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Polytypic cryatal atructurea oj pyrophyllite and talc with idealized symmetry 
oj their tetrahedral .•heets are OD structureB consisting oj two kinds oj layers 
and belonging to category I. This explains the polytypism oj these mineraZ.• 
jrom the point oj view oj their symmetry an<l jacilitates the derivation oj their 
standard (.MDO) polytypes which are needed Jor establish,:ng identifirntion 
criteria. There, are 30 non-congruent (22 110n-equivalent) MDO polytypes 
within the pyrophyllite Jamily and 12 (10) MDO polytypes within the talc 
jamily. The ideal ditrigonalization oj tetrahedral sheets leaves the number 
oj MDO polytypes unchanged, but reduces the stacking possibilities oj indi­
vidual OD layers and causeB inrlividual polytypes to appear as members oj 
either oj two crystallochemically independent subfamilies within the correB· 
ponding pyrophyllite or talc jamily. Individual polytypes are characterized 
by jully de11criptive symbola which fit into n unified symbolism oj polytypes 
oj sheet silicatea. 

INTRODUCTION 

This paper presents the treatment of polytypism in thc pyrophyllite and talc 
family from the point of view of the thcory of OD structurcs (Dornberger--Schiff, 
[l]-[4]). It is a part of a gencral project dealing with the polytypism of sheet 
silicates and follows thc studies of kaolinite-type structnres [5], [6], rnicas [7], 
Mg-vermiculite [8] and chlorites [9], [10]. The goal of these studies is to work 
out a unifi.ed geometrie 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 strnctural studies of pyrophyllite and 
talc [ll]-[19]. The stmctures of polytypes of these mincrals are closely related 
to those of micas. Sincc t,he OD interpretation of micas has been described in 
[7], this contribution will make use of basic terms, definitions, polytype symbolism 
as well as some fundamental considerations introduced there and the roader is 
asked to consult the paper on micas prior to the study of this paper. 

OD INTERPRETATTON OF THE IDEALIZED :MODEL OF 

PYROPHYLLITE AND TALC STRUCTURES 

In any structure within the pyrophyllite or talc 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 shcets do not belong to one nonpolar OD 
Iayer any more and they havc to be considered as belonging to two separate 
polar OD layers. Taking the symrnetry 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): 

L3n 
- OD Iayer (denoted Oe 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 Jeve!; symmetry
P(3)12/m (pyrophyllite), H(3)12/m (talc), origin at a void (pyro­
phyllite), or at any octahedral position (talc).

L3n ± 1 - OD layer (denoted Tet in the following) containing basa! O atoms, 
tetrahedral cations and halves of the apical O atoms and of the OH 
groups at the same Jeve! - all belonging to a tetrahedral silicate 
sheet; symmetry P(6)mm, origin at the hexad. 

From the structural investigations [ll]-[19] it follows that the origin of any 
OD layer Ln can be displaced relative to that of Ln-i in the X 1 X2 projection, 
only by one of the six vectors denoted in Fig. 2 by characters O to 5, and that 
the pairs of adjacent OD layers (LJn-1,' LJn), (L3n,' LJn+1) and (LJn+l; L3n+2) 
remain geometrically f•quivalent 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 structurcs. The sequence of OD Iayers and 
their polarity are typical for category I, the symbols of the OD groupoid family 
[20] for the two invt'stigated rnineral families read:

pyrophyllite

talc 

P(3)12/m P(6)mm 

H(3)12/m P(6)mrn 

[-�.-�] {2 ½ 2i 2-t(.;i)
21 22_+

(1) 

In the fi.l'St line there are the Iayer groups of the two kinds of OD layers starting 
with Oe, in the second line between them - the components of the displacement 
vector v3 .n, 3n + 1 separating the origins of LJn and L3n + 1 in the X1 X2 projection. 
Any two adjacent tetrahedral OD Iayers L3n+i and L3n+2 are geometrically equi­
valent with opposite sense of their polarity. The e-operations [20] convcrting 
L3n+i into L3n+z are indicated in the second line in braccs; the seven places 
of this expression refer to the directions X 1 , X2 , X3(Z) Y1 , Y2, Y3, respectively 
(Fig. 3) [l], [21]. It should be noted herc t,hat either of the expressions in the 
second line refers to only onc of all possihle positions of Tet relative to Oe (s'quare 
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Fig. 1. Schematic repreaentation of pyrophyllite or talc atructure8, 8howing OD layers, OD packet1J, 
their labelling, and indicating the polarity oj OD layers. 

