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Composition of the Earth’s Core and Reactions at the Core-Mantle Boundary 
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The Earth’s core is known to contain up to (10 wt% of one or more light elements, with O, Si and S being the most probable candidates. It is likely that light-element concentrations were set through equilibrium between liquid silicate and liquid Fe-alloy during core formation. In order to understand reactions that are currently occurring at the core-mantle boundary (CMB), it is necessary to establish whether the core is saturated or undersaturated in light elements. Here we address this problem on the basis of new results and thermodynamic models that describe the metal-silicate partitioning of oxygen and silicon and their respective solubilities in the core.

      Multianvil experiments on the oxygen contents of coexisting immiscible metallic and ionic liquids in the Fe-FeO system have been performed to determine thermodynamic properties that describe oxygen solubility and FeO activities in Fe metal as a function of pressure and temperature. These properties are then used to independently calculate oxygen partitioning in the Fe-Mg-O system. Using the resulting thermodynamic model, the partitioning of oxygen between ferropericlase and Fe-rich metal is calculated as a function of pressure and temperature. The calculated values are in excellent agreement with multianvil and diamond anvil cell (DAC) experimental results obtained up to 70 GPa. The model indicates that while oxygen partitioning is independent of composition at low temperatures, it becomes a strong function of composition at high P and T once the miscibility gap has closed and Fe-FeO mixing becomes more ideal. We have also studied the partitioning of silicon between liquid silicate and Fe-alloy up to 25 GPa. Combined with published DAC data obtained up to 100 GPa, the results show that the partitioning of Si into liquid Fe-alloy increases strongly with temperature and decreases weakly with pressure. In addition, Si has a very large effect in reducing the oxygen content of the metallic liquid. 
      By combining the oxygen and silicon partitioning models, we model reactions between liquid Fe alloy and crystalline phases at the CMB. We show that the core must be undersaturated in both Si and O. Consequently, the base of the mantle must be strongly depleted in both FeO and SiO2, which excludes the possibility of a basal silicate magma ocean being in contact with the outer core.









































































































