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POLYTYPISM OF T R I O C T A H E D R A L  1" 1 L A Y E R  
SILICATES 
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Department of Geology and Geophysics, University of Wisconsin, Madison, Wisc. 53706 

(Received 30 June 1969) 

Abstract-Polytypism in trioctahedral 1:1 phyllosilicates results from two variable features in the 
structure. (1) The octabedral cations may occupy the same set of three positions throughout or may 
alternate regularly between two different sets of positions in successive layers. (2) Hydrogen bonding 
between adjacent oxygen and hydroxyl surfaces of successive layers can be obtained by three different 
relative positions of layers: (a) direct superposition of layers, (b) shift of the second layer by a[3 along 
any of the three hexagonal X-axes of the initial layer, with a positive or negative sense of shift deter- 
mined uniquely by the octahedral cation set occupied in the lower layer, and (c) shift of the second 
layer by +_ b/3 along Yt (normal to X1) of the initial layer regardless of octahedral cation sets occupied. 
Assuming ideal hexagonal geometry, no cation ordering, and no intermixing in the same crystal of the 
three possible types of layer superpositions, then twelve standard polytypes (plus four enantiomorphs) 
with periodicities between one and six layers may be derived. Relative shifts along the three X-axes 
lead to the same layer sequences derived for the micas, namely 1M, 2M1, 3T, 2M2, 2Or, and 6H. 
Polytypes l T and 2H1 result from direct superposition of layers. Layer shifts of b[3 lead to polytypes 
designated 2T, 3R, 2H2, and 6R. The twelve standard 1 : 1 structures can be divided into four groups 
(,4 = 1M, 2M1, 3T; B = 2M~, 2Or, 6H; C = 1 T, 2T, 3R; D = 2Ht, 2H2, 6R) for identification purposes. 
The strong X-ray reflections serve to identify each group and the weaker reflections differentiate the 
three structures within each group. Examples of all four groups and of 9 of the 12 individual structures 
have been identified in natural specimens. Consideration of the relative amounts of attraction and 
repulsion between the ions in the structures leads to the predicted stability sequence group 
C > group D > group A > group B, in moderately good agreement with observed abundances of 
these structural groups. 

INTRODUCTION 

THEORETICAL stacking sequences for trioctahedral 
1 : 1 layer silicates have been derived previously by 
Steadman (1964), Zvyagin, Mischenko, and Shitov 
(1966), and Zvyagin (1967) and for dioctahedral 
species by Newnham (1961) and Zvyagin (1962). 
The writer has been using a polytype system slight- 
ly different than any of the above in his classes 
since 1957. The results are now presented formally 
because the notation system is believed to be more 
convenient for practical usage and because a more 
detailed presentation had been promised in earlier 
references to specific polytypes (Bailey, 1963, 
1966, 1967). 

As in the derivation of the polytypes of the micas 
(Smith and Yoder, 1956) and of the chlorites (Bailey 
and Brown, 1962), certain simplifying assumptions 
are made at the outset. It is assumed that: 

(1) successive layers are identical in composition 
and structure, 

(2) the octahedral sheets are trioctahedral so that 
all three octahedral sites in the smallest struc- 
tural unit (one hexagonal ring) are occupied, 

(3) no cation ordering takes place, 
(4) the tetrahedral and octahedral sheets have 
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ideal hexagonal geometry, without distortion, 
(5) the stacking of layers is regular rather than 

random, 
(6) the different ways in which individual layers 

can be stacked, e.g. relative displacements 
along X, along Y, or no displacement, are not 
intermixed in the same crystal, and 

(7) for the case of relative interlayer displace- 
ments along X, the same interlayer stacking 
angle, e.g. _+60 ~ or _+ 120 ~ is found between 
all the layers. 

In practice most natural crystals do not obey all 
of the foregoing assumptions. This may lead to 
more complex structures than those derived here 
and, in some cases to structures that are not truly 
polytypic, or even polymorphic, with one another. 
Some of the consequences of deviations from these 
assumptions will be discussed in later sections of 
the paper. 

SYSTEMATIC DERIVATION OF 12 STANDARD 
POLYTYPES 

General 

Within each 1:1 layer octahedral cations can 
occupy either set I or set I1 positions above the 
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tetrahedral sheet, as defined in Fig. la  relative to 
fixed hexagonal axes. The uppermost plane of 
hydroxyls then must fit above the occupied 1 or 1I 
sites to form octahedra that slant in opposite direc- 
tions for the two cases (Fig. lb). It is evident that 
set I transforms to set I 1 by rotation of the layer by 
___ 60 ~ or 180 ~ The important part in what follows is 
not which set is occupied, but whether the same set 

(a) 

O ~  + 1 + X z --" X3~'~ Z . . . .  YI 
"I'YI 4" 

§ I 

f+X I 

(b) 

&;&;o 

TET. 

4- X I ~ 4- X I 

Fig. 1. (a) Definition of I and II sets of octahedral cation 
positions above the tetrahedral net relative to fixed 
hexagonal axes. (b) Octahedral sheets slant in opposite 
directions relative to a fixed Xx axis due to occupancy of 

| or lI octahedral cation sets. 

of three octahedral positions is occupied in each 
successive layer or whether there is an alternation 
between the I and 11 sets in successive layers. The 
latter is equivalent to relative layer rotations. 

Polytypism in I : 1 layer silicates is more complex 
than in the micas, because there is no interlayer 
cation to anchor the relation of successive layers. 
Adjacent layer positions are now governed by the 
need for a pairing of each oxygen on the basal 
tetrahedral surface of one layer with an OH group 
on the upper octahedral surface of the layer below 
(Fig. 2). This O H - - O  pairing results in the forma- 
tion of long hydrogen bonds, approximately 3.0 A 
between the anion centers, that bond the layers 
together (Gruner, 1932; Hendricks, 1939a). 

Interlayer hydrogen bonds can be formed from 
the following three relative positions of adjacent 
1 : 1 layers. 

(1) No shift of the succeeding layer. The hex- 
agonal rings in the tetrahedral sheets of adjacent 
layers are exactly superimposed (aside from pos- 
sible rotations o f _  + 60 ~ or 180~ 

(2) Shift of the second layer by a]3 along the fixed 
axes X1, Xz, or X3 of the initial layer, with or 
without rotation of the second layer. Because of the 
different slant of the 1 and I1 octahedra the inter- 
layer shift must be in the negative direction if the 1 ! 
octahedral set is occupied in the initial layer, as 
shown in Fig. 2, or in the positive direction if the 
I octahedrai set is occupied. 

(3) Shift of the second layer by_+ b/3 along any of 
the three hexagonal Y axes of the initial layer 
(normal to the three X axes), with or without rota- 

o ...... ~ ....... o - v  g ' l  ox o, z = 7 . , o ~  | 

8 
. 

at Z =2"27  0 . . . .  (~ 
Si ot Z = O ' S B  �9 

I Ox at  Z = 0 - 0 0  '.', 
X 

+ X 3 §  ~ - - ' ~  + YI  

+ X  I 

Fig. 2. Pairing of basal oxygens (~tippled) with surface hydroxyls 
(double circles) of layer below. This orientation will be assumed for 
first layer of polytypes derived in Fig. 3, with the II octahedral set 
(3 individual sites labeled A, B, C) occupied and the second layer 

shifted by a/3 along - X1. 
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tion of the second layer. If the layers are assumed 
to be undistorted, shifts along the three Y axes give 
identical results so that the particular Y axis used is 
immaterial. Interlayer shifts along the positive or 
negative directions of Y are both possible, regard- 
less of the octahedral  set occupied in the initial 
layer, but positive and negative directions of shifts 
lead to different resulting structures. 

