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Oceanic plates are formed at mid-ocean ridges (MOR), which are underwater mountain chains where tectonic plates separate. The general view is that melting initiates in the mantle close to the MOR axis due to plate separation. These melts then migrate upwards towards the surface until they encounter a permeability barrier, and then are focused either towards the ridge axis or freeze off-axis at the lithosphere–asthenosphere boundary (LAB) (Audhkhasi and Singh, 2022), producing heterogeneity in the oceanic lithosphere (Qin et al, 2020). Melt that is focused towards the ridge axis is extracted to form the oceanic crust, which consists of a basaltic upper crust and a gabbroic lower crust, separated from the mantle by a discontinuity known as the Moho. In fast and intermediate spreading enviroment, upper crustal melt lens is assumed to represent the LAB (Kent et al., 2025). How this LAB transitions from the crust to the mantle, crossing the Moho, remains unkown. Thus the origin of the Moho and the LAB are intertwined at the axis, but remained an enigma. Morever, despite decades of observations, it remains unclear what are the physical and chemical properties of the Moho and the LAB or how the oceanic crust is formed. Furthermore, most geodynamic models of MORs neglect magma production, transport and extraction despite the obvious importance of magmatism to the mid-ocean ridge system. 
This project aims to develop a new model of mantle melting, melt migration, crustal accretion and evolution at mid-ocean ridges to understand the formation of the LAB and Moho and test hypotheses derived from observations. The theory will be based on two-phase flow of partially molten rock (Katz 2022). The theory describes the interaction between two phases: rock (solid) and melt (liquid). The computation is based on numerical solutions of a system of partial differential equations comprising conservation of mass, momentum, and energy conservation for two phases, and could include multiple thermochemical components. Our goal is to develop a model of large-scale flow beneath MORs (Pusok et al., 2022) coupled with an axial melt extraction model (Li et al., 2023, Pusok et al., 2025). The student will test the sensitivity of results with varying parameters (e.g., spreading rate, bulk and volatile concentrations, rheological parameters) to constrain the melt and solid streamlines, focusing distance, depth of the freezing, etc, incorporating geophysical data. The simulations will be run on the IPG Paris high-performance computing cluster and/or  Advanced Research Computing (ARC) centre at the University of Oxford. 
This is a collaborative project between IPG Paris and University of Oxford (Dr Adina Pusak). The project is a part of ERC Advanced Grant (MohoLAB) to Professor Singh and The UK Royal Society Grant (OceanMelt) to Dr Pusok. The student will receive training on geodynamical modelling, interact with the MohoLAB project team, and participate in marine experiments.  
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