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Polytypic crystal structures of pyrophyllite and talc with idealized symmetry
of their tetrahedral sheets are OD structures consisting of two kinds of layers
and belonging to category I. This explains the polytypism of these minerals
from the point of view of their symmetry and facilitates the derivation of their
standard (MDO) polytypes which are needed for establishing identification
criteria. There are 30 non-congruent (22 mnon-equivalent) MDO polytypes
within the pyrophyllite family and 12 (10) MDO polytypes within the talc
family. The ideal ditrigonalization of tetrahedral sheets leaves the number
of MDO polytypes unchanged, but reduces the stacking possibilities of indi-
vidual OD layers and causes individual polytypes to appear as members of
either of two crystallochemically independent subfamilies within the corres-
ponding pyrophyllite or talc family. Individual polytypes are characterized

by fully descriptive symbols which fit into « unified symbolism of polytypes
of sheet silicates.

INTRODUCTION

This paper presents the trecatment of polytypism in the pyrophyllite and tale
family from the point of view of the theory of OD structures (Dornberger—Schiff,
[1]—{4]). It is a part of a general project dealing with the polytypism of sheet
silicates and follows the studies of kaolinite-type structures [5], [6], micas [7],
Mg-vermiculite [8] and chlorites [9], [10]. The goal of these studies is to work
out a unified geometric theory of polytypism of sheet silicates which could bring
a better understanding into this complex matter and to establish classification
and identification criteria for polytypes of these substances.

The results of this paper are based on structural studies of pyrophyllite and
talc [11]—{19]. The structures of polytypes of these minerals are closely related
to those of micas. Since the OD interpretation of micas has been described in
[7], this contribution will make use of basic terms, definitions, polytype symholism
as well as some fundamental considerations introduced there and the reader is
asked to consult the paper on micas prior to the study of this paper.

OD INTERPRETATION OF THE IDEALIZED MODEL OF
PYROPHYLLITE AND TALC STRUCTURES

In any structure within the pyrophyllite or tale family there are — in contrast
to micas — no planes of interlayer cations between adjacent silicate sheets of
neighbouring 2 : 1 layers. Accordingly, there is no “anchoring effect™ fixing these
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two sheets firmly together, thus the sheets do not belong to one nonpolar OD
layer any more and they have to be considered as belonging to two separate
polar OD layers. Taking the symmetry of tetrahedral sheets in first approximation
as hexagonal, we arrive at the following choice of OD layers for which the structure
of any pyrophyllite or talc polytype can be considered as OD structure consisting
of two kinds of OD layers, with three OD layers per repeat unit (Fig. 1):

L;, — OD layer (denoted Oc¢ in the following) containing the plane of
octahedrally coordinated cations plus halves of the adjacent planes
of apical O atoms and of OH groups at the same level; symmetry
P(3)12/m (pyrophyllite), H(3)12/m (talc), origin at a void (pyro-
phyllite), or at any octahedral position (talc).

Ly 1 — OD layer (denoted Tet in the following) containing basal O atoms,
tetrahedral cations and halves of the apical O atoms and of the OH
groups at the same level — all belonging to a tetrahedral silicate
sheet; symmetry P(6)mm, origin at the hexad.

From the structural investigations [11]—{19] it follows that the origin of any
OD layer L, can be displaced relative to that of L,—; in the X; X, projection,
only by one of the six vectors denoted in Fig. 2 by characters 0 to 5, and that
the pairs of adjacent OD layers (Lsn-1; Lin), (Lan; Lan+1) and (Lszp+1; Lsn+2)
remain geometrically equivalent in any structure within the pyrophyllite or talc
family, respectively, independently of the actual stacking mode. Moreover,
the translation groups of the two kinds of OD layers are either identical (pyro-
phyllite) or one of them is a subgroup of the other (talc). These facts prove the
OD character of the investigated structures. The sequence of OD layers and
their polarity are typical for category I, the symbols of the OD groupoid family
[20] for the two investigated mineral families read:

pyrophyllite
P(3)12/m P(6)mm
1 1 3 l
— 2 12,2 6 12,22 ,, (1)
Fhod] fme(s)aey
talc
H(3)12/m P(6)mm

3
i1 2 12,2 62,22 ,\.
R (8]

In the first line there are the layer groups of the two kinds of OD layers starting
with Oe, in the second line between them — the components of the displacement

vector Viy, 3, + 1 separating the origins of Li, and L3, +, in the X; X, projection.
Any two adjacent tetrahedral OD layers L3,., and Ls,i. are geometrically equi-
valent with opposite sense of their polarity. The p-operations [20] converting
Lip+, into Li,, are indicated in the second line in braces; the seven places
of this expression refer to the directions X,, X., X3(Z) Y, Y,, Y3, respectively
(Fig. 3) [1], [21]. It should be noted here that either of the expressions in the
second line refers to only one of all possible positions of Tet relative to Oc (square
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Fig. 1. Schematic representation of pyrophyllite or talc structures, showing OD layers, OD packets,
their labelling, and indicating the polarity of O D layers.

ort
f

E’or(
Fig. 2. Displacement vectors (v, their relation to the basic vectors ay, a; and their conventional
characters:
0y = (—1/3, —1/3); {I) = (—1/3,0); <25 = (0, 1/3);
(3> = (1/3, 1/3); 4 = (13, 0); Gy = (0, —1/3);
<*> = (0, 0) (D = (=113, 1]3); <—> = (1{3, —1/3).

brackets) and Tet relative to the preceding Tet (braces), respectively; any of
the remaining possible positions could be used equally well [20] (see also Appendix).

