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Spectroscopic and structural properties of synthetic micas on the annite-siderophyllite
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ABSTRACT
The effect of the incorporation of Al-Tschermak’s molecule to the trioctahedral potassium mica
annite {K}[Fe3]<AlSi3>O10(OH)2 on local and average structure has been investigated by hydrothermal synthesis, structure refinement of X-ray powder diffraction data, Mössbauer and infrared spectroscopy. The various types of brackets indicate different structural sites. Samples with compositions
{K}[Fe3–xAlx]<Al1+xSi3–x>O10(OH)2 were prepared by hydrothermal techniques. The maximum solubility of Al3+ is limited to x = 0.92 at 500 °C and to x = 0.82 at 700 °C. The main factor controlling the
substitution limits is the ditrigonal distortion of the tetrahedral rings. Lattice parameters decrease
linearly with increasing Al3+ content of the mica. A considerable decrease of M2-O and nearly no
change of M1-O bond lengths with increasing Al3+ contents is indicative of preferred occupation of
the M2 site by [Al3+]. Changes in K-O distances are also very pronounced and reflect the ditrigonal
distortion of the tetrahedral sheet. The bimodal ferrous quadrupole splitting distribution (QSD) in
annite, extracted from Mössbauer spectra, becomes narrower and more centered around 2.60 mm/s
with increasing Al3+ contents, and its evolution suggests an increasing deviation from ideal octahedral coordination of Fe by O, illustrated by the increasing octahedral flattening angle ψ. The population of individual QSD components proves that it is impossible to resolve cis and trans M-sites in
micas by Mössbauer spectroscopy. In the hydroxyl stretching region, up to 7 bands are observed in
the infra-red spectra which correspond to OH groups adjacent to 3 Fe2+ (N-bands), to OH groups
coordinated by Fe2+, Al3+, and Fe3+ (I-bands) and to configurations having one octahedral vacancy
(V-bands). N- and I-type bands are shifted toward lower wavenumbers with increasing Al3+ content
because of increasing OH···Otet interactions.

INTRODUCTION
Annite, {K}[Fe3]<AlSi3>O10(OH)2, with { }, [ ] and < >
representing K in the interlayer site, Fe in the octahedral and
one Al and three Si in tetrahedral sites respectively, is the theoretical iron end-member of the trioctahedral biotite mica series, an important rock forming mineral group. Biotite,
{K}[(Fe2+,Mg)3]<AlSi3>O10(OH)2 shows atomic substitutions
mainly of Mg by Fe2+, however, natural samples also contain
substantial amounts of Al3+ in octahedral coordination. The
name siderophyllite is used for the theoretical aluminium end3+
3+
3+
member {K}[Fe2+
2 Al ]<Al2 Si2>O10(OH)2. Incorporation of Al
into annite is accomplished via the coupled substitution [6]Fe2+
+ [4]Si4+ ↔ [6]Al3+ + [4]Al3+ (Al-Tschermak’s substitution). However, various other cations such as Li+, Ni2+, Co2+, Zn2+, Cu2+,
Mn2+, Mn3+, Fe3+ and Ti4+ can enter the octahedral sites [ ], Na+,
Rb+ can partly replace K+ in the interlayer site { }, and Fe3+,
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Al3+, Ga3+ and Ge4+ can enter the tetrahedral site < >. To understand the complex crystal chemistry and the effect of these various possible substitutions on stability, global and local structure
and cationic environments, the “simplified” solid solutions series between the two main end-member compositions annite
(ann) and siderophyllite (sid) was studied. We describe syntheses, stability, and structure refinements of X-ray powder
patterns of the title compounds and compositions along the annsid binary to investigate possible cationic ordering of Fe2+ and
Al3+ on the octahedral sites. Mössbauer and infrared spectroscopy were used to address changes in the local and electronic
environments of the cations-mainly on the octahedral sites. The
Mössbauer results demonstrate that the two different octahedral M sites in the mica structure are impossible to resolve by
this method.
The structure of trioctahedral micas is built up by a negatively charged 2:1 composite layer. Two tetrahedral sheets with
the apices pointing together, sandwich one octahedral sheet.
Charge balance is achieved by the large interlayer cations. The
structures of annite and phlogopite were described in detail by

