer
substitutions and layer charges in adjacent layers.

3. The Renninger effect. Multiple reflections are usu-
ally limited to large particles. This effect is more com-
monly found in electron diffraction patterns. Multiple
diffraction should not occur for small and randomly
oriented particles within a powder. The use of a dif-
ferent wavelength is a test for the Renninger effect, as
the extra reflections should then disappear.

4. Short-range interparticle diffraction at very small
6 angles. These observed peaks are a function of particle
size and do not record any large spacings within the
particles. They do not exhibit suborder spacings.

IDEAL VS. REAL SYMMETRY

If all layers are identical and cation ordering does
not occur, the particular stacking sequence of layers in
a polytype produces an ideal symmetry (see Bailey,
1980, 1985, 1988a, 1988b). Most indexing programs
require input on the systematic absences for the space
group symmetry assumed for indexing. These system-
atic absences are in volume A of the Iniernational
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Tables for Crystallography (Hahn, 1983) and in several
textbooks (e.g., Nuffield, 1966). The systematic ab-
sences may be bypassed, however, and the d- and
f-values may be calculated for all reflections. It is bad
indexing procedure, however, to assign an index solely
on the basis of the calculated d-value that is closest to
that observed. The observed intensities should also be
correlated with those expected from the structure. In-
tensity information may be available from published
single-crystal structural refinements or from well-in-
dexed powder patterns of similar minerals. If not pre-
viously published, the powder intensities can be cal-
culated from the structure.

Many examples are known in which cation ordering,
which probably takes place during the cooling of a
crystal and after the layer-stacking sequence has been
established, reduces the ideal symmetry to a lower (ac-
tual} subgroup symmetry. Examples of lower actual
symmetries include those found in amesite-2H,,
kaolinite-17¢, nacrite-2M, anandite-20r, and margar-
ite-2M, and in some specimens of lepidolite-1M and
zinnwaldite-1M. The reduced symmetry has several
possible effects on indexing. Weak powder lines may
occur that violate the systematic absences of the ideal
space group. The crystal system may be reduced, and
the interaxial angles may change. All of these changes
require some changes in input to the computer program
used for indexing. The effect of change of interaxial
angle was discussed above.

DERIVATION OF CELL PARAMETERS

Most computer programs for indexing also refine cell
parameters by repeated cycles of least squares fit of
calculated and observed d-values or 6-values. From
experience it is possible to learn if a minimum reli-
ability factor has been achieved for the quality of data
used. Most programs provide a figure-of-merit to help
make this judgment. Cycles should be repeated until
no further changes in the calculated d-values or in the
figure-of-merit occur; however, a false minimum may
occur if some reflections are assigned fixed indices in-
correctly.

Some programs require initial values of the cell pa-
rameters. For this purpose the d(00/) values give ¢ sing,
and the assumption of an approximate 3 angle for the
polytype involved will give ¢. The b repeat can be
derived from » = 6 x d(060) and the a repeat from b
= a\/3 as a first approximation.

Caution must be used if the b repeat is derived in
this manner because “060”’ is usually a composite peak.
Its multiplicity is # = 6. If b is indeed equal to a\/3,
the peak consists of three superimposed Friedel pairs
of reflections, which for an orthogonal cell will be 060
+ 060, 330 + 330, and 330 + 330. For a monoclinic-
or triclinic-shaped cell due to layer shifts of a/3 or 4/3,
a certain 33/ peak with / # 0 will superimpose on 060.
For example, in 1M and 2M, micas 064l is superim-
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posed by 343h(h + ) and 3k43k(% =+ ) reflections. The
composite peak gives the true d repeat only if the lattice
has a b = a\/3 relationship.

If the structure is distorted by cation ordering so that
b = a\/3, the 33/ and 33/ reflections shift relative to
060 to produce an asymmetric peak. Because all of the
superimposed or nearly superimposed reflections have
about the same intensities, the resultant peak is dom-
inated by the 33/ + 33/ components. Thus, the com-
posite, distorted peak is more a measure of the lateral
repeats along the two directions at 120° to crystallo-
graphic Y than it is of the b repeat.

