Experimental constraints on density profiles of the mantle and core
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We have made significant progress on accurate measurements of P-V-T equations-of-state of mantle and core materials that are of fundamental importance for establishing the density profiles of the Earth’s interior. In this study, we report new compression data on (Al,Fe)-bearing mantle perovskite up to simultaneous pressure and temperature of 113 GPa and 2120 K. The mantle perovskite was synthesized in the multi-anvil apparatus at 27 GPa and 2073 K, with chemical compositions expected in a peridotitic mantle. It contains 5.86 wt% FeO and 3.84 wt% Al2O3. The pre-synthesized perovsite mixed with Au powder was compressed in neon pressure medium in a symmetric diamond anvil cell. In-situ synchrotron X-ray diffraction data were collected within a uniformly heated area in the pressure range of 30-113 GPa and temperatures up to 2560 K. The present dataset covers the entire P-T range of the lower mantle and requires no extrapolation to compare the mantle density profile derived from seismic observations. We also collected diffraction data of hcp and fcc iron up to 70 GPa and 2400 K, by combination of internal resistance heating and double-sided laser heating and established thermal equation of state of fcc iron. The P-V-T data combined with phase equilibrium data were used to establish an internally consistent thermodynamic database for pure iron that then used to calculate the phase relations of pure iron to 360 GPa and 7000 K and explore the stability field of the BCC phase at high pressure and temperature.
