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Abstract-Other layer silicates are consistently present as impurities in natural montmorillonite samples. 
They have a distinctly different morphology from the common montmorillonite particles. The selected 
area electron diffraction (SAD) of these impurities display unusually sharp spot patterns with triclinic, 
monoclinic and hexagonal symmetries. These impurities are most likely micas, which are easily detectable 
with X-rays in the coarser fractions (> 10 pm) of the samples. 

The crystal structure model with the space group C2 for montmorillonite single layer has an unusual 
configuration of OH's and vacancies for a dioctahedral layer silicate. Our intensity calculations do not 
bring a conclusive evidence for distinguishing the two possible space groups C2 and C2/m on the 
observed SAD patterns of montmorillonite. 

The SAD of the thin montmorillonite flakes in Cheto, Camp-Berteaux and Wyoming samples display 
uniform ring, circular arcs and spotty ring patterns, respectively. These patterns indicate different modes 
of association of crystallites or different arrangements of elementary layers within them. 

INTRODUCTION 

In this report the term 'montmorillonite' is used as the 
name for the specific dioctahedral smectite. This clay 
mineral forms the major component in the rocks called 
'bentonite' and'therefore, is the most common smectite 
in nature. It has a wide range of applications in various 

discrepancy and also to the understanding of the real 
nature of montmorillonite particles. 

RESULTS OF PREVIOUS ELECTRON DIFFRACTION 
STUDIES ON THE CRYSTAL STRUCTURE OF 

MONTMORILLONITE 

fields of industry, agriculture and engineering. For Zvyagin and Pinsker (1949), using the 'oblique tex
most of these applications, the following basic proper- ture' method on polycrystalline specimens, proposed 
ties of this clay mineral are important: the space group C2/m for montmorillonite. This is 

(1) Crystal structure the ideal symmetry of a mica-type layer silicate. They 
(2) Crystal morphology: particle habit, size and the did not make any deductions regarding the details of 

nature of surface atomic planes the structure. 
(3) Mode of associations of crystallites. Cowley and Goswami (1961) published SAD pat-
Electron optics offer appropriate methods for the in- terns with hexagonal symmetries for montmorillonites 

vestigations of these properties. The combination of from: Clay Spur, Wyoming; Little Rock, Arkansas; 
selected area electron diffraction (SAD) with the and New South Wales. They explained the hexagonal 
transmission electron image provides the most power- symmetry in terms of 20--50° bending of elementary 
ful method for this purpose. Major contributions along montmorillonite layers. The bending was deduced 
this line were made by the late Professor Mering and his from the Patterson syntheses of about 20 SAD reflec
associates. These contributions have been reviewed in tions to which they assigned hkO indices. They 
two recent publications (Mering and Oberlin, 1967, assumed that individual tetrahedral and octahedral 
1971). Several other studies mentioned below have also networks independently scatter in order to generate a 
been concerned with the electron diffraction properties hexagonal symmetry. Furthermore, the SAD patterns 
of this clay mineral. The conclusions of these investiga- published by Cowley and Goswami (1961) for one type 
tors regarding the crystal structure of the montmoril- of montmorillonite (Type B) look similar to those 
lonite were, however, not quite in agreement. Results of impurities described below. 
of our investigations, presented in the following discus- Mering and Oberlin (1967,1971) obtained spot pat
sion, may contribute to the explanation of the above terns in the following way: They separated fine frac-
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tions from the bulk montmorillonite samples and satu
rated them with sodium. The specimen grids used for 
electron diffraction were unshadowed and thin par
ticles were, therefore, invisible. Despite that, all their 
SAD patterns were unquestionably from montmoril
lonite particles. For the Wyoming sample they 
obtained a monoclinic spot pattern with the plane 
point group 2 mm. From this pattern, Mering and 
Oberlin (1967, 1971) concluded that the Wyoming 
montmorillonite single layer has the non-centrosym
metrical plane group clml (corresponding to space 
group C2). Similarly, they obtained SAD patterns with 
hexagonal symmetry from the Camp-Berteaux mont
morillonite. These hexagonal patterns were interpreted 
by them as edge-to-edge associations of montmoril
lonite crystallites arranged with about 60° 
orientations. 