MODULATED STRUCTURES

Structural strain due to poor lateral misfit between
a smaller Si-rich tetrahedral sheet and a larger octa-
hedral sheet populated with cations the size of Mg, Fe,
and Mn can be relieved by a regular modulation. In
this modulation tetrahedra invert at regular intervals
along X, Y, or both, and then relink their apices in
some regular pattern. This creates a superlattice along
X and/or Y that may or may not be an integral multiple
of the planar lateral repeat (commensurate or incom-
mensurate structures). The presence of the superlattice
is indicated by extra spots (single crystal) or lines (pow-
der) on the diffraction patterns or, in some minerals,
by satellite spots adjacent to normal reflections (ob-
served most easily by electron diffraction).

Reflections from superlattices commonly are too
weak to be visible on powder patterns; however, mod-
ulation can be suspected for compositions of this type
if the powder pattern cannot be indexed on the basis
of an ideal non-modulated structure. High-resolution
transmission electron microscope photographs have
imaged the modulations in greenalite and minneso-
taite, for example, which for many years were consid-
ered to be ferrous analogues of serpentine and talc,
respectively, but for which the powder patterns could
not be indexed on the basis of a single homogeneous
planar structure (Guggenheim et al, 1982; Guggen-
heim and Bailey, 1982; Guggenheim and Eggleton,
1986). Other examples of modulated phyllosilicates are
caryopilite, antigorite, sepiolite, palygorskite, stilpno-
melane, ganophyllite, and zussmanite (Guggenheim and
Eggleton, 1987).

STACKING FAULTS

The presence of stacking faults in phyllosilicates af-
fects indexing because the faults can broaden and shift
the positions of powder peaks. In the extreme case,
three-dimensional Akl peaks weaken and disappear
within two-dimensional Ak bands, in which no true
repeat exists along Z for the basal oxygen atoms and
no [/ index can be assigned. Good examples are the
02,11 and 04,22 bands in some forms of defect ka-
olinite (see, e.g., Brindley, 1980). If these defect ka-
olinite patterns are indexed on the basis of the re-
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Figure 6. Change in positions of k = 3z lines depending on
whether layers are stacked in random (a) or regular (b) fashion.
Cookeite from North Little Rock, Arkansas. Gandolfi camera
of 114.6-mm diameter with graphite-monochromatized FeKo
radiation.

maining three-dimensional reflections, the cell shape
approaches monoclinic in contrast to the triclinic shape
of the unit cell of well-crystallized kaolinite. This means
that reflections of index k = 3n change positions as a
consequence of the regularity or irregularity of the
stacking of adjacent layers. Figure 6 illustrates this ef-
fect for a 2-layer Ia cookeite specimen based on the
“r” structure of Mathieson and Walker (1954). In the
vicinity of d = 1.3 A the 13,18 and 20,20 lines are split
into a doublet because B, uwmn: * Bidea fOr the regular
stacking variant (Figure 6b). The lines coalesce for the
randomly stacked example (Figure 6a), and this co-
alescence correlates with the loss of all X # 3# lines.
Moreover, the pattern in Figure 6b changes to that in
Figure 6a upon severe grinding of the specimen. Even
moderate grinding should therefore be avoided for the
more sensitive trioctahedral chlorites and 1:1 struc-
tures.

Two-dimensional bands are very common in chlo-
rite (e.g., see Bailey, 1988b), because several possibil-
ities exist for positioning of adjacent layers to provide
hydrogen bonds with the interlayer hydroxide sheet.
This semi-random stacking of x5/3 shifts normally
affects only reflections of index k # 3n; however, ex-
amples are known (I, chlorites) of semi-random dis-
order affecting both k = 3n and k # 3 reflections. In
this extreme case only the 00/ reflections remain un-
affected.
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