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Growth Spirals and Complex Polytypism in Micas. I. Polytypic Structure Generation 
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The possible polytypic structures of a mica monocrystal are generated, using a single screw dislocation 
emerging on both (001) faces. The discussion takes into account: (1) each basic structure the crystallite 
may have during its previous layer-by-layer growth, (2) the number and position of the elementary 
layers of the crystal when the spiral becomes active, (3) the Burgers vector strength of the dislocation. 
Deduced new polytypic structures, belonging to different structural series, are described and their 
positions with respect to the different basic structures are discussed. Some well-known growth features 
in micas such as 'epitaxic overgrowths' and 'macroscopic' twinning may, in some cases, be connected 
with a spiral growth mechanism. The layer-stacking sequences of complex polytypic structures of natural 
and synthetic micas reported thus far in the literature can be compared with the predictions of the screw 
dislocation theory of polytypism on perfect or more or less faulted basic structures. 
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I. Introduction 

Several different theories as reported by Verma & 
Krishna (1966), have been put forth by various 
workers to account for the phenomenon of poly- 
typism in crystals. Attempts to unify them have been 
so far unsuccessful. However, polytypism as a result of 
growth spiral activity connected with the occurrence 
of screw dislocations (Frank, 1949, 1951) in crystals 
seems to be the theory which receives the most evident 
experimental confirmations on various polytypic com- 
pounds such as SiC, CdI2 and ZnS. Nevertheless, the 
screw dislocation theory alone does not give an ex- 
haustive answer to this problem. If the theory fairly 
satisfactorily explains the generation of long-period 
polytypes, it does not account for the occurrence of 
common basic structures on which the former struc- 
tures are frequently based. Keeping this in view, 
Mitchell (1957) and Krishna & Verma (1965) derived 
the theoretically possible polytypes of SiC assuming 
screw dislocations of various strengths created on the 
different basic structures of this compound. This work 
resulted in the derivation of structural series in which 
most of the X-ray determined polytypes could be class- 
ified. 

Mica polytypism and polymorphism were first at- 
tributed by Amelinckx & Dekeyser (1953) to a spiral 
growth mechanism operating on a disordered layer- 
grown structure. Subsequent numerous detailed X-ray 
structural studies (Hendricks & Jefferson, 1939; 
Rieder, 1970; Ross, Takeda & Wones, 1966; Smith & 
Yoder, 1966; Takeda, 1967a, 1969, 1971; Takeda & 
Mackay, 1969) have shown the high observation 
frequency of a limited number of short-period poly- 
morphs in this mineral family. Moreover, layer-stack- 
ing sequence analyses of long-period polytypes (L.P.P.) 
reveal that they are often based on the short-period 
polymorphs. More recently (Baronnet, 1972a, b, 1973; 

Baronnet, Amouric & Chabot, 1975) studies on syn- 
thetic phlogopite and muscovite using surface micro- 
topographic methods of electron microscopy demon- 
strated the dominant roles played by the nucleation 
and/or layer-by-layer growth processes during the 
building of polymorphs and by spiral growth in the 
generation of complex polytypes. In the case of spiral 
growth, it was experimentally shown that a layer- 
grown structure occurs before the screw dislocation 
originates in the crystallite. The succession of these 
two mechanisms during the growth of a single crystal 
leads us to deduce the theoretically possible polytypic 
structures in micas similar to those of Krishna & 
Verma (1965) for SiC. 

In the present paper, the 'ideal' structure of the mica 
structural unit is briefly given in order to introduce 
polytypism/polymorphism notations and representa- 
tion. Then, the most likely basic structures of micas 
are reviewed. The structural issues of the occurrence 
of growth spirals on each basic structure are examined 
and the deduced polytypic structures are then com- 
pared with the complex polytypes already reported in 
the literature. 

II. Deduced and observed polytypic structures 

II. 1 Mica single-layer structure and 
polytypism/polyrnorphism notations 

The actual structure of the mica single layer depends 
mainly upon its chemical composition and to a lesser 
extent upon the polymorph concerned. Nevertheless, 
for the sake of simplicity, only the 'ideal' structure 
described by Pauling (1930) and Jackson & West (1931, 
1933) will be reported here. The single layer is com- 
posed of two sixfold tetrahedral sheets sandwiching a 
single octahedral sheet (~ phyllosilicate layer type). 
The structure of the latter sheet is mainly governed by 
close packing of O atoms located at the vertices of 
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both tetrahedral sheets. Adjacent single layers are 
linked together by interlayer cations. These interlayer 
cations occupy vacancies created by the tetrahedral 
rings bounding the interlayer region. The mica 'ideal' 
structural unit is monoclinic, space group C2/m 
(Pabst, 1955). Lattice parameter relationships are as 
follows: b = 31/Za, fl= cos- 1 ( _  a/3c). Therefore, the 
C-centred plane unit cell (Fig. 1) is shifted by a layer 
stagger (or stacking vector) t, = -½a,  from a unit layer 
n to the next one n + l .  t,,+l may adopt six different 
orientations with respect to t, so that the interlayer 
stacking angle (Smith & Yoder, 1956) will be (t,, t, + 1) 
=0 mod zc/3. In the ideal structure approximation, each 
of these adjoining layer configurations keeps the inter- 
layer cation coordination polyhedra unchanged. Mica 
polytypism is described by the stacking mode of N 
adjacent layers; this stacking sequence repeats after 
every Nth layer. The R.T.W. polytype designation of 
Ross et al. (1966) is adopted throughout this paper. 
The R.T.W. symbols are based first on Ramsdell's 
(1947) notation where the number of layers is followed 
by the symmetry symbol of the unit cell (Tc, M, O, T 
and H for triclinic, monoclinic, orthorhombic, trigonal 
and hexagonal respectively). Stacking symbols 
0, _+ 1, +2 or 3 which refer respectively to 
0 °, +60 °, + 120 °, 180 ° interlayer stacking angles are 
given within brackets [Fig. 2(b)]. As the R.T.W. nota- 
tion is orientation-free, Zvyagin's layer position sym- 
bols (Zvyagin, 1962) are adjoined [Fig. 2(a)] to the 
above notation and put in parentheses. The C-layer 
standard position is chosen as opposite to the 5.3 A 
lattice vector of the involved basic structure or poly- 
morph. 