Roberson and Towe (1972) recently reported SAD 
spot patterns with triclinic symmetries for Wyoming 
and Camp-Berteau x montmorillonites. They worked 
in the 'blind mode' like Mering and Oberlin; thus, they 
were not able to observe the images of the particles giv
ing rise to the diffraction patterns. They assumed that 
the fine fractions of the montmorillonite samples were 
monomineralic and that all diffraction patterns 
belonged to the montmorillonite particles. This 
assumption may be questioned because of the possible 
presence of impurities. 

ELECTRON-OPTICAL· OBSERV ATIONS ON 
MONTMORILLONITES 

We have been carrying out extensive electron-opti
cal investigations on bentonites from Professor R. E. 
Grim's bentonite collection, which includes a large 
number of type localities throughout the world. In the 
following discussion, electron-optical data will be de
scribed on samples from three occurrences. These loca
lities are Cheto, Arizona (Collection Nr. 361); Camp
Berteaux, Morocco (Collection Nr. 177); and Wyom
ing (with Na as predominant interlayer cation), U.S.A. 
(Collection Nr. 357-C52). 

The < 2 /lm (e.s.d.) fractions of the samples were 
separated by centrifugation. A drop of the suspension 
containing this fraction was diluted to a clay con
centration ofa few ppm using a 700: I mixture of water 
and tertiary butylamine (Serwatzky, 1962). This 
mixture has a pH of about II which considerably 
reduces particle aggregation as shown by McAtee et al. 
(1969). A drop of this dilute' suspension was dried 
on a Formvar film, and the grid was coated with gold 
at a shadowing angle of about 26°. At this angle, the 
shadowing provides a rather practical measure of 
flake thickness because the length of the shadow is 
twice the thickness of the particle; however, folding of the 

particles may alter the shadow lengths. Of more 
importance, the shadowing process greatly increases the 
contrast of transmission images. The gold coating 
material also helps to give excellent contrast to the 
electron images of clay particles. After shadowing, 
very thin flakes were noticeable which, otherwise, 
were practically invisible. 

A JEM -7 electron microscope, equipped with a com
pletely variable field limiting aperture, was operated at 
80 kV and the following observations were made. 

CHETO MONTMORILLONITE 

A typical aggregate of this sample is shown in Fig. 
l(a) at an original magnification of 82,000 x . SAD gives 

(b) 
1. A typical montmorillonite aggregate with 'cotton texture' 
in the Cheto sample: (a) At a magnification of 82,000 x, (b) 

At a magnification of 130,000 x . 
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Fig. 2. Thin montmorillonite flake in the Cheto sample with its superimposed SAD patterns. 

Fig. 3. A subhedral mica flake in the Cheto sample. Its SAD 
pattern, superimposed on the image, has been taken from a 

0·5 Jim2 area in the central portion of the flake. 

a uniform hk type ring pattern indicating the presence 
ofa fine polycrystalline aggregate. Part of the same im
age'is magnified up to 135,000 x in Fig. l(b). The aggre
gate has a featherlike appearance which fans out with 
curled edges. The texture resembles a flattened cotton 
ball, and might, therefore, be called a 'cotton texture'. 
The shadows indicate a thickness of about 60 ± loA 
in the thin areas where the shadow is not elongated 
due to the folding of the flake. The aggregate gives, 
however, the impression of being rather soft and flex
ihJc instead of a rigid solid. Another very thin flake of 

('eM : Vol. 22, No . 2- · B 

montmorillonite, shown in Fig. 2, has a larger flat por
tion although several folds are visible. The SAD pat
tern from this flat portion, superimposed on the pre
vious image, shows a uniform hk type ring pattern. 
These observations may be interpreted in two ways: (a) 
A montmorillonite flake represents an aggregate of fine 
crystallites with random azimuthal orientations about 
their common c* direction; and (b) A montmorillonite 
flake consists of a turbostratic sequence of elementary 
layers. 

