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aBstract

Plagioclase feldspars comprise a large portion of the Earth’s crust and are very anisotropic, mak-

ing accurate knowledge of their elastic properties important for understanding the crust’s anisotropic 

seismic signature. However, except for albite, existing elastic constants for plagioclase feldspars are 

derived from measurements that cannot resolve the triclinic symmetry. We calculate elastic constants 

for plagioclase end-members albite NaAlSi3O8 and anorthite CaAl2Si2O8 and intermediate andesine/

labradorite NaCaAl3Si5O16 using density functional theory to compare with and improve existing 

elastic constants and to study trends in elasticity with changing composition. We obtain elastic con-
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introduction

Plagioclase feldspars are one of the most important rock-

forming minerals, comprising roughly 40% of the Earth’s crust. 

Thus their elastic properties are essential for interpreting seismic 

data to determine the structure and deformation history of the 

Earth’s crust, especially the seismically anisotropic lower crust. 

Anisotropy in an aggregate depends on the preferred orientation 

of crystals and the single-crystal elastic constants. While many 

studies have quantified the effect of crystallographic preferred 

orientation on seismic anisotropy in natural plagioclase-rich sam-

ples (e.g., Liebermann and Ringwood 1976; Wenk et al. 1986; Ji 

and Mainprice 1988; Siegesmund et al. 1989; Siegesmund and 

Kruhl 1991; Seront et al. 1993; Xie et al. 2003; Feinberg et al. 

2006; Barreiro et al. 2007) and found p-wave anisotropy to be 

as high as 15%, few data of single-crystal elastic constants of 

plagioclase exist.

Alexandrov and Ryzhova (1962) calculated elastic constants 

from acoustic wave velocities through plagioclase comprised 

of 58% anorthite and 42% albite (denoted as An58), Ryzhova 

(1964) made similar measurements for An9, An24, An29, An53, 

and An56, and more recently, Brown et al. (2006) for An0. The 

elastic constants published by Alexandrov and Ryzhova (1962) 

and Ryzhova (1964) are widely cited in literature and handbooks 

(e.g., Simmons and Wang 1971; Every and McCurdy 1992; 

Bass 1995; Hacker and Abers 2004), yet, although carefully 

measured, they could not resolve the triclinic symmetry. Using 

the ultrasonic pulse method, Alexandrov and Ryzhova (1962) 

and Ryzhova (1964) were able to measure only three polariza-

tions for six directions, which is not enough to constrain elastic 

constants for even monoclinic symmetry. Because of twinning, 

monoclinic crystal symmetry was assumed in the measurements 

of Ryzhova (1964), and only 13 elastic constants were determined 

rather than 21. In addition microcracks were not characterized 

and taken into account.

Further uncertainty is introduced when elastic constants are 

calculated from measured velocities using the Kelvin-Christoffel 

equations (Musgrave 1970). Kelvin-Christoffel equations use 

phase velocities, whereas ultrasonic measurements involve 

group and phase velocities, and the difference can be large for 

highly anisotropic crystals with low symmetry like plagioclase. 

Alexandrov et al. (1974) recalculated Cijs from the measurements 

of Ryzhova (1964) but without clear improvements. In fact, C12, 

C23, and C25 for An9 of Alexandrov et al. (1974) greatly devi-

ate (20, 34, and 195%, respectively) from values of Ryzhova 

(1964) and are also inconsistent for C12, C23, and C25 calculated 

by Alexandrov et al. (1974) for the other compositions (An24, 

An29, An53, and An56). Seront et al. (1993) measured acoustic 

velocities through an anorthosite rock composed of 90% pla-

gioclase with composition An68 and 10% olivine and adjusted 

the elastic constants of Ryzhova (1964) by an average of 10%, 

and the recalculations of Alexandrov et al. (1974) by more, to 

account for their measured velocities. Because of the larger er-

rors found in the recalculations of Alexandrov et al. (1974), we 

will compare results with the original calculations of Ryzhova 

(1964) in this paper.

The measurements of Seront (1993) demonstrated that a 

difference of 10% in elastic constants has a notable effect on 

acoustic velocities. Besides disagreement between the Cij for 

albite of Ryzhova (1964) and Alexandrov et al. (1974), newer 

measurements also disagree. Brown et al. (2006) measured 162 

velocities in 125 propagation directions through an untwinned 

single crystal of An0 using impulsively stimulated light scattering 

[ISLS, method described in Abramson et al. (1999)] and retrieved 

all 21 elastic constants needed for triclinic symmetry. Brown’s 

values vary by as much as 44 GPa for some Cij compared with 

earlier measurements (Ryzhova 1964) signifying large errors in 

one or both sets of data.

No first-principles calculations of plagioclase feldspar 

elastic constants yet exist to compare with these experimental 