Variability both in the positioning of adjacent 
layers and in the occupancy of octahedral sets with- 
in each layer (equivalent to layer rotations) lead to 
different permissible stacking sequences of layers. 
If  the three types of relative layer positioning listed 
above are not intermixed in the same crystal, it can 
be shown that there are 12 different trioctahedral 
1:1 type polytypes,  plus 4 enantiomorphs, with 
periodicities between one and six layers. This 
compares with 6 simple mica polytypes of similar 
periodicities and several hundred for the chlorites. 

Interlayer shifts along X 
In what follows it will be assumed that the I I 

octahedral set of cations is always occupied in the 
initial layer, and that the second layer is always 
shifted by a/3 along -- X, (as illustrated and defined 
in Fig. 2). Succeeding interlayer shifts may take any 
of six directions relative to this initial shift (+ X,, 
+--X2, --+X3)- In order to depict the possible layer 
sequences graphically, it is convenient to modify 
the procedure of Smith and Yoder (1956) and to 
show the interlayer shifts as vectors directed from 
the center of a hexagonal ring in the tetrahedral 
sheet of a lower layer to the center of a hexagonal 
ring in the layer above and having a projected 
length of a/3 on (001). The interlayer stacking 
angle will be defined as the angle between two 
adjacent interlayer vectors, as measured in a 
counterclockwise direction in projection on (001). 
The six possible interlayer stacking angles are 0 ~ 
60 ~ 120 ~ 180 ~ 240 ~ and 300 ~ Because of the plane 
of symmetry that is parallel to the interlayer shift 
vector, angles 60 ~ and 300 ~ are equivalent, as are 
angles 120 ~ and 240 ~ 

Readers familiar with mica polytypes will recog- 
nize that with interlayer shifts of +_a/3 and a 
restriction on intermixing of interlayer stacking 
angles, only the six vector patterns that are possible 
for micas can be derived for 1 : 1 type layers as well. 
These six possibilities are illustrated graphically 
in Fig. 3. It is convenient to assign the same struc- 
tural symbols to these 1 : 1 polytypes as were used 
for the micas. It is for this reason that the writer 
previously (1963) had argued against applying the 
2 M  1 and 2M2 symbols to dickite and nacrite, which 
do not have the particular stacking sequences that 
these symbols represent for the micas. It should be 
noted that the resulting space groups and/3 angles 

differ for the 1 : 1 and 2:1 polytypes of the same 
structural symbol because of the differences in 
centrosymmetry and thickness of the corre- 
sponding layers. 

In Fig. 3 the structure with 0 ~ interlayer stacking 
angle, corresponding to successive --X1 shifts, is 
the I M polytype. The 20r polytype results from 
180 ~ stacking angles, equivalent to a l t e r n a t e -  Xa 
and + X, shifts. These are the only polytypes that 
involve shifts along just  one axis. If shifts are con- 
sidered along two different X axes, then a corn 
tinuous alternation of +-- 120 ~ stacking angles gives 
rise to the 2M, polytype and a continuous alter- 
nation of + 6 0  ~ angles to the 2M~ polytype. Note  
that the fixed axes and unit cell (dashed lines) used 
to derive these theoretical structures are not the 
best axes to use for the resultant structure (solid 
lines). Also,  in the 2M2 structure the X and Y axes 
must be reversed because the (010) symmetry 
plane is normal to the 5.2 A repeat axis. Although 
only the X1 and X2 shift directions are shown in 
Fig. 3, any two X axes could be used. The same 
two structures would be derived, differing only in 
the orientation of the resultant unit cell relative to 
the fixed starting axes. Finally, if all three X axes 
are used for shift directions a continuous sequence 
of 120 ~ angles along--  X1, -- X2, and - X3 gives rise to 
the 3 T polytype. Going around the vector  triangle 
in the opposite direction with 240 ~ angles simply 
gives a mirror image structure. In the same way con- 
tinuous stacking angles of 60 ~ or of 300 ~ along all 
three axes gives two mirror image structures desig- 
nated 6H. HexagonaPshaped P unit cells can be 
used for 3T and 6H, instead of the monoclinic- 
shaped C cells necessary for the other polytypes. 

In summary, two polytypes can be derived using 
shifts along just  one X axis. A second set of two 
polytypes involves shifts along two axes, and a 
third set of two polytypes plus two enantiomorphs 
involves shifts along all three axes. One member of 
each of these three sets involves structures in 
which the same octahedral set is occupied in each 
layer, whereas for the other member the octahedral 
sets I and 11 are occupied alternately in successive 
layers (equivalent to layer rotations). 

No interlayer shift 
If the succeeding layers are directly super- 

imposed on the initial layer without any shift, the 
additional polytypes designated 1 T and 2H1 (Fig. 4) 
are generated. These differ from one another only 
in the octahedral cation sites occupied. In the 1T 
polytype the same set of octahedral positions is 
occupied in each layer, whereas in the 2H1 poly- 
type there is alternation between the 1 and I1 sets in 
adjacent layers. Both polytypes are based on a 
hexagonal-shaped P unit cell. 
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Fig. 3. Six 1 : 1 polytypes that result from _+a/3 interlayer shifts 
along the three X-axes. The base of the resultant unit cell (solid 
lines) may or may not coincide with the fixed cell (dashed lines) used 
for the first layer. The origin of the resultant unit cell has been placed 
as close to the center of a hexagonal ring in the first layer (double 

circles) as the symmetry permits. 

Interlayer shifts along Y 
Finally,  inter layer  shifts o f •  b/3 along the Y axes 

lead to the four polytypes illustrated in Fig. 5. 
Because shifts along each Y axis lead to equivalent  
results, aH shifts can be taken to be along Y~. 
Alternat ing negative and positive shift directions 
generate the 2T and 2Hz polytypes. The same 
direction of shift be tween all layers results in the 
3R and 6R polytypes. In the latter two rhombo- 
hedral cases, vectors of projected length b/3 end to 
end lead to resultant  shifts of b and 2b, which are 
equivalent  to zero resultant  shifts. As a result, all 
four polytypes can be shown as based on hexagonal- 
shaped unit cells. Both the 2H2 and 3R structures 
are enantiomorphic.  

Comparison with other studies 
Steadman (1964) assumed in his derivation of 

trioctahedral 1 : 1 polytypes that (a) interlayer 

displacements along X are never  accompanied by 
rotation, and (b) although it is not permissible to 
intermix + a/3 shifts with + b/3 shifts or with direct 
superposit ion stacking (no shift), direct super- 
position can be intermixed with + b/3 shifts in the 
same crystal. The first assumption eliminates the 
2M2, 2Or, and 6H polytypes.  The  present  writer 
prefers to retain these polytypes in order to 
emphasize the similarity of the stacking possibilities 
with those of the mica system (where these struc- 
tures do occur sparingly). The second assumption 
introduces four new polytypes (and four enantio-  
morphs) that are not given in the present paper. 
Actually,  a few natural  crystals are now known in 
which X shifts are intermixed with no shifts and 
others in which Y shifts are intermixed with no 
shifts. There  does not appear to be any justification 
for treating one case differently than the other. The 
present  writer prefers to treat both as relatively 
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Fig. 4. Two 1 : 1 polytypes that result from direct super- 
position of layers. XZ side views illustrate the differing 

slants of the I and II octahedral sheets. 

rare stacking variants that are exceptions to the 
rule of no intermixing of shift types. Steadman does 
not use structural symbols to designate his standard 
polytypes, only the space group plus a system of 
Greek letter and number subscripts to denote the 
sequence of layer displacements and rotations. 

