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Abstract

The crystal structure and pressure influence (between 0–6 GPa) on 2M1 muscovite have been 
calculated by quantum-mechanical methods based on density functional theory (DFT) with optimized 
numerical LCAO basis sets and norm-conserving pseudopotentials. Tensions between 0.8 and 0 GPa 
have been also studied. Volumes as a function of pressure, computed from the generalized gradient 
approximation, are closer to the experimental data than volumes calculated from the local density ap-
proximation. The crystal structure, bond distances, and main geometrical features agree with previous 
experimental values. A third-order Birch-Murnagham equation is fitted, giving a bulk modulus of 60.1 
GPa, which reasonably agrees with the experimental data. Axis compressibilities are slightly smaller 
than those of the experimental data. The most compressible axis is the c axis. Bond strains, angles, 
the main geometrical features, and polyhedral strains are studied as a function of pressure, and these 
vary according to the experimental behavior. Tetrahedral <α> and <ρ2> angles and corrugation show 
an oscillating behavior in the range of pressures used. The most important compressibilities are those 
related to the interlayer space, as it corresponds to the weakest bonding in the structure. The highest 
compressibility in the T-O-T layer along the [001] direction is determined by the octahedral sheet 
thickness. The compressibilities along the a and b axes are determined by the tetrahedra, as the most 
compressible polyhedra, and the α angle. Therefore, with our results the utility of periodic DFT methods 
for studying crystal structure and the effect of hydrostatic pressure on 2M1 muscovite are once again 
validated, and they are suitable to describe the compression of the crystal structure in detail.
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Introduction

Phyllosilicates are among the most abundant minerals in 
the Earth’s crust, in both soils and rocks, are found in the upper 
mantle, and play an important role in many geological processes. 
These minerals are also considered to be water-bearers in sub-
duction zones.

The phyllosilicate structure consists of one sheet based on 
silicate tetrahedra (SiO4, T), with a nearly hexagonal symmetry 
mesh pattern (Si can be replaced by other cations), and another 
sheet of octahedra (O) containing various cations bound to O 
and OH. These sheets are arranged in different sequences form-
ing layers, intercalated with interlayer spaces. When cations in 
both T and O sheets fail to fulfill the neutrality of their oxygen 
polyhedra, the resulting charge is neutralized with other cations 
in the interlayer space. Layers are stacked along the c axis. 
When sheets are stacked in the sequence T-O-T, a series of 2:1 
phyllosilicates (21P) results. If the cation occupancy of the O 
sheet is full, phyllosilicates are called trioctahedral, and when 
two-thirds of the octahedra are occupied and one-third is empty, 
these minerals are called dioctahedral. 

Micas are a very large group of 21P, with many cation substi-
tutions. Micas take part in many petrologic processes that occur 
under magmatic and metamorphic conditions. These minerals are 
used to define geothermometers and geobarometers. 

Because of the layered structure with different kinds of 
bonding (from covalent to ionic), an interlayer space, various 
cations, and order/disorder between them, phyllosilicates are 
strongly anisotropic, especially along the direction perpendicular 
to the layered plane, which is also very sensitive to compres-
sive stress.

Structural and physical properties of minerals differ in the 
Earth’s interior with respect to those properties on the surface 
because pressure modifies structure, bonding, and elastic proper-
ties. A high-pressure study can provide information about their 
behavior inside the Earth and help to broaden our knowledge 
concerning the phase equilibria of minerals, geological proper-
ties, and seismic events.

The effect of pressure, temperature, and composition on the 
crystal structure and elastic properties (compressibility constants, 
bulk moduli, and thermal-expansion constants) of micas have 
been previously reviewed by Yang and Prewitt (2000), Zanazzi 
and Pavese (2002), and Brigatti and Guggenheim (2002), while 
the equations of state (PV and PVT) in micas have been experi-
mentally determined by Zanazzi and Pavese (2002) and Curetti 
et al. (2006).
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