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Calculated melting curves for phases of iron
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ABSTRACT
We present a method by which the melting curves and corresponding densities along the liquidus
of iron phases are calculated at high pressure. The melting curve of the ε(hcp) iron phase is calculated from P = 0 to P = 330 GPa. The melting curve of the γi(fcc) iron phase is calculated from P =
0 to P = 100 GPa. The point where these curves cross, near P = 50 GPa, is the location of the upper
triple point on the melting curve.
Our method combines the Lindemann melting equation with the Vinet isothermal equation of
state. These equations are coupled by means of the Grüneisen parameter, γ, which is given by K'T (the
pressure derivative of the isothermal bulk modulus, KT) of the equation of state. By this thermodynamic formalism, we find values of volume, V; temperature, T; and the Grüneisen parameter, γ,
along the melting curve. This calculation requires the following thermal parameters: thermal
expansivity, αV, at high T; (∂KT/∂T)P at high T; the melting temperature, Tm, at P = 0; q = (∂ln γ/∂ln ρ)T
at high T; and γ. The method also requires zero-pressure equation-of-state parameters: density, ρ, at
T = 300 K; KT at T = 300 K; and (∂KT/∂P)T at T = 300 K. Our results do not confirm or deny the
existence of the recently proposed β phase. We demonstrate that with our existing knowledge the
physical parameters of the β and ε phases may be so close to each other that these two phases need
not be considered separately in discussing the physics of iron at core P,T conditions. We find that one
set of reasonable thermoelastic parameters of the ε phase reproduces the melting temperature and
density at pressures of 50 and 240 GPa. Further, these parameters give agreement with previous
estimates of the melting temperature and density at 330 GPa.

INTRODUCTION
The phase diagram of iron is complicated; its complexities
rival those found in the phase diagrams of SiO2 and H2O. Like
the latter, the phase diagram of iron has been under continual
change for several decades (Strong 1959; Bundy 1965; Birch
1972; Strong et al. 1973; Anderson 1982, 1986, 1990, 1993,
1994, 1997) to accommodate advances in experimental and
theoretical research. The changes in the phase diagram were
required by results from high-pressure and high-temperature
experiments on iron using shock waves (Brown and McQueen
1982, 1986) and the diamond-anvil cell (DAC) (for example,
Boehler et al. 1990; Mao et al. 1990; Boehler 1992, 1993).
These experimental techniques, coupled with precise structural
measurements made possible by attaching the DAC apparatus
to the terminus of a beam-line in synchrotron radiation facilities (Saxena et al. 1996; Andrault et al. 1997; Shen et al. 1998),
have provided a wealth of new data on the phases and properties of iron at extreme pressure, P, and temperature, T, conditions.
One remarkable surprise in the past few years was the announcement of a new phase (the fifth solid phase) called β
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(Saxena et al. 1993, 1994) to be added to the four established
solid phases, α, ε, γi, and δ (where γi indicates the fcc phase of
iron to distinguish it from the Grüneisen parameter). The exact
crystallographic structure of β has been vigorously debated (as
reviewed by Anderson 1997): the main participants in the debate on the β phase structure are the Swedish group (Saxena et
al. 1993, 1994, 1995; Dubrovinsky et al. 1997, 1998) vs. the
French group (Andrault et al. 1997). There are others, however, led by the Geophysical Laboratory group (Shen et al.
1998), who have questioned the existence of this fifth phase.
Credibility of the existence of the β phase increased with
the recent announced location of a new triple point at 37 GPa
and 1550 K (Saxena and Dubrovinsky 1998, 2000; Andrault et
al. 1998, 2000). Because the iron phase diagram already has
three established triple points, the establishment of a fourth
triple point requires the presence of a new (the fifth) solid phase.
The total evidence for the existence of the β phase is now
sufficient to warrant reconsidering the iron phase diagram. We
attempt a thermodynamic calculation of the melting temperature curves of the ε and γi phases, as well as the β phase, based
on existing experimental data. We hope to find which calculated melting temperature curve accords best with experimental and thermodynamic knowledge of iron. The purpose of this
paper is to determine whether thermodynamic considerations
of melting require that we distinguish between the β and ε