II. 2 Basic structures of  micas 
1M[0](C), 1Mr n(120),* 2M2[1-f](AB), 3T[222](ABC) 

and 2M1122](,~/~) are the most commonly found struc- 
tures of micas. The first three are considered to be the 
most 'stable' stacking modes of trioctahedral micas 
whereas the two last forms are more frequently en- 
countered among dioctahedral species. 1M[0](C) (Ba- 
ronnet, 1972a, b; Ross et al., 1966), 2Ml[22](A'B) (Ba- 
ronnet et al., 1975; Takeda, 1969), 3T[222](ABC) 
(Ross et al., 1966; Takeda, 1967a) and 1Mr n(120) 
(Baronnet, 1972a, b) were also identified as substruc- 
tures of complex polytypes. 1Mr n(60),I" theoretically 
considered by Ross et al. (1966), may be regarded as a 
possible basic structure of F-bearing trioctahedral 
micas [e.g. the 4Tc[O231](Cff.AA) (Takeda, 1967b) 
complex polytype of synthetic lithium-fluorophlogo- 
pite appears to be based on such a stacking mode, see 
§ 11.4] To our knowledge, L.P.P. based on 2M2[1T](AB) 
have not yet been reported. Nevertheless, as this struc- 

* 1Mr n(120) refers to aperiodic structures, the successive 
interlayer stacking angles of which are n × 120 °. The successive 
values of n are randomly (r) chosen among 0,1 and 2. 

t 1Mr n(60) describes aperiodic structures, the successive 
interlayer stacking angles of which are n x 60 °. The successive 
values of n are randomly (r) chosen among 0, 1, 2, 3, 4 and 5. 

ture occurs frequently among some natural Li-bearing 
micas (Foster, 1960; Munoz, 1968), it is regarded as a 
possible basic structure below. Note that 3 T[222](A CB), 
theenantiomorphic stacking sequence of 3 T[222](ABC), 
may be also considered as a basic structure since the 
former was recently found as well as the latter in synthetic 
OH-muscovite (Baronnet et al., 1975). Among 
20[33](CC), 6H[l l l l l l ] (CBAff 'B,4)  and 
6H[111111](C,~BCAB) structures theoretically derived 
by Smith & Yoder (1956), only the first was recently 
found (Giuseppetti & Tadini, 1972) to be an actual 
stacking scheme in the brittle mica anandite and there- 
fore is retained below. All the six periodic basic struc- 
tures are considered as stacking-fault-free in the 
following deductive section. 

II. 3 Generation of  the polytypic structures induced by 
spiral growth 

Let us consider a plate-like perfect crystallite pre- 
viously grown according to the layer-by-layer growth 
mechanism. Subsequently, a single dislocation of 
mainly screw character is created, the dislocation line 
of which crosses the platelet. Accordingly, two different 
exposed ledges appear, one on each of the well devel- 
oped (001) and (001-) faces of the flattened mica crystal. 
The equal numbers of layers Ns exposed on both faces 
are determined by the modulus Nsx 10 /~ of the 
Burgers-vector component normal to {001}. Hence, 
two spirals are assumed to be active on the same 
crystal, subsequently leading to the growth of two 

b. 
© 

Fig. 1. The C-centred monoclinic cell of the mica single layer. 
Striped circles: lower interlayer cations. Open circles: 
upper interlayer cations, t, is the normal projection onto 
(001) of the c single layer parameter. The graphical represen- 
tation of polytypes and polymorphs of Smith & Yoder 
(1956) is a chain of arrows corresponding to the succession 
of the t, vectors through the crystal. 

c 0 

3 
1÷180 °} 

(a) (b) 
Fig. 2. (a)Single-layer position symbols of Zvyagin (1963). 

Each symbol refers to the t, orientation. The standard layer 
orientation C is chosen as opposite to the 5.3/~ lattice vector 
of the basic structure. (b) Interlayer stacking angle symbols 
of Ross et al. (1966). They refer to stacking angles between 
adjacent single layers. 
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polytypic structures sandwiching the initial structure 
of the platelet, i.e. the basic structure. The initial 
platelet, at the instant when the dislocation arises, is 
composed of Arc layers. There is no reason to think 
that Arc would correspond to a whole number of N, 
with N being the periodicity of the basic structure. As 
stated above, Ns layers are exposed on both {001} 
faces • these layers are respectively numbered 
1 ,2 ,3 . . . ,N~-  1, N, on (00T) and N ~ - N ~ +  1, N c - N s +  
2, . . . ,Arc-1 ,  Arc on (001). The stacking vector t, is 
assumed to remain pointing in the same direction 
within any one layer n as the spiral winds itself around 
the dislocation core. Note that the dislocation sign by 
no means affects the polytypic structure to be gen- 
erated. Consider A, and a, respectively as Zvyagin's 
position symbol of the layer n and the R.T.W. stacking- 
angle symbol between adjacent layers n and n+ 1. 
Then, the platelet basic structure may be represented 
by the double series" 

(A1 A2 A3...A1V~-2 A1v~-i Alva) 
a t  a z  a3 •  • • alvc-2 alve- 1 • 

Left and right series terms refer respectively to surface 
structures near (00T) and (001) faces. At the moment 
when the dislocation involving Ns exposed layers orig- 
inates, the structure on both sides of the slip plane is" 

at a2 a3 . . . .  alv, alv,+l. • • 

A 1  A 2  A 3 . . . A 1 V a ,  A 1 V , + I . . .  

Lower A~ A z . . .  
exposed al az. . .  

ledge 
Upper 

• • • alva- ~ exposed 
• • . A 1 v ~ - ~  AN~ ledge 

• . .AN~-N;'  A1V~-N,+I"I.."-Auc-t A"u; 
• " • a l v e -  Ns . . . . . . . . . . .  alvc - 1 

where superposed Zvyagin's symbols indicate that the 
corresponding layers are situated at the same level on 
both sides of the slip plane. The respective lower and 
upper spirals create the following respective stacking 
sequences during winding downwards and upwards: 

(a~ a2 . . . .  aN,-1 a0)p a~ a2 . . . .  alv,-~ a~, . . .  
(A~ Az A3 . . . . .  A1V,)~,IA~ A2 A3 . . . . .  AN, I . . .  

