
American Mineralogist, Volume 95, pages 348–361, 2010

0003-004X/10/0203–348$05.00/DOI: 10.2138/am.2010.3300      348

Factors responsible for crystal-chemical variations in the solid solutions from illite to 
aluminoceladonite and from glauconite to celadonite
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ABstrAct

Several finely dispersed low-temperature dioctahedral micas and micaceous minerals that form 
solid solutions from (Mg,Fe)-free illite to aluminoceladonite via Mg-rich illite, and from Fe3+-rich 
glauconite to celadonite have been studied by X-ray diffraction and chemical analysis. The samples 
have 1M and 1Md structures. The transitions from illite to aluminoceladonite and from glauconite to 
celadonite are accompanied by a consistent decrease in the mica structural-unit thickness (2:1 layer 
+ interlayer) or csinβ. In the first sample series csinβ decreases from 10.024 to 9.898 Å, and in the 
second from 10.002 to 9.961 Å. To reveal the basic factors responsible for these regularities, struc-
tural modeling was carried out to deduce atomic coordinates for 1M dioctahedral mica based on the 
unit-cell parameters and cation composition. For each sample series, the relationships among csinβ, 
maximum and mean thicknesses of octahedral and tetrahedral sheets and of the 2:1 layer, interlayer 
distance, and variations of the tetrahedral rotation angle, α, and the degree of basal surface corruga-
tion, ∆Z, have been analyzed in detail. 

The transitions from illite to aluminoceladonite and from glauconite to celadonite are accompanied 
by a slight increase in the mean thickness of the 2:1 layers and a steady decrease in the α angles, 
whereas the interlayer distance becomes smaller. These results are consistent with the generally ac-
cepted model where tetrahedral rotation is the main factor for the interlayer contraction in muscovite-
phengite structures: the smaller the rotation angle (α) the larger the ditrigonal ring of the tetrahedral 
sheet and the interlayer pseudo-hexagonal cavity, allowing the interlayer cation to sink and thus 
shorten the c parameter. 

A new insight into the interpretation of the contraction of the mica layer thickness in dioctahedral 
micas has been achieved with the discovery that micas with the same or close mean interlayer distance, 
on one hand, have the same or nearly the same substitution of Al for Si; and on the other hand, they 
may have significantly different parameters of the interlayer structure, such as tetrahedral rotation, 
basal surface corrugation, ∆Z, and minimum and maximum interlayer distance. These results show 
that in dioctahedral 1M micas, the mean interlayer distance is determined by the amount of tetrahedral 
Al because the higher the Al for Si substitution, the stronger the repulsion between the basal O atoms 
and the larger the interlayer distance and csinβ parameter.
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introDuction

Potassium dioctahedral micas are rock-forming minerals 
that occur in various geologic environments and in sedimentary, 
metamorphic, and igneous rocks. The mica structure consists of 
2:1 layers separated by interlayer K cations. A 2:1 layer consists 
of two tetrahedral sheets linked through an octahedral sheet. The 
octahedral sheet contains three symmetrically independent sites 
that differ in the arrangement of OH groups and oxygen anions 
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. Normally, the structure of 
dioctahedral micas is described in terms of 1M, 2M1, 2M2, and 
3T polytypes differing in mutual arrangement of the adjacent 
layers (Bailey 1984). Structure studies of 2M1, 2M2, and 3T di-
octahedral micas have shown that octahedral cations in their 2:1 

layers typically occupy only cis sites (Bailey 1984; Brigatti and 
Guggenheim 2002). In 1M dioctahedral micas, the distribution 
of octahedral cations over symmetrically independent sites is 
more variable. In particular, 1M structures may consist of either 
trans-vacant (tv) or cis-vacant (cv) 2:1 layers, or of interstratified 
layer types (see Drits et al. 2006 for review). 

Diverse isomorphous cation substitutions in both octahedral 
and tetrahedral sheets of the 2:1 layers are a characteristic feature 
of dioctahedral micas. High-temperature potassium dioctahedral 
micas form a solid solution between muscovite KAl2(Si3Al)
O10(OH)2 and phengite, KAl1.5Mg0.5(Si3.5Al0.5)O10(OH)2 (Brigatti 
and Guggenheim 2002; Ferraris and Ivaldi 2002). The 2M1 and 3T 
micas with cation compositions intermediate between phengite 
and aluminoceladonite, KAlMgSi4O10(OH)2, have not been found 
among natural dioctahedral micas. However, Smyth et al. (2000) 
synthesized a dioctahedral Al,Mg-bearing sample consisting of 
2M1 and 3T polytypes with 3.8 Si per half-formula unit (phfu). 
The synthesis was carried out at 900 °C and 11 GPa.* E-mail: dmccarty@chevron.com


