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Abstract The Earth experienced many catastrophic collisions in its early history, among which
the Giant Impact that leaded to the formation of the Earth-Moon system might have generated a
global super-deep magma ocean down to the core-mantle boundary. The accompanying core-
mantle differentiations determined the compositions of the mantle and core and set up the
subsequent evolution history of the Earth. In this study, we carried out coexistence simulations
of silicate melts and liquid iron with unprecedented large systems based on first principles and
machine learning techniques. We obtained the equilibrium properties of the two phases under

core-mantle boundary conditions, which is important for constraining the super-deep core-mantle

EETE P ERE-ER S HER Y B 5T 0 A8 0 H (IGGCAS-201904) , 1 [ Bk2% 5 ki Pk 2 5 B 5 % 35 (B 2 35 H (XDB18000000) il
% 1 AR BF A 5L 4 T 505 H (NSFC422301 11D B4 % 1.
E—EBEB-NA SkENL B L1978 4E 4 GIIFSE 61 . Wi E T P 2:0F 5. E-mail. zgzhang@mail. iggcas. ac. cn


SH-USER1
Text Box
HPSTAR
1559-2022


4250 H Bk ¥ B % R (Chinese J. Geophys. ) 65 ¥

differentiations. Using these new simulation data and literature experimental results, we refined

a new equilibrium model that could be more accurate for quantifying the element exchanges

between the Earth’s mantle and core. With this model we discussed the exchanges of oxygen and

the compositions of the core and proposed a new scenario to solve the still disputed problems.
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Fig. 1 T-P distributions of the existing experimental
data on element partitioning
The blue and red curves are the experimentally determined solidus
and liquidus respectively for the mantle with a peridotite composition

(Fiquet et al. , 2010).
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Fig. 2 Coexistence simulation for the core-mantle chemical
equilibrium at 5000 K and 135 GPa
(a) A typical atomic configuration of the molecular dynamics
trajectory with 4096 atoms (red: oxygen; blue: iron; yellow: silicon;

pink : magnesium) ; (b) Density profile along the elongated Z direction.
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(a) Mole fractions (x) of four types of atoms along the Z direction and (b) radial () distribution

functions g(r) related with oxygen for the coexisting simulation under 5000 K, 135 GPa
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Fig. 4 Mole fractions of O, Si and Mg in the iron phase (a) and FeO, SiO, and MgO mole fractions in the silicate melts (b)

from the coexisting simulations under 135 GPa and three temperatures. The horizontal lines with colors noted in the

legends are the estimated compositions of current core and mantle by previous studies (Badro et al. , 2014; Workman and

Hart., 2005)
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Fig. 6

Natural logarithm values of exchange coefficients from measurements and model predictions

Here we only used subset of data points at pressures higher than 30 GPa in Fig. 1 and 5

with mole fractions of sulfur and carbon less than 0. 05.
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