, , ~ . . . .  i , 

Lower spiral Lower exposed ledge 

a l v ¢ -  N s a N  e -  IV, + 1 . . . . . . . . . . . . . . .  a l v c -  1 

IAN,-1v,+l Alva-iv,+2 . . . .  A1v~-i A1v,l 
p 

Upper exposed ledge 

(a00 alva- Iv, + 1 au~- Iv, + 2 . . . . . .  alvc- 1)q 
(Alva-iv,+1 Alva-iv,+2 . . . . . .  A1v~-i A1v~)~ 

Upper spiral 

with p and q the number of turns of each growth 
spiral. If, on one hand, in the induced polytypic struc- 
tures, all Zvyagin's symbols are inherited from a part 

of the basic structure, on the other, two new R.T.W. 
symbols a0 and a00 appear at the bottom of the exposed 
ledges, a0 and a00 replace alv, and alvc-1v, respectively. 
They are generated by stacking of the layer 1 under 
layer Ns and of layer N c - N ~ +  1 upon Arc. Knowing 
the basic structure stacking sequence, N~ and Arc values 
and the position of the last layer Arc, a0 and a00 are 
easily inferred from the periodicity conditions (Ross 
et al., 1966; Takeda, 1971) keeping R.T.W. symbols: 

n=1v , - -1  n=1vc--1  

ao+ ~ a n = 0 m o d 6 a n d a o 0 +  ~ a , = 0 m o d 6 .  
n = l  n = N c - - 1 V , + I  

By following Takeda (1971) we will treat the R.T.W. 
symbol series of a given stacking sequence as a series of 
numbers. Two algebraic properties of these series are 
of interest to understand the forthcoming deductions: 
(1) a cyclic permutation of the numbers means only 
that the origin of the sequence is shifted and therefore 
does not change the stacking sequence itself; (2) taking 
the supplement of the series describes an enantio- 
morph of the initial structure. 

N, _< Arc must be obeyed for a layer to be present at 
the bottom of each exposed ledge. 

Finally, the structure of the dislocated crystal as a 
whole may be written as follows: 

(al az a 3 . . . a l v , - 1  a o ) p  al a z . . .  
(A1 Az A3 . . . . . . .  A1v)p A1 A2 A 3 . . .  

• ..alvc-1 ( a o o  alvc-1v,+l alva-iv,+2...alv~-l)q 
• . .AN# (A1vc-1v,+l A1vc-1v,+z . . . . . . . . .  A1v~)q. 

The above symbol series will be expressed now con- 
sidering the possible mica basic structures and then 
taking into account: (1) the layer number N~ in the 
exposed ledges, (2) the layer number Arc of the perfect 
platelet just before the dislocation appears, (3) the ori- 
entation of the layer Nc. Note that the orientation of 
layer 1 is connected with the orientation of Arc in the 
case of periodic basic structures, if the Arc value is 
known• 

II. 3.1 Growth spirals on the basic 1M[0](C) structure 
1M[0](C) may be developed as : . . .  C C C C C . . .  

. . . .  0 0 0 0  . . . .  

It is obvious that whatever values Arc and Ns may 
adopt, the spirals will reproduce respectively p and q 
times the layer stacking sequence [0]1v,(C)1v,, i.e. 
1M[0](C). In other words, whatever the strength of the 
screw dislocation, the 1M[0](C) grows further by the 
spiral growth mechanism (see Fig. 3) without introduc- 
tion of any stacking fault. 

II. 3.2 Growth spirals on the basic 2Ml[22](A/~) 
structure 

The periodic 2Ml[22](A/~) stacking sequence is 
written below: 

. . . ~ [  B ~f B A B . . . .  

. . . .  2 2 2 2 2 2 . . .  
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F o u r  possibil i t ies (i, ii, iii, iv) exist for the end surface 
structures o f  the ini t ial  crystal  platelet,  depend ing  upon  
N¢ value and  last- layer pos i t ion :  

N ¢ = 2 m o d 2 *  (i) An#=d: B A B A . . . B  ,'I B ,'I 
~ 2 ~  . . .  ~ 2 ~  

(ii) A : ~ = B :  X B _ d B . . . A  B _ d  B 
2 2 2  . . .  2 2 2  

N ~ = I  m o d 2  (iii) AN=./[: d B d[ B . . . B  d[ B ,,1 
2 2 2  . . .  2 2 2  

(iv) A ~ = B :  B A B A . . . A  B A B 
~ 2 2  . . .  2 ~ 2  

All  the structures of  a crystal inc lud ing  var ious  N :  
layered spirals  on it are listed in Table  1. For  N~= 
2 m o d  2, the structure 2M,[22] (dB)  grows fur ther  
wi thout  occurrence of  any s tacking faul t  since [22](Nd2) 
=[22]~n,/z)=2Md22]. As N ~ = 3  mod  2, two enant io-  
morphic~" poly typic  series are genera ted;  

N=Tc[(22-)~_ ~)/20] {(.dB)~N,_ z>/a,'l} 
and  

N~ Tc[(22)(n_ z)/20] {(/~X)(n,-,~/2/1 }. 
The two poly typ ic  structures sandwich ing  the basic 
s tructure in the same crystal  m a y  be ei ther  the same 
ones in para l le l  pos i t ion ing  (iii and  iv), or enant io-  
m o r p h s  (i a n d  ii); see Fig. 4. For  N~ = 1, the two spiral- 
g rown 1M[0] structures are ei ther  paral le l  (iii and  iv) 

* i mod j  means i+kj with k as a positive integer when used 
to characterize N, and No. 

I" From a pure structural point of view, these two series 
correspond to the same structure since they are deducible 
from each other by a twofold axis lying in the (001) plane. 
Nevertheless, as they may produce two distinct spiral growth 
patterns on a given growth face (Baronnet et al., 1975), they 
are distinguished here. The same remark holds for later-reported 
structures generated by N~=3 mod 2 spirals on the 2M2[IT] 
basic structure. 

1M [0] 
Ns= 1 2 3 

C1M 
a 

5.3~1 s.21 . b~ 

l 

Fig. 3. Crystal polytypic structure representations using dia- 
grams of Smith & Yoder. Spirals on 1M[0], N~ = 1, 2, and 3. 
To follow the arrow series means to describe the structure 
from bottom to top. Heavy arrows refer to the structure of 
the exposed ledges. Crystal structure drawings correspond 
to a unique turn of spirals ( p = q =  1) on (001) and (00T). 
In some cases, a second turn is drawn: dashed outer arrows 
in the diagrams. 