The results of the 1 : 1 polytype derivation by 
Zvyagin et al. (1966) and by Zvyagin (1967) are 
similar to that of the present writer, except that a 
13th polytype labeled 2Ma of space group P21 is 
included. This appears to be a duplicate of the 2 0 r  
structure if only undistorted layers are considered. 
Zvyagin has used both structural symbols and an 
analytical notation system to indicate the intralayer 
and interlayer shifts for each polytype. The struc- 
tural symbols differ from those of the present 
writer in the following ways. 

(1) No distinction is made by Zvyagin for struc- 
tures with 3-fold axes between those that are based 
on hexagonal-shaped P cells and those that can be 
indexed on rhombohedral cells. The writer uses the 
symbols T and R, respectively, for these cases and 
thereby avoids having to use the same 3T symbol 
for two different structures. 
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Fig. 5. Four 1 : I polytypes that result from _+ b/3 interlayer shifts 
along Y~. Two equivalent interlayer sequences are illustrated for the 

3R polytype. 
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(2) Zvyagin restricts usage of subscripts to 
monoclinic structures and uses subscripts 1,2, and 
3 with specific implication as to the orientation of 
symmetry elements relative to the monoclinic axes. 
The writer uses subscripts 1 and 2 to differentiate 
two 2M and two 2H structures. The subscripts are 
assigned in the order of derivation of the structures 
in the present paper with no implication as to 
orientation of symmetry elements. 

IDENTIFICATION OF POLYTYPES 
The atomic parameters of the 12 standard poly- 

types are listed in Table 1. Only one example of 
each of the four enantiomorphic pairs has been 
included. Structure amplitudes and powder patterns 
calculated from these parameters are listed in 
Tables 2 and 3. In the calculations identical com- 
positions of Mg3Si20~(OHh were assumed for all 
polytypes, and temperature factors of 0.8, 1.2, and 
2.0 were used for Si, Mg, and (O, OH) respectively. 
Multiplicity and Lorentz-polarization factors were 
included in the powder calculations. Standard unit 
cell dimensions appropriate to research in progress 
on aluminous serpentines were used for all poly- 
types. These values are listed in Table 3. In natural 
specimens deviations from the calculated spacings 
and intensities are to be expected as a result of 
variations in composition and structural detail. 
Hexagonal indices hkil were used for all hexagonal 
and rhombohedral structures, but the i index has 
been omitted from the publication to conserve 
space. 

For identification purposes the 12 polytypes can 

be divided into four groups (A, B, C, D),  for which 
the strongest reflections ( k =  3n for monoclinic- 
and orthorhombic-shaped cells or hhl for hexagonal- 
shaped cells) have identical Fc values within each 
group but quite different values between groups. 
The four groups are distinguished structurally from 
each other either by different directions of inter- 
layer shift or by a different occupancy pattern of 
octahedral cation sets. Thus, the two groups A and 
B (Table 2) feature interlayer shifts along X and 
differ in having octahedral cations in the same set 
in every layer (1M, 2M1, 3T) or in alternating 
cations between I and II sets in adjacent layers 
(2M2, 2Or, 6H). The other two groups C and D 
feature stacking sequences involving either no 
shifts or interlayer shifts along Y, which cannot be 
differentiated by these particular reflections. The 
groups differ again in having octahedral cations in 
the same set throughout ( IT,  2T, 3R) or in alter- 
nating cations between the I and II sets (2H1, 
2H2, 6R). 

Thus, classification of a good X-ray diffraction 
pattern of an unknown 1 : 1 layer silicate into one of 
four groups can be accomplished easily by means 
of the most intense reflections. This immediately 
defines the direction of interlayer shift and the 
occupancy pattern of octahedral cation sets in the 
structure. Further differentiation between the three 
structures within each group must be made on the 
basis of the weaker reflections, which indicate the 
precise layer stacking sequence. These are the k 
3n reflections for monoclinic- and orthorhombic- 
shaped cells and h ~ k reflections (excluding 30l) 

Table 2. Structure amplitudes for strong reflections of four groups of standard polytypes 

Group A Group B Group C Group D 
1M-2M1-3T 20r-2M2-6H 1 T-2T-3R 2Hr2H2-6R 

d(A) Fe d(A) Fr Fc Fc 

2.649 25 2-670 11 12 8 
2.590 17 2.624 17 0 11 
2- 387 54 2.499 24 18 + 51 34 
2.262 13 2.326 32 0 22 
2-007 33 2.134 17 19 + 39 17 
1.886 18 1.945 15 0 27 
1.665 47 1.771 25 9 + 45 18 
1-568 31 1-615 33 0 25 
1.3% 16 1.478 8 44+30 29 
1.322 44 1.358 28 0 20 
1.191 14 1-254 21 32 + 10 19 
1-134 6 1.162 3 0 12 

Calculations made with B = 1-2, 0.8, and 2.0 for Mg, Si, and O, OH respectively, and 
normalized to one formula unit. Indices are of type 20/for monoclinic and orthorhombic C 
cells (except 2M2) and 1 II for hexagonal P cells. In group C, Fc (11/) ~ Fc (1 l l). Spacings 
are from Table 3. 

C C M  Vo| .  17 No.  6 - C  
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Table 3. Calculated X-ray powder patterns for standard 1 : 1 polytypes 