In addition to the above montmorillonites, there are 
impurities with distinctly different morphology from 
montmorillonite particles as seen on Figs. 3, 4(a) and 5. 
These impurities are very similar to fine mica flakes. 
They are not observed on the X-ray diffraction pat
terns of the < 2/lm fractions of the sample. The X-ray 
diffractograms of the coarser fractions (> 10 /lm) 
clearly show the presence of a mica with 10 A basal 
spacing. These impurities are, therefore, tentatively 
identified as micas, and will be so referred to in the rest 
of the report. In some cases the impurity may well be 
kaolinite on chlorite. The exact identity is not necess
ary for the argument in this report. It is, however, im
portant to realize the presence of these impurities. 
Such a mica, shown in Fig. 3, gives a SAD spot pattern 
with the symmetry of the plane point group 2 mm. An 
extremely thin mica particle (Fig. 4a) has a shadow of 
about 60 ± 10 A long indicating a thickness of 
30 ± 10 A. The SAD pattern of this mica also 'displays 
the symmetry of the plane point group 2 mm (Fig. 4b). 
Finally, Fig. 5 shows the drastic difference between a 
mica flake and a montmorillonite flake of approximately 
same size. The mica is flat and extremely thin and it 
hasa subhedral outline. The montmorillonite aggregate, 
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(b) 

Fig. 4. A mica flake of about 30 A thickness: (a) The 
transmission electron image at a magnification of 82,000 x, 
(b) The SAD pattern of the mica in Fig. 4(a). Note that uni-

form rings belong to the gold coating material. 

on the other hal)d, is rather thick and irregular with 
folds and curls. 

CAMP-BERTEAU X MONTMORILLONITE 

This montmorillonite has been extensively studied 
by the investigators mentioned earlier. In the following 
discussion, the emphasis will be placed on the impuri
ties in the sample which do not seem to have been con
sidered previously. In the < 211m fraction of the sam
ples there are minor amounts of mica flakes which 
were not detected by X-ray diffraction determinations. 

0.5 pm 
Fig. 5. Typical thin and subhedral mica, and a rather thick 
and irregular montmorillonite aggregate in the Cheto 

sample. 

0.5pm 

~ 

O.2pm 
(a) 

(b) 

Fig. 6. Transmission electron images of micas with their 
superimposed SAD patterns in the Camp-Berteau x sample : 
(a) A mica flake with the plane point symmetry 2; (b) Another 

mica flake with hexagonal symmetry in SAD pattern. 
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I I 

___ O_-Silm 
(a) 

(b) 

Fig. 7. Typically folded and irregular montmorillonite 
aggregates in the Camp-Berteaux sample: (a) the transmis
sion electron image; (b) the SAD pattern of the thin aggre-

gate in Fig. 7(a). 

But these micas often come under the electron beam 
and give sharp SAD spot patterns. Such a mica flake 
is shown in Fig. 6(a), where the SAD pattern is also 
superimposed on the image. The symmetry of the SAD 
pattern is strictly the plane point group 2 indicating a 
triclinic symmetry. A siinilar SAD pattern was pub
lished by Roberson and Towe (1972) for the Camp
Berteaux montmorillonite. They assigned the diffrac
tion pattern to a single montmorillonite layer. 

