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Structural regularities in 2M1 dioctahedral micas: The structure modeling approach

Bella B. Zviagina* and victor a. drits

Geological Institute RAS, 7 Pyzhevsky per., 119017 Moscow, Russia

aBstract

An improved algorithm has been elaborated for computing atomic coordinates in K-dioctahedral 
micas-2M1 from the experimental data on cation composition and unit-cell parameters. The structure 
modeling procedure is based on regression equations relating the structural features and chemical 
composition of micas that were obtained from the analysis of published data on 27 refined structures of 
dioctahedral micas of various compositions including 20 K-dioctahedral micas-2M1, 3 paragonites-2M1, 

2 margarites-2M1, and 2 celadonites-1M. The empirical relationships accurately describe the observed 
structural distortions in dioctahedral micas, such as tetrahedral tilt and rotation, tetrahedral elongation, 
octahedral flattening, hydroxyl depression, etc. The majority of the regressions have r2 > 0.8 and p-values 
<0.05, which means that the results are statistically significant. The predicted structural parameters are 
used to calculate the atomic coordinates for K-dioctahedral micas-2M1 with disordered distribution of 
tetrahedral and octahedral cations. The estimated standard deviations (e.s.d.) for modeled atomic coor-
dinates vary for different atomic positions and range from 0.0001 to 0.003 (fractional units); the e.s.d. 
values for structural characteristics obtained from the calculated atomic coordinates are 0.002–0.007 
Å for mean and individual tetrahedral bond and edge lengths, 0.004–0.013 Å for mean and individual 
octahedral bond and edge lengths, 0.013–0.015 Å for K-O distances, and 0.5° for the tetrahedral ditrigonal 
rotation angle. Computation of atomic coordinates for additional three dioctahedral mica-2M1 structures 
that were not included in the derivation of the empirical structure-composition relationships used in 
the algorithm yielded close agreement between the modeled and observed structural characteristics.

The structure modeling algorithm can be used as an inexpensive and express method for evaluation 
of fine structural features in large collections of K-dioctahedral mica samples of diverse compositions.
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introduction

Micas are important and widespread rock-forming minerals 
that occur in diverse geological environments including sedimen-
tary, metamorphic, and igneous rocks. The mica structure, which 
has been an object of intense and comprehensive investigation for 
decades [see, e.g., Brigatti, and Guggenheim (2002) and refer-
ences therein; Ferraris and Ivaldi (2002) and references therein], 
is described in terms of the mica module, which consists of a 2:1 
(or TOT) layer and an interlayer cation. A 2:1 layer consists of 
two tetrahedral sheets linked through an octahedral sheet, which 
contains, in the general case, three symmetrically independent 
sites differing in the arrangement of OH groups and oxygen an-
ions coordinating octahedral cations. In the trans-octahedra the 
OH groups occupy opposite apices, whereas in the cis-octahedra 
the OH groups form a shared edge. The structure of dioctahedral 
micas is conventionally described in terms of 1M, 2M1, 2M2, and 
3T polytypes differing in mutual arrangement of the adjacent 
layers (Bailey 1984). The octahedral cations in the 2:1 layers of 
2M1, 2M2, and 3T dioctahedral micas typically occupy cis-sites 
only (Bailey 1984; Brigatti and Guggenheim 2002), whereas 1M 
structures may consist of either trans-vacant (tv) or cis-vacant 
(cv) 2:1 layers, or of interstratified layer types (Drits et al. 2006, 
2010; Drits and Zviagina 2009). Diverse homovalent and het-

erovalent cation substitutions in both octahedral and tetrahedral 
sheets of the 2:1 layers of dioctahedral micas lead to substantial 
variations in their fine structural features.

Despite the considerable progress in the investigation of 
micas, and potassic dioctahedral micas in particular, certain 
aspects in their structure, crystal chemistry, and occurrence 
still remain understudied. No explanation has been found so far 
for the differences in the composition variations in high- and 
low-temperature K-dioctahedral micas. In low-temperature 
K-dioctahedral micas, which normally occur as 1M and 1Md 
polytypes, two virtually continuous series can be distinguished, 
(1) from Mg, Fe-poor illite to aluminoceladonite via Mg-rich 
illite, and (2) from glauconite to celadonite (Środoń and Eberl 
1984; Drits and Kossovskaya 1991; Li et al. 1997; Rieder et al. 
1998; Brigatti and Guggenheim 2002; Drits et al. 2006, 2010). In 
contrast, high-temperature K-dioctahedral 2M1 and 3T micas form 
a solid solution between muscovite, KAl2(Si3Al)O10(OH)2, and the 
intermediate member, phengite KAl1.5Mg0.5(Si3.5Al0.5)O10(OH)2 
(Brigatti and Guggenheim 2002; Ferraris and Ivaldi 2002), whereas 
varieties with cation compositions intermediate between phengite 
and aluminoceladonite, KAl1Mg1Si4O10(OH)2, have not been found 
among natural white dioctahedral micas. It was only possible to 
synthesize dioctahedral Al, Mg-bearing samples consisting of 2M1 
and/or 3T polytypes with over 3.8 Si per half formula unit (phfu) 
at extremely high temperature and pressure (over 900 °C and about * E-mail: zbella2001@yahoo.com


