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The objective of this PhD thesis is to study the behavior of volatile metals at the surface of the Moon using Apollo samples as well as future lunar samples return by chinese missions. 
The most widely-accepted theory for the origin of the Moon is the so called “giant impact” model whereby a collision between a late-accretion stage planet (protoEarth) and a smaller Mars-sized impactor (Theia) occurred approximately 4.5 billion years ago leading to an impact-generated disk from which the Moon formed (Hartmann and Davis, 1975; Benz et al., 1986). The Earth and the Moon share remarkable similarity isotope composition for elements such as Cr (Mougel et al., 2018), Ti (Zhang et al., 2012), O (Young et al., 2016), Zr (Akram and Schonbachler, 2016), Si (Armytage et al., 2012) and Fe (Liu et al., 2010; Sossi and Moynier, 2017), pointing to that either the Moon derived mostly from terrestrial material or that the impactor and the proto Earth homogenized following the impact. 
The most drastic chemical different between the Moon and the Earth is the extreme volatile depletion of the Moon in both volatile compounds (e.g., H2O, CO2) and moderately volatile elements (e.g., K, Na, Cl, Zn, Rb, Ga, Sn) (e.g. Krähenbühl et al., 1973; McDonough et al., 1992; Taylor et al., 2006). Recent investigation of mass-dependent fractionation of these moderately  volatile elements -(elements with a 50% condensation temperature, Tc, between 250 K and 1250 K)- chlorine, rubidium, gallium, potassium, zinc and tin isotope systematics has revealed that Moon’s rocks are actually  isotopically  different from the Earth (e.g. Paniello et al., 2012; Wang and Jacobsen 2016; Pringle and Moynier 2017; Stephant et al., 2019; Wang et al., 2019). 
Lunar rocks are generally enriched in the heavier isotopes of these elements compared to terrestrial rocks suggesting a volatile loss by evaporation (loss of the lightest isotopes). 

The question is now to understand where the fate of these volatiles: are they lost from the Moon to space? To the Earth? Or are they redistributed at the surface of the Moon? 

So far the vast majority of the lunar rocks analyzed are volatile depleted and enriched in the heaviest isotopes, however, it has recently been evidenced that some rocks are volatile rich and enriched in the lightest isotopes, in particularly the lunar basalt 66095 and the lunar pyroclastic glasses 74220 (e.g. Day, Moynier, Shearer 2017). These very rare samples are therefore perfect target to understand the fate of the lunar volatiles. On these samples, the volatile elements seem to be accumulated at the surface, however the origin of these volatiles are still unclear. They could be derived from the degassing of lunar basalts during their eruption, or being associated with fumarolic activities following meteoritic impacts at the surface of the Moon or being terrestrial contamination (Taylor et al,. 1973). The isotopic studies of these samples are presently limited to “bulk” isotopic measurements of Zn, Cu and Cl providing only an incomplete picture as the isotopic composition of the volatile layer is diluted by the rest of the samples that is dissolved (even when sequential dissolution were employed) (e.g. Moynier et al. 2006, Day, Moynier and Shearer 2017). To better understand the origin of these volatile elements it is necessary to further studied these samples by both high precision bulk measurements to include Sulphur that is associated with Zn and Cu in these samples and to perform in-situ isotopic measurements using ion probes to determine the isotopic composition of individual phases. The limitation of using in situ techniques as been the limited isotopic fractionation in lunar samples of trace elements such as Zn compared to the precision of ion probes. However, in the case of Rusty Rocks, the magnitude of the isotopic fractionation (>1 percent for the 68Zn/64Zn ratio) at the bulk scale (and therefore most probably much larger effect at the micro-scale) should permit the measurements. 
This approach will be used to further understand the origin of the volatiles but also to form the student to both bulk technique (using MCICPMS) and in-situ technique (using SIMS) and prepare the student for the isotopic analyzes of the lunar samples returned by the Chinese mission Chang’e 5 in 2021. Given that the Chang’e 5 mission will return samples from area never sampled before, it is possible that they will return new instances of volatile rich samples-we will be able to test this with our method and therefore possible shed further light on the fate of the volatiles. This thesis will be done in collaboration with Prof. Lin at the Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing. 
All these developments, will take advantage of the new generation collision cell MCICPMS delivered at IPGP during the fall 2020. 

In conclusion, the student will 1) gain important analytical skills (isotopic measurements of Zn, and Cu in small samples), 2) apply these methods to Apollo samples to solve a major question in geosciences 3) the method will be applied to the future sample return missions. 
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