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The core differentiation of the Earth is the major event in the planet history, leaving a dramatic imprint on the composition of bulk silicate earth (BSE) (e.g. the depletion of siderophile elements) 
 ADDIN EN.CITE 

(Elkins-Tanton, 2012; Halliday, 2014)
. However, the whole differentiation process is still debated. In particular, the existence of a so-called magma ocean phase, i.e., during which the whole mantle was melted, is unclear as there has been no clear chemical signature. Whether a terrestrial magma ocean has existed in the Early Earth history has major implications with regards to how the Earth has evolved and more generally how terrestrial planet formed 
 ADDIN EN.CITE 

(e.g. Bouvier et al., 2018; Hosono et al., 2019)
. However, up to now, the potential existence of a magma ocean is mainly based on experimental petrology and physical modelling, and by testing the existence of the presence of magma ocean on other terrestrial bodies via meteoritic studies 
 ADDIN EN.CITE 

(e.g. Bouvier et al., 2018; Jackson et al., 2014; Monteux et al., 2016)
. Though a number of models has been presented to estimate the element/isotope distribution, potential mineral phases existing in the deep Earth and timing of differentiation stages, their rationality is still controversial 
 ADDIN EN.CITE 

(e.g. Caro, 2011; Parmentier et al., 2007; Siebert et al., 2012)
. Such uncertainty makes it harder for us to reveal the events through the ‘Dark Ages’ of the Hadean age, i.e. the timing in the Earth’s history for which we have no rock records (older than ~4Ga).  

The stable isotopes of metals such as Ca, Zn, Ti, Fe have been widely used to explore the evolution of early solar system 
 ADDIN EN.CITE 

(e.g. Hin et al., 2017; Schiller et al., 2018; Valdes et al., 2014)
. For example, we can quantificationally constrain the building blocks of the Earth through comparing the isotopic composition of Earth (or BSE) with different types of meteorites. However, the estimated composition of different isotopes is not always applicable to a uniform explanation (e.g. Burkhardt et al., 2017 and references there in). Such inconformity implies the existence of potential geological processes that cause elemental and isotopic fractionation and/or that the estimated value of isotopic composition of Earth’s reservoirs might be inaccurate. Several authors have predicted that the fractional crystallization of specific minerals, e.g. bridgmanite, Ca-perovskite, from magma ocean and processes like core-mantle fractionation could lead to significant isotopic fractionation of some elements 
 ADDIN EN.CITE 

(e.g. Huang et al., 2019; Moynier et al., 2011)
. In other words, during the crystallization of a magma ocean, isotopes of certain elements may be fractionated between phases crystallizing at the base of the magma ocean and the one that will crystallize later at lower pressure. Though the subsequent convection has homogenized the mantle after the magma ocean crystallization, some old rocks (like some Archean komatiites or basalts from Baffin island) have kept the initial heterogeneity 
 ADDIN EN.CITE 

(Puchtel et al., 2013; Willhite et al., 2019)
. A recent study about komatiites has provided the first evidence of the magma ocean crystallization based on Ca isotopes (Amsellem et al., 2019). As a result, the isotopic composition of well-selected rocks may have kept the memory of the crystallization and the model of magma ocean evolution could be further tested. 

However, the first study is very promising, it is only based on one isotopic system and needed to be confirmed with other isotopic system that would also be fractionated in the same conditions here. The first-principle calculation implies a large Mg and Si isotope fractionation factor between high pressure and low pressure phase (bridgmanite, Ca-perovskite) which might cause an isotopic heterogeneity of BSE 
 ADDIN EN.CITE 

(Huang et al., 2014; Wu et al., 2015)
. These studies suggest the correlation between inter-mineral isotopic fractionations and temperature or pressure condition (Wu et al., 2015). Based on it, we could quantify the temperature of the fractionation and therefore the depth of the crystallization. These viewpoints are crucial and an accurate experimental constrain would be necessary to test it.

The goal of this PhD is to test and improve the existing model of terrestrial magma ocean by using different well-selected isotopic system. To achieve this goal we will: 

1. Test the prediction that magma ocean crystallization fractionated Ca isotopes between high-pressure and low-pressure phases; 

2. Constrain the elemental distribution and isotope fractionation factor between high-pressure and low-pressure phases during the evolution of the magma ocean, and a number of experimental studies will be designed;

3. Develop high-sensitive and high-precision analytical method of isotope measurements 

Highest pressure apparatus (e.g. multi anvil press, diamond-anvil cells) produce small samples  of that are presently too small for high precision isotope analysis (e.g. present Ca isotope analysis requires at least 12μg for one measurement). It requires us to develop new method on isotopic analysis, for example, by using new generation collision cell MC-ICPMS install at ipgp in september 2020. Preliminary tests performed suggest that ~100ng of Ca may be sufficient (so an improvement by a factor ~100). We will also develop high precision Mg isotopic measurements at IPGP. Zn, Si and Fe already work in routine. 

The first experiment study will be concentrated on testing the isotopic fractionation between Ca-pervoskite and silicate melt. The result could be used to test the existence of magma ocean crystallization and related Ca isotope fractionation. Besides, more natural samples which may have recorded the initial mantle heterogeneity should be investigated to provide more evidence (e.g., Baffin Island rocks, Willhite et al., 2019). 
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