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absTracT

The single-crystal elastic moduli of minerals and related materials with cubic symmetry have been 
collected and evaluated. The compiled data set covers measurements made over an approximately 
70 year period and consists of 206 compositions. More than 80% of the database is comprised of 
silicates, oxides, and halides, and approximately 90% of the entries correspond to one of six crystal 
structures (garnet, rocksalt, spinel, perovskite, sphalerite, and fluorite). Primary data recorded are the 
composition of each material, its crystal structure, density, and the three independent nonzero adiabatic 
elastic moduli (C11, C12, and C44). From these, a variety of additional elastic and acoustic properties 
are calculated and compiled, including polycrystalline aggregate elastic properties, sound velocities, 
and anisotropy factors. The database is used to evaluate trends in cubic mineral elasticity through 
consideration of normalized elastic moduli (Blackman diagrams) and the Cauchy pressure. The elastic 
anisotropy and auxetic behavior of these materials are also examined. Compilations of single-crystal 
elastic moduli provide a useful tool for investigation structure-property relationships of minerals.
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InTroDucTIon

The elastic moduli are among the most fundamental and 
important properties of minerals (Anderson et al. 1968). They 
are central to understanding mechanical behavior and have 
applications across many disciplines of the geosciences. They 
control the stress-strain relationship under elastic loading and 
are relevant to understanding strength, hardness, brittle/ductile 
behavior, damage tolerance, and mechanical stability. Elastic 
moduli govern the propagation of elastic waves and hence are 
essential to the interpretation of seismic data, including seismic 
anisotropy in the crust and mantle (Bass et al. 2008; Mainprice 
2015). As derivatives of the free energy, they are connected to a 
mineral’s thermodynamic properties and are important for under-
standing equations of state, phase stability, and the mechanism 
of phase transitions (Schreuer and Haussühl 2005b). They are 
related to quantities such as specific heat, Debye temperature, 
and the Grüneisen parameter. Elastic moduli provide fundamen-
tal insights into interatomic interactions, lattice dynamics, and 
the nature of bonding in crystals (Ledbetter 2000; Stixrude and 
Jeanloz 2015). Thus, there is a strong need for precise and ac-
curate measurements of elastic moduli of many types of minerals.

Despite their utility, the full elastic tensors have been mea-
sured for only a small fraction of known minerals. Most of these 
measurements are at ambient pressure, and the knowledge of 
these properties at high pressures and/or variable temperatures 
is even more limited. This is primarily due to the stringent 
experimental requirements that must be met to characterize the 
full single-crystal elasticity tensor that requires determination 
of between 3 and 21 quantities depending on the mineral’s 
crystal system.

Techniques for the measurement of elastic moduli have been 
developed and refined over more than a century. Early work in 
this area is summarized by Hearmon (1946) and Huntington 
(1958). Beginning in the second half of the last century, the 
development and improvement of techniques based on propaga-
tion of ultrasonic pulses or measurement of resonant vibrational 
frequencies produced a large increase in the number and accuracy 
of elastic tensor measurements (for a historical review, see Li 
and Liebermann 2014). The main experimental restriction in 
ultrasonic/resonant measurement techniques is the requirement 
for large high-quality single crystals. The development of laser-
based Brillouin spectroscopy extended elasticity measurement 
techniques to transparent micro-crystals (Benedek and Fritsch 
1966). The application of Brillouin scattering to geological 
materials first at ambient conditions (Weidner et al. 1975) and 
later at high pressures (Whitfield et al. 1976) has resulted in 
characterization of several geophysically important minerals, 
including high-pressure phases relevant to the Earth’s mantle. 
There has also been recent development of further methods for 
single-crystal elasticity determination including gigahertz inter-
ferometry methods (Jacobsen et al. 2002) and synchrotron-based 
inelastic X-ray scattering (Hu et al. 2003). A number of review 
articles summarizing elasticity measurements and techniques 
are available (Schreuer and Haussühl 2005a; Bass et al. 2008; 
Angel et al. 2009; Speziale et al. 2014; Bass and Zhang 2015).

In recent years, there has been an upsurge in the calculation 
of elastic moduli of minerals and other crystals by ab initio com-
puter calculations using density functional theory. These calcula-
tions that are becoming increasingly routine can be applied to all 
types of materials. In addition, high-throughput methods have 
been used to develop a database of elastic properties of inorganic 
crystals consisting of more than 1000 inorganic compounds 
(de Jong et al. 2015). While complementary to experimental 
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