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Abstract

Synthetic dioctahedral white micas (muscovite-phengite, margarite, and paragonite) were

investigated by X-ray diffraction and infrared methods. Correlation of cell dinension (D di-

mension was the most useful) with infrared spectra suggests that the variations in size are due

to ordering in the micas.
Potassic micas in the muscovite-celadonite series crystallized at pressures above 12 kbar

show ordering in two sites, the octahedra in the case of celadonite-rich micas and the tetra-

hedra (Si-Al substitution) for muscovite. This results tn a0.27Vo change in the , dimension of

muscovite. Synthesis pressure favors the ordered muscovite. Polymorphs are not afected by

ordering.
Margarite and paragonite, Ca and Na micas, show a decrease in cell dimension with order-

ing. However it appears that the ordering is related to various polytypes (lMd, lM' and 2M1)'

which show a decrease in cell size ofO.28Vo in the polytype sequence. In this case stacking of

the mica sheets is the mode of ordering, while the relative positions of atoms in the sheets are

invariable.
Paragonite appears to behave more like margarite than muscovite as far as ordering is con-

cerned. This can be put in parallel with the fact that paragonite-margarite solid solution

seems to be complete at moderate physical conditions while that of muscovite-paragonite is

not.

Introduction
Numerous studies of the stability and physical

properties of white micas have been published, and
there will probably be more in the future (Yoder and
Eugster, 1955; Crowley and Roy, 1964; Chatterjee,
1970, l974a,b; Storre and Nitsch, 1974; Blencoe,
1977 ; Yelde, 1965, 1966, 197 1, 197 8; and many oth-
ers). Some of these studies were designed to deter-
mine the limits of mica stability n P-T space, others
to determine physical properties. However, the sta-
bility studies have often been in disaccord. The as-
sumption made in most cases was that a pure end-
member mineral, one of a fixed composition, was the
starting material and the same mineral was the final
product. However, in most cases little attention was
given to the structural state of the materials involved.
Since polymorphism is common in micas and since
polymorphism in other phases is known to change
their thermodynamic properties significantly (e.9.
consider the aluminum silicates kyanite, andalusite,
a1d 5illimanite) it might be wise to take the structural

state into consideration as one tries to explain the
dispersion of experimental results. There is no rea-
son, a priori, to suspect the veracity of the experimen-
tal results published.

This paper deals with the variation in cell dimen-
sion of some synthetic micas and the possible cause
of this variation as a function of the site ordering and
layer ordering in the mica structure. The data are
presented in graphical form. Some of the cell dimen-
sions or determinations of diffraction reflections have
already been reported (Chatterjee, 1970, 1974 a,b;
Blencoe, 1977 ; Y elde, 197 1, 197 8).

Cell dimensions are those of the b value, which is
estimated as 6 x (060) (CuKc radiation and silicon
metal as a standard). The diffractometer is a Siemens
machine. The (331) reflection could be identified sep-
arately in most cases, and thus the b value should be
near to a simple reflection. From published results, it
is apparent that simple reflections give more consis-
tent values than b values defined by least-squares re-
finements of diffractometer data fsee Fnnz et al.
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(1977) and the data given here, for examplel. It was
found that (001) reflections gave less consistent re-
sults in most cases, and thus they are not cited here.

Infrared spectra were made on Beckman 4240 and,
Perkin Elmer 580 grating spectrometers,r with 0.2 mg
of sample <21t gratn size in KBr pellets. The range
between 1200 cm-' and 200 cm-'was investigated.

Samples of margarite-paragonite solid solution
were kindly provided by G. Franz, Technische Uni-
versitdt, Berlin, West Germany, and some muscovites
and paragonites were provided by J. Blencoe, penn-
sylvania State University.

Cell dimensions

Muscovite- celadonite [KAl,( Si ll) O to ( O H ),-
KMgAlSi40,"(OH)J

This material has been reported for the most part
by Velde (1977). However, the pressures attained
were l0 kbar or below. Subsequent syntheses at 13
kbar indicate that the trend for muscovite-rich
phases is changed by pressure of synthesis to produce
a sequence more or less continuous with the phen-
gite-celadonite trend (Fig. l). It was deduced that the
l0-kbar synthesis produced an ordered mica where
significant numbers (>SOVo) of Mg-Al ion pairs were
present in the octahedral site of the mica. This order-
ing greatly affected the b dimension of the mica. 13-
kbar muscovite has a much smaller b dimension than
others synthesized at lower pressure. The (001) re-
flections do not give consistent results, nor do they
seem to vary as much as (060) reflections. There is
apparently a greater tendency to have smaller cell di-
mensions above l0 kbar than below.