Group A 
IM (=. 3T) 2M1 

hkl d(A) lnt  hkl d(A) Int 

001 7.100 88 002 7"100 88 

020 4"625 14 020 4-625 3 

I10 4-519 27 110 4.598 20 

117 4"242 22 117 4"519 6 

021 3'875 17 021 4"397 18 

002 3"550 60 111 4"242 5 

111 3"492 12 112 4.064 14 

112 3"133 8 022 3"875 4 

022 2"816 6 112 3"682 11 

20]- 2"649 26 004 3"550 60 

200 2"590 12 113 3'492 3 

112 2'542 4 023 3"308 7 

202 2"387 100 113 3"133 2 

003 2"367 6 114 2.969 5 

113 2"307 3 114 2'674 3 

201 2"263 6 200 2"649 26 

023 2"107 2 202 2.590 12 

221 2"032 2 025 2-420 2 

203 2"007 25 202 2"387 100 

042 1"938 2 006 2"367 6 

202 1.886 6 204 2-262 6 

223 1.841 2 204 2.007 25 

004 1.775 1 206 1"885 6 

222 1-746 2 008 1-775 1 

150 1"742 3 150 1'746 3 

157 1"725 3 310 1"735 2 

312 1"697 2 152 1.712 2 

204 1.665 32 152 1-680 2 

151 1.661 2 206 1"665 32 

152 1"617 2 312 1.640 2 

Group B 
2M2 (-- 6H) 20r 

hkl d(A) Int hkl d(A) Int 

002 7-100 100 

110 4.598 23 

117] 4-519 22 
200J 

111] 
202J 4"242 18 

112 4-064 16 

112 3"682 12 

004 3"550 68 

11"31 3"492 l0 
202J 

002 7.100 100 
0201 
llOJ 4"625 23 

111 4-397 40 

022 l 
112J 3.875 28 

004 3"550 68 

113 3"308 17 

024] 
l14J 2"816 10 

200 2-670 6 

113] 
20~J 3-133 7 

114 2.969 6 

114 2-673 4 

020 2.670 6 

021 2.624 27 

117] 
204.1 2.542 3 

022 2.499 51 

006 2"367 7 

201 2"624 27 

202 2"499 51 

115 2"420 5 

006 2"367 7 

203 2"326 78 

042] 2' 199 2 
222J 

204 2.134 18 

026] 2" 107 3 
116J 

023 2-326 78 

115_] 2"307 2 
206J 

116 2-203 2 

024 2'134 18 

025 1-945 I0 

008 1 "775 1 

026 1'771 24 

42T] 
404J 1.746 4 

422_] 
131J 1.742 2 

131] 
420J 1 "725 2 

223 2-078 2 

205 1.945 10 

044] 1-938 3 
224 J 

225 1.793 31 

008 1.775 1 

206 1.771 24~ 

1 50] 1.748 3 
310J 

151 1"735 5 

152] 1"697 4 
312J 

046] 1.654 3 
226 J 

Group C 
1T 

hkl d(A)  Int 

001 7-100 82 

100 4-625 42 

101 3"875 46 

002 3"550 57 

102 2"816 15 

110 2"670 5 
11! / 
l l l J  2-499 100 

003 2.367 6 

200 2-312 1 

201 2.199 3 

112] 
I12J 2"133 45 

103 2" 107 5 

202 1-938 5 

004 1 '775 1 

113 / 
113J 1-771 32 

120 1 '748 4 

121 1-697 7 

203 1-654 4 

122 1.568 5 

t00 1.542 26 

301 1.506 11 

114} 
114 1 '478 28 

005 1-420 2 

302 1"414 6 

204 1.408 3 

123 1 "406 2 

220 1"335 3 
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hkl 

Group C (cont.) 
2T 3R 

d(A) Int hkl d(l~) 

002 7-100 82 

100 4.624 11 

101 4"397 53 

102 3"875 12 

004 3"550 57 

103 3.308 22 

104 2-816 4 

110 2.670 5 

112] 2"499 100 
l12J 

105 2"420 6 

006 2"367 

201 2.282 

202 2" 199 

114~ 2"133 
l14J 

106 2.107 

203 2.078 
204 1-938 

107 1.858 

205 1-793 

008 1.775 

116~ 
116J 1.771 

121 1.735 

122 1.697 

123 1 "640 

300 1-542 

207 1 "525 

302 1 "506 

125 1-489 

6 

2 

1 

45 
205 2.032 

1 20ff 1.841 

3 0, 0, 12 1.775 

1 119~ 1.771 
119J 
208 1-746 

2 121 1.742 

3 122 1-725 

1 124 1.661 

32 125 1.617 

2, O, 10 1-567 
6 

300 1 "542 
2 

12ff 1'516 
4 

303 1 "506 
26 

2,0, 11 1"485 
3 

11 1, 1, 12~ 1'478 
1,1,12 J 

2 O, O, 15 1.420 

Int 

003 7.100 82 

101 4.519 36 

102 4.242 30 

006 3.550 57 

104 3.492 17 

105 3.133 12 

110 2-670 5 

107 2-542 5 

11"3] 2.499 100 
1133 
009 2.367 6 

108 2.307 4 

116~ 
l16J 2"133 45 

204 2.121 2 

2 
2 

1 

32 

2 

4 

4 

3 

3 

2 

26 

2 

11 

2 

28 

2 

Group D 
2H 2H2 

hkl d(~) Int hkl d{,~) lnt hkl 
6R 
d(A) Int 

002 7"100 100 

100 4-625 45 

102 3.875 55 

004 3"550 68 

104 2"816 19 

110 2-670 3 

111 2"624 12 

112 2.499 98 

006 2-367 7 

113 2-326 35 

200 2"312 1 

202 2.199 4 

114 2.134 17 
106 2'107 5 

115 1.945 35 

204 1 "938 5 

008 1.775 1 

116 1.771 12 

120 1-748 
122 1.697 

108 1 "657 

206 1-654 

117 1.615 

124 1.568 

300 1 '542 

302 1-506 

118 1-478 

0, 0, 10 1-420 

304 1'414 

208 1-408 

126 1-406 

002 7" 100 100 

100 4"625 

101 4"397 

102 3-875 

004 3"550 

103 3"308 

104 2"816 

110 2"670 

111 2"624 

112 2-499 

105 2"420 

006 2"367 

113 2'326 
201 2"282 

114 2.134 

203 2'078 

115 1"945 

107 1"858 

5 205 1.793 
9 008 1-775 

2 116 1'771 

5 121 1.735 

20 122 1 '697 

5 123 1"640 

33 117 1'615 

14 300 1 '542 

21 207 1"525 

2 302 1 '506 

8 125 1 '489 

4 118 1.478 

3 0,0, 10 1.420 

006 7.100 100 

13 102 4.519 42 

64 104 4.242 35 

14 0,0, 12 3.550 68 

68 108 3.492 20 

27 1,0,10 3.133 14 

5 110 2.670 3 

3 113 2.624 12 

12 1,0,14 2-542 6 

98 116 2"499 98 

8 0,0,18 2-367 7 

7 119 2.326 35 

35 1,0, 16 2.307 4 
2 204 2.260 2 

17 1, 1, 12 2.134 17 

4 208 2.121 2 

35 2,0, 10 2.032 3 

2 1, 1. 15 1.945 35 

4 1,0,20 1'935 2 
1 2,0,  14 1.841 3 

12 0 ,0 ,24 1.775 1 

7 1, 1.18 1.771 12 

2 2,0,16 1'746 3 

5 212 1.742 5 

20 214 1.725 5 

33 218 1.661 4 

3 2 ,1 ,10 1.617 3 

14 1, 1,21 1-615 20 

3 2 ,0 ,20 1.567 2 

21 300 1.542 55 

2 2, 1, 14 1-516 2 
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Table 3. (contd.) 

Group A 
IM(= 3T) 2M1 

hkl d(/~) Int hkl d(,~ ) 

208 1.568 31~ 
203J 1.568 14 

060 1-542 
060 1.542 29 

062 1.506 
061 1.506 13 

0, 0, 10 1.420 
005 1.420 2 

064 1.414 
062 1-414 7 

208 1.396 
20~ 1-396 3 

40~ 1.332 
40]- 1.332 7 

2,0,10 1"322 
402 1.325 3 

400 1" 304 
204 1-322 16 

404 1-295 
400 1.295 9 

066 1.292 
063 1.292 4 

402 1.274 

Group B Group C 
2M2 (= 6H) 20r 1 T 

Int hkl d(A) lnt hkl d(,~,) Int hkl d(A) Int 

14 423 1"712 2 153 1.640 4 221~ 221J 1-312 15 

29 421 1.680 2 207 1.615 34 303 1.292 4 

154~ 
13 133 1-661 2 314J 1 '568 3 130 1-283 1 

2 133 1.617 2 060 1.542 33 131 1-262 2 

7 027 1 "615 34 115] 
227 1.525 2 115J  1-254 8 

3 602 1-542 33 062 1-506 14 
222~ 1-250 4 

7 600 1"506 14 155 1.489 2 222J 
028 1.478 2 124 1.245 1 

16 208 1-478 2 
0, 0, 10 1"420 2 205 1-210 2 

3 0, 0, 10 1.420 2 
602 1.414 7 006 1-183 1 

9 064 1 "414 7 
029 1 "358 16 

223 ] 
4 048 1.408 2 223J  1-163 7 

040 1 '335 2 
4 209 1 '358 16 

Calculations of I = LpmF made using Mg3Si2Os(OH)4 compositions and cell parameters of a = 5-340, b = 9.249, 
c sin/3 = 7.100 A with/3 values of 104004 ' (IM), 97009 ' (2M~), and 102~ (2Mz). Hexagonal indices hkil used for both 
hexagonal and rhombohedral symmetries, but i index omitted here lo conserve space. 

for hexagonal-shaped cells. If  these reflections are 
streaked out due to stacking disorder, the three 
structures within each group are indistinguishable 
but the four groups are still evident from the 
stronger non-streaked reflections. 

