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Abstract

Using the hybrid B3LYP density functional method, we computed the ab-initio thermo-chemical 
and -physical properties of the mineral anhydrous B (Anh-B), which has been recently suggested as 
a potential phase responsible for the X-discontinuity in the Earth’s mantle at ~300 km depth through 
the reaction forsterite + periclase = Anh-B, and also to likely split the 410 km discontinuity within 
the interior of a cold slab through the reaction wadsleyite/ringwoodite = Anh-B + stishovite. We 
first conducted an investigation of the static properties through a symmetry-preserving relaxation 
procedure and then computed, on the equilibrium structure, harmonic vibrational modes at the long-
wavelength limit corresponding to the center of the Brillouin zone (k → 0). While optic modes are the 
eigenvectors of the Hessian matrix at Γ point, acoustic modes were obtained by solving the non-zero 
components of the strain matrix. Following the Kieffer model, acoustic branches were assumed to 
follow sine wave dispersion when traveling within the Brillouin zone. All thermodynamic properties 
that depend on vibrational frequencies namely, heat capacities, thermal expansion, thermal derivative 
of the bulk modulus, thermal correction to internal energy, enthalpy, Gibbs free energy, thermal pres-
sure and Debye temperature, were computed on the basis of quasi-harmonic mode-gamma analysis 
of the volume effects on vibrational frequencies. Moreover, the strain tensor was used to calculate 
several thermo-physical properties of geophysical interest (transverse and longitudinal wave veloci-
ties, shear modulus, Young’s modulus, and Poisson’s ratio). The ab-initio results derived in this study 
and the available data on molar volumes were used to calculate the univariant equilibrium forsterite 
+ periclase = Anh-B. The results are in satisfactory agreement with the reversed experimental data 
of Ganguly and Frost (2006). 
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Introduction

Recent improvements in computational capability, including 
the development of accurate quantum chemical computational 
codes, have made the calculation of the properties of mantle 
minerals at high P-T conditions a realistic goal (Stixrude et al. 
1999; Oganov et al. 2002, 2005; Ottonello et al. 2009a, 2009b). 
Though quite demanding, the computational approach offers 
an independent way of assessing the various thermo-chemical 
and -physical parameters that are necessary to constrain the 
stability limits of the mantle minerals and the mineralogically 
dependent rheology of the mantle. The ab-initio results could 
help fill important gaps in our database for minerals and also 
provide independent checks on the thermo-chemical and thermo-
physical data that were determined experimentally or retrieved 
from experimental phase equilibria and calorimetric data in the 
internally consistent databases. It is hoped that, in conjunction 

with direct experimental measurements of mineral properties 
and stabilities, the ab-initio results would ultimately contribute 
significantly to the development of reliable internally consistent 
and accurate databases for the investigation of mantle properties 
and processes (also see Cygan and Kubicki 2001). Ganguly and 
Frost (2006) recently determined the equilibrium boundary of 
the reaction 

forsterite (Fo) + periclase (Per) = anhydrous phase B (Anh-B)	(A)

at 900–1600 °C by reversed experiments in a multi-anvil ap-
paratus, and used the retrieved Gibbs free energy of formation 
of Anh-B to calculate the stability field of Anh-B + stishovite 
(Stv) with respect to wadsleyite (β-olivine-Wds) and ringwoodite 
(γ-olivine-Rwd). They suggested that reaction A could be respon-
sible for the so-called X-discontinuity in the mantle that, although 
sporadic, is found at ~260–330 km depth in a range of mantle 
environments from seismic studies (Revenaugh and Jordan 
1991; Williams and Revenaugh 2005; Bagley and Revenaugh * E-mail: giotto@dipteris.unige.it