Fig. 2. Displacement vectors <v>, their relation to the basic vectora ai , a� and their conventional 
characters: 

(0) = (-1/3, -1/3); (I) = (-1/3, O); (2) = (O, 1/3); 
(3) = (1/3, 1/3); (4) = (1/3, O); (6) = (O, -1/3); 
<*) = (O, O); < +) = (-1/3, 1/3); <-) = (1/3, -1/3). 

brackets) anrl Tet relative to thc precflding Tet (braccs), respcctively; any of 
the remaining possible positions could be used equally well [20] (see also Appendix). 

The nnmher of all possible, geometrically equivalent positions Zp(p-l) of the OD 
layer Lp relative to Lp-t follows from the symmetry of individua! OD Iayers 
and from any one of their possible relative positions as indicated in the symbol 
(1). The resulting NFZ relations [I] (Np is the order of the Iayer group of Lp , 
F is the order of thc layer group of the pair (Lp; Lp+1)) are summarized in Tahle 
I. They are closely related to those for dioctahedral (pyrophyllite) and triocta­
hedral (talc) micas, respectively.
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Te.hle III (continued) 
Pyrophyllite, subfamily B 

No. 

12 
13 

14 
15 
16 
17 
18 
19 
2 0  

21 

22 

Polytype symbol 
i 0/0/

/\\I 

I 2.2 ! i 5 41 

I A <) 

I �:to i

I 3.3 3.3 i O 1 O 5 I l•I.5 5.l; , O 1 O 5 j 

11 5.11. 51 
O l O 51 

I 5.5 1.1 I2 3 4 3 

5.1 1.5 
j O 3 O 3 j 
! o.o 2.2 4.4 1' 

j 345012 I o.o 4.4 2.2 1' 

3 2 1 O 5 4 

12.4 4.0 0.2 34501 21 : 4.2 2.0 0. 4 1' I 321 054 
I, 4.2 o.4 2.0 I3 4 5 O l 2 

12 .4 0.2 4.o I 3 2 1 O 5 4 

Talc, subfamily B
6 

I e:t oI 

I cit 4 i
I u.u u.u I

O 1 O 5 

9 i u.u u.u \ I 2 3 4 3 
10 I \e 4eto\e2 I 

l\\\"o\\l 

12 
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basic vectors 
a, b, Co 

a, b, c0-b/3 

a, b, 2co 

a,b, co 

a, 6, co-b/3 

space group 
O12/nl 
0121 

CI 

Gl2/cl 

(P3112) 

O12/ml 
01 
Gl2/cl 
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the first leading to thc polyt,ypc I 
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1
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1 5 3 1 5 3 . Thc finit polytypc has to hc> re-oriťnterl hy an antielockwise 

rotation about the Z axiR in orclťr to bring it into thc convcntional standard 

. . 1
5 . I I . 5 I I h h C ')/ l b . -onentat10n 

O 4 0 2 
1 • 

t, as t c Rpace group 1� cl am asw vectors a,

b, 2co-a/3, where co!IZ and I Co i corresponds to the "width" of any packet pair. 
The second polytypc has thc space group P3212, basic vectors a1 , a2, 3Č0 and we 

� . . 

1

2.4 4.0 0.2
I 

pre er to wnte 1t so that Vo1 = 3, thus 3 1 5 3 1 5 · 
In this way al! MDO polytypes for the pyrophyllite family have been derived. 

Thc MDO polytypes in the talc family could be ohtained in a similar way, but it 
was easier to increasc sirnply the symmetry of packcts by substituting e and u for 
all even and odd orientational characters, respcctively and exclude polytypes 
which have been obt.ained more than once. The rcsults are summarized in Tahle 
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Ci 1
2 

5 
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,I 
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o 
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"�� 1
�(5) 
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�� 
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.& 
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·v • 1A<nff7z 

v
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.& 

Fig. 6. Pictorial representation oj a pyrophyllite (a) and a talc (b) polytype. The packets are numbered 
according to their sequence; displacement vectors, polytype symbo/s aiul space groups are also given. 

III; all MDO polytypes are subdivided into two subfamilies: with v2n+1, zn+z of

the same, and of the opposite parity as Tn , respectively. Ail in all there are 2 X 15
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 Vin+i , 2n+2 of the opposite 
parity as Tn have been observed so far (see also below). A pictorial 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: l layers with the symbols 66366 ... , 
22122 ... , 33233433 ... , 11655611 ... , 55211455 ... , and 11433411 ... derived by Zvy­
agin [18], the first four are MDO polytypes identical with our polytypes No I, 3, -4: 
and 7, rcspectivcly (Tahle III). The remaining two are not .M:DO polytypes since, 

'd f . 15 . 5 I
.