Group A (1M, 2M1, 3T) differs from the three 
other groups in the d-values of its strongest reflec- 
tions. As in the micas, the 1:1 trioctahedral 1M 
and 3T X-ray powder patterns are identical so that 
differentiation of these two must be made by single 
crystal determination. The 2M~ powder pattern can 
be recognized both by additional weak reflections, 
not present in the 1M and 3T patterns and by a 
different ratio of hkl (k ~ 3n) to 001 intensities due 
to multiplicity differences. 

In group B (2M2, 2Or, 6H) the powder patterns 
of the 2Mz and 6H polytypes are also identical, as 
in the micas, and single crystal study is needed for 
differentiation. The 2 0 r  pattern can be recognized 
because it has k ~ 3n reflections that are fewer in 
number and occur at different d-values than for the 
2M2 and 6H patterns. 

In group C (IT,  2T, 3R) about one-half of the 
weak h r k reflections are similar for the 1 T and 
2T patterns but the 2T pattern has additional weak 

reflections that verify its 2-layer nature. The 3R 
weak reflections have different d-values than for 
1T and 2T. A similar situation exists in group D 
(2H1, 2Hz, 6R), in which there are additional weak 
reflections for 2Hz that differentiate it from the 
otherwise similar pattern of 2H1. The 6R pattern 
has d-values for its weak reflections that are dif- 
ferent from those of the 2HI and 2H~ patterns. 

NATURAL EXAMPLES 

The data in Tables 1-3 permit correlation of 
natural 1:1 layer silicates with the theoretical 
stacking sequences derived in this paper. Examples 
of all four major groups are known to exist in nature 
and definite correlations can be made with at least 
nine of the twelve individual structures. Table 4 
lists the correlations that have been made to date, 
including the dioctahedral analogues. Several 
minerals have been classified only as to Groups 
A - D  because of the absence of the weak reflections 
that specify the exact layer sequences. There is a 
strong tendency for certain compositions to prefer 
specific stacking sequences so that most natural 
specimens are neither polytypic nor polymorphic 
with one another. An exception to this generaliza- 
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Group C (cont.) 
2T 3R 2H1 2Hz 6R 

hkl d(A) Int hkl d(A) Int hkl d(A) Int hkl  d(A) Int hkl  d(A) Int 

306 1"414 
1181 
l l8J  1"478 28 

220 1 "335 
0, 0, 10 1"420 2 22~1 

304 1"414 6 223J ~ 1"312 

220 1-335 3 309 l "292 

22_2~ 1.312 15 1, 1, 15} 1'254 
222/ 1, 1, 15 
209 1-303 2 222~ 

306 1.292 4 226J ' ' [  1.250 

0, 0, 18 1-183 
131 1.277 2 

229~ 1.162 
1, l,,u['a~ 1"254 8 229l 
1, 1, 10J 

22_4~ 1"250 4 
224J 

0,0,  12 1-183 1 

6 
119 

3 
1,0, 10 

15 
220 

4 221 

8 222 

306 
4 

223 
1 

130 

7 132 

1, 1, I0 

2, 0, 10 

225 

1.358 8 304 1.414 8 306 1.506 14 

1.357 1 119 1.358 8 2,0,22 1,485 2 

1-335 3 220 1.335 3 1, 1, 24 1.478 21 

1.329 2 221 1-329 2 2, 1, 16 1.461 2 

1.312 16 222 1.312 16 0,0, 30 1.420 2 

1-292 4 209 1"303 2 3,0, 12 1.414 8 

1-285 3 306 1.292 4 1, 1,27 1"358 8 

1'283 1 223 1.285 3 2, 0, 26 1"337 2 

1"262 3 131 1"277 2 220 1.335 3 

1-254 6 l, 1, l0 1"254 6 223 1-329 2 

1"210 2 133 1,238 2 226 1;312 16 

1-208 4 225 1.208 4 3, 0, 18 1-292 4 

tion may be the mineral  cronstedt i te ,  in which 
Steadman and Nuttai l  (1963, 1964) have confirmed 
a large number  of  different s tacking arrangements  
from crystals of  a p p a r e n t l y  similar composi t ions.  

Aluminous  serpentines also show several  dif- 
ferent  stacking arrangements ,  al though for different 
composi t ions.  In addit ion to 1T lizardite, which 
extends into the Al-rich composi t ions,  and amesi te  
(2H2+2H1)  there are several  unnamed species. 
The  type F aluminous serpentine of  Bailey and 
Ty le r  (1960) can be correla ted with the 1 M - 3 T  

powder  pattern of  Table  3. Jahanbagioo and Zoltai  
(I 968), however ,  have shown that single crystals of  
material that gives the same powder  pattern as type 
F must really be 9-layer or  18-layer structures in 
order  to explain all of  the weak reflections. The i r  
proposed  structure intermixes shifts along X with 
direct superposi t ion of  layers. S teadman and 
N uttall (1962, 1963) have  found one spec imen of 
amesi te  and one ofc rons ted t i t e  that contain crystals 
that have a complex  6-layer structure intermixing 
shifts along Y with direct superposi t ion of  layers. 

Table 4. Natural examples of 1 : 1 structures 

Trioctahedral Dioctahedral 

Lizardite 1 T kaolinite 
Antigorite - 1 T dickite 
Clinochrysotile - 1T (+ - IM rare?) 
Orthochrysotile ~ 2 0 r  nacrite 
Al-serpentine IT,  1M-3 T 
Amesite 2H2 (+ 2H1 rare) 
Berthierine 

(= 1 : l r 1T, I M - 3 T  
Cronstedtite l T, 3T, 2H1, 2Hz, 

2T, IM, 2M1 
Greenalite group C 
Garnierite group C 

1Tc ~ [1Mora] 
2M = [1Mona] 

2M = [6Rosa ] 
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The Unst 6-layer aluminous serpentine of Brindley 
and von Knorring (1954) also must be a complex 
stacking variant. Its strongest reflections fit well 
those of group D (2H~, 2H2, 6R) of Table 2, but the 
weaker reflections do not fit. The structure must 
involve shifts along Y and alternation of the I and II 
octahedral cation sets. A further publication is 
planned on the complex stacking variants found in 
aluminous serpentines. 

