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Abstract
The crystal structures of tobelite and NH+4-rich muscovite from the sedimentary rocks of the Armorican sandstones (Brittany, France) have been solved for the first time by single-crystal X‑ray diffraction. The structural study was integrated by electron probe microanalyses, and X‑ray photoelectron
and micro-Fourier transform infrared spectroscopy. The crystals belong to the 2M2 polytype with the
following unit-cell parameters: a = 9.024(1), b = 5.2055(6), c = 20.825(3) Å, and β = 99.995(8)° for
tobelite and a = 9.027(1), b = 5.1999(5), c = 20.616(3) Å, and β = 100.113(8)° for NH+4-rich muscovite.
Structure refinements in the space group C2/c converged at R1 = 8.01%, wR2 = 8.84% and R1 = 5.59%,
wR2 = 5.63% for tobelite and NH+4-rich muscovite, respectively.
X‑ray photoelectron spectroscopy revealed nitrogen environments associated either with inorganic
(B.E. 401.31 eV) or organic (B.E. 398.67 eV) compounds. Infrared spectra showed, in the OH−stretching region (3700–3575 cm–1), two prominent bands, centered at ~3629 and ~3646 cm–1, and
two shoulders at ~3664 and ~3615 cm–1 that were assigned to Al3+Al3+-OH− arrangements having
OH− groups affected by different local configurations. In addition, a series of overlapping bands from
about 3500 to 2700 cm–1 characteristic of the NH+4-stretching vibrations, a main band at ~1430 and
a shoulder at ~1460 cm–1 that were associated to the NH+4-bending vibration (ν4) were also present.
The ammonium concentration was semi-quantitatively estimated in both crystals from the absorbance of the OH−-stretching and NH+4-bending vibrations in the infrared spectra. An additional estimate
was obtained for the NH+4-rich muscovite by considering the normalized peak area between K2p3/2 and
N1s in the X‑ray photoelectron spectrum. The obtained values are in agreement with those derived
from the interlayer spacing in the simulated X‑ray powder diffraction spectra.
The results of this integrated approach converged to (K0.18Na0.01NH+4 0.62)Σ=0.81(Al1.98Fe2+
0.02)Σ=2.00
3+
(Si3.19Al0.81)Σ=4.00O10.00OH2.00 for tobelite and to (K0.46Na0.03Ba0.01NH+4 0.36)Σ=0.86(Al1.98Mg0.01Fe2+
0.01V 0.01)Σ=2.01
(Si3.13Al0.87)Σ=4.00O10.00F0.08OH1.92 for NH+4-rich muscovite.
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Introduction
Tobelite is a dioctahedral mica with ideal composition (NH4)
Al2 (Si3Al) O10(OH)2. Tobelite was first found by Higashi (1982)
in the Ohgidani pottery stone deposit at Tobe (Japan) as the
product of a hydrothermally altered biotite andesite dike. This
mica exhibited high NH+4 concentration (0.53 gpfu, groups per
formula unit). X‑ray powder diffraction indicated that it belongs
to the 1M polytype, space group C2/m with lattice parameters a
= 5.219(4), b = 8.986(3), c = 10.447(2) Å, and β = 101.31(1)°
(Higashi 1982). Several studies since then have been devoted
to natural ammonium-bearing micas or to their synthetic counterparts. Natural crystals having NH+4 contents up to 0.75 gpfu
(Ruiz Cruz and Sanz de Galdeano 2008) have been reported to
date and several authors hypothesized a complete solid solution
between tobelite and muscovite (Juster et al. 1987; Wilson et al.
1992; Drits et al. 1997; Liang et al. 1997). However, Nieto (2002)
showed that a miscibility gap between muscovite and tobelite
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may occur at temperatures below 300 °C.
Ammonium-rich micas are generally found in very low to
low grade metamorphic rocks (e.g. Honna and Itihara 1981;
Itihara and Suwa 1985; Duit et al. 1986; Visser 1992; Boyd and
Philippot 1998; Mingram and Braüer 2001). Only recently, a
NH+4 -rich white mica formed at higher temperature (>400 °C)
was discovered in polymetamorphic schists from the Internal
Zone of the Betic Cordillera, Spain (Ruiz Cruz and Sanz de
Galdeano 2008). The same authors later discovered and characterized the trioctahedral analog of tobelite, suhailite, with
composition [Ca0.04Na0.07K0.35(NH+4)0.55]Σ=1.01(Al0.42Ti0.22Fe1.33Mn0.01
Mg0.71)Σ=2.69(Si2.67Al1.33)Σ=4.00O10(OH)2 (Ruiz Cruz and Sanz de
Galdeano 2009).
Most of the studies reported to date on ammonium-rich micas
have dealt with the mechanisms involved in the “tobelitization
processes” during diagenesis and oil formation (see Dainyak et
al. 2006 and references therein). Indeed, the importance of the
ammonium-rich micas is that they form in organic-rich source
rocks and under conditions of unusually N-enriched hydrother-
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