I I 11. I 3 . 3 Ias ev1 ent rom the1r converted symbols 
2 2 4 4 

and 
4 4 0 4 

, they 

eontain packet pairs (P1; P2) for which there is no n[Q(i)]+. 
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Table IV 

1"be XFZ relations for the pyrophyllite and talc family with ditrigonalized tetrahedral OD layers 

Pyrophyllite family 
OD layer L

p layer group N
p 

F Zp(p-1) 

L3,._1 (Tet) P(3)lm 6 
� 2 

�
L,,. (Oe) P(3)12/m 6 � 3 

"- 2 .____ 
LJ11+1 (Tet) P(3)lm 6 

'-- 3 ------
2 

�
L1n+2 (Tet) P(3)lm 6 3 

Talc family 

LJn-1 (Tet) P(3)lm 6 
� 6 

L.,. (Oe) H(3)12/m 18 
- 1

� 6 
�-

L•n+i (Tet) P(3)lm 6 
·---..____ 

3 
2 

�
Lln+z (Tet) P(3)lm 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 !eads 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 e-operations converting a given OD layer into the ne:x:t one equivalent 
to it. The classical fonu 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 oase of pyrophyllite and talc families to basic vectors a3, b3 (Fig. 3) [30]. The 
symbols (1) and (5) would then read: 

pyrophyllite 

talc 
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P(3)12/m P(6)mm 

[·31,o] { 1 I}
(n)J-6, -6 

H(8)12/m P(6)mm 

[;, o] {(n)J-!,-�} 

instead of (1) 
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polytypov, ktoré sú potrebné pre stanovenie identifikačných kritérií. Spolu existuje 30 nekongru­
-ných (22 neekvivalentných) MDO polytypov v pyrofylitovej famílii a 12 (IO) MDO polytypov 
T mastencovej famílii. Idoálna ditrigonalizácia tetraedrických vrstiev nemení počet MDO polyty­
pw, avšak obmedzuje možnosti nakladania jednotlivých OD vrstiev a spósobuje rozdelenie 
polytypov do dvoch kryštalochemicky nezávislých subfamílií v rámci príslušnej pyrofylitovej 
ftl!P· mastencovej famílie. Jednotlivé polytypy sú charakterizované úplnými symbolmi, ktoré 
m v súlade s jednotnou symbolikou polytypov vrstevnatých silikátov. 

Obr. 1. Schéma L-ryštálových štruktúr pyrofylitu a mastenca. Ukázané sú OD vrstvy, OD pakety, ich 
označenie a polarita. 

Q/Jr. 2. Posunové vektory (v>, ich vzťah k základným vektorom 01 , o2 a ich konvenéné charaktery: 
(O) = (-l/3, -l/3); (I) = (-l/3, O); (2) = (O, l/3); 
(3) = (l/3, l/3); (4) = (I/3, O); (5) = (O, -l/3); 
(*) = (O, O); ( +) = (-1/3, l/3); (-) = (l/3, -l/3). 

Obr. 3. Osový systém použitý v tejto práci. f b; f = I a; I V3 
Obr. 4. Sekvencia piatich OD vrstiev lvlavo) a zodpovedajúca sekvencia a štyroch OD paketov (vpravo) 

v štruktúre pyrofylitu (a) a mastenca (b). OD vrstvy a OD pakety sú čfalované padla ich 
poradia, Lm/Ln znamená koincidenciu týchto vrstiev v Xr, X2 projekcii. Posunové vektory 
(v) sú charakterizované v súhlase s obr. 2.

Obr. 5. Štyri typické páry súsediacich pyrojylitových OD paketov (P0; P1) (a, c) a (P1; P2) (b, d)
spolu s im zodpovedajúcimi symbolmi. Osobitne sú zdóraznené príslu.šnéJJ· koindidenéné operá­
cie a ich povaha (prítomnosť alebo neprítomnosť spatného pokračovania). OD pake,,y sú čís­
lované padla ich poradia. 

Obr. 6. Schematické zobrazenie pyrojylitového (a) a mastencového polytypu (b) OD pakety sú číslované 
podla ich poradia; posunové vektory, symboly polytypov a ich priestorové grupy sú tiež uvedené. 