The number of all possible, geometrically equivalent positions Zp—1y of the OD
layer L, relative to Lp_; follows from the symmetry of individual OD layers
and from any one of their possible relative positions as indicated in the symbol
(I). The resulting NFZ relations [1] (N is the order of the layer group of L,
F ig the order of the layer group of the pair (Ly; Lp+)) are summarized in Table
I. They are closely related to those for dioctahedral (pyrophyllite) and triocta-
hedral (talc) micas, respectively.
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Y,

Fig. 3. Azial system used in this paper. 1b;1 = 1 a;1)/3.

Table 1
The NFZ relations for the pyrophyllite and talc family with hexagonal symmetry of tetrahedral
OD layers
Pyrophyllite family
OD layer L, layer group Np F Zpip-1)
L3p_y (Tet) P(6)mm 12 ~ 2 -
L3, (Oc) P(3)12/m 8~ 6
2 ~_ 3
L Tet P(6ymm 12
3N+l (Ter) (6) ~ -
Lsn+z (Tet) P(6)mm 12 6
Tale family
Lipa (Tet) P(8)mm 12~
~ 6 \
Lin (Oc) H(3)12/m 18~ 2
6 ~
Linn (Tet) P(B)ymm 12~ 5 3
S~
Linsz (Tet P(B)mmn 12 >~ 8

OD PACKETS, POLYTYPE SYMBOLS AND PICTORIAL
REPRESENTATION OF POLYTYPES

According to the definition of OD packets [22], any pyrophyllite or tale packet
corresponds to one half of the 2 : 1 layer. Therefore it consists of one half of Oc
and of the entire adjacent T'ef; even- and odd-numbered packets are geometrically
equivalent. They differ only in the sense of their polarity and alternate regularly
in the structure (Fig. 1). Any pyrophyllite packet has the symmetry Cm and
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can appear in only six different orientations depending on the position of the
origin of Oc relative to that of Tet. The situation is completely analogous to that
in dioctahedral micas [7]. Thus we shall denote these orientations by numbers
0 to 5 with a dot (.) to their right (even-numbered packets) or to their left (odd-
numbered packets) and represent them by an appropriately oriented isosceles
triangle (empty and full for even-numbered and odd-numbered packets, respecti-
vely), with a rod attached to its base. The apex of any such triangle marks the
origin of the packet and coincides with the origin of the corresponding 7Tet, the
end of the rod marks the position of the origin of O¢. An even- and an odd-numbered
packet with the same orientational characters are represented by inversion-related
triangles [7]. The sequence of packets in any pyrophyllite polytype can be characte-
rized by a fully descriptive polytype symbol:

To . T1 T,.Ty Ts4.Ts... 2)

Vor Vi2 V23 V3s Uss

where T; are orientational characters (numbers 0 to 5) of individual packets
and vg, i+ are the displacement characters (numbers 0 to 5) referring to the relative
shifts of their origins. The meaning of the characters is shown in Fig. 2. Such
a sequence can also be represented by a numbered sequence of isosceles triangles
with rods as shown in Fig. 4a (right). Evidently, the symbol has the same appea-

Fig. 4. Sequence of five OD layers (left) and the corresponding sequence of four OD packets (right)

in a pyrophyllite (a) and in a talc (b) structure. The OD layers and OD packets are numbered according

to their sequence, Ly|Ln means a coincidence of these layers in the Xy, X, projection. Displacement
vectors <v) are also indicated (cf. Fig. 2) when necessary.
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rance as that for micas [7] with the difference that the displacement characters
¥2n+1,2n+2 Cannot be * (for a zero vector) since there is no anchoring effect between
L3n+1 and L3”+2 here.

A similar reasoning holds for talc polytypes. The difference is only that the
symmetry of their packets is P(3)1m and that they can appear in only two orienta-
tions denoted — as in trioctahedral micas — e and u. Any of them will be repre-
sented by an equilateral triangle whose centre marks its origin (coinciding with
that of Tet) and whose sides point to the three translationally equivalent origins
of Oc. The symbol of any talc polytype and its pictorial representation is similar
as in pyrophyllite (Fig. 4b).

Fig. 4 shows a part of a pyrophyllite polytype () and a part of a talc polytype
(b) represented in the left part of the figure as a sequence of five OD layers, in
the right part as the corresponding sequence of four OD packets. The geometrical
figures chosen for the OD layers not only possess the relevant symmetries but
they also carry useful crystallochemical information: the hexagons representing
Tet have the same orientations as those drawn through the tetrahedrally coordina-
ted Si atoms or apical O atoms, and their centres coincide in projection with the
OH groups whose halves belong also to the adjacent Oc. The orientations of the
empty and full equilateral triangles of the triangular stars representing Oc are
the same as the orientations of the lower and upper bases of coordination octahedra
in the octahedral sheet — their centres coincide with the origins of Oc. Since
the translation group of Oc in pyrophyllite is P, there is only one such triangular
star per unit mesh and one displacement vector suffices to express the orientation
of the packets, e.g. (0> for Py, P, and P;. The displacement vector vg, = (3>
is the vector sum of two vectors (0> (Fig. 2). The symbol of the sequence discussed
is given in the right part of Fig. 4a. The translation group of Oc in talc is triply
primitive (H) and its three origins per unit mesh P can be reached from the origin
of Tet simultaneously by three vectors — in Fig. 4b by those with even characters,
t.e. {OOA (2> A4, and the same holds for the position of Tet relative to the
preceding Oc. The orientational characters of all packets in Fig. 4b are thus denoted
by e.

The position of Lips relative to Lapsy as well as that of Liniy relative to La,
indicated in the symbol of the OD groupoid family (1) is the same as shown in
Fig. 4.