Dislocation 
strength 

N, 
1 

Table  1. Structures resulting from dislocations of 2Mt basic structure 

Perfect 
platelet 

structure Crystal structure 

Arc Ar c Lower part Middle part 
2 mod 2 AT 1M[0] (B) 2Mt[22-] (`fiB) (i) 
2 mod 2 B 1M[0] (,4") 2Md22-] (XB) (ii) 
1 mod 2 ,4" IM[0] (,4") 2Mt[2~] (`fiB) (iii) 
1 rood 2 B 1M[0] (B) _ 2M~[22] (XB) (iv) 
2 rood 2 `fi 2M,[~2] (BA) 2Md22] (XB) (i) 
2 mod 2 B 2M112~] (`fiB) 2M1122] (,fiB) (ii) 
3 mod 2 ,4" 2M,[2~] (`fiB) 2Md2~] (A'B) (iii) 
3 mod 2 B 2Mt[221 (/~`fi) 2Md2~l (riB) (iv) 
4 mod 2 ,4" 3 Tc[220] (B`fiB) 2M,[22] (`fiB) (i) 
4 mod 2 B 3Tc[220] (,fiB.,{) 2Md2~] (,fiB) (iii) 
3 mod 2 ,4" 3Tc[2~0] (`fiB`fi) 2M,[2~] (`fiB) (ii) 
3 mod 2 B 3 Tc[~20] (B,fiB) 2M112~1 (,fiB) (iv) 
4 mod 2 ,4" 2M,[22h (BA')2 2Mt[2~] (`fiB) (i) 
4 mod 2 B 2Md2~],. (`fiB)2 2Md2~] (,fiB) (ii) 
5 rood 2 `fi 2Md2~h (`fiB), 2M,[2~] (`fiB) (iii) 
5 mod 2 B 2Mt[~212 (BA")2 2Md221 (`fiB) (iv) 
6 mod 2 ,fi 5 Tc[(22)20] {(B,fi)2B } 2Md2~] (,fiB) (i) 
6 mod 2 B 5 Tc[(2~)20] {(X__B)2,fi} 2Mt[2~] (,fiB) (ii) 
5 mod 2 ,4" 5 Tc[(2~)20] {(AB)a`fi} 2Md22] (`fiB) (iii) 
5 mod 2 B 5 Tc[(~2h0] {(BA"),.B } 2M,[2~] (`fiB) (iv) 

Upper part 
1M[0] (,4") 
1 M[OI (B) 
1M[0I (,4) 
1M[0I (B) 
2Mt[22] (B`fi) 
2M1[~21 (`fiB) 
2Md2~] (B`fi) 
2Md221 (XB) 
3 Tc[022-] (XBX) 
3 Tc[0221 (B`fiB) 
3 Tc[022] (`fiBd) 
3 Tc[0~2] (B`fiB) 
2M112212 (B`fi)2 
2Mt[~212 (riB)2 
2Mt[2~]2 (BAh 
2Md~212 (/t'B)2 
5rc[0(2~)4 {d(~fl_)~} 
5 Tc[O(~2h] {B(ABh) 
5 rc[0(2~)2l {d(B_ f̀i_)2} 
5 Tc[0(22)2] {B(AB)2} 
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or in twinned position (i and ii). Note that the two 
entire crystal structures corresponding to N~ = 1 mod 2 
and Nc = 1 mod 2 [Fig. 4 (iii) and (iv)] may be deduced 
from each other through a [010] twofold operation. 

1I. 3.3 Growth spirals on the basic 2M2[1T](A/~) 
structure 

2Mz[1T](AB) basic structure is expressed as" 

. . . A  B A  B A  B A  B . . .  

. . . .  T 1 T  1 T  1 T  . . .  

The different platelet structures are easily obtained 
from the 2M, cases if we substitute A for ,,{, 1 for 2 and 
T for 2. It follows" 

N c = 2 m o d 2  (i) AN~=A'B A B A B . . . B  A B A 
1 T  1 T  . . .  1 T  1 

(ii) A u c = B : A  B A B. .A B A B 
TIT. TIT 

N~=Imod2 (iii) A~=A:A B A B. I BA B A 
TIT..ITI 

(iv) A N = B : B  A B A. .A B A B 
1 T 1  T I T .  

Table 2 lists all theoretical dislocated crystal structures 
up to Ns= 5. For N~ = 2 mod 2, the initial basic struc- 
ture grows further on both sides of the crystal, stacking- 
fault-free. For Ns=3  mod 2, the two enantiomorphic 

N, Tc[(1T)(N,_,/zO]{(BA)(N,_I)/zB} and 
N~Tc[(T1)(N,_I)/zO]{(AB)(N_I)nA} polytypic structure 
series are generated. The crystal outer structures are 
either of the same nature and parallel-positioned (iii 
and iv) or enantiomorphic (i and ii): see Fig. 4. For 
N , =  1, 1M[0] structures are either parallel (iii and iv) 
or in twinned position (i and ii). Note that the two 
entire crystal structures corresponding to Ns = 1 mod 2 
and N~ = 1 mod 2 [Fig. 4. (iii) and (iv)] may be derived 
from each other by a [01012~z twofold operation. 

II. 3.4 Growth spirals on the basic 20[33](CC) 
structure 

At first examination, four perfect-crystal configura- 
tions in the 20  basic structure: 

. . . c C c C c C . . .  

. . . .  3 3 3 3 3 . . . .  

need be considered, that is: 
N c = 2 m o d 2  (i) ANc=C: 

&v,=C : 

N ~ = l m o d 2  (ii) AI%=C: 

A~v~= C: 

C c C . . c C c  
3 3 . 

c ¢ c .  
3 3 . 

c C c .  
3 3 

ccc:  
3 3 

3 3 
C c C  

3 3 
c C c  

3 3 
~ c C  

3 3. 

2M1122] 2M1122" ] 
/ 

, 2  

0 i ) 

Ns=l 

Ns-- 3 

c2M b2 

a2MI 

j /  . S 
Fig. 4. Spirals on the two-layer basic structures: 2M112~2], 2M2[1T] and 20[33], Ns= 1, 2 and 3. Regarding the 2 0  case, superposed 

arrows are disjoined. From left to right, the structure is described from bottom to top. For full explanation of symbols, 
see caption to Fig. 3. 
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2M2[1i] 

Ns= 1 

Oi) 

. - : J f " / ~ O i O  

(iO -. 
Ns= 2 

(0 

00 

("0 

Civ) 
b2M2 

C2M2 l q a2M2 

20[33] 2Mz[ l i]  
! , Ns= 3 

C0 C0 

(,) 
(ii) 

(i) 
TIIITI  ITN 

(ii) 

c I 
a2o - 

/ - - . . . /  

(iii) 

Civ) 

Fig. 4 (cont.) 

