
American Mineralogist, Volume 97, pages 241–252, 2012

0003-004X/12/0001–241$05.00/DOI: http://dx.doi.org/10.2138/am.2012.3824      241

The high-pressure behavior of micas: Vibrational spectra of muscovite, biotite,  
and phlogopite to 30 GPa

Quentin Williams,1,* elise Knittle,1 Henry P. scott,2 and ZHenxian liu3

1Department of Earth and Planetary Sciences, University of California, Santa Cruz, California 95064, U.S.A. 
2Department of Physics and Astronomy, Indiana University South Bend, South Bend, Indiana 46634, U.S.A.

3Geophysical Laboratory, Carnegie Institution of Washington, 5251 Broad Branch Road NW, Washington, D.C. 20015, U.S.A. 

abstract

The infrared spectra of natural samples of muscovite, biotite, and phlogopite are characterized to 
pressures of ~30 GPa, as is the Raman spectrum of muscovite to ~8 GPa. Both far-infrared and mid-
infrared data are collected for muscovite, and mid-infrared data for biotite and phlogopite. The response 
of the hydroxyl vibrations to compression differs markedly between the dioctahedral and trioctahedral 
micas: the hydrogen bonding in dioctahedral environments increases with pressure, as manifested by 
shifts to lower frequency of the hydroxyl-stretching vibrations, whereas cation-hydrogen repulsion 
likely produces shifts to higher frequency of the hydroxyl vibrations within trioctahedral environments. 
An abrupt decrease in frequency and increase in band width of the hydroxyl-stretching vibration in 
muscovite is observed at pressures above ~18–20 GPa, implying that the previously documented 
pressure-induced disordering is associated with the local environment and shifts in location of the 
hydroxyl unit in this material. The far-infrared vibrations of muscovite indicate that its compressional 
mechanism changes above 5–8 GPa, as the K-O stretching vibration with a zero-pressure frequency near 
112 cm–1 shifts in its pressure dependence from 6.9 cm–1/GPa below this pressure range to 0.78 cm–1/GPa 
above it. Thus, it appears that the magnitude of interlayer compression is decreased above this pressure, and 
hence that the compression of muscovite may become less strongly anisotropic. The mid-infrared bands 
that are primarily produced by vibrations of the tetrahedral layer broaden under pressure in both mus-
covite and biotite: within biotite, a spectral region that may be associated with higher coordination of 
tetrahedral cations increases in amplitude above about 25 GPa. The corresponding bands in phlogopite 
undergo less broadening, and their behavior is fully reversible on decompression.

Keywords: Muscovite, biotite, phlogopite, micas, pressure, amorphization, hydrogen bonding

introduction

The high-pressure properties of micas are important because 
they concern: (1) the manner in which water is retained in the up-
per mantle of the planet (e.g., Domanik and Holloway 1996; Wil-
liams and Hemley 2001; Poli and Schmidt 2002; Williams 2007); 
(2) the genesis of magmas at depth within subduction zones 
(e.g., Sudo and Tatsumi 1990; Schmidt et al. 2004; Hirschmann 
2006; Thomsen and Schmidt 2008); (3) the mechanism for alkali 
element retention in the upper mantle; and (4) the role they may 
play in subduction dynamics due to their anomalous rheology 
(Stockhert et al. 1999). Indeed, both the presence of micas within 
deeply derived xenoliths and experimental studies on the stabili-
ties of micas within a range of assemblages demonstrate that 
micas are important hosts of water and alkali elements within 
the upper mantle of the planet. Phlogopitic and phengitic micas 
have been frequently observed in both kimberlites and as inclu-
sions in exhumed peridotites (e.g., Downes et al. 2004; Reguir 
et al. 2009). Moreover, the behavior of hydrated layered phases 
under pressure has considerable interest for the high-pressure 
crystal chemistry of materials (e.g., Dera et al. 2003; Butler and 
Frost 2006; Scott et al. 2007).

Considerable effort has been devoted to characterizing the 
elastic response of micas to compression, particularly in the 
pressure range up to 6–10 GPa (Comodi and Zanazzi 1995; 
Pavese et al. 2003; Comodi et al. 2004; Gatta et al. 2010). At 
higher pressures, results are considerably sparser, but anomalous 
results have been observed at pressures in the 15 to 30 GPa 
range. Specifically, Curetti et al. (2006) have observed that the 
pressure dependence of both lattice parameter ratios and the b 
unit-cell parameter change dramatically above ~16 GPa in a 
natural 2M1-phengite on the muscovite-celadonite join. Gatta 
et al. (2010) attributed this change in behavior to a decrease in 
crystallinity initiating in the 15–17 GPa range. Faust and Knittle 
(1994) observed that long-range crystalline order, as determined 
from the complete disappearance of the X-ray diffraction pattern, 
was lost in end-member muscovite at pressures above 27 GPa, 
with disordering appearing to commence near 18 GPa. Indeed, 
as micas have highly anisotropic low-pressure elastic properties, 
with their initial compressibility along the c-axis typically being 
4–6 times greater than the compressibility within the layers (Gatta 
et al. 2010; Comodi and Zanazzi 1995), the higher-pressure 
effects and degree of persistence of this low-pressure compres-
sional anisotropy remains unclear.

Although extensive X-ray characterizations of micas under 
pressure have been conducted, there are comparatively few high-* E-mail: qwilliams@pmc.ucsc.edu