The characters T2y, T2p+1 and 925, 2441 describing one pair of adjacent packets
(P2n; Pzp+1) are not mutually independent. Due to the octahedral coordination
of cations or voids within the octahedral sheet, the orientational characters
Tin and T,441 must be of the same parity, whereas v,4,2441 corresponding to
their vector sum is of the opposite parity (cf. Fig. 2). Only 02441, 2442 is independent
if idealized hexagonal symmetry of tetrahedral OD layers is considered. This
is why the symbol of pyrophyllite polytypes in its full form (2) is redundant
(i.e. the characters v,4,24+; in it are redundant) and for some purposes also its

abbreviated form can be used. E.g. the packet sequence shown in Fig. 4a can

0.02.0

be described as 2 " or simply 00,20 because the characters vip+1,2n+2 mark

unambiguously the interlayer region. The situation is inverted in the tale family,
where orientational characters are redundant since 7., and 7,,+; must both
be e if 134, 24+1 18 odd and vice versa. An abbreviated symbol in this case would
consist simply of a string of displacement characters in which however vq, 2541

6
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Polytypism of Pyrophyllite and Talc, Part I.

has to be distinguished — e.g. by a dot over it — from vap41,2n+2. For the packet
sequence in Fig. 4b we obtain then 321i.

The symbolism used in this paper is very similar to that introduced by Zvyagin
[18] who uses the form sisjlgsismin... or simply tjglmy..., where i = 6—T,,,
j=6—T2n+1, k = 6—vin41,2n+2, €te., so that the sequence shown in Fig. 4a
(pyrophyllite) reads sessfsssse or 66446. For talc polytypes he selects the path
8:8; (one of three possible paths from the origin of L3p-; through the three origins
of Ly, to the origin of Lipy,) which passes through the inversion centre of the
2 :1 layer, as represeritative for his symbols, and thus for the sequence shown
in Fig. 4b he obtains sgs¢fss;:8; or 66,22. The Zvyagin symbols thus do not indicate
whether they refer to a talc polytype or to a pyrophyllite polytype with centro-
symmetric 2 : 1 layers, and this information has to be given in addition.

SYMBOLS AND SYMMETRY OF POLYTYPES

Since the fully descriptive symbols characterize completely the structure of
any polytype, they reflect also both total and partial symmetry of any sequence
of OD packets. It is necessary to find out only what influence have the coincidence
operations relevant to the investigated faniily on the orientational and displa-
cement characters and to compile a tahle of the corresponding conversions. From
the very character of our symbolism it follows that only point operations isogonal
to those which can be encountered in the investigated family, need be listed.
Table II gives the conversions of characters corresponding to coincidence opera-
tions transforming packet Ppinto Pg: for v-operations ¢ — p = 2n, for p-operations
q—p = 2n 4+ 1. We shall illustrate the application of this table by means of
some examples.

Any pyrophyllite packet has the symmetry Cm, the order of the point group
m isogonal to it is N = 2 and therefore there are always two operations converting
it into another packet: one congruent, the other enantiomorphous. Any two
adjacent packets can be related by p-operations only. Let us take the pair (Po;

P,) with the symbol 252 (Fig. 5a). With the help of Table II it can be found that

P, is converted into P, by a two-fold rotation about an axis parallel to Y, (Fig.
3), 2.e. [...().2.] as well as by an inversion. Since the same statement holds
also for the conversion of P, into P, and then also for v, it follows that both
these operations have a reverse continuation which means that these operations

. .22 :
are total, i.e. they are symmetry operations for the packet pair . This fact

5

can be expressed in the “OD language’: o0 <> 10p and the operation with such
a reverse continuation is denoted by the superseript -, e.g. [I]t. In the packet
2 . . .

1 (Fig. Bc) P, is converted into P; by a two-fold rotation [...(.)2..]*
(i.e. with reverse continuation) and by a three-fold rotoinversion [(3)~!]~ (without
reverse continuation). Only [...(.)2..]* converts also vo; into itself (Table II)
and therefore only this coincidence operation becomes a symmetry operation

pair

for the packet pair. The pairs '212' (Fig. 5b) and '331' (Fig. 5d) can be treated

in the same way. It should only be realized that the operation [...(.).2.]~ here
corresponds in fact to a two-fold screw operation.

Silikdty ¢. 1, 1983 7
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b)

/\ nf == o O
[ ~()<2.]‘ 12!+ 21# [--~(-),2.]~

Sy

01.2 d)

of—=w: [...002. } ¥l [-02]
0! 7wl [&] of 0 [T

Fig. 5. Four typical pairs of adjacent pyrophyllite packets (Po; Pi) («, ¢) and (P1; P2) (b, d), together

with their respective symbols. Indicated arc also g — cotncidence operations as well as the character

of these (presence or abscnce of a reverse continuation). The packets ure numbered according to their
sequence.

Table 11

Conversions of characters

T Character 0
point operation 0 1 2 3 4 5 e u point operation
1 0 1 2 3 4 5 e u 1
(6)? 1 2 3 4 5 0 ” e (6)—1
(3 2 3 4 5 0 1 e u (3)-1
(2) 3 4 5 0 1 2 u e Sorm | Z
(3) 4 5 0 1 2 3 e " (3
(6)! 5 0 1 2 3 4 u e (6)
m..(.).. 5 4 3 2 1 0 7 e 2..(.)...
L ().m 4 3 2 1 0 5 e u (.2,
coml).. 3 2 1 0 5 4 u e 2(.). ..
o ()me 2 1 0 5 4 3 e u 02,
m.(.).. 1 0 5 4 3 2 u e 2000
cou(l)..m 0 5 4 3 2 1 e u ()2
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Polytypism of Pyrophyllite and Talc, Part I.

