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abStract

The crystal chemistry of a pegmatitic Fe-bearing muscovite (with FeO ~5.1 wt%) from Val di 
Crana, Arvogno (Verbania, Nothern Italy) has been investigated by means of wavelength-dispersive 
X-ray spectroscopy and constant-wavelength [λ = 0.9462(2) Å] single-crystal neutron diffraction at 
295 and 20 K (2θmax = 90°). The structure refinement at 295 K shows no significant deviation from the 
full occupancy of the K site (using the scattering length of potassium alone), and a disordered Si/Al-
distribution in the two independent tetrahedral sites (i.e., T1 and T2) and Fe/Al-distribution in the M2 
octahedral site. The difference Fourier map of the nuclear density shows that only one independent 
H site occurs in the muscovite structure, at both room and low temperature. No evidence of disorder 
in two sub-sites, as observed in a previous study, was found. The thermal displacement of the H site 
is here described anisotropically. A trifurcated hydrogen bonding scheme was found: the O6-H bond 
distance corrected for “riding motion” is ~0.984 Å at 295 K, and three significantly weak hydrogen 
bonds to the O atoms O2, O4, and O6 occur, with H···O2 = 2.635(5), H···O4 = 2.657(4), and H···O5 
= 2.647(4) Å and O6-H···O angles all similar in value (~138°). The structure refinements show that 
the structure configuration of muscovite is maintained at least down to 20 K: the cation disordering in 
the tetrahedral and octahedral site and the H-bonding scheme are preserved. The structural evolution 
induced by decreasing temperature is governed by the contraction along a direction perpendicular 
to (001), mainly due to the compression of the “inner” K-O bonds, which leads to an increase of the 
tetrahedral rotation angle (α) of the six-membered ring. A further effect in response to lowering the 
temperature is a significant reduction of the magnitude of the thermal displacement parameters.
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introDuction

Phengites are dioctahedral phyllosilicates belonging to the 
muscovite–celadonite series. The general chemical formula of 
this class of rock-forming silicates is: KAl2–y(Fe,Mg)y(Si3+yAl1–y)
O10(OH)2 (ideally y = 0.5) (Rieder et al. 1999). In nature, pheng-
ites occur in several geological environments, but mainly in 
low- and medium-pressure metamorphic rocks, and are widely 
used as geobarometers or geothermometers (Guidotti and Sassi 
2002; Kisch et al. 2006). 

The layered nature of dioctahedral true micas leads to the 
occurrence of different polytypes (e.g., 1M, 2M1, 2M2, and 3T), 
and the structural relationships between polytypes have been re-
cently reviewed by Nespolo and Ferraris (2001) and Nespolo and 
Ďurovič (2002). Several studies have been devoted to describe 
the phase stability of phengite polytypes (see Gatta et al. 2009, 
2010, for reviews). The most common polytype among phengites 
is the 2M1 (space group C2/c, with a ≈ 5.2, b ≈ 9.04, c ≈ 20.0 Å, 

and β ≈ 95.8°). After the first refinement of the muscovite struc-
ture by Jackson and West (1930, 1933), 2M1-dioctahedral micas 
with variable phengitic content have been widely investigated 
(e.g., Radoslovich 1960; Birle and Tettenhorst 1968; Güven 
1971; Rothbauer 1971; Richardson and Richardson 1982; Rule 
and Bailey 1985; Knurr and Bailey 1986; Guggenheim et al. 
1987; Schultz et al. 1989; Catti et al. 1989, 1994; Comodi and 
Zanazzi 1995; Brigatti et al. 1998, 2001; Liang et al. 1998; Ivaldi 
et al. 2001; Armbruster et al. 2002; Curetti et al. 2008).

Only a few studies have been devoted to the hydrogen 
location and cation ordering (in tetrahedral and octahedral 
sites) in phengites, and in particular in muscovite, based on 
neutron-diffraction data. Rothbauer (1971) reported a structure 
refinement based on single-crystal neutron-diffraction data of 
a natural 2M1-muscovite from the Diamond Mine, Black Hills, 
South Dakota. The refinement was conducted in the space group 
C2/c on the basis of 695 unique reflections collected up to 2θ = 
90° (λ = 1.190 Å). The Si/Al-distribution in the tetrahedral sites 
was found highly disordered, and one independent H site was 
located, with O6-H ≈ 0.93 Å and O-H vector pointing toward * E-mail: diego.gatta@unimi.it