It is interesting to note that the magnesian ser- 
pentines iizardite, antigorite, and clinochrysotile 
are all based on the 1 T structure, or on modifica- 
tions of the 1T structure. The massive, platy variety 
lizardite is mainly 1T, although stacking faults 
make some specimens transitional between 1 T and 
2Hv Antigorite is basically a 1T structure also, but 
with a regular, wave-like inversion of tetrahedra 
that distorts the geometry so that the /3 angle 
(91023 ') is not exactly 90 ~ The IT structure is 
distorted still further in clinochrysotile as a result 
of its cylindrical fibre morphology. In most fibres 
the X-axis is parallel to the fibre length, and the 
individual layers are out of register with one another 
along the cylindrical Y-axis because of the progres- 
sive change in cylinder radius from layer to layer. 
In the structure determination by Whittaker (1956a) 
adjacent layers are shifted along + X1, as defined in 
Fig. 2, by a regular small amount (about all3 to 
give /3=93~ This shifts the basal oxygens 
slightly away from the optimum superposition 
arrangement in the 1T structure so that only 2/3 of 
the basal oxygens can be described as having hydro- 
gen bond contacts, The remaining 1/3 lie over 
niches in the hydroxyl surface below, presumably 
to anchor the layers within the cylindrical helix. 
The strong reflections can be correlated with those 
of group C, after making allowance for the separa- 
tion of 111 and 1 l l  reflections resulting from the 
monoclinic geometry. Some specimens show 2- 
layer periodicity due to small distortions of--_ 0.019a 
that alternate in direction in adjacent layers. 

In contrast to the small interlayer shift of 0.078a 
in clinochrysotile, Whit taker (1956b) reports 
alternating interlayer shifts of + 0.441a along X~ for 
cylindrical fibres of orthochrysotile,  plus regular 
alternation of I and 11 octahedral cation sets in 
adjacent layers. Thus, the orthochrysotile structure 
is a distortion of the 20r structure, for which the 
ideal interlayer shifts should be + 0.333a along X1. 
The observed "overshift" of 0.108a is analogous to 
the distortional shifts of 0.078a found in the - 1T 
clinochrysotile structure. In orthochrysotile the 
"overshift" leads to exactly the same anchoring 
relationship of the basal oxygens relative to the 
hydroxyl surface within the cylindrical fibres as is 
observed in clinochrysotile. It should be noted that 
this structure (group B) could not be identified from 

the four groups of Table 2, because the strong 
reflections fit best those of group D (which implies 
no shift along X). This is because the observed 
shift of 0.441a is close to a/2, and reflections of 
index 2 0 / d o  not differentiate between shifts of 0 
or a/2 along X. 

The clinochrysotile structure described by Whit- 
taker (1956a) is not related to the I M  or 2M1 struc- 
tures, as the interlayer shift is both too small and in 
the wrong direction. There does not appear to be 
any reason, however, why a distorted 1M clino- 
chrysotile should not occur in nature to a limited 
extent. A 1M structure with an "overshift" along 
- -  X1 by an amount similar to that observed in ortho- 
chrysotile would lead to a/3 angle of about 107 ~ and 
a similar anchored arrangement of layers within the 
cylindrical surface. Shitov and Zvyagin (1966) have 
described three clinochrysotile specimens with /3 
angles near 107 ~ that may correspond to this - 1M 
structure. The relative stability and abundance (see 
next section) of the - 1M chrysotile should be 
intermediate between those of the - 1T and - 20r 
chrysotiles. The strong reflections of the - 1T and 

IM clinochrysotiles presumably would be quite 
similar in intensity because 20/reflections do not 
distinguish between interlayer shifts near + 1/12a 
and near - 5 /12a .  From a consideration of the 
relative stabilities one would also predict a second 
form of orthochrysotile based on a distorted 2H~ 
structure, which theoretically should be more 
abundant than the observed - 20r structure. The 
strong reflections o fa  - 2H~ structure, which would 
no longer be truly hexagonal, would belong to 
group D and would, as a result, be difficult to dis- 
tinguish from those of the ~ 20r structure. 

The Ni-serpentine garnierite and the Fe-serpen- 
tine greenalite appear to fit best into group C, 
according to the data summarized by Brindley 
(1961). The specimens examined to date are poorly 
crystallized, and their powder patterns do not 
exhibit any of the weaker reflections needed to 
classify them in more detail. On the other hand the 
Fe-rich berthierines, termed 1:1 chamosites in 
some of the earlier literature (e.g. Brindley, 1951), 
give more complete powder patterns but with some 
line broadening due to small particle size. The 
hexagonal form can be identified as the 1T struc- 
ture, and the monoclinic form as the 1M or 3T 
structure. 

D I O C T A H E D R A L  A N A L O G U E S  

Table 4 includes the dioctahedral kaolin minerals, 
but these require special comment. Previous poly- 
type derivations for trioctahedral micas (Smith and 
Yoder, 1956) and for trioctahedral chlorites (Bailey 
and Brown, 1962) were found to apply without 
change to the dioctahedral species as well. There 
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were no changes in the space groups or layer peri- 
odicities in these mineral groups because of the 
location of the vacant octahedral site. 

Fo r  all three kaolin minerals, however,  the 
location of the vacant octahedral site changes the 
space groups from those of the corresponding tri- 
octahedral 1:1 structures and changes the layer 
periodicity for two of the three. Bailey (1963) has 
pointed out previously that kaolinite and dickite are 
both based on the 1M stacking sequence and would 
be identical if they were trioctahedral. In kaolinite 
the vacant site is the same in each layer, at position 
C in Fig. 2 (or at the mirror image position B). This 
imposes triclinic symmetry on the structure due to 
loss of the symmetry planes that relate B to C. The 
structure is also distorted slightly to triclinic geo- 
metry (Brindley and Robinson, 1946). In dickite 
the vacant site alternates regularly between C and 
B in successive layers to create a 2-layer mono- 
clinic structure. In nacrite the sequence of layers is 
that of the 6R polytype. The pattern of vacant sites 
causes the loss of the three-fold axes, which reduces 
the symmetry to monoclinic and allows selection of 
an inclined Z axis that has true two-layer peri- 
odicity. The conventional X and Y axes must be 
reversed in the structure, for the same reason as in 
the 2M2 structure. The symbols in brackets in 
Table 4 are used to indicate that the observed 
periodicities and symmetries for these three 
minerals are a result of vacant site ordering within 
the ideal stacking sequences that are listed in the 
brackets. 

RELATIVE STRUCTURAL STABILITIES 
It should be possible to predict something about 

the relative structural stabilities of the 1 : 1 standard 
polytypes by considering the relative amounts of 
attraction and repulsion between the ions in the 
structures, as was discussed by Newnham (1961) in 
relation to the dioctahedral minerals. Different 
stacking sequences lead to different patterns of 
superposition of ions in adjacent layers and, there- 
fore, to different amounts of attraction and repulsion. 

Bailey and Brown (1962) and Shirozu and 
Bailey (1965) found the presence or absence of 
repulsion between tetrahedral and octahedral 
cations to be an important structural factor in the 
stability of chlorite minerals. They were con- 
cerned in the case of chlorites with octahedral 
cations in the interlayer sheet relative to tetrahedral 
sheets on both sides. In 1:1 layer silicates the 
analogous situation refers to tetrahedral cation 
positions in one layer relative to octahedral posi- 
tions in the layer below. The layer sequences for 
the 1:1 standard polytypes result in minimum 
tetrahedral-octahedral repulsion for all structures 
in groups C and D (Table 2) and maximum repul- 

sion for all those in groups A and B. In the latter 
groups the octahedral and tetrahedral cations 
exactly superimpose. 

