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INTRODUCTION

Recent experiments on the structure of iron at very high P
and T has resulted in disagreements concerning the iron phase
diagram at extreme conditions. The existence of a high-P high-
T polymorph (the so-called β-phase) and the determination of
its structure is still debated, and this debate has hindered the
study of other critical parameters such as the iron equation of
state at P and T conditions appropriate to Earth’s core. Numer-
ous investigations exist concerning the iron phase diagram and
possible structures. They can be classified in four categories:

(1) Experiments at moderate T using furnaces coupled with
either large volume presses or diamond anvil cells (DAC): Mao
et al. (1987) reported the ε-γ transition up to about 36 GPa and
1375 °C from electrical properties measurements. They did not
perform any structural analysis so that a polymorphic phase
transformation could have escaped detection. Funamori et al.
(1996) tracked the ε-hcp to γ-fcc phase transformation by X-
ray diffraction in a multi-anvil press. They found the phase
boundary between 1300 and 1400 K at about 31.5 GPa, thus
establishing a stability field for the γ-polymorph up to this P.
They also confirmed a positive Clapeyron slope between ε-
hcp and γ-fcc and proposed a ∆V of less than 2% between these
two iron polymorphs. Using electrically heated DAC and X-
ray diffraction, Dubrovinsky et al. (1998, and references therein)
reported transformation to the β-phase of iron at high-T above
35 GPa.
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ABSTRACT

New synchrotron X-ray diffraction data confirm our previous report of the transformation of the
hexagonal close-packed (hcp) phase of iron to the Pbcm orthorhombic lattice (β-iron) at high P and T.
The volume differences between the ε and β, and the β and γ polymorphs are determined as 1.4 and
1.8%, respectively, indicating positive Clapeyron slopes between these polymorphs in the P-T phase
diagram. All three polymorphs have a similar bulk modulus between 30 and 60 GPa.

The Pbcm-polymorph can be observed in a metastable state as quenched from high T at high P
and also at high T for P lower than 35 GPa where β-iron is not a stable phase. Metastability is
possible because the gliding of the same dense atomic layers is involved in both T-induced ε-hcp to
γ-fcc and ε-hcp to β-Pbcm transformations. These observations explain why a controversy exists on
the structure and P-T stability field of β-iron. From our set of experiments, we estimate that Pbcm-
iron is stable above 35 GPa and 1500 K, and that the (γ, β, liquid-iron) triple point is located at about
55 GPa and 2400 K.

(2) Shock wave experiments: These experiments observed
a solid-solid phase boundary from sound velocity vs. shock
wave Hugoniot studies just before melting at about 243 GPa
(Brown and McQueen 1986). The measurement of tempera-
ture during this type of experiment has recently been reevalu-
ated (Holland and Ahrens 1998).

(3) Theoretical calculations: Calculations based either on
thermodynamics (Anderson and Duba 1997) or structure-mod-
eling (Ross et al. 1990; Matsui and Anderson 1997) indicate
that this new phase could be bcc iron. However, recent reports
do not agree with a new stability field for bcc-iron at extreme
P and T, and better favor hcp (Bassett and Weathers 1990;
Sherman 1994; Vocadlo et al. 1997) or a tetragonal-polymorph
(Stixrude and Cohen 1995) for iron in the Earth’s inner core.

(4) Laser-heated diamond anvil cell experiments: These ex-
periments have produced a large amount of the knowledge of
the high-P high-T behavior of iron. Yet, the different structures
proposed for iron from 30 to 200 GPa up to more than 2500 K
are controversial. The occurrence of a new iron polymorph in
the 50–100 GPa region was first reported by Boehler (1993)
and Saxena et al. (1993). A not well-defined boundary was de-
tected by change of the optical properties of the sample, which
affects the variation of the sample T as a function of laser power.
These studies show discrepancy for establishing the stability
field for β-iron because Boehler and Saxena et al. proposed its
occurring above 70–80 and 30–40 GPa, respectively. The crys-
tallographic structure of this new phase, β-iron, was then pro-
posed to be d-hcp, in which the hcp cell is doubled along the c
axis (Saxena et al. 1995; Dubrovinsky et al. 1997). The space
group for d-hcp lattices is P63/mmc, with two independent at-*E-mail: andrault@ipgp.jussieu.fr