It can be shown that the only p-operations which can have a reverse continuation
in the pyrophyllite and talc family are two-fold rotations, an inversion and a reflec-

tion in a plane perpendicular to Z.
5
“'5212' (combination of Fig. 5a and 8b) Py is converted
into P; by two t- operations which can be identified with the help of Table II
as a glide operation in a plane perpendicular to¥,,i.e.[...(.).m.] and a translation.
The circumstance whether a g, z+10-operation has a reverse continuation or not
is of a fundamental importance for the derivation of MDO polytypes (see below).
Any talc packet has the symmetry P(3)lm, the order of the point group 31m
isogonal to it is N = 6 and therefore there are always six coincidence operations
converting it into another packet, three of them congruent, the other three enantio-
morphous. These operations can also be found with the help of Table II.
In an analogous way the symmetry of any sequence of packets can be determined
from its symbol. It should only be kept in mind that:
a) A 5, n+1 09 coincidence operation becomes a symmetry operation for a sequence
of packets if and only if it converts this sequence into itself, i.e. if it converts
any P,_p into P,.py, and vice versa, so that

In the packet triple

n—p. n+p+109 > nipir n-po®. (3)

As a consequence, the point operation isogonal to g converts any orienta-
tional character T'y_p into T p4p+1 and any displacement character vp—p, p—p+1
into Yn4p, nap+1 and vice versa, for any integer n and any positive integer p.

b) A 4, »+xT® coincidence operation (k — an even integer) becomes a symmetry
operation for a sequence of packets if and only if it convert$ any P,H.,, into
Pn+p+k so that

n, n+lcT(i) < ni+p, n+p+kT(i’)~ (4)

As a consequence, the point operation isogonal to () converts any orienta-
tional character Tyip into Tyipir and any displacement character vp 4
into vVp+p+k, n+p+k+1 for any integer » and p.

Let us take as an example the periodic four-packet polytype with the symbol

]5.5 1.1

204 0 and analyze e.g. the sequence

5.5 1.1 5.5 1.1...
2040204

(... Pg Py P, Py Py Ps Py Py... Py...)

With the help of Table II it can be found that e.g. the 4[1] is a total symmetry
operation for this polytype since the relation (3) holds for any p > 0, whereas
the 4s[...(.).2.] is only partial since (3) holds only for p = 0 (mod 4). On the
other hand e.g. the 12[...(.)..2] turns out to be total, whereas the corresponding
enantiomorphous coincidence operation 12[(3)~!] converts only P into P,, it has
no reverse continuation and it is thus neither a partial symmetry operation for
the pair (Py; P,) nor a symmetry operation for the whole polytype.

A systematic analysis of this sequence reveals the presence and character
of the following operations:

silikaty ¢ 1, 1983 9
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a) am, am+1[11%, amt1,ame2l. .. (1), . 2]%,
am+2,am+3[11*, am+3, amal. .. (.) .. 2]F (m — any integer)

— total symmetry operations, (3) holds for any p,

bY am,am+al--- (). 2.1 and ami2, amsal... () 2..]F

— partial symmetry operations, (3) holds only for p = 0 (mod 4),

¢) am+1,am+2[(3) 71" and am+3, am+4[(3)]"

— coincidence operations, (3) does not hold at all.

The only non-trivial r-operation is the glide operation isogonal to [...(.)..m]
since the relation (4) holds for any =, p integer and for k = 2 (and thus also for

k = 6,10, 14, ...). Keeping in mind the symmetry of individual packets it follows
that the space group of the investigated polytype is C12/cl.

MDO POLYTYPES

All MDO polytypes of pyrophyllite can be derived according to the standard
procedures ([23], [24], see also [8]), forming first all those packet triples {Pg;
Py; P;) compatible with the family, for which there exists at least one ¢[p®]+
and at least one ;,[p]* operation. There are three non-congruent packet pairs

0.00.2 0.4 . .
(Po; Py), i.e. 3 ' 1 and 5 (if the first packet is taken in the standard orien-

tation Ts = 0): the first pair is related by [1]* as well as by [...(.)..2]* (see Table
II), the second only by [...(.)2..]*, the third only by {...(.).2.]*. As far as (P;;
P,) is concerned, there are 36 non-congruent such pairs, but in a similar way
.00. .00. .00. .00. .00. .00. .02. .04.

it can be shown that only 0’ 3° 1 B8 2’ 4° 1’ 5°

.04, .02.

9 and 1 need to be considered — the others possess no g-operation with

a reverse continuation. In the next step, for any combination of permitted pairs
(Po; P} with (Py; Ps), all o;7-operations as products o1[pt?]+. 12[p® ]+ have to
be found and used as generating r-operations with a continuation in the entire
polytype considered. The periodic polytype derived in this way will contain
only two kinds of triples of consecutive OD layers (Lo; Li; L) and (Li; Li; Lj)
and this is evidently the absolute minimum of kinds in the pyrophyllite family.
Any combination of (P, P;) for which there exists always at least one o:[p®]*
with (P;; P;) for which there exists no 1,fpP]*+ would result in a polytype contai-
ning three kinds of triples of consecutive OD layers (¢f. Fig. 5) and violating
thus the stipulation for MDO structures | 23], {24].

As an example for the derivation of MDO polytypes we may take the pair.

iz related by o...(.)2..]* and combine it with the pair "030' related in the

appropriate orientation 252 "by [I}* as well as by 15[...(.).2.]%. For the packet

2 2. . .
triple 13 thus formed we obtain two g,r-operations which lead to two MDO

polytypes:
02T = g[... () 2..7+. 2[1]* = of...(.)m..] and

02T@® = gi[... () 2. 17 [ (). 2.0 = 2[(3)71]

10
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Polytypism of Pyrophyllite and Talc, Part I.

