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Mohorovičić (Moho in short) discontinuity, closest to the surface of Earth, is the most important boundary on Earth, separating the crust with the upper mantle, but its precise nature remains illusive. Seismic reflection data show the presence of reflections, specially for crusts formed at fast and intermediate spreading centres, suggesting that there should be a sharp P-wave velocity contrast; such an image is termed as Reflection Moho. Wide-angle seismic data show critically reflected P-wave arrivals from the Moho at large offsets, PmP, and the Moho obtained using these data is termed as Refraction Moho. On the other hand, studies of ophiolites have allowed us to obtain some insight about the petrological variations around the Moho and the transition zone, which is referred as Petrological Moho. 

Although the reflection data indicate the presence of a P-wave impedance contrast at the Moho, it does not give any information about the elastic properties, and hence the nature of rock types, above and below the reflection event. The arrival times of PmP events are used to get some estimate of depth of the Moho, but they also do not provide any information about the elastic properties above and below the Moho. The problem is complicated by the trade-off between the depth of Moho and the velocity in lower crust.  Furthermore, arrivals from lower crust and uppermost mantle arrive very close to PmP arrivals, making it harder to decipher rock types around Moho using only travel time data. As the resolution of reflection and refraction methods are very different, it has been difficult to combine these two methods to constrain the nature of Moho. Even though some insight could be obtained by studying Moho in ophiolites, but as rocks are weathered, it is rather difficult to really obtain a precise nature of the Moho.

The only way to understand the nature of Moho is drilling. The drilling of crust down to Moho has been a dream of many scientists for the last 60 years, but the cost would enormous (about a billion dollars, Teagle and Ildefonse, 2011). One can drill an ophiolite across Moho, which was the case during the Oman Drilling project. However, the observed P-wave velocity in the Moho transition zone lies between 4.9 km/s to 5.4 km/s, much lower than the gabbro velocity above (6.7 km/s) due to fracturing and serpentinisation, and therefore, these results cannot be used directly to shade light upon the nature of Moho.   

As a part of the Trans-Atlantic ILAB project, we acquired combined 2000 km seismic reflection and ocean bottom (OBS) data covering zero to 75 Myr old oceanic crust in the Equatorial Atlantic Ocean. For seismic reflection survey, we used the most advanced technology available in industry where we deployed a four-components 12-km-long streamer and a very large airgun source that have allowed us to image down the base of the lithosphere at 100 km depth (Mehuoachi and Singh, 2018). Ocean bottom seismometers were placed between 10-13 km intervals, which combined with the 12 km streamer, provides us a continuous coverage from 0 to hundreds of kilometres distance. Using an advanced processing technique, we have started imaging Moho from the seismic reflection data, for the first time, for crust formed in a slow spreading environment in the Atlantic Ocean. The OBS data clearly shows PmP arrivals. In this project, we propose to use an elastic full waveform (Singh et al., 1998; Shipp and Singh, 2002) to combined OBS and reflection data set to estimate the P and S-wave velocity structures in the vicinity of Moho, and then use these results along with petrological information to develop a comprehensive model of the oceanic Moho. 

A student with background in geophysics and physics and interested in addressing fundamental scientific problems are encouraged to apply. The student will receive training in advanced seismic data analyses methods, such as full waveform inversion, and work in an international and dynamic group. The student is also likely to participate in the development and application of new methods to analyse seismic data (e.g. Guo et al., 2019).  He/she would have opportunity to participate in future active source marine seismic experiments on industry and academic vessels. 
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