20[33] 

 1i11,  1 ,I 
0) 

(ii) 

Dislocation 
strength 

N~ 
1 

Table 2. Structures resulting from dislocations of  23'/2 basic structure 

Perfect 
platelet 

structure 

N~ 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
rood 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 
mod 2 

AN c 

A 
B 
A 
h 
A 
h 
A 
h 
A 
h 
A 
h 
A 
h 
A 
h 
A 
B 
A 
h 

Lower part 
1M[0] (B) 
1M[0] (A) 
1M[OI (A) 
1M[0] (/~) 
2M2[1]-] (BA) 
2M2[]'11 (AB) 
2M2[T1] (AB) 
2M~[ff] (hA) 
3 Tc[IT0] (BAB) 
3 Tc[T10] (ABA) 
3 Tc[T10] (ABA) 
3 Tc[li0] (BAh) 
2M2[1i]2 (BA)2 
2M2[I112 (AB)2 
2M2[]'112 (AB)z 
2M2[1I]2 (BA)2 
5 Tc[(1 ]')20] {(hA)2B } 
5 Tc[(]'I)20] {(AB)2A} 
5 Tc[(Ilh0] ((AB)2A } 
5 Tc[(l~20] {(hA)2B } 

Crystal structure 

Middle part 
2M2[11-'] (A/~) (i) 
2M2[1T] (A/~) (ii) 
2M2[1i] (A/~) (iii) 
2M2[1]] (A/~) (iv) 
2M2[11--] (AB) (i) 
2M2[1T] (A/~) (ii) 
2/142111-] (A/~) (iii) 
2M211T] (A/~) (iv) 

• 2M2[11-] (AB) (i) 
2M2[1T] (AB) (ii) 
2M2[1T] (ABe) (iii) 
2M2[ll-] (AB) (iv) 
2M2[1]] (AB) (i) 
2M2[11-] (AB) (ii) 
2M2[1 l-] (AB) (iii) 
2/14211]] (AB) (iv) 
2M2[IT] (AB) (i) 
2M2[IT] (A/~) (ii) 
2M2[11-] (A.~) (iii) 
2M2[1]'] (AB) (iv) 

Upper part 
1M[0] (A) 
1M[0] (/~) 
1M[0] (A) 
1M[0] (B) 
2M2[]-1] (BA) 
254211i] (AB) 
2M2[T1] (BA) 
2M~[1~ (A~) 
3 Tc[0]l] (ABA) 
3 Tc[011-] (BAB) 
3 Tc[0]'l] (ABA) 
3 Tc[011-] (BAB) 
2M2[TI]2 (BA)2 
2M2[11-]2 (A/~)2 
2M2[]112 (/~A)2 
2M2[1 1-]2(A B)2 
5 Tc[0(ll)2] {A(BA_)2 } 
5 Tc[0(1 1-)21 (h(AB)2} 
5 Tc[0(ll)2] (A(]~A_)2). 
5 Tc[0(1])2] {B(AB)2) 
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These four cases may be reduced to two (i and ii), 
taking into account that for each N~ value the two 
structures corresponding to AN,= C and AN~= C are 
equivalent, except for a rotation through 180 ° about 
[001] of the 20  cell. The complete structures of crystals 
on which two spirals of N~ × 10 A pitch are active are 
given in Table 3. For  N~=2 mod 2, 20[33] grows 
further on (001) and (00T) faces. For  N~=3 rood 2, 
terms of a single structural series, NsM[(33](N,_~/zO]- 
{(CC)(N,_ ~/2C} are derived and are simultaneously on 
both sides of the basic structure either in parallel - (i) 
or in twin positioning - (ii). See Fig. 4. 

II. 3.5 Growth spirals on the basic 3T[222](ABC) 
structure 

The 3 T structure may be written as follows: 

. . . A  B C A  B C A  B C . . .  

. . . .  2 2 2 2 2 2 2 2  . . . .  

Nine different platelet structure possibilities are dis- 
tinguished below: 

Awe N~ 3 mod 3 
C A B C A . . .  ( i ) . . .  CABC 
A BCAB . . . . . . . .  ABCA 
B CABC . . . . . . . .  BCAB 

1 m o d  3 
CABC. . . ( i i ) . . .  CABC 
ABCA . . . . . . . .  ABCA 
BCAB . . . . . . . .  BCAB 

2 mod 3 
BCAB . . . ( i i i ) . . .  CABC 
CABC . . . . . . . . .  ABCA 
ABCA . . . . . . . . .  BCAB . 

As the successive configurations in each column are 
derived from each other by a circular permutation 
operating on Zvyagin's symbols, these structures are 
equivalent, except for a rotation through 0 mod 2n/3 
about [0001] in the 3T cell. These cases may, therefore, 
be reduced to three (i, ii and iii). Table 4 lists all struc- 
ture possibilities up to Ns= 5. Ns= 3 rood 3 results in 
the further growth of the 3T basic structure whereas 
Ns= 1 mod 3 leads to N~M[(222)~N,_l)/30]- 
{(CAB)(I~_ 1)/aC} and Ns = 2 mod 3 to 
N~M[(222)(u_z)/322]{(ABC)(u_z)/3AB} polytype se- 
ries. In Fig. 5 it is easily seen that the same spiral- 
grown polytype occurs on both basal faces of a given 
crystal and also that they are either parallel or con- 
nected by a twin operation. 

II. 3.6 Growth spirals on the basic 3 T [ ~ ] ( A C B )  
structure 

The 3 T [ ~ ] ( A C B )  layer-stacking sequence is de- 
veloped as" 

Dislocation 
strength 

Ns 
1 

2 

3 

4 

5 

Table 3. Structures resulting from dislocations of  20 basic structure 

Perfect 
platelet 

structure 

N~ 
2 mod 2 
1 mod 2 
2 mod 2 
3 mod 2 
4 mod 2 
3 mod 2 
4 mod 2 
5 mod 2 
6 mod 2 
5 mod 2 

Crystal structure 

Auc Lower part Middle part 
C 1M[0] (£7) 20[33] (CC_-) (i) 
C 1M[0] (C) 20[33] (CC) (ii) 
C 20[33] (CC) 20[33] (CC) (i) 
C 20[33] (CC) 20[33] (CC) (ii) 
C 3M[330] (CCC) 20[33] (CC) (i) 
C 3M[330] (CCC) 20[33] (CC) (ii) 
C 20[33h (CC)2 20[33] (CC[) (i) 
C 20[33]2 (CC)2_ _. 20[33] (CC) (ii) 
C 5M[(33)20] {(CChC } 20[33] (C£7) (i) 
C 5M[(33)20] {(CChC } 20[33] (CC) (ii) 

