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Abstract

Iron oxide (FeO) is an important component in the mineralogy of Earth’s lower mantle and pos-
sibly its core, so its phase diagram is essential to models of the planet’s interior. The melting curve 
of wüstite, Fe0.94O, was determined up to 77 GPa and 3100 K in a laser-heated diamond anvil cell. 
Melting transition temperatures were identified from discontinuities in the emissivity vs. temperature 
relationship within the laser-heated spot. The melting curve exhibits no obvious kinks that could be 
related to a subsolidus transition in wüstite, but there is evidence for a two-phase loop at pressures 
below 30 GPa. Comparison of these results to previous studies on Fe, Fe-O, and Fe-S confirms that 
the melting point depression in the Fe-O system remains significantly less, by a factor of 2 or more, 
than that in the Fe-S system up to pressures exceeding 80 GPa.
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Introduction

Oxidized iron is an important component of rocks through-
out the Earth’s mantle, and it is possible that iron oxide is an 
alloying component in the Earth’s core as well (McDonough 
2003). Furthermore, because Fe is the most abundant mul-
tivalent element in the mantle, its oxidation state dominates 
the redox chemistry of the mantle, in turn controlling element 
partitioning, phase equilibria, diffusion, and related physical and 
chemical properties (Frost and McCammon 2008). If oxygen is 
a primary light element component in the core, then its impact 
on the melting temperature and density of Fe-rich melts is es-
sential to interpreting the dynamics and evolution of the core. 
Therefore, it is critical that we understand the phase relations 
and thermodynamics of the Fe-O system at high pressures and 
temperatures. In this study we focus on the melting curve in the 
iron oxide wüstite (Fe1–xO).

At ambient conditions wüstite is stable in the B1 (NaCl) 
crystal structure, and with room- temperature compression it un-
dergoes a rhombohedral distortion at 17 GPa (Fei and Mao 1994). 
Diamond cell and shock wave results suggest a transformation to 
the B8 (NiAs) structure at high temperatures and ~70 GPa (Fei 
and Mao 1994; Jeanloz and Ahrens 1980; Knittle and Jeanloz 
1991; Murakami et al. 2004; Kondo et al. 2004), based on X-ray 
diffraction and electrical conductivity measurements. However, 
the slope of the B1/B8 transition is inconsistent among these 
studies, and some investigators have failed to observe the phase 
change altogether, even at significantly higher pressures (Yagi 
et al. 1985; Sata et al. 2005; Seagle et al. 2008), perhaps related 
to differences in stoichiometry (Seagle et al. 2008). Previous 
investigations of the melting curve of Fe1–xO using a multi-anvil 
press (Ringwood and Hibberson 1990) and diamond anvil cell 

(Boehler 1992; Shen et al. 1993) have been in reasonable agree-
ment up to P-T conditions of about 50 GPa and 2700 K. An earlier 
diamond anvil cell study by Knittle and Jeanloz (1991) reported 
significantly higher melting temperatures, near 3800 K at 50 GPa. 
Recently Seagle et al. (2008) reported a single melting point for 
wüstite near 3100 K at 52 GPa, intermediate between the results 
of Knittle and Jeanloz (1991) and Shen et al. (1993).

In this study, we aim to determine the melting curve of wüstite 
at high pressures, which will resolve existing discrepancies in 
the literature data and further clarify high-pressure melting in the 
Fe-O binary. Additionally, we aim to extend the melting curve 
to higher pressures than previous studies, to allow for improved 
extrapolation to core pressures. To achieve these goals, we apply 
a new method for identifying phase transitions in laser-heated 
diamond anvil cell samples, based on the imaging radiometric 
technique of Campbell (2008).

Experimental methods
Wüstite powder (Alfa Aesar) was ground to a grain size of ~1–5 µm. The lat-

tice parameter a was measured by X-ray diffraction to be 4.302 Å, corresponding 
to a composition of Fe0.94O (McCammon and Liu 1984). The powder was pressed 
in a diamond anvil cell to form foils ~50–80 µm in diameter, and loaded into a 
symmetric-type diamond anvil cell with a small amount of ruby powder as a pres-
sure standard (Mao et al. 1986). Argon was loaded cryogenically to serve as the 
pressure medium and thermal insulator. In two experiments KBr was used as the 
pressure medium; the KBr was baked before use, and the sample assembly was 
also oven-dried after cell loading but before pressurization. A cross-section of the 
loaded cell is diagrammed in Appendix 11.

Pressurized samples were heated from one side with a 1064 nm Yb-doped fiber 
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