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Crystal chemistry of Mg-, Fe-bearing muscovites-2M1
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ABSTRACT

Phengitic muscovite-2M1 crystals [[12](K0.8820.99Na0.0120.09Ca0.0020.06Ba0.0020.01)[6](Al1.6421.88Fe21
0.0620.29

Fe Mg0.0020.16Mn0.0020.07Ti0.0020.06)[4](Si2.8723.30Al0.7021.13)(OH)1.5622.07F0.0020.41O9.91210.25] from peg-31
0.0120.16

matites and peraluminous granites were refined to investigate the influence of phengitic
substitution on the mica structure. Single-crystal X-ray diffraction data were collected for
eleven crystals in the C2/c space-group (agreement factor 2.1% # Robs # 3.9%). Tetra-
hedral Si and Al cation disorder was found for each sample, with the mean tetrahedral
cation-oxygen distances ranging from 1.639 Å # ,T1-O. # 1.647 Å and 1.640 Å #
,T2-O. # 1.646 Å. As phengitic substitution increases, the octahedral sheet expands and
requires a less distorted (more hexagonal) tetrahedral ring (7.708 # a # 11.388) and low
corrugation of the basal O plane (0.1796 Å # Dz # 0.2296 Å). The electron density at
the M2 site is greater than that required for the ideal muscovite-2M1 structure, and a small
excess of electron density is found in the M1 site. The inner sixfold coordination of the
interlayer (A) cation is elongated along c*, which is consistent with the high a values and
the long A-O11 bond length.

INTRODUCTION

Dioctahedral true micas are common rock-forming
minerals. Their compositions, though limited in compar-
ison with the trioctahedral subgroup, cover a wide range
of tetrahedral, octahedral, and interlayer populations.

The replacement of octahedral Al31 by Fe21, Mg21, and
Ti41 in end-member muscovite [KAl2Si3AlO10(OH)2] re-
quires heterovalent substitutions involving tetrahedral,
octahedral, and probably anion sites. These substitutions,
as well as the homovalent substitutions of Al31 for Fe31

and K1 for Na1 (Guidotti and Sassi 1976; Guidotti 1978;
Guidotti et al. 1994a, 1994b), received attention as pos-
sible indicators of muscovite crystallization conditions,
and, in the case of metamorphic rocks, of the reactions
involving mica minerals (Sassi et al. 1994). The studies
of Guidotti et al. (1989, 1992) addressed white mica com-
positions and unit-cell dimensions and helped to establish
the relationships between geometrical features and chem-
ical data to understand the petrogenetic processes during
formation of igneous and metamorphic rocks.

Except for disordered sequences, the most common
layer stacking consists of the 2M1 polytype, although 1M,
3T, and 2M2 stackings also have been reported (Bailey
1984). The muscovite structure was outlined first by Jack-
son and West (1930, 1933), and crystals with variable
phengitic content have since been investigated: refine-
ments were performed for 2M1 (Radoslovich 1960; Birle
and Tettenhorst 1968; Güven 1971; Rothbauer 1971;
Richardson and Richardson 1982), 1M (Sidorenko et al.
1977; Tsipurskii and Drits 1977), 3T (Güven and Burn-
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ham 1967; Amisano-Canesi et al. 1994; Pavese et al.
1997), and 2M2 polytypes (Zhoukhlistov et al. 1973).

The first single-crystal X-ray structure determination of
muscovite-2M1 in the C2/c space group (R 5 17%) found
differences between the mean bond length of the two tet-
rahedral sites. Based on this evidence, Radoslovich
(1960) proposed the ordering of Si and Al. Using the data
of Radoslovich, Birle and Tettenhorst (1968) improved
the accuracy of the refinement and found that coordina-
tion polyhedra were more regular than originally deter-
mined. However, the differences were not sufficiently
large to indicate ordering of tetrahedral Al.

A single-crystal X-ray diffraction (XRD) study on a
muscovite- and a phengite-2M1 by Güven (1971) showed
that tetrahedral Si and Al cations were disordered in the
case of muscovite, whereas small differences between tet-
rahedral cation-oxygen distances in phengite were inter-
preted to indicate a very slight amount of tetrahedral or-
dering. Electron density was found in the ‘‘vacant’’
octahedral site in phengite (0.25 e/Å3) and muscovite (0.4
e/Å3). The tetrahedral rotation angle (a) and the corru-
gation of the basal-oxygen surfaces (Dz) in muscovite
were found to be about twice those in phengite.

In a neutron diffraction single-crystal determination of
muscovite-2M1 (R 5 2.7%), Rothbauer (1971) showed
disordered tetrahedral Si and Al cation sites and protons
located at a distance of 0.928(5) Å from O. He also
showed that the O-H vector pointed toward the vacant
site and was inclined at an angle (r) of 1128 above the
(001) plane. High values of tetrahedral out-of-plane tilt-
ing (Dz 5 0.213 Å) and tetrahedral rotation angle (a 5
118409) were also found.