Upper part 
1M[0] (C) 
1M[0] (C) 
20[33] (ffC) 
20[33] (CC) 
3M[0331 (CCC) 
3M[0331 (CCC) 
20[33h (CCh 
20[33]2 (£7C)~ 
5M[0(33)~] {(C£7)2C } 
5M[0(33)2] {(C£7)2C } 

Dislocation 
strength 

/qs 
1 

2 

3 

4 

5 

Table 

Perfect 
platelet 

structure 

Nc 
3 mod 3 
1 mod 3 
2 mod 3 
3 mod 3 
4 mod 3 
2 mod 3 
3 mod 3 
4 mod 3 
5 mod 3 
6 mod 3 
4 mod 3 
5 rood 3 
6 mod 3 
7 mod 3 
5 mod 3 

4. Structures resulting from dislocations of  3 T basic structure 

Crystal structure 

A,v c Lower part Middle part 
C 1M[0] (A) 3 T[222] (ABC) 
C 1M[0] (C) 3 T[222] (ABC) 
C 1M[0] (B) 3 T[222] (ABC) 
C 2M112~] (AB) 3 T[222] (ABC) 
C 2M1122] (CA) 3T[222] (ABC) 
C 2M1122] (BC) 3T[222] (ABC) 
C 3 T[222] (ABC) 3 T[222] (ABC) 
C 3 T[222] (CAB) 3 T[222] (ABC) 
C 3 T[222] (BCA) 3 T[222] (ABC) 
C 4M[2220] (ABCA) 3T[222] (ABC) 
C 4M[2220] (CABC) 3T[222] (ABC) 
C 4M[2220] (BCAB) 3T[222] (ABC) 
C 5M[(222)22] (ABCAB) 3 T[222] (ABC) 
C 5M[(222)22] (CABCA) 3T[222] (ABC) 
C 5M[(222)22] (BCABC) 3 T[222] (ABC) 

(i) 
(ii) 
(iii) 
(i) 
(ii) 
(iii) 
(i) 
(ii) 
(iii) 
(i) 
(ii) 
(iii) 
0) 
(ii) 
(iii) 

Upper part 
1M[0] ( C) 
1M[0] (C) 
1M[0] (C) 
2M~[22] (Be) 
2M~[22] (Be) 
2M~[22] (BC) 
3 T[222] (ABC) 
3 T[222] (ABe) 
3 T[222] (ABC) 
4M[0222] (CABC) 
4M[0222] (CABC) 
4M[0222] (CABC) 
5M[22(222)] (BCABC) 
5M[22(222)] (BCA BC) 
5M[22(222)] (BCABC) 
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. . . .4  C B A  C B A  C B . . .  

. . .  2 ~ 2 2 2 2 2 2 . . .  

The three irreducible different platelet configurations 
are considered below, i.e." 

Arc=3mod3 (i) B A C B  A C . . . B  A C B A C 
= 1 r o o d 3  (ii) C B A C B A . . . B  A C B  A C 
= 2 m o d 3  (iii) A C B A C B . . . B  A C B A C.  

A deductive approach similar to that reported above 
for the 3T[222](ABC) basic structure leads to whole- 
crystal structures that are respectively the enantio- 
morphs of those derived on the aforesaid basic struc- 
ture. Hence, the two NsM[(22--~cN,_ ~)/sO]- 
{(BA C)(N,- 1)/3 B } and NsM [(2---~)(N s - 2)/322] - 
{(CBA)cN_z)/3CB } polytypic series result respectively 
from Ns= 1 mod 3 and N~ = 2 mod 3. The basic struc- 
ture 3T[222] grows further when N, = 3 mod 3. 

II. 3.7 Growth spirals on the disordered 1Mr n(120) 
and 1Mr n(60) basic structures 

As far as aperiodic basic structures are concerned, 
the number of expectable layer-stacking sequences 
within an exposed ledge becomes rapidly very large as 
N~ increases. Furthermore, the two spiral-grown poly- 
types on both (001} faces are no longer correlated in 

their structures except in their identical periodicities. 
Table 5 and 6 list the expectable polytypes grown by 
Frank's mechanism respectively on 1Mr n(120) when 
Ns ranges from 1 to 4 and on 1 Mr n(60) when Ns ranges 
from 1 to 3. 

Table 5. Polytypic structures that may be generated 
by spirals on the basic 1Mr n(120) structure 

N~ 
1 
2 
3 

1M[0] 
1M[0], 2M~[2~] 
1M[0], 3 Tc[022], 3 Tc'[0221 
3 T[2221, 3 T[~21 
1M[0], 2M,[22], 4M[0202] 
4M[2220], 4M'[2--~0], 4M[2~2] 
4Tc[0022-], 4 Tc'[0022] 

Table 6. Polytypic structures that may be generated 
by spirals on the basic 1 Mr n(60) structure 

N~ 
1 
2 
3 

1M[O] 
1M[O], 2M,[22], 2M2[11], 20[33] 
1M[0], 3Tc[022], 3Tc'[0221, 3Tc[011-], 3Tc'[011] 
3M[033], 3M[112], 3M'[]]2] ,  3Tc[123], 3Tc'[1-~] 
3T[222], 3 T'[2--2~], 3Tc[321], 3Tc'[32-~ 

3T[222] Ns=3 

CO Cii) Ciii) 

(i) (ii) (iii) .4 ~' . - ' " ' "  i! 
-" ,: ',I 

""~! """ ": """" i! -"'" !i .-"" i! ~'" 
..-"" :~ ..... il 

Ns = 2 ~ .....- :: < ,,: 
: "'"-. -. o " ' "  :: 

2 

a3r "',~ 

"'" (i) (ii) Ciii) 

(iii) 

Fig. 5. Spirals on 3T[222], N , =  1 to 5. A perspective representation is adopted here: t,  modulus becomes larger from bottom 
to top. For full explanation of symbols, see caption to Fig. 3. 
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..a~ 
• I I  
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~..,, -z¢ 

S~ ~ I 

1 "  

..-g! 
/ -  I I 

e/" II .. I~ 
"':"-. i[ 

-"~ ~ (iii) 

Fig. 5 (cont.) 