IIOJIMTMIIMH IIMPO<DMJIJIMTA M TAJibKA 

I. O )], M H T E P II P E TA U: M ff M .\1 )], O II O J1 H T M II hl

C.JJaBOMIIJI )],10p0Buq, 3;:i:eHeK Beiicc*) 

lfHcmumym Heop2aHu'lec1wi1 xu.Muu, 6aaa xu.uu'lecx:020 uccJ1,eaoeaHu11 
CJ1,oea41.aJ1, Ax:aae.MUJ/, Hay,;, 842 36 BpamucJ1,aea 

*) H ay'l1-1,o-uccJ1,eé)oeame.ibc,;;u/1 u1-1,cmumym yeJ1,,<i, 716 07 Ocmpaea-Paaea1-1,u4e 

IIomi:TnrrnqecKne cTpyKTYPbI m1poqmmrnrn H rnnbKa c n;i:eaJIH3HpoBaHHOii CHMMeTpneií: 
ux TeTpa3;:i:pnqecKHX cJioeB rrpe;i:cTaBJilIIOT co6oií O,!], CTPYKTYPbI, cocTOlIIllHe JI3 nayx 
BHJJ:OB CJIOeB ll OTHOCJITCJI K IrnTeropnn I. TeM OÓ'J,JICHlleTClI IIOJIJITllIIlllI ;:i:aHHbIX MHHepaJIOB, 
H B03HHKaeT B03MOJHHOCTb Bb!BW\eHHH HX CTaHAapTHb!X (M)],O) IIOJIHTHIIOB, HeOÓXOJJ:HMbIX 
)]}Ul ycTaHOBJieHHlI n;:i:eHTH1pllK8I(HOHHbIX RpnTepneB. CocymecTByeT 30 H8KOHrpyeHTHbIX 
(22 He3KBHBaJieHTHhIX) M,I],O IIOJIHTllIIOB B IIllpOqJHJIJIHTOBOM ceMeiícTBe ll 12 (10) M,I],O
IIOJIHTHIIOB B ceMeiicTBe TaJib}{a. H;:i:eaJibHalI JJ:HTpnroHaJIH3aUJIJI TeTpaa;:i:puqec1mx CJIOeB 
He ll3MeHlieT R0JIH'10CTBO M).1,O IIOJIHTHIIOB, 0)]:HaKO orpaHHqHBaeT B03MOJHHOCTH ROMÓIIHaI(llll 
OTJJ:eJibHb!X O ,I], t:JIOeB ll BhI3bIBaeT paa;:i:eJieHne IlOJillTllIIOB B ;:i:aa KpHcTaJIJIOXl!MllqecKll 
He3aBHCHMbie cy6ceMeiicTBa B paMKaX COOTBeTCTBYIOillero ceMeHCTBa III!poqnIJIJIHTa llllll 
TUJlbKa. OT;:i:eJibHb!O TllIIbI xapaKTepnayIOTCII IIO.;JHJ,IMll CllMBOJiaMn, KOTOpbie HaXOJJ:lITCfl 
B corJiaCllll C OTJJ:eJibHhIM CllMBOJill3MOM IIOJIHTIIIIOB CJIOllCTbIX CllJillKaTOB. 

Puc. 1. Cxe.Ma 1:pucmllJ1,J1,U'lecx:ux cmpy1:myp nupo<J;UJl,./1,Uma u maJl,bJ:a. II01:a/Jbl6Q10mc11 oa
CJ1,ou, O 1( nai;embi, ux o6oaHa'leHue n no.i11pHocmb. 

Puc. 2. Be,;mopbi c.MemeHu.<i (v), ux omH01uenue ,: 0Cl-!0l11tb!M ee,;mopa.M 01 , o, u ux y1',10-
GllblC xapa,;rnepu: 
<O) = (-1/3, -1/3); <1) = (-1/3, O); (2) = (O, 1/3); (3) = (1/3, 1/3); 
<4) = (1/3, O); (5) = (O, --1/3), (*) = (O, O);<+) = (-1/3, 1/3);
<-> = (1/3, -1/:3). 

Puc. 3. HoopauHamHa11 curme.Ma, npu.Meu11e.Ma.<i e pa6ome: I b1 I = I 01 I V:1. 
p UC, 4. IJ OCJ1,COOIJlllnMbllOCťnb /lJ/,f/W, 0 /( C/1,0ťG (naMtJO) lt C00/IWťlnCmeylOUfaR, noc,n,eaoeame.ib­

llOC'nl b 'tCmozpc:r 01( 1uzh·c11wc (,wnpaco) e rmpy1.mype n1tporf,uJ1,.iruna (a) 1t ma.n1.a 
(b). Ol-( c.10u U 01( 11111:cmu 0tJ03}l(l'ICHbl }[0.ltCJJ0.\tll C0�JtnCH0 UT nnps1.a,:y, Lm/Ln 
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