M ar garit e -p ar a go nit e I C aA l, ( S i /4 I r) O, o( O H ) r-
NaAl,(Sill)O,oQH)J

Figure 2 gives the b dimensions for various para-
gonites, margarites, and members of the intermediate
compositions (samples from Franz et al., 1977). ln-
frared spectra and the cell dimensions indicate that
these samples which were crystal\zed. at 2 kbar,
650"C, do in fact form a continuous structural series.
Note that the more paragonitic micas tend to form a
2M polymorph while margarite is lMd+lM (deter-
minations made from pubtished diffractograms).

If we join low-pressure (2-kbar) lM polymorph
values for Na and Ca micas, we find that the inter-

I I would like to thank Prof. Mignac, Lab. de Chimie
Organique, Univ. de Poitiers and prof. perchard, Lab. de Spectro-
Chimie Mol€culaire, Univ. Paris VI, for the use of their machines.

Fig. 1. b cell dimensions of synthetic potassic micas in the series
muscovite-celadonite. Dots show values for lO-kbar synthetic
products, triangles of those at l3-kbar. High-pressure low
celadonite and high celadonite micas form a trend interpreted as
being due to ordering in the octahedral site for celadonitic micas
(Velde, 1978) and in the tetrahedral site for muscovite micas.

mediate phases give for the most part smaller dimen-
sions when 2M is present with lM (Pa 70 to marga-
rite). The pure margarite and paragonite mica
polymorphs show significant variation (0.28Vo) in cell
dimension. Margarites show a marked difference be-
tween stacking-disordered lMd and the two-layer
2M, polymorph, as does paragonite. Pressure seems
to affect cell dimension to a certain extent also (see
2-8-kbar lM paragonite and 24-kbar 2M marga-
rite), but the polytype seems to be much more impor-
tant in determining the b dimension.

Fig. 2. b cell dimensions of margarite (MA)-paragonite (pA)
synthetic micas. Numbers indicate polytype (l : lM, 2:2M, d:
lMd), and numbers in parentheses indicate pressu.e under which
the synthesis were carried out. Dashed line joins predominantly
lM polytypes at 2kbar pressure for margarite and paragonite.
Samples between margarite and paragonite were provided by G.
Ftanz.
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Infrared spectra

Muscovite

Figure 3 gives the infrared spectra for the synthetic
muscovites of lM and 2M polymorphs at various
pressures in the range 900-600 cm-'. In this region
we find the Al-O tetrahedral bands at 802 cm-'
(Farmer and Velde, 1973; Farmer,1974, p. 350) and
735-725 cm-' A1-Si-O (Stubican and Roy, 196l;
Farmer, 1974, p.350), along with others of the Si-O
polymer 748-640 cm-'. The 828-830 cm-' band has a
dipole moment perpendicular to the (001) direction,
as seen in oriented specinens of synthetic paragonite

Gig. a). Deuterated paragonite and muscovite show
a great loss in intensity of the band also (Fig. 5),
which suggests an OH bending component. The fig-

Fig. 3. Infrared spcctra in the region 900-550 cm-r for synthetic
muscovites. Samples A, B, and C were provided by J. Blencoe.
Samples D and E were prepared by the author. Arrows at 802,
737, and 643 cm-r show bands affected by polytype.

I
808

a2a -
Paragonite

Fig. 4. Spectra of synthetic paragonite (lM polymorph) in

randomly oriented preparations (R) and oriented preparations run

at 45o angle to the beam (45') and perpendicular (f) to the beam.

Note loss of band at 830 cm-r indicated.

ure shows that the high pressure (I3-kbar) muscovite
has neither the 802 nor the '7-37 cm-'band. No other

bands in the 1200-300 cm-' region appear to be af-
fected nor are any new bands apparent as a function

of cell size or polymorph except the 643 cm-' band,
which appears to be associated with the large cell lM
polytype only.

Thus we see variation of the more "fundamental"
Al"-related bands in muscovite as a function of cell

size and not of PolYmorPh.

Margarite

Figure 6 gives the spectra of the three polymorphs

of margarite synthesized at2kbat. The spectra show

variations only in the 725-40 cm-' region' Four

bands are decidedly sharpened and intensffied as the
polymorph changes from lMd to lM and then 2M.

Bands at 510 and 725 cm-'are lost in lMd margarite.
The 612 cm-' band is greatly strengthened in 2M

forms, as is the 446 cm-' band. These bands are
likely to be combinations of basic O-Si-O or Si-O
polymer bending vibrations coflrmon to most dioc-

tahedral white micas, as are those around 542, 492,

398 cm-' (see Farmer,1974, p. 350, for examples).
Note that no 802 cm-' band is present. This is at-

tributed to ordering of Al-Si tetrahedra which is

most likely fundamental to the margarite structure
with a tetrahedral Si-Al ratio of one (Farmer and
Velde, 1973), and thus no Al-O-Al vibrations are
possible due to this ordering.
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Fig. 5. Spectra of synthetic OD muscovite and paragonite. Note
low intensity of the 830 cm-r band.