The direction of tetrahedral rotation in response 
to te trahedral-octahedral  lateral misfit is a second 
important structural factor. Bailey (1966) has 
analyzed the forces that determine the rotational 
direction for tr ioctahedral 1 : 1 layer silicates and 
has ranked these in terms of the strength of their 
influence on the basal tetrahedral oxygens, as 
follows. 

( l )  Attraction of basal oxygens by octahedral 
cations in the layer immediately below. 

(2) Attraction of basal oxygens by hydroxyl  
groups in layer below. The oxygens move to shorten 
the interlayer O H - - O  bonds. 

(3) Attraction of basal oxygens by octahedral 
cations in same layer. 

For  different layer sequences each of these forces 
may act either in unison with or in opposition to 
any of the other forces, but (1) has such a strong 
influence that it alone can determine the rotation 
direction even in opposition to both of the other 
forces. Assuming the criteria above to be valid, 
the direction of probably tetrahedral rotation 
in the standard 1:1 polytypes can be predicted. 
Based only on the interaction of these forces 
in each structure, the predicted order of structural 
stability for the four groups is C > D > A > B. 

The third factor that is considered in this paper is 
additional repulsion between cations that are 
separated by greater distances, as follows. 

(1) Repulsion between tetrahedral cations of 
adjacent layers. 

(2)Repulsion between octahedral cations of 
adjacent layers. 

(3) Repulsion between tetrahedral cations in one 
layer and octahedral cations in the layer above, or 
vice-versa. 

Table 5 summarizes the results of all three struc- 
tural factors that have been considered. Each has 
been weighted according to the writer 's best judg- 
ment as to its relative importance, based primarily 
on the charges on the ions involved and the dis- 
tances over which the forces must be effective, The 
final result is a stability index for each structure 
that takes into account both the favorable and 
unfavorable structural features. The resultant 
order of relative structural stability is (1) group C, 
(2) group D, (3) group A, and (4) group B. 

The predicted relative structural stabilities of the 
four groups are in moderately good agreement with 
the relative abundances of the structures in nature, 
as listed in Table 4. Group C, especially structure 
1 T, is very common, groups D andA are intermedi- 
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ate in abundance, and group B is represented 
only by the distorted orthochrysotile structure 

2Or. Two of the three standard 1 : 1 structures 
that have not been identified (2M2 and 6H) belong 
to the least favorable structural group. It is dis- 
turbing to note in most cases, however, that the 
criteria used do not distinguish adequately between 
the individual structures within each group. The 
3R structure would appear to be expecially favor- 
able, yet it has not been identified in nature for 
certain. Both Hendricks (1939b) and Frondel 
(1962) have described 3R cronstedtite, but a more 
detailed analysis by Steadman and Nuttall (1963) 
suggests instead that this is the 3T structure of 
space group P31. 

Evidently additional criteria are necessary to 
correlate the individual structures (rather than the 
four groups of structures) with their probability of 
adoption in nature. Among the non-structural 
factors that undoubtedly are important also are 
temperature and rate of crystallization, growth 
mechanism, pressure, solution chemistry, and 
composition. The preference of certain composi- 
tions for specific layer sequences is especially 
impressive (Table 4). 
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R r s u m r - L e  polytypisme des phyllosilicates 1 : 1 trioctahrdriques rrsulte de deux caractrristiques 
variables de la structure. (1) Les cations octahrdriques peuvent occuper le m~me arrangement 
de trois positions ou peuvent changer rrguli~rement entre deux arrangements diffrrents des positions 
dans des couches successives. (2) La liaison d'hydrog~ne entre les surfaces adjacentes d'oxyg~ne 
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et d'hydroxyl des couches successives, peut &re obtenu en partant de trois positions relatives diff6r- 
entes des couches: Ca) superposition directe des couches, (b) d6placement de la deuxi6me couche 
par a/3 le long de l'un quelconque des trois axes X hexagonaux de la couche initiale, avec un sens 
positif ou n6gatif du ddplacement d6termin6 uniquement par la position du cation octah6drique dans 
la couche inf6rieure, et (c) le d6placement de la deuxi~me couche par • b/3 le long de Y~ (normale 
t~ X~) de la couche initiale, sans 6gard pour la position du cation octah6drique. 

En supposant une g6om6trie hexagonale id6ale, sans ordre des cations, et sans inter6change 
dans le m~me crystal des trois types possibles de superpositions des couches, on peut alors d6river 
douze polytypes standards (plus quatre enantimorphes) avec des p6riodicit6s variant entre une et 
six couches. Les d6placement relatifs le long des trois axes X conduisent aux m~mes s6quences des 
couches d6rivdes pour les micas, soit 1 M, 2M~, 3T, 2M2, 20r  et 6H. Les polytypes 1T et 2H~ rdsultent 
de la superposition directe des couches. Les d6placements des couches de b/3 conduisent aux poly- 
types connus sous la d6signation 2T, 3R, 2H~ et 6R. 

Les douze structures standards 1 : 1 peuvent &re divisdes en quatre groupes (A = 1M, 2M~, 
3T; B = 2M~, 2Or, 6H; C = IT, 2T, 3R; D = 2H1, 2Hz, 6R) pour les besoins d'identification. Les 
fortes r6flections des rayon X servent h identifier chaque groupe et les r6tlections plus faibles diff6ren- 
cient les trois structures au sein de chaque groupe. Des exemples des quatre groupes et de 9 des 12 
structures individuelles ont 6t6 identifi6es dans des sp6cimens naturels. La consid6ration des quan- 
tit6s relatives d'attraction et de r6pulsion entre les ions dans les structures conduit h pr6dire la s6quence 
de stabilit6 groupe C groupe D groupe A groupe B, qui s'accordent mod6r6ment aux abondances 
observdes dans ces groupes structurels. 

Kurzreferat -Die  Polytypie in trioktaedrischen 1 : 1 Phyllosilikaten riihrt von zwei vertinderlichen 
Merkmalen im Gefiige her. (1) Die oktaedrischen Kationen kiSnnen durchwegs in der gleichen 
Gruppierung yon drei Stellungen angeordnet sein oder sie ktinnen in aufeinanderfolgenden Schich- 
ten jeweils zwischen zwei verschiedenen Gruppierungen der Stellungen abwechseln. (2) Die Wasser- 
stoffbindung zwischen benachbarten Sauerstoff- und Hydroxyloberfl~ichen aufeinanderfolgender 
Schichten kann durch drei verschiedene Stellungen der Schichten in Beziehung zu einander erhalten 
werden: (a) unmittelbare (]berlagerung der Schichten, (b) Verschiebung der zweiten Schicht um 
a/3 entlang irgendeiner der drei hexagonalen X-Achsen der Ausgangsschicht, wobei eine positive 
oder negative Richtung der Verschiebung einzig durch die in der unteren Schicht eingenommene 
Gruppierung der oktaedrischen Kationen bestimmt wird, und (c) Verschiebung der zweiten Schicht 
um +_ b/3 entlang Y1 (normal zu X1) der Ausgangsschicht ungeachtet der eingenommenen oktaed- 
rischen Kationgruppierungen. 