Another mica flake in the sample displays hexagonal 
symmetry on the SAD pattern with the plane point 
group 6 mm or very close to it (Fig. 6b). Similar micas 
are also present in much smaller sizes and thinner 
flakes. Some of them display the point group 2 mm in 
SAD patterns, indicating a monoclinic symmetry ; 

others show triclinic or hexagonal symmetry. These 
different SAD symmetries may be related to the stac
king sequence or to experimental factors described 
elsewhere (Gliven, 1974). Typical montmorillonite 
flakes seem to be irregular aggregates with folds and 
curled edges as seen in Fig. 7(a). The SAD pattern of the 
thin flake in Fig. 7(a) shows circular arcs (Fig. 7b) indi
cating preferred azimuthal orientations of fine crystal
lites or elementary layers along [11], [02]. [11], in 
addition to having a common c* direction. In Fig. 8(a), 
we see the contrast between a montmorillonite aggre
gate and micas in the sample. Montmorillonite 

O.S 11m 

la) 

(b) 

Fig. 8. Thin, edge-to-edge associated mica flakes, and thick, 
folded montmorillonite aggregate in the Camp-Berteaux 
sample: (a) transmission electron image; (b) the SAD pat
tern of micas in Fig. 8(a). Note that uniform rings belong to 

the gold coating material. 
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Fig. 9. The transmission electron image ofa thin, flat aggre
gate of crystallites in the Wyoming montmorillonite. 

appears as a folded and curled aggregate whereas the 
mica flakes are very thin and flat. The SAD pattern of 
these micas (Fig. 8b) displays a hexagonal symmetry 
with some of the spots slightly separated like the flakes. 

WYOMING MONTMORILLONITE 

Wyoming montmorillonites display morphological 
features that are distinct from those of the Cheto and 
Camp-Berteaux montmorillonites. They seem to have 
crystallites with larger dimensions up to 0·5 }.lm (Fig. 9) 
and they form rather flat flakes. Irregular folding of the 
flakes and curling of the edges are still present but to 
a smaller extent. 

A typical montmorillonite flake is shown in Fig. 9 at 
an original magnification of about 42,000 x . The SAD 
pattern of the very-thin, upper-left, flat portion of the 
flake gives spotty ring pattern similar to that described 
below. The formation of discrete spots along the rings 
indicates that montmorillonite crystallite size is 
appreciably increased. Furthermore, the stacking of 
the elementary layers in each crystallite can no longer 
be turbostratic (i.e. completely random about the 
layer normal). They may have definite azimuthal 
orientations possibly without a regular sequence. A 
turbostratic stacking would be expected to give uni
form diffraction rings on SAD pattern. 
. Figure J O(a) shows three types of particles: a thin, flat 

one (D), a thicker one (T), and two larger folded aggre
gates (A). SAD of the thin particles (D) gives a spotty 
ring pattern. The thicker montmorillonite particle (T) 

gives also a spotty ring pattern (Fig. lOb) which may 
illustrate some of the complications with SAD of 
montmorillonite particles. The intensities for a set of 
spots, apparently from a single crystal, are much 
stronger than the other spots along the same diffrac
tion ring. There are five distinct spots between the 02 
and 11 reflections. Nine of such spots are, however, 
resolved between the 06 and 33 reflections. These ad
ditional weak spots along the rings may indicate the 
presence of several other smaller crystallites. The in
tensity distribution over the main spots of the appar
ently single crystal has a symmetry close to hexagonal 
for the 02, 11; 20, 13; and 06, 33 sets of reflections. The 
04 reflection has stronger intensity than that of the 22 
and 22 reflections, which reduces the symmetry of the 
pattern to monoclinic. A similar SAD pattern with a 
clearer monoclini~ symmetry was given by Mering and 
Oberlin (1967,1971). They attributed this SAD pattern 
to the presence of montmorillonite single layers. The 
transmission electron image of the particle (T in Fig. 
lOa) giving rise to the SAD pattern in Fig. 10(b) shows 
at least three major individual crystallites in a some
what trigonal arrangement. If these individuals were of 
equal volumes, the SAD pattern would be exactly hex
agonal. Unequal volumes of crystallites or partial pre
ferred orientation in stacking sequence of elemental 
layers within them may result in monoclinic or triclinic 
symmetry on the SAD pattern. Thus, the monoclinic 

O.Spm 
Fig. 10. Three types of Wyoming montmorillonites: (a) The 
transmission electron image, (D) Thin flat particles, (T): 
Thicker particle in the centre, (A): large folded 

aggregates. 
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(b) 

(c) 

Fig. 10. Three types of particles in the Wyoming montmor
illonite : (b) The SAD pattern of the particle (T) in Fig. 
lOa. (c) The SAD pattern of a very thin flake in the Wyom-

ing sample (see text). 