Table 111

MDO polytypes of pyrophyllite and talc. Enantiomorphous pairs (if any) are listed under the
same number

Pyrophyllite, subfamily A

No. Polytype symbol basic vectors space group
1 10.0 | a, b, co—a/3 C12/ml
|33
2 12.4 | C121
5|
4.2
33
3 I‘ 2.2 |‘ [16], [18], [19], Fig. 6a cl
51
4 13.33.3 | [18] a, b, 2co—aj3 C12jc1
| 0402
5 1.6 5.1
‘ 0402
6 5.11.5
‘. ' 0402
7 8.6 1.1 {113, [18]
1 2040
8 5.11.8
0000 o
9 ;0 02.24.4 | a,, di, 3¢o P3212
] 315315
0.0 4.4 2.2 (P3,12)
361351
10 2.44.00.2
31563135
4.2 2.0 0.4 |
3513651|
11 4.2 0.4 2.0
315315
12.4 0.2 40 |
1 351351}
Tale, subfamily 4
1 c.e a, b, co—a/3 C12/ml
33
2 e.e [17.[18], Fig. 6b cl
51 o
3 u.uw u.u | [18] a, b, 2co—a/3 C12/cl
0402
4 u.u u.u
2040 L
5 e.e e.ece.6 dy, a3, 3Co P3312
3153156
€.6 ¢6.¢ e.¢
351351 (P3;12)

Silikaty ¢. 1, 1983
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Table III (continued)

Pyrophyllite, subfamily B

No. Polytype symbol basic vectors space group
12 10.0 a,b,c C12{nl
| 30
13 2.4 c121
30
14,3 !
| 30|
14 2.2 a, b, co—b/3 cl
| 54|
15 /3. 3. 3 a, b, 2¢ C12/cl
| 0105]
16 1551
10105
17 6.1 1.5 |
0105
18 5.5 1.1
2343
19 5. 11.5 |
| 0303
20 10.0 2.2 4.4 | ay, a, 3¢ P3,12
| 345012
0.0 4.4 2.2 | (P3:12)
321054
21 2.4 4.0 0.2 |
34501 2]
4.2 2.0 0.4
| 32105 4|
22 4.2 0.4 2.0
‘345012
2.4 0.2 4.0
321064

Talc, subfamily B

6 e.e a, b, co C12/ml
30
7 le.e | a, b, co—b(3 ci
|54
8 u.u u.u a, b, 2¢co C12/cl
0106
9 YU U
| 2343
10 ig.e e.6 €.6 | a,, a;, 3¢ P3;12
| 345012
e.e e.¢c e.¢ (P3,12)
321054
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0.2 2.0

t first leadi to t lytv
he first leading to the polytvpe 151 3
0.2 2.4 4.0

153153
rotation about the Z axis in order to bring it into the conventional standard
5.1 1.5
0 4 0 2]
b, 2co—a/3, where c0’|7 and [co| corresponds to the “width’ of _any packet pair.

The second polytype has the space group P3,;12, basic vectors ay, @z, 3¢, and we
2.4 4.0 0.2

315315

In this way all MDO polytypes for the pyrophyllite family have been derived.
The MDO polytypes in the talc family could be obtained in a similar way, but it
was easier to increasc simply the symmetry of packets by substituting e and « for
all even and odd orientational characters, respectively and exclude polytypes
which have been obtained more than once. The results are summarized in Table

,, the second to the polytype

. The first polytype has to be re-oriented by an anticlockwise

orientation’ . Tt has the space group C12/cl and basic vectors a,

prefer to write it so that vy, = 3, thus

c zszil |54

1 1(s>°\~ VL ﬁv

|

| 4
Y

<
Y

Fig. 6. Pictorial representation of a pyrophyllite (a) and « talc (b) polytype. The packets are numbered
according to their sequence; displacement vectors, polytype symbols and space groups are also given.

IIT; all MDO p'olytypes are subdivided into two subfamilies: with vap+y,2pn+2 Of
the same, and of the opposite parity as 7'y, respectively. All in all there are 2X15
non-congruent (2 x 11 non-equivalent) MDO polytypes in the pyrophyllite family
and 2 X 6 (2 x 5) MDO polytypes in the talc family. According to Zvyagin [18]
only the polytypes belonging to the subfamilies with v;441,24+2 of the opposite
parity as T, have been observed so far (see also below). A plctorlal representation
of two commonnest polytypes of pyrophyllite and talc is in Fig. 6.

Out of the six non-equivalent one- and two-layer (two- and four- packet)
pyrophyllite structures with centrosymmetric 2:1 layers with the symbols 66;66...,
22,22..., 33;33433..., 11655611..., 55,11,55..., and 11433411... derived by Zvy-
agin [18], the first four are MDO polytypes identical with our polytypes No 1, 3, 4
and 7, respectively (Table III). The remaining two are not MDO polytypes since,
5.5 1.1 1.1 3.3

2 2 4 4 ‘ 4 4 0 4|’
contain packet pairs (P,; P,) for which there is no j;2[0)]*.

as evident from their converted symbols they

Silikéty & 1, 1983 13



S. Durovié, 7. Weiss:

EFFECT OF DITRIGONALIZATION

Tetrahedral sheets in sheet silicates are always more or less ditrigonalized in
order to match up with adjacent octahedral sheets. We shall now investigate the
effect of such a ditrigonalization on the OD interpretation of pyrophyllite and tale
structures, considering the structural models with “ideal ditrigonalization” [25]
in which the symmetry of any Tet will be lowered from P(6)ymm to P(3)1m, leaving
the symmetry of any Oc unchanged.