II. 4 Complex  poly types  and spiral growth 
About 20 complex polytype stacking sequences have 

been reported so far in the literature (Table 7). The 
scope of this section is to compare these sequences with 
those predicted by the present extension of the disloca- 
tion theory ofpolytypism on micas. Up to now, the more 
extended studies of layer-stacking sequences have been 
carried out using X-ray single-crystal methods (Ross 
et al., 1966; Takeda, 1967b). All possible 'unmodulated 
periodic intensity distributions' that are characteristic 
of stacking sequences are calculated and compared 
with intensity distributions observed along certain of 
the reciprocal-lattice rows parallel to c*. Nevertheless, 
the latter powerful method gives little information on 
the growth-mechanism-polytypism relationships as 
long as it is not completed by surface and/or volume 
characterization of the studied sample. Recently 
(Baronnet, 1972; Baronnet et al., 1975), it was possible 
to analyse some polytype stacking sequences of syn- 
thetic micas using spiral step configurations on an 
{001} form of these crystals. Spiral growth appears to 
be a very common growth mechanism of synthetic 
micas grown under hydrothermal conditions. There- 
fore there is a great temptation to account for the 
origin of the complex polytypes listed in Table 7 in the 
light of the dislocation theory of polytypism. Ascer- 
taining that complex mica polytypes are frequently 
based on 1M[0], 3T[222] and probably 2M1122], Ta- 
keda (1971) suggested that this latter theory is operative 
among micas. 

Complex polytype Space group* 
3 Tc[022] CT 
4Tc[(0)222] cT 
8 Tc[(0)62~] CT 
9 Tc[(0)~2]~] C-f 
14 Tc[(0)t22~] CT 
23 Tc[(0)2t221 Ci 
3 Tc[02~] CI 
3 Tc[0~2] CT } 
5 Tc[0(22)21 CT 

8 Tc[(212)3~2] CT 

4M[2220] C2 
5M[(222)2~] C2 l 
8M[(222)222] C2 
11M[(222)a2~] C2 
14M[(222)42~] C2 
8 Tc[(0)32~'202] C1 
or [(0)3202--'22] C1 
10Tc[(2)s~2200] C1 
or [(2)n0022~[l C1 
4Tc[0132] CI 

18 Tc[(0).~- 12(0).2- t . . .  
2(0).3_x2] with 

/ ' /3  < nt < n2 
nl + n2 + n3=18 

Table 7. A review o f  complex mica polytypes  

Structural 
series 

n + ZTc[(O).2Yl 

2n + 1 Tc[0(2]).] 
2n + 1 Tc[0(~2].) 

2n+ 2Tc[(2~).~21 

3n + 1 M[(222).0] 

3n + 2M[(222).2~] 

Species 
Siderophyllite 

Oxybiotite 
Li-Fe mica 
Oxybiotite 
Oxybiotite 
Synth. OH-muscovite 
Synth. OH-muscovite 
Synth. OH-muscovite 

Biotite 

Oxybiotite 
Li-Fe mica 
Oxybiotite 
Oxybiotite 
Li-Fe mica 
Oxybiotite 
Oxybiotite 
Oxybiotite 
Oxybiotite 
Synth. Li-fluorophlogopite 

Biotite 

References 
Ross et al. (1966) 
Takeda (1969) 
Ross et al. (1966) 
Rieder (1970) 
Ross et aL (1966) 
Ross et aL (1966) 
Baronnet et al. (1975) 
Baronnet et aL (1975) 
Baronnet et al. (1975) 
Hendricks & Jefferson 
(1939), Smith & Yoder 
(1956), Takeda (1969) 
Ross et al. (1966) 
Rieder (1970) 
Ross et al. (1966) 
Ross et al. (1966) 
Rieder (1970) 
Ross et al. (1966) 
Takeda (1969) 
Ross et al. (1966) 
Takeda (1969) 
Takeda (1967 a,b) 
Takeda & Donnay (1965) 
Dekeyser & 
Amelinckx (1955) 

* Space groups are derived according to criteria developed by Takeda (1971), p. 1048. 

A C 31A - 6 
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Thus, structural terms of the series n + 2 Tc[(0)n22] 
may originate from a Ns = n + 2-layered spiral operating 
on a single-layer faulted 1M[0] basic structure (struc- 
ture of the exposed ledge). Note that this single layer, 
in fault position with the two adjoining layers above 
and below it, forms a local 2M~[22] sequence in syn- 
taxic coalescence with 1M[0], a not surprising con- 
figuration for oxybiotite and lithium-iron micas. 

The two enantiomorphic series 2n + 1 Tc[0(22)n] and 
2n + 1 Tc[0(22)~] are respectively the same as the series 
N~Tc[(22-)(N_ ~)/z0] and N~Tc[(22)(N,_ 1)/z0] theoretically 
deduced from N~ = 2n + 1 layered dislocations operating 
on a perfect 2Mx[22] structure. The 2n + 2 Tc[(22-),~22] 
polytype may be derived from a spiral whose pitch is 
Ns = 2n + 2, operating on a single-layer faulted 2M~[22] 
basic structure. This single layer with the help of its first 
and second underlying layers induces a local 3T[222] 
arrangement in syntaxic coalescence with 2M1122]. The 
two 3 n + l  M[(222),0] and 3n+2  M[(222),22] series 
were reported as N~M[(222)(N,_~)/30] and 
N~M[(222)(N,_z)/322] respectively in the present theor- 
etical analysis concerning polytype structures generated 
from the perfect 3T[222] basic structure. Six layers 
stacked according to the 3T[222] scheme completed by 
four layers in the 1Mr n(120) configuration may be in- 
volved in the exposed ledge of a 10-layered screw dis- 
location in order to explain the occurrence of the 
10Tc[(2)522200] or [(2)500222] polytype. 8 Tc[(0)322--202] 
or [(0)a20~2] may be more easily explained by an eight- 
layered spiral arising on a 1 Mr n(120) or heavily faulted 
1M[0] parent structure. In spite of its lowperiodicity, the 
stacking sequence of the 4Tc[0231] polytype suggests 
the activity of a four-layered spiral on the 1Mr n(60) 
aperiodic structure. Finally, the doubtful 
18 Tc[(0),~ _ 12(0), 2_ 12(0)~ 3_ 12] would be produced by a 
18-layered spiral ledge exposing a twice-twinned 1M[0] 
basic structure" composition plane (001), twin axis 
[3T0]. Note that the winding up of this last stacking 
sequence results in a polysynthetic twinning of the 
1M[0] structure. Following Sadanaga & Takeuchi 
(1961), this twinning mode may be denominated as 
'spiral twin'. 

The complex polytypes reported above have been 
interpreted in the light of a single screw dislocation 
arising on the crystal but some of them could have been 
explained using cooperation spiral groups (Dekeyser & 
Amelinckx, 1955; Baronnet, 1972b). 

