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ABSTRACT

The single-crystal elastic moduli of (Mg0.987,Fe0.013)O were measured by Brillouin spectroscopy in 
a diamond-anvil cell at high pressures to 9 GPa at room temperature. The ambient-pressure single-
crystal elastic moduli are (1) C11 = 291.2(3.0) GPa; (2) C12 = 96.1(2.0) GPa; and (3) C44 = 151.9(2.0) 
GPa. From the single-crystal moduli, the aggregate elastic moduli are calculated to be adiabatic bulk 
modulus KS0 = 161.1(3.0) GPa, the Voigt bound of the shear modulus is GV = 130.0(2.0), and the Reuss 
bound GR = 124.2(2.0) GPa, giving a Voigt-Reuss-Hill average G = 127.1(2.0) GPa. We find that the 
addition of 1.3 mol% of Fe has a surprisingly large effect on the aggregate shear modulus, decreasing 
the room-pressure value by 2.4% as compared to Brillouin data for periclase (MgO) measured with 
the same technique. The adiabatic bulk modulus also decreases by 1.3%, although this decrease is 
within the mutual uncertainties of the measurements. Our results confirm significant non-linearity in 
single-crystal elastic moduli C11 and C44 and the aggregate shear modulus G of magnesiowüstite in the 
Mg-rich end. The pressure derivative of the bulk modulus KS′ = 4.2(2), as determined by a third-order 

finite-strain fit, is about 9% higher than the Brillouin results for the MgO end-member, whereas the 
pressure dependence of the shear modulus G′ = 2.3(1) is found to be identical to that of periclase. The 

measurements demonstrate that even a small amount of Fe (1.3 mol%) has a measurable effect on the 
elastic properties of MgO-FeO solid solutions.
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Nevertheless, little is known about the single-crystal elastic 
moduli (and therefore elastic anisotropy) of magnesiowüstite 
at high P and/or T along the MgO-FeO join, even though there 
are numerous studies of the MgO (periclase) and FeO (wüstite) 
end-members (e.g., Chen et al. 1998; Jackson and Khanna 1990; 
Jacobsen et al. 2002; Sinogeikin and Bass 2000; Spetzler 1970; 
Sumino et al. 1980; Yoneda 1990). Recently, Reichmann et al. 
(2000) and Jacobsen et al. (2002) measured the elastic moduli 
of magnesiowüstite solid solution single crystals from MgO 
to FeO end-members by means of Gigahertz (GHz) ultrasonic 
interferometry at ambient conditions. A noteworthy feature in 
that data set is the pronounced non-linear behavior of the Cij 
on the MgO rich end. For example, the elastic modulus C11 de-
creases rapidly by 5.7% when going from the MgO end-member 
to magnesiowüstite with 6 mol% Fe and then follows a linear 
trend with higher Fe content (Jacobsen et al. 2002). The elastic 
modulus C12 increases by almost 10% at the MgO-rich end and 
the rate of increase declines rapidly with added Fe, whereas 
C44 does not exhibit this pronounced behavior at the very low 
Fe content of the magnesiowüstite solid solution (Jacobsen et 
al. 2002). Another interesting fact is that single-crystal X-ray 
static compression experiments (Jacobsen et al. 2002) with FeO 
> 20 mol% has a relatively high pressure derivative of the bulk 
modulus K′ of about 5.5 while the measurements on MgO give 

a consistent value of K′ = 4 ± 0.3 (e.g., Sinogeikin and Bass 

2000; Spetzler 1970; Yoneda 1990).
To further examine the behavior of magnesiowüstite for 

MgO-rich compositions, which are of most direct relevance 
to the mantle, and to determine the effect of small amounts of 
FeO in MW on the pressure derivatives of the elastic moduli, we 

INTRODUCTION

Magnesiowüstite (MW) with a high MgO content is consid-
ered to be the most abundant non-silicate phase and the second 
most abundant mineral (after Mg-silicate perovskite) in the 
Earth’s lower mantle (Irifune and Ringwood 1987). Of these 
two dominant lower mantle phases, magnesiowüstite is signifi-
cantly more compressible, as well as being more prone to plastic 
deformation (e.g., Yamazaki and Karato 2001), thereby making 
lower mantle rheology controlled primarily by the behavior of 
magnesiowüstite. Also, there are suggestions that seismically 
observed anisotropy of the lower mantle is caused by lattice 
preferred orientation in magnesiowüstite rather than perovskite 
(McNamara et al. 2002; Merkel et al. 2003; Yamazaki and Karato 
2001). Therefore, knowledge of the single-crystal elastic moduli 
(especially shear moduli) of magnesiowüstite is essential for as-
sessing anisotropy and dynamics of the lower mantle.

The elasticity of magnesiowüstite at high pressures and 
temperatures has been a subject of rigorous experimental 
investigations over the last several decades. Static compres-
sion experiments on magnesiowüstite with an appreciable 
FeO-content were performed at room temperature (Jacobsen 
et al. 2002; Richet et al. 1989) and elevated temperatures (e.g., 
Fei 1999; Fei et al. 1992; Zhang and Kostak 2002). Jackson et 
al. (1978) measured the aggregate elastic properties of several 
compositions, x, of MgxFe1–xO using ultrasonic interferometry. 
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