Discussion

Given the above information, one can make sev-
eral statements concerning muscovite: (1) cell dimen-
sions in muscovite are not strongly related to poly-
morph type; (2) as cell dimensions change in
muscovite of the lM polymorph, two band vibrations
involving Al atoms are affected; (3) high-pressure
muscovites of small D cell dimension appear to follow
the same trend as the ordered phengites in the mus-
covite-celadonite series.

These relations suggest that ordering can occur in
muscovite and that it does not affect the polytype.
The ordering probably involves the Al-Si tetrahedra,
since all other sites contain identical ions (K in the
larger interlayer position and only Al in the octahe-
dral). The ordering then occurs within the basic l0A
unit and does not affect the stacking of these units
(polymorphism).

Ifone considers the disposition oftetrahedral sites
in mica silica polymers, it is apparent that ordering of
one in four sites is not simple. The tetrahedra are ar-
ranged in hexagonal symmetry. The basic symmetry
group of the mica is based upon a mirror plane. Fur-
ther, most structural determinations of micas, at stan-
dard conditions, find that the hexagonal rings oftet-

rahedra are deformed into a ditrigonal symmetry. If
ordering takes place respecting the mirror-plane
syrnmetry element and the ditrigonal arrangement of
tetrahedra, I can find no array which satisfies these
conditions. However, if the mirror-plane element can
be ignored, one can arrange the Si-Al atoms in sev-
eral arrays, but they will necessarily be ones which

Fig. 6. Synthetic margarite infrared spectra in tle region 750-
350 cm-r. Note loss of bands at 612, 510, znd M6 cm-r as
polytype changes from 2M to lM to lMd.
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Fig. 7. Two possible artays for Si-AI ordering (Si3Al) in
tetrahedral sites of micas. (A) shows an array where the mirror-
plane symmetry element passing through coordilathg oxygens
(between symbols in the figure) is not respected. (B) shows a
possible domain-type ordering of two Al atoms in a hexagonal
ring, leaving other rings to contain only Si atoms. Circles represent
Al atoms, dots represent Si atoms.

place Al ions at greatest distances from one another
in order to avoid local stress due to the difference in
size of Al'* and Sio* ions. Figure 7a gives a possible
array. If the structure obeys the mirror-plane synme-
try restriction, then a possibility for ordering would
be on a domain basis, where some hexagonal rings of
tetrahedra would contain more Al atoms than others
(Fig. 7b). If ye consider the infrared spectra we see
that small cell dimension muscovite shows loss of two
Al-related bands. This means that ordering, if this is
the reason for diminishing the cell size, disrupts cer-
tain atomic arrangements in the silica polymer struc-
ture. No new bands seem to be added. Possibly a do-
main-type ordering (Fig. 7b) would produce the
results observed in the infrared spectra.

The information concerning margarite-para-
gonites can be summarized as follows:

(l) Polytype is related to cell dimension and in-
frared spectrum.

(2) Pressure of synthesis has a relatively srrall ef-
fect on cell dimension.

(3) The infrared spectra indicate that band split-
ting of multi-atom vibrations is produced as polytype
changes. This suggests "second-order" type ordering,
which can be reconciled by stacking sequences in the
l0A layer structure which affect only lower energy
vibrations of the Si-A1-O polymer structure.

(4) These relations occur for paragonite and mar-
garite but not muscovite, despite the fact that the
paragonite molecule is more similar to muscovite
than to margarite:

KAlr(Si3Al)O,o(OH)r, muscovite

NaAl,(Si'Al)O'o(OH),, paragonite

CaAL(Si,Alr)O,o(OH),, margarite

Concerning margarite, the infrared spectra and
cell dimensions indicate that polytype (stacking of
l0A layers) produces the most efficient or ordered se-
quence. Absence of the 802 cm-' Al-O-Al band in
all polytypes suggests that the structure is "inter-
nally" ordered (within the l0A sheet) in all poly-
morphs.

In summary, it appears that two types of site order-
ing occur in white micas, both resulting in smaller
cell size. Muscovite and phengites order in the tet-
rahedral and octahedral sites respectively. This or-
dering occurs withh the 10A units only and does not
affect the stacking or long-range order of the struc-
ture. Na-Ca micas (margarite-paragonite) show or-
dering in the stacking sequence of the l0A units only.
This ordering does however decrease cell dimension
significantly.

If one accepts the arguments demonstlaling order-
ing in these micas, it is apparent that any studies of
the stability of such phases by laboratory methods
must compare materials with the same structures.
Not only does the ordering affect the statistical distri-
bution contribution to the entropy of the mica, but it
also affects the cell volume. Thus thermodynamic
values for white micas will vary, depending upon
their ordering state.
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