HI. Discussion 

The theoretical derivation of polytypes issued from 
various strength dislocations in the different assumed 
basic structures of micas shows that: 

(1) further growth of a periodic basic structure 
occurs commonly* owing to its low periodicity; 

(2) new polytypes based on the basic structure may 

* A detailed discussion of spiral-grown polytype frequencies 
will be published in the forthcoming part II of this paper. 

be created. Among them, long-period polytypes 
(L.P.P.) for high Ns values and short-period polytypes 
(S.P.P.) for low Ns values may be distinguished. S.P.P. 
are of particular interest here. The same S.P.P. stacking 
sequence may be obtained when dislocations of very 
feeble strength are active on different basic structures. 
For instance, 1M[0] is generated by Ns--1 on 1M[0], 
2M1122], 2M2[1T], 20[33], 3 T[222], 3T[222], 1Mr n(120) 
and 1 Mr 12(60) whereas 2M1122] appears from Ns = 2 on 
2M1122], 3 T[222], 3 T[222] and eventually 1 Mr n(120) 
and 1Mr n(60). Spiral growth patterns of 1M[0], 
2M1122] and 3 T[222] S.P.P. were reported by Baronnet 
(1972b) on synthetic OH-phlogopite crystals of 1Mr 
n(120) basic structure. It may be noted that S.P.P. 
admit the same stacking sequences as mica polymorphs 
or basic structures, but must be distinguished from each 
other from the growth point of view. Basic structures 
or polymorphs in the structural sense are built up 
during the nucleation and/or layer-growth stages (Ba- 
ronnet, 1972a, b; Baronnet et al., 1975) whereas S.P.P. 
and L.P.P. originate during the subsequent spiral 
growth process. Gfiven (1971) emphasizes the inter- 
relationships that may exist between the actual struc- 
ture of the single layer and its regular stacking sequence 
in dioctahedral micas. If this statement holds for basic 
structures or polymorphs, to what extend it may be 
valid for S.P.P. is not clear. However in this latter case, 
the actual single-layer structure is more or less in- 
herited from the previous basic structure so that, for 
instance, the 2M1122] S.P.P. may possibly have a dif- 
ferent single-layer structure depending upon whether 
it is derived from Ns = 2  on 2M1122] or on 3T[222]. 

In the above derivation of polytypes, we have con- 
sidered the structure of the dislocated crystal as a 
whole. Accordingly, it was shown that, in the more 
general case, the sample consists of three structural 
parts, i.e. the basic structure sandwiched by two spiral- 
grown structures. This behaviour may possibly explain 
part of such structural features as 'epitaxic over- 
growths' (Rieder, 1970; Ramdohr & Strunz, 1967) and 
macroscopic twinning commonly reported in mica 
literature. Different polytypes or polymorphs coalesc- 
ing in the same crystal and not symmetry-related are 
reported as epitaxic overgrowths. Some examples were 
described, by Rieder (1970) in natural Fe-Li micas. 
Figs. 4 and 5 of the present paper show obviously that 
the coalescence of two structures in the following 
mutual orientations reported below may b__.e due to 
spiral growth" 1M-2M1 with [100]IMII[ll0]_2M~ or 
[T10]2MI; 1M-2M2 with [100hMII[~0]2M2 or [ll0hM2; 
1M-20 with [100]lMll[100]2o or [10015o; 1M-3T with 
[100]IMII(10T0)3T and 2M1-3T with [100hMIlI(10T0)3T. 

A particular growth process of mica twins may be 
considered on the basis of the above theoretical deriva- 
tions" let us suppose that a screw dislocation of 
Burgers-vector strength N~= 1 appears on the basic 
2M1122] structure at the moment when the latter is 
only built of two single layers (Arc= 2). The two asso- 
ciated spirals on both {001} faces will induce two 
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twinned 1M[0] individuals: helicoidal composition 
plane (001), twin axis [3]0] or [310]. The same process 
(Arc = 3, Ns = 2) on the basic 3T[222] structure will lead 
to two 2Mx[22] individuals twinned according to the 
same twin law. In the same manner, Arc = 2, Ns = 1 on 
2M2[1]'] and 20[33] will result in two 1M[0] individuals 
respectively twinned (001), [1]'0] or [110] and (001), 
[100]. 

The interpretation of complex mica polytypes 
reported so far in the literature (Table 7), in the light 
of the single-dislocation theory of polytypism reveals 
that the structure of the exposed ledge may be a part 
of either a perfect or more or less faulted basic structure 
or may require the coalescence of two different ones. 
These results are consistent with more or less complete 
structural control (Smith & Yoder, 1956) over the 
nature and perfection of the basic structure depending 
upon the composition and/or growth parameters of the 
mica concerned during the layer-growth stage. We note 
that this structural control may change during the 
growth of a single sample. Recently, it was shown in 
SiC (Krishna & Marshall, 1971), CdI2 (Lal & Trigu- 
nayat, 1971; Tiwari & Srivastava, 1972) and ZnS 
(Mardix, Kalman & Steinberger, 1968) that polytypic 
transformations in the solid state are possible. These 
transformations occur through the introduction of 
ordered stacking faults into the parent structure. This 
mechanism implies the nucleation and expansion of 
planar faults bounded by partial dislocations. In the 
trioctahedral mica case, Takeuchi & Haga (1971) 
worked out a theory of geometrical interest based upon 
periodic slips localized in the octahedral sheet of the 
mica structure. The physical significance of this slip 
mechanism seems rather hazardous since glide occurs 
much more easily in the interlayer region as shown by 
detailed studies of perfect (Cartz & Tooper, 1965; 
Silk & Barnes, 1961; Willaime & Authier, 1966) and 
partial (Caslavsky, 1969) dislocations in micas by elec- 
tron microscopy and X-ray topography. Furthermore, 
attempts to transform biotite polytypes by annealing 
(Takeuchi & Haga, 1971) remain unsuccessful. All the 
above mentioned considerations lead us to consider 
mica complex polytypism as uniquely a growth phen- 
omenon. 

Critical comments from Drs H. Takeda, Tokyo 
University, M. Ross, U.S. Geological Survey, and N. 
Gfiven, Texas Tech. University, have resulted in im- 
provements of the manuscript. Thanks are also due to 
Drs W. L. Brown, University of Nancy I, and B. Velde, 
University of Paris VI, for their interest in this paper 
content as well as for their improvements of the English 
language. 
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