The ditrigonalization of Tef in the structures of both pyrophyllite 5 1 1 [19]

and talc 6561 [17] with space groups C1T is of the type “positive-positive”

[26]. Taking these structures as representatives for their respective families, we
obtain the following symbols of the corresponding OD groupoid families:

pyrophyllite
P(3)12/m P3)Im

6
talc H3)12/m P(3)Im (5

[0, 1] {111(3 22,2 405

A

0’§J l111 322§2—§[
6

The NFZ relations following from this kind of stacking are in Table IV. The fact
that the expression in square brackets and that in braces of (5) for pyrophyllites
correspond to the displacement vectors with charaeters 2 and 1, respectively, that
Zsn+1n) = 3, and that Z3pir(3n41) = 3 implies that the ditrigonalization permits
only polytypes in whose symbols all orientational characters are of the same parity,
which is opposite to the parity of the displacement characters vapi1,2n+2. A similar
reasoning holds also for the tale structures. The polytypes selected in this way are
built on the same symmetry principle (5) and constitute a subfamily (denoted 4) of
the original family (1). This selection is not only formal because the pairs of OD
layers (Lsn+1; Lag+z) in this subfamily are not geometrically equivalent to the same
pairs in the other conceivable subfamily (B) which includes polytypes in whose
symbols all orientational characters are again of the same parity, but this parity is the
same as the parity of the displacement characters vzn11,20+2. The polytypes belonging
to the subfamily B have not yet heen encountered [18].

The ditrigonalization does not affect the general form of polytype symbols, it
leads merely to an additional parity condition which is different in the two subfa-
milies. The derivation of MDO polytypes is affected also rather formally. Looking
at the packet pairs (P, ;P;) related by g-operation(s) with reverse continuation it
is immediately apparent that, with respect to the additional parity condition, they

solit into .00. .00. .00. .02. .04. d.OO. .00. .00.
plitinto twogroups: " ", "7, T 0, T, g hand T L T,
) 024 E 042 ", leading to the MDO polytypes belonging to the subfamily 4 or B,

respectively. The arrangement in Table I1I corresponds to this subdivision.

14 Silikaty 2. 1, 1083
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Table IV
The NFZ relations for the pyrophyllite and tale family with ditrigonalized tetrahedral OD layers

Pyrophyllite family

OD layer L, layer group N, F Zpip_1)
Lia_, (Tet) P(3)1m 6
2
Lsa (Oc) P(3)12/m 6 ~ \ 3
Lanst (Tet) P(3)lm 8 ~_ 3
Iy
Linsa (Tet) P(3)Im 6 3

Tale family

) A (Tet) P(3)Im 8~
6~
Lia (0c) H(3)12/m 18~ ~ 1
6 ~ 3
Lins (Tet) P(3)1m 6 ~_ ,
Lanss (Tet) P@3)Im 6 ™~ 3

The influence of the ditrigonalization on polytypism in sheet silicates has so far
been investigated in the cronstedtite family [27], [28], where it leads to the splitting
of this family into four independent subfamilies.

A classification of the MDO polytypes of pyrophyllite and talc as well as the
establishing of X-ray identification criteria for them will be the subject of Part II
of this contribution.

APPENDIX

The expression(s) in braces in the symbols for some OD groupoid families refer-
ring to OD structures consisting of more than one kind of layer, indicate all or
almost all g-operations converting a given OD layer into the next one equivalent
to it. The classical form of symbols developed by Dornberger-Schiff is very instruc-
tive but in some cases redundant and rather complex as e.g. (1) and (5). According
to Grell (private communication), they can be simplified using a proposal of
Fichtner [29] concerning symbols for OD groupoid families referring to OD structu-
res of equivalent layers. Such symbols give only one of the possible transformations
from layer to layer by its rotational part and its translational components referred
in case of pyrophyllite and talc families to basic vectors as, bs (Fig. 3) [30). The
symbols (1) and (5) would then read:

pyrophyllite
P(3)12/m P(6)ymm
1] 1 1
9 {mi-5 -3
talc instead of (1)
H(3)12/m P(6)mm
[1 ] 1 1
[5+9) {(n)l—-g-, —.g-}

Silikdty & 1, 1983 15



8. Durovié, Z. Weiss:

pyrophyllite

talc instead of (5)
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POLYTYPIZMUS PYROFYLITU A MASTENCA
CAST I. OD INTERPRETACIA A MDO POLYTYPY
Slavomil Durovié, Zdensk Weiss*)

Ustar anorganickej chémie, Centrum chemického vyskumu, Slovenskd akadémia vied,
842 36 Bratislava
¥)Védeckovyzkumny uhelny ustav, 716 07 Ostrava-Radvanice

Polytypické Struktiry pyrofylitu a mastenca s idealizovanou symetriou ich tetraedrickych
vrstiev su OD Struktiry pozostédvajice z dvoeh druhov vrstiev a patria do katogérie 1. Tymto sa
vysvetluje polytypizmus tychto minerdlov a umoiiluje odvodenic ich s$tandardnych (MDO)
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Polytypism of Pyrophyllite and Tale, Part 1.

podyuy pov, ktoré st potrebné pre stanovenie identifikaénych kritérii. Spolu existuje 30 nekongru-
=mznych (22 neekvivalentnych) MDO polytypov v pyrofylitovej familii a 12 (10) MDO polytypov
= mastencove]j familii. Idedlna ditrigonalizécia tetraedrickych vrstiev nemeni po¢et MDO polyty-
pov, aviak obmedzuje moznosti nakladania jednotlivych OD vrstiev a spésobuje rozdelenie
polytypov do dvoch krystalochemicky nezavislych subfamilii v rameci prisludnej pyrofylitovej
resp. mastencove] familie. Jednotlivé polytypy st charakterizované uplnymi symbolmi, ktoré
m v sulade s jednotnou symbolikou polytypov vrstevnatych silikatov.

