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absTraCT

The first comprehensive PVT description of ε-Fe is presented by collecting the complete data 
set of previous experiments on ε iron, covering a pressure and temperature range of 6–306 GPa and 
293–2255 K, respectively. A single set of equation of state parameters, which is able to cover the entire 
pressure and temperature range has been determined. The root mean square misfit of the residuals is 
1.17 GPa for the PVT version of the Birch-Murnaghan equation of state. The equation of state uses 
an absolute reference frame (T = 0 K and P = 0 GPa) and follows a T = 0 ⇒P=0 T = T and then P = 0 ⇒T=T 
P = P path, which eliminates the pressure effect on the volume coefficient of thermal expansion and 
the temperature effect on the pressure derivative of the bulk modulus.

The calculated temperatures, which reproduce the PREM density, bulk modulus, and bulk seismic 
velocities at the inner core boundary, are 4640, 4070, and 3980 (±230) K, respectively, indicating that 
no light elements are necessary in the inner core. The calculated density deficit for the outer core at 
4000–4600 K ICB temperatures is 4.4–3.5%.
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inTroduCTion

Iron is the prime constituent of the core and of significant 
interest for geophysics. With the advancement of diamond anvil 
techniques, static experimental pressure conditions equivalent 
to the core can be reached in the laboratory; however, the 
temperature conditions need to be extrapolated. The thermal 
expansion has large errors (Saxena 2003), and the uncertainty 
of the extrapolated values is high. The uncertainty introduced 
by the volume coefficient of thermal expansion can be greatly 
reduced by following the path:

T = 0 ⇒P=0 T = T and then P = 0 ⇒T=T P = P. (1)

In this case, the pressure effect on the volume coefficient of 
thermal expansion is eliminated. This path also eliminates the 
temperature effect on the pressure derivative of the bulk modulus. 
This theoretical prediction has been tested with positive results 
on perovskite (Garai 2007) and on MgO (Garai et al. 2009).

In step one along this path (Eq. 1), the temperature effect 
on the volume and on the bulk modulus at zero pressure is cal-
culated. In step two, using these parameters the conventional 
isothermal equations of state are used. These two steps can be 
combined by using the isothermal equation of state and substitut-
ing the expressions for the temperature dependence of the volume 
and bulk modulus. Previous equations of state built on this path 
used linear approximation for the temperature dependence of 

the bulk modulus (e.g., Duffy and Wang 1998; Angel 2000). A 
more precise description for the temperature dependence of the 
bulk modulus at one bar pressure (Garai and Laugier 2007) can 
be derived by using classical thermodynamic relationships by 
assuming a constant value for the product of the isothermal bulk 
modulus and the volume coefficient of thermal expansion (Birch 
1968; Brennan and Stacey 1979; Anderson 1980; Anderson 
and Suzuki 1983). Substituting the derived expression into the 
original isothermal Birch-Murnaghan (BM) and Rydber-Vinet 
(RV) equations of state and using the conventional temperature-
volume relationship results in a more precise PVT description. 
These PVT versions of the isothermal equations of state have 
been tested against the experiments of MgO with positive results 
(Garai et al. 2009).

The individual data sets conducted in different laboratories 
contain systematic errors from calibration errors of the pressure 
scale (Shanker et al. 2004; Fei et al. 2007) and/or non-hydrostatic 
pressure conditions (Dewaele et al. 2006). One way to reduce 
the size of these errors in the individual data is by averaging out 
and deducing the parameters form the entire data set, which is 
done in this study.

Collecting the complete data set of ε-Fe (Dubrovinsky et al. 
1997, 1998a, 1998b, 2000; Saxena et al. 1995; Saxena 2003, 
Mao et al. 1987, 1990; Uchida et al. 2001; Dewaele et al. 2006; 
Komabayashi et al. 2009), the parameters of these new PVT 
equations of state are determined. The collected data contains 382 
experimental points and covers a pressure and the temperature 
range of 6–306 GPa and 293–2255 K, respectively.* E-mail: jozsef.garai@fiu.edu