SAD pattern does not necessarily indicate the presence 
of a montmorillonite single layer as it was assumed by 
Mering and Oberlin (1967, 1971). 

Although Wyoming montmorillonite seems to be a 
very suitable sample in which to isolate single crystals, 
we were not able to do so. Whenever we found a single 
crystal pattern while searching in the diffraction mode, 

it turned out to be a thin mica when we took a 
transmission electron image. 

In a few instances, very thin flakes were observed, 
which gave a spot pattern (Fig. lOe) with a hexagonal 
symmetry. These flakes were so thin that their 
transmission electron images gave very poor contrast. 
Often these flakes are destroyed by the electron beam 
during SAD. It is really not possible to distinguish in 
this case whether these particles are montmorillonite 
or another layer silicate. In any case, the SAD pattern 
shows that the intensities of two spots, II and 02, are 
almost equal to each other and these are the strongest 
spots on the pattern. 

STRUCTURE OF THE MONTMORILLONITE 
SINGLE LAYER 

Mering and Oberlin (1967) concluded from their 
SAD studies that the montmorillonite single layer has 
the non-ceritrosymmetrical plane group c1ml (corre
sponding to the space group C2). They also suggested 
that the structure may exhibit certain deviations from 
the ideal scheme similar to those observed in musco
vite. In the following, the symmetry of montmorillonite 
will be discussed in terms of more familiar space group 
notations instead of plane groups. This approach also 
makes it unnecessary to consider the projections of the 
structures. The space group C2 presents certain rather 
unusual crystal-chemical features for a layer silicate. As 
is well known, there are two possible configurations of 
octahedral networks in dioctahedral micas. Figure 11a 
represents the common configuration with the ideal 
symmetry of C21m for the space group (i.e. c2 mm 
for the plane group) where the mirror plane passes 
through OH's and vacant octahedral sites. This con
figuration is observed in all the well-studied dioctahed
ral micas where distortions and order- disorder may 
cause reduction of this symmetry to its subgroups C2, 
CT, etc. The other configuration, shown in Fig. ll(b), 
has the C2 space group where the mirror plane is des
troyed by the choice of vacant octahedral sites. An un
usual feature of this configuration is the fact that the 
OH- OH edges, shown on the unshaded faces of the 
octahedra, are not shared between octahedral cations, 
There is an asymmetric distribution of anions around 
the vacant site . Such a h ydroxyl configuration has not 
yet been observed in another dioctahedral layer sili
cate. The spatial relationships between hydroxyls and 
vacant sites seem to be rather important for the stabi
lity of a dioctahedrallayer. As shown by GUven (1972) 
for Marblehead illite, the parting planes utilized during 
the breakdown of mica flakes pass through OH's and 
vacant octahedral sites. Furthermore, the relative dis
placement of tetrahedral sheets within a mica layer is 
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C2/m 

o o OH 

(b) 

C2 

o o OH 

Fig. II. Two octahedral configurations of dioctahedral micas projected along the normal to the layers: 
(a) the configuration with C2/m symmetry, (b) the asymmetrical configuration with C2 symmetry. Note 

the positions of vacancies [] and OH's in both cases. 

always parallel to the vector passing through OH's and 
vacant octahedral sites in projection. This may be a 
contributing factor in the stacking mechanism for a 
layer silicate. 

Thus, the space group C2, if correct, gives rather un
usual properties to the montmorillonite single layers as 
compared to the other dioctahedral mica-type layers. 