Unter der Annahme idealer hexagonaler Geometrie, ohne Kationenregelung und ohne Vermischung 
innerhalb des gleichen Kristalls der drei m6glichen Arten der Schichtiiberlagerungen, lassen sich 
zwtilf Normalpolytypen (plus vier Enantiomorphe) mit Periodizit~iten z wischen einer und sechs 
Schichten ableiten. Relative Verschiebungen entlang der drei X-Achsen fiihren zu den bereits 
fiir die Glimmer abgeleiteten Schichtfolgen, ntimlich IM, 2M1, 3T, 2M~, 20r  und 6H. Die Polytypen 
1T und 2H~ werden durch direkte l~lberlagerung von Schichten erhalten. Schichtverschiebungen 
um b/3 fiihren zu Polytypen mit der Bezeichnung 2T, 3R, 2H2 und 6R. 

Die zwSlf Normal 1 : 1 Gefiige k6nnen fiir Identifizierungszwecke in vier Gruppen eingeteilt 
werden (A = 1M, 2M:, 3T; B = 2Mz, 2Or, 6H; C = IT, 2T, 3R; D = 2H1, 2H2, 6R). Die starken 
R6ntgenreflexionen diesen zur Identifizierung der verschiedenen Gruppen, wiihrend die schw~icheren 
Retlexionen zwischen den drei Strukturen innerhalb jeder Gruppe unterscheiden. Beispiele ftir 
alle vier Gruppen, sowie fi.ir 9 der zwtilf Einzelgefiige konnten in natiidichen Proben aufgefunden 
werden. Eine Erw~igung der relativen Betrtige von Anziehung und Abstossung zwischen den Ionen 
in den jeweiligen Gefiigen fiihrt zu der vorhergesagten StabilitStsfolge Gruppe C > Gruppe D > 
Gruppe A > Gruppe B, in ziemlich guter {]bereinstimmung mit den beobachteten, mengenm~.ssigen 
Vorkommen dieser Strukturgruppen. 

Pe31oMe---l-[OTIRTI4rII4~l TpHOKTaa~IpHqeCICHX CJIOHCTbIX CHJIHKaTOB 1 : 1 o6ycJIOBJIeHa c~e~y~umMn 
~ByM~I Oco6eHHOCT~IMH CTpyKTypbI. (I) OKTa3~IpH~IecKHe KaTHOHbI MOryT 3aHHMaTb aK60 o~tnn 
H TOT )Ke H3 Tpex na6op nono~eHn~ no Bce~ cTpyKType, nH60, ynopg~oqemio sepe~Lvgc~, MoryT 
3aHrIMaTb ~aa na6opa no~o~eHntl B FIOCJIe~OBaTe/IbHblX cTpyKTypH]blX CJIOflX. (2) Bo~opo~ubIe 
CBfl3R Me3~y coce~nHIvIR KHCJIOpO~HbIMH n rn~poKcHJIbHbIMH IIoBepXHOCTflMH rIOC~le~OBaTenbHbIX 
cJIoeB MOryT peaJIH3OBaTbC~/ rlpn TpeX pa3J-IHqHbIX OTHOClITeJ'IbHblX IIo.rlo~eaH~lX CJIOeB: (a) rlp~lMOe - 
Haao~eIme CJIOeB 6e3 CMemeHH~; (B) na.rio~eHnc cJioen Hptl cMettIeri~JH BepxHero cJIo~ Ha a/3 n~oJlb 
JIro6o~ n3 Tpex reKcaroHaJlbHblX oceI.~ X HH)KHeFO CJIO~, np~l~IeM rlOJIO~Kl,ITeJ/bHoe t,IJ'II,I OTpH.t.IaTeJIb- 
Hoe HanpaBJ~erme cMet~eHtI~ O~HO3HaqHO or~pe/lea~eTc~ HOno~enrIeM o~Ta3~prI'tecrd, lx KaT~OHOB 
Hr~Hero cao~; (c) HaJ~o~ea-ae c.rioeB npH cMetUeririH BepxHero cao~ Ha -t-b/3 B)IOm, OCa Y l  
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(IIepIIeH~I~KyJI~IpHOR X1) HH~I~HeFo CYIO;I BHe 3aBHCHMOCTH OT IIOJIOXeHHII OKTa3~pHqeCKHX KaTHOHOB. 
I'[pH Ilpe)~HOYlO~KeHHIt FeKCaFOHa2IbHO~ FeOMeTpHH, OTCyTCTBH~I yIIOp~I~OqeHH~l KaTHOHOB H HeBO- 
3MO~KHOCTH Co~IeTaHH~I B O~HOM H TOM >Ice KpHCTaYIYle 3-X yFIOM~IHyTbIX THIIOB HaYIO~KeHH~I CJIOeB, 
MOFyT 6bITb BblBe21eHbI 12 He3aBHCHMblX IIO.IIHTHHOB (14 4 3HaHTHOMOpOpHI~IX) C IIepHO~HKHOCTbIO 
OT O~HOFO ]IO IIIeCTH CJ'IOeB Ha 3YIeMeHTapHy~O gqe~Ky. OTHOCHTCYlbHbIe CMeIIIeHHg BFOHb TpeX 
OCel~ X HpHBO~HT K o6pa3OBaHHFO TeX x e  IIOc3Ie~OBaTeJ/bHOCTe~ CYlOeB, KOTOpbIC ~bIYIH BblBe~eHbI 
~YI~I CYIIO~, a HMeHHO 1M, 2M1, 3T, 2M2, 20 ~ 6H. I'IOYIHTHI'IbI 1T ~ 2H~ nony~atoTca HpH npSMOM 
HaJIox~eHHH C$1OeB 6e3 cMeI/~eHH~. CMeIIIeHHfl c-rloeB Ha b/3 IIpHBO)IHT K o6pa3OBaHH]O FIOJIHTHIIOB, 
O603Ha~IaeMblX ICaK 2T, 3R, 2H2 I~ 6R. B uenux H~eHTHOpHKaI2HH 12 HOJly~IeHHblX He3aBHCHMbIX 
cTpyKTyp MOryT 6biTI, pa36~Tb~ Ha 4 r p y n n ~  ( A = I M ,  2M~, 3T; B = 2 M 2 ,  20, 6H; C = I T ,  2T, 3R; 
D = 2 H 1 ,  2H2, 6R). Ka~K~aa r p y n n a  HMeeT O~HH H TOT )Ke Ha6op CH.rIbHblX peHTFeHOBClCrIX 
pedpaercoa, no KOTOpbIM MOgeT 6bITb npoae~eHa H~eHTHqbHI~allH~I pa3YIH~IHbIX rpyrm;  caa6~,m 
pe~.rleKCbl rlO3BOYlfllOT pa3ylla~aTb c r p y r r y p ~  BHyTpH CaMHX rpynn.  1-lpr~ nay~eHaH npapo~n~,IX 
o6paauoB Ha~eH~X npeacraBnreaH Bcex aexmpex rpyrm H 9-Xn H3 12-Ta noaaxHnnb~x cTpyrTyp. 
AHa.rlr~3 B3amvmoro npawa~enna  H OTTanKH~aHHa HOHOn B cTpyrxypax  n o 3 a o a a a  npe~cra3arb  
OrHOCHrea~Hym ycro i i ,maocrb  Ha~enn~,~x rpyrm, r o r o p a n  ~ipa~xaeTca cneaymme~i nocne~Io~a- 
TeYmHOCW~m: rpyrma C >  rpyrma D >  r p y n n a  A >  rpynrm B, n r0  naxo~r~rca n OTHOCHTenbHO 
xopomeM COOTBeTCTBHH C Ha6n~o~aeMo~ pacnpocTpaaeHaOCTb~O aTHX cTpyrTypHb~X rpyma n 
npHpo~e. 
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