Obr. 1. Schéma krystdlovych Struktir pyrofylitu a mastenca. Ukdzané s OD vrsivy, OD pakety, ich
oznalenie a polarita.

Ohr. 2. Posunové vektory v), ich vztah k zdkladnym vektorom @, @ a ich konvenéné charaktery:
0 = (—1/3, —1/3); <1} =(—=1/3,0); (2> =(0,1/3);
3> = (1/3,1/3); 4 = (1/3,0); (5> = (0, —1/3);

*> = (0,0); Y = (—13,1/3): (— = (1/3, —1/3).

0Obr. 3. Osovy systém poutity v tejto prdci. | b;| = | a; | |3

Obr. 4. Sekvencia piatich OD vrstiev (vlavo) a zodpovedajiica sekvencia a $tyroch OD paketov (vpravo)
v Struktire pyrofylitu (a) a mastenca (b). OD vrstvy a OD pakety su Cislované podla wch
poradia, Lp/Ly znamend kotncidenciw tychto vrstiev v Xy, X, projekcii. Posunové vekiory
(v> su charakterizované v suhlase s obr. 2.

Obr. 5. Styri typické pdry sisediacich pyrofylitovych OD paketov (Po; P1) (a,¢) a (Py; P3) (b, 4)
spolu s im zodpovedagjiicimi symbolmae. Osobitne si zdéraznené prislusné g- koindidenéné operd-
cte @ ich povaha (pritomnost alebo nepritomnost spatného pokracovania). OD pakey 8% Cis-
lované podla ich poradia.

Obr. 6. Schematické zobrazenie pyrofylitového (a) a mastencového polytypu (b) OD pakety s éislované

podla ich poradia; posunové vektory,symboly polytypov a ich priestorové grupy su tief uvedené.

MMOJUTUIIUA MUPOOUJJUTA U TAJILKA
1.OO UHTEPHIPETAIIUA U MOO IIOJHUTUIIBI

CsiaBomun [roposity, 37enex Beiice*)

Huemumym Heopeanuueckoli rumuu, 6a3a Tumunecko20 uccaedosarus
Caosaykas Axademus Hayk, 8§42 36 Bpamucaasa
*) Haywro-uccaedosameavcruti uncmumym yean, 716 07 Ocmpasa-Padsarnuye

llonurunuyeckne cTPYKTypsl nupodniinta M TajdbKa ¢ UeaIM38MPOBAHHON cHMMETpHEH
HX TeTpadApHYeCKHX CJIOeB mpeicTaBisaT coboii @Il cTpyKTypHl, cocTosnlue H3 HIBYX
BHJIOB CJI0€B ¥ OTHOCATCA Kk Kareropuu 1. Tem o6bAcHAETCA MOJNATHINS JaHHHIX MHHEPAJIOB,
4 BO3HHKAeT BO3MOHOCTb BhiBEeIeHHA HX CTaHAAPTHHX (M @) moimTHmoB, HeOOXORUMEIX
I yCcTAHOBJEHHSI HAeHTHPUKaOMOHHEX KpHuTepneB. CocymecTByeT 30 HEKOHIDYeHTHHIX
(22 HeakBHBaJIEHTHHIX) M(® noiuTHmoB B mupodmninToBOM ceMeiictBe u 12 (10) MJO
[IOJIMTHIOB B ceMelicTBe TaJjibKa. MjeasibHaa AMTPUIOHAJM3AUMA TeTPAdApHYECKHX CJIOEB
He U3MeHAeT KojMuecTBO M| @® moMTHOOB, OAHAKO OTPAaHMIMBAET BOSMOMHOCTH KOMOUHA N
oTllensHBIX OJ] cil0eB M BH3HIBAaeT pazflelieHHe TNOJMTHIOB B JBA KPHCTALIIOXHMMUYECKH
He3aBHCHMBIe cyOcemelicTBA B paMKax COOTBETCTBYIOIIEro ceMeiicTBa mupoQiuIiIMTa MM
TaJIbKa. @THeiIpHBIC THIILI XaPaKTEePH3YIOTCA IIOJHLIMEM CHMBOJIaMM, KOTOpPhle HaXOAATCH
B COTJIACHM C OTHE;ILHEIM CHMBOJIM3MOM IIOJIMTHIIOB CJIOMCTHIX CHJIMKATOB.

Puc. 1. Cxema xpucmansuneckur cmpyrmyp nupogursuma u maavkd. Hoxaswearomes OJ]
caou, O] narembvl, ux 06o3naxerue i NOIKPHOCMY.

Puc. 2. Bexmopbl cmewenus {v), ur OMHOWENUE Kk OCHOCH M €EKMOpAM @y, G2 U WX YC.u0-
6Itbie TAparmepol.
0y = (=1/3, —1/3); > = (=1/3, 0); <2y = (0, 1/3); <3> = (1/3, 1/3);
4> = (13, 0); 5> = (0, —1/3), <& = (0, 0); <+> = (—1/3, 1/3);
> = (113, —1/3). .