INTENSITY CALCULATIONS FOR SAD PAITERNS 
OF A MONTMORILLONITE SINGLE LAYER 

The method of intensity calculations for SAD pat
terns of crystals with 'finite' thickness has been pre
sented elsewhere by Guven (1974). Intensity calcula
tion for a crystal of single unit-cell thickness forms a 
limiting case of that method. In this case, the 'interfer
ence function' is unity along the hk rods parallel to c* 
because there is only one unit-cell in this direction. The 
intensity is now a continuous function and it is deter
mined by the iFhktl2 where I indices can be a fraction 
as well as an integer. For these calculations, the mont
morillonite single layer is referred to a monoclinic cell 
with dimensions a = 5·17 A, b = 8·95 A, c = 10·0 A and 
f3 = looe. The atomic coordinates are derived from a 
well-determined I M type mica, namely phlogopite 

(Steinfink, 1962). For the space group C2/m of the 
dioctahedral montmorillonite the octahedral position 
in the center of symmetry has been left vacant. Simi
larly for the space group C2 one of the other two octa
hedral positions has been left unoccupied. The chemi
cal composition of montmorillonite was considered to 
be NaO. 3 3 (All.o7Mgo.33) Si40 lo (OH)z. 

The diffracted electrons originate from the portion 
of each hk rod in the vicinity of the Ewald sphere. This 
region is referred' to as 'the excitation region'. Table 1 
gives the ordinary hkl reflections in this region for 
several (hk) spots. The expected intensities IF hkl1

2 of 
these reflections are also given in the same table for 
two possible space groups C2/m and C2. The con
tinuous intensity distribution between these reciprocal 
lattice points is calculated by varying I indices with in
crements of ill = 0·1. The obtained intensity distribu
tions are plotted in Fig: 12 for both space groups. In 
this figure, the ( = 0 plane determines exactly where 
the Ewald sphere intersects each hk rod. Under exact 
focusing conditions of the objective lens, the SAD pat
tern represents the section of the reciprocal lattice at 
( = O. Assuming there is no error in the focusing con
ditions, and disregarding the depth of field of the 
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Table 1. Sections of hk rods in the 'excitation region'. Calculated intensities IFhkl12 are only given at three reciprocal lattice 
. points. The continuous intensity is plotted in Fig. 12 ; (~ ) is given in fraction of c* 

IFhkll l 
Three r.l. points ( (Normalized to 

lik spot in the (Distance from the I J3iO·6 ) = 100) 

on SAD excita tion region Ewald .sphere) C2/nt C2 

0 2 1 
02 020 

021 

II I 
11 I 10 

I 11 

2 01 
20 200 

201 

13 I 
13 130 

131 

041 
04 040 

041 

220 
22 221 

2 22 

240 
24 241 

242 

3 10 
31 3 11 

3 12 

I 5 I 
15 150 

1 51 

061 
06 060 

0 6 1 

33 0 
33 331 

33 2 

objective lens (Giiven, 1974), we may draw the follow
ing inference from the Fig. 12 : The intensity variations 
along the hk rods indicate that only 02 and 11 reflec
tions may have a diagnostic value in distinguishing 
these two space groups. This conclusion was also 
reached.by Mering and Oberlin (1967, 1971) and these 
reflections were used in their choice of the space group 
C2 for the montmorillonite single layer. 

The intensity ratio between 02 and 11 at ( = 0 (i.e. 
I = 0·0 for 02 and I = -O· 3 for II) is approx 3·3 for the 
space group C21m and this ratio forms a definite cri
terion for this space group. Deviations from this ratio 
can be explained by the presence of multiple layers 
with stacking faults or with different stacking .modes. 
For the space group C2, the 120/111 ratio at ~ = 0 is 
found to be about 0·7 in this report and about 1·5 by 
Mering and Oberlin (1971). Discrepancy in this value , 

