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Oceanic crust, which covers two-thirds of the earth’s crust, is formed at ocean spreading centres from melt derived from the mantle as two diverging plates move apart, and the mantle upwells. A part of the melt erupts on the surface along thin dykes forming the upper crust, and the remaining of the melt stays in the crust, cools and crystalises forming the lower crust. The crust is separated from the mantle by Moho, which acts as a physical and chemical filter for melt migration and percolation, but how the melt migrates through the Moho and how the lower crust is formed remain an enigma. 
At fast and intermediate spreading ridges, seismic reflection imaging method has shown the presence of an axial melt lens (AML) in the crust (Kent et al., 1990, Singh et al., 1998) whereas travel time arrivals of seismic wide-angle seismic data have shown the existence of a large low velocity zone in the lower crust beneath the ridge axis (Dunn et al., 2000), indicating that the lower crust is indeed formed by cooling and crystallisation of melt in a crustal magma reservoir, but these results do not show if the lower crust is formed by a single upper crustal AML or by multiple melt sills injected in the lower crust. Although seismic reflection images show the presence of Moho reflection away from the ridge axis (Aghaei et al., 2014), it has also been imaged beneath the ridge axis (Singh et al., 2006), suggesting that Moho is formed at zero-age. The travel-time-derived lower crustal low velocity anomaly seems to widen in the mantle beneath the Moho (Dunn et al., 2000), but these travel time data do not provide any information about how the melt is distributed in the mantle and how it migrates through the Moho. 
Using seismic full waveform inversion, we have recently shown that waveform data recorded by the ocean bottom seismometers (OBS) contain fine-scale information about the lower crust (Guo et al., 2022) and Moho (Dhabaria et al., 2021) on tens of metre (50-100 m) scale and can be used to characterize the nature of the lower crust and Moho on unprecedented resolution, and hence can be used to address the above long-standing questions. We have access to 2D (Canales et al., 2003) and 3D (Dunn et al., 2000) OBS data sets from the 9º N segment of the fast-spreading East Pacific Rise (EPR). The 9º N segment of the EPR is the most studied part of the 60,000 km-long global-ridge system and was the focus site of the United States Ridge2000 program. Seismic full waveform inversion is the most advanced method for quantitative seismic imaging (Shipp and Singh, 2002). It is based on minimising the difference between of the observed waveforms and synthetically calculated waveforms, where the full physics of seismic wave propagation, including seismic reflection, refraction, mode converted waves, are considered. In this project, we plan to apply our recently developed 3D seismic waveform inversion method (Borisov and Singh, 2015) to data provided by our US partners (University of Hawaii and Woods Hole Oceanographic Institution (WHOI)) to answer the following questions: (1) Are there many melt sills in the lower crust beneath the ridge axis, how are they distributed, and what happens to them away from the ridge axis? (2) What is the nature of Moho beneath the ridge axis and how it varies away from the ridge axis? (3) How is the melt distributed beneath Moho and how it migrates through the Moho?  We shall also have access to the 3D full waveform inversion algorithm developed by the University of Princeton (Tromp et al., 2005) and we might use that code if required. 
A student with background in geophysics and physics, interested in addressing fundamental scientific problems is encouraged to apply. The student will receive training in advanced seismic data analyses methods, such as full waveform inversion, and work in close collaboration with our international partners at the universities of Princeton (Tromp), Hawaii (Dunn) and WHOI (Canales), and may spend time at some of these institutions during the PhD. He/she will also have opportunity to participate in future active source marine seismic experiments on industry and academic vessels. 
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