Puc. 3. Koopdunamnas cucmema, npumensemas e pabome: | by | = | ay | V3-

Puc. 4. Mocaedosamenviwocrny namu O caoee (1aaeco) 1 coomsemcmeyiouyasn nocaedogamens-
noemu wemaper 0] naremoe (nanpaeo) ¢ cmpyrmype nupoguariena (@) w maavka
(®). O caou u O navemur oGoznauenst nomepasie co2aacHo ur nopadry, Lm|Ln

17
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ofiosnanaem cosnadenue dannbir caoec ¢ A1, Xa npoexyuu. Bexmopwl cuewenns (v)
LAPAKIMEPUIYIINCA CO2AACHO puc. 2.

Puc. 5. Hemwrpe munuwivte napvi cmencrviz nupoguasumoswir OJ] naremos (Po; Pi) (a, o)
u (Pi; P3) (b, d) emecme ¢ um coomeememsyrowgumu cumgoramu. Ocobenno noduepru-
6Q0MCA COOMEEMCIMEYIOUUE P-0NEPAYUY cO8NAderus u ux xaparmep (RPUCYmemsue ual
omcymemeue pesepciozo npodoancerua), O nakemvr 0603Ha4%EHBL HOMEPAMU COZAACHO
ur nopaoky.

Puc. 6. Cxemamuueckoe ugobparerue noaumuna nupogusiuma (a) u maavka (b). O4 na-
Kemul 0603HANCHbL HOMEPAMU COZAACHO UL NOPAOKY, GEKMODbL CMEUPEHUR, CUMCOAbL
NOAUMUNOE U RPOCIMPAHCMEEHIbIC 2PYNNLL INAENCE NPUEOIRMCS.

FELIX TROJER, KARL-HEINZ OBST, WOLFGANG MUNCHBERG:
MINERALOGIE BASISCHER FEUERFEST — PRODUKTE (Mineralogie bdzic-
kyeh Zarovzdornin). Springer—Verlag, Wien, New York 1981. 180 str., 191 obr., cena 98 DM.

Kniha je 12. svazkem v fadé&,,Technickd mineralogie*. Autofi pusobi v souéasnosti na univer-
sitdach v Leobenu, Clausthalu a Freiburgu, po pfedchozi vyzkumné éinnosti v laboratorich ptred-
nich vyrobeu bazickych Zarovzdornin, a jsou uznivanymi odborniky v oblasti technické minera-
logie. Pojeti knihy je vhodné zvoleno v souladu se soutasnym zeméfenim mineralogie technie-
kych materidll, tzn. s dirazem na vyklad vztahu mezi fézovym sloZenim, strukturou a texturou
materidlu a jeho fyzikélnimi a technickymi vlastnostmi. K tomu je nutno na jedné strané kom-
plexné vyu#it viechny diagnostické metody (optickou a elektronovou mikroskopi, RTG.mikro-
analyzu a RTG-difrakci, DTA, IC spektroskopii a chem. analyzu). Na druhé strand je nezbytné
zaglenit poznatky o mineralogickém sloZzeni materidld do fyzikdlnd chemického vykladu a do-
séhnout tak vysvétleni pFiéin procesi, které vedly ke vzniku fadzového slofeni a struktury jak
nepouzitych Zarovzdornin, tak po jejich aplikaci v primyslovych pecich. Tento zémér se auto-
ram v podstat$ podafil. Pfispslo k tomu i vhodné 8lenéni knihy, v jejimz vivodu je étendf informa-
tivnd sezndmen s metodami technické mineralogie. Urditym nedostatkem jsou nevyvézZenéd od-
kazy na podrobngjsi literaturu k jednotlivym metoddm — nap¥. k rentgenové difrakei je uveden
jediny pramen, a to z roku 1961. Specidlni ¢dst knihy mé 4 kapitoly. V prvni se pojedndvé o mine-
ralogii surovin, s uvedenim typickych priklada sloZeni a struktur. Druhd kapitola je zamétena
na meziprodukty: slinky vyrobené z magnezitu, dolomitu a kaleitu a odpovidajici tavené pro-
dukty véetnd taveného materidlu na bazi periklasu a chromspinelu. Dusledns je diskutovdn ze-
jména vztah chem. sloZeni suroviny a teploty vypalu k fazovému sloZeni produktu. Dalsi kapitola
pojednavi o mineralogii produktd, palenych i nepdlenych. Jsou uvadény konkrétni prikiady jed-
notlivych typu bézickych Zarovzdornin, jejich struktur, a difraktogrami. Znaénéd pozornost je
vénovana vykladu zmén fdzového sloZeni a struktury materidlli po jejich pouZiti. S ohledem na
prevladajici aplikaci je kapitola 4 zam&fena predevsim na zmény vyvolané hutnickymi produkty,
zejména struskou. V zévéru této kapitoly je pojednéno i o zméndch po aplikaci v cementéfskych
a vépenickych pecich, v pecich na vypal magnezitového slinku a v regenerétorech sklafskych
peci (zde relativnd struéné a se skromnym literdrnim odkazem).

Zévérem lze shrnout, Ze kniha piedstavuje zasvéceny tivod — a to je déno jejim rozsahem —
do mineralogie bazickych Zérovzdornin. Nespornou pfednosti je moderni pojeti technické minera-
logie, shrnuti ptivodnich praci z periodické literatury do monografie, dobré odborné urover
zpracovéni i kvalita reprodukei a tisku. Viee pozornosti mohlo byt vénovéno uréovéni fdzového
sloZen{ (véetnd sekundérnich produkta po aplikaci) rentgenograficky. Ctendf by jists uvital i ta-
belérni shrnuti zékladnich optickych a spektrélnich dat i piehled difrakei jednotlivych fézi.
Kniha najde své zdjemee mezi vyzkumnymi pracovniky v oblasti bazickych £drovzdornin a bude
uzite¢nou pomiickou i technickym mineralogim.

M. Bartuska
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