0·99 I 8 
-0·01 77 32 
-1·01 I 8 

1·32 0 10 
0·32 II 49 

-068 34 10 

1·64 45 45 
0·64 40 40 

-0·36 17 17 
1·30 42 42 
0·30 17 17 

-0·70 41 41 

0·96 8 2 
-0·04 I 7 
-1·04 8 2 

0·63 0 {j 

-0·37 7 2 
- 1·37 0 6 

0-60 2 I 
-0-40 4 10 
-1·40 3 1 

0·93 I 5 
-0·07 10 4 
-1·07 3 I 

1·26 2 7 
0·26 I 6 

-0·74 II 5 

0·91 II 11 
-0·09 63 63 
- 1·09 II II 

0·91 II 11 
-0·09 65 65 
-1 ·09 10 10 

may derive from different methods of calculation or 
from assumption of different models. In any case, the 
Mering and Oberlin's ratio (lw/ I I I ~ \ '5) does not 
provide a dependable criterion for the space group C2 
for the reasons mentioned above. The 120/ 111 ratio of 
0·7, which is found in this paper, may have a diagnostic 
value. The observed data are I20/ l li = 1-4 (Mering 
and Oberlin, 1971) and 120/1 1 1 ~ 1·0 in this report. 
Neither observation provides conclusive evidence for 
distinguishing between the space groups C2/m and 
C2. 

CONCLUSIONS 

The following points are emphasized : 
1. The question has been raised whether SAD pat

terns of single montmorillonite layers have been 
actually observed. 
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02 
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"' 13' '0-1.0----- at! ------------ -----------------------
15 

04 31 
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~ ~ : c 01.0---- - ------------------- - ___ 310 - --- - - - - __ _ 
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22i :241 
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06 
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Fig. 12. Intensity distributions along the hk rods in the excitation region for a montmorillonite single 
layer. (-axis gives the distance of the reciprocal lattice points from the Ewald sphere and, = 0 line deter
mines the intersection of the hk rods with the same sphere. Intensity distributions are represented by solid 

line for the space group C2/m and by dotted lines for the space group C2. 

2. We were not able to obtain montmorillonite SAD 
patterns which permit an unambiguous symmetry 
determination for this mineral. More work is needed 
in the future with proper consideration of the factors 
affecting SAD properties of layer silicates. 

tonite collection. Rodney W. Pease has patiently eliminated 
most of the grammatical errors in the original manuscript. 
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Resume~ D'autres phyllosilicates que la montmorillonite sont presents normalement comme impuretes 
dans les montmorillonites naturelJes. lis ont une morphologie distinctement differente de celie des parti
cules normales de montmorillonite. La microdiffraction eIectronique (SAD) de ces impuretes donne des 
taches inhabituellement nettes. relevant de symetries tricJinique, monoclinique et hexagonale. Ces im
puretes sont en general des micas facilement detectables avec les rayons X dans les fractions les plus gros
sieres (> 10 .urn) des echantillons. 

Le modele de structure cristalline avec Ie groupe spatial C 2 pour Ie feuillet de montmorillonite a 
une configuration inhabituetle pour un phyllosilicate dioctaedrique, en ce qui concerne les OR et les 
lacunes. Nos calculs d'intensite n'apportent pas de preuve concluante pour distinguer les deux groupes 
spatiaux possibles, C 2 et C 2/m d'apres les diagrammes de SAD observes avec les montmorillonites. 

La SAD de fines lamelles de montmorillonites de Cheto, de Camp-Berteau et du Wyoming, montre 
respectivement des diagrammes en anneaux uniformes, en arcs circulaires et en anneaux ponctues. Ces 
diagrammes indiquent differents modes d'association des cristallites ou diflhents arrangements des feui!· 
lets elementaires dans les cristallites. 

Kurzreferat-In natUrlichen Montmorillonitproben sind erkliirlicherweise andere Schichtsilicate als Ver
unreinigungen enthalten. Sie besitzen eine von der der gewohnlichen Montmorillonitteilcben deutlich un
terschiedene Morphologie. Die Feinbereichselektronenbeugungsdiagramme (SAD) dieser Verunreini· 
gungen weisen gewohnlich scharfe Punktmuster mit trikliner, monokliner und hexagonaler Symmetrie 
auf. Diese Verunreinigungen bestehen sehr wahrscheinlich aus Glimmern, die leicht durch Rontgenbeu
gung in den groberen Fraktionen (> 10 ,urn) der Proben nachweisbar sind. 

Das Kristallstrukturmodell mit der Raumgruppe C 2 fUr die Einzelschicht des Montmorillonits weist 
eine fUr ein dioktaedrisches Schicbtsilicat ungewohnliche Konfiguration der OH-Gruppen und def Febl
stellen auf. Unsere Intensitiitsberechnungen erbringen keinen schliissigen Nachweis fUr cine Unterschei
dung der beiden moglichen Raumgruppen C 2 und C 2/m anhand der erhaltenen SAD-Diagramme des 
Montmorillonits. 

Die SAD der dUnnen Montmorillonilpliittchen in Chelo-, Camp-Berteaux- und Wyoming-Proben 
weisen einfOrmige ring-bzw. kreisformige Bogen- LInd fleckige Ringmuster auf. Diese Muster deuten auf 
eine unterschiedliche Art der Zusammenlagerung der Kristallite oder auf eine unterschiedliche Art der 
Anordnung der Elementarschichten innerhalb der Kristallite hin. 

Pe3IOMe - B npHpoAHblX 06pa3uax MOHTMOPHIlJIOHHTa BCer,aa npHcYTcTIIYIOT ,aPyrHe CIlOHCTble 
CHIlHKaTbl. l1x '1aCTHUbl oGlla.l1alOT 3aMeTHO OTIlH'IaIOluelic~ Mop¢lollorKeH OT 06bl'lHblX '1aCTHU 
MOHTMOPHlllloHHTa. 31leKTpOHH3.lI AHcjlpaKl\HOHHali KapTHHa H36paHHoli nnOlUa,llK 3THX BICIlIO'l.eHHit 
nOKa3blBllIOT Heo6blKHOBeHHO pe3KHe CBeTOllble nliTHa C TPHKJIHHHOH, MOHOKJIHHHOH H WecTH
yrollbHoit CHMMeTpHlIMH. 3TH IIKIlIO'IeHHlI BeCbMa BePOliTHO CJIIO,abl, KOTopble Ileno ,aeTeKTHpy
IOTCIi peHTreHOBCKHMH IlY'laMH II Gonee KPYDHblX ¢lpaKU:K~x (> 10 fLM) 06pa3UOB. 

Mo,aeilb CTPYKTypbl KpHcTalllia npoCTpaHCTBeHHOH rpynnbl C2 oAHoro CIlOli MOHTMOPHIlJIOHHTa 
HMeeT Heo6blKHolleHHYIO KOH¢lHrYPaIlHIO OH H nyCTOTbl An~ ,aHOKTa3.1lpallhHO CIlOHCToro cHIlHKaTa. 
HamH paC'leTbl HHTeHcHBHOCTH He ,aaJIH pelllalOUlero AOKa3aTellbCTBa ,alJlI pa3JIH'IeHHlI ,aBYX B03-
MOlKHblX npocTpaHcTBeHHblX rpynn C2 H C2/M HIl 31leKTpoHHoi\: ,aH¢lpaKUHOHHOii KapTHHe MOHT
MopHllnOHHTa. 

3neKTpOHHble AH¢lpaKUHOHHble KapTHHbI TOHKHX '1euryK MOHTMOPHIlJIOHHTa B 06pa3Uax H3 
qeTO, KaMn-EepTO H BaitoMHHra oTo6palKalOT O)l,HOpOAHble KOllbua, Kpyrollble apKH H TO'l.e'l.Hble 
H306palKeHHlI KOlleu, COOTBeTCTlleHHO. 3TH PHCYHKH YKa3blBaJOT Ha pa3llH'l.HbJe cj>oPMbI aCCOUHauHH 
KpHCTaJIIlOB mm pa3Jm'lHOe pacnonOlKeHHe HX 3neMeHTapHhlx Clloell. 

https://doi.org/10.1346/CCMN.1974.0220203 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1974.0220203



