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Introduction: Metamorphism is a fundamental Earth process which we almost never see occurring – 
instead we have to reconstruct what has happened in terms of fluid flow and evolution of temperature 
from the mineralogy of ancient rocks. That limits our understanding of how rocks respond chemically to 
changing conditions. Oman offers an unparalleled opportunity to sample a zone of active metamorphism. 
A huge ophiolite forms a mountainous region in which rainwater percolates through the ophiolitic 
peridotites and emerges downslope in chemically modified form, indicating that serpentinisation is 
occurring at a few 100m depth in the mountainsides (Kelemen et al., 2011). This reaction is of huge 
importance in the Earth – water added to peridotite to make serpentine may subsequently be subducted 
to great depths, and if CO2 is involved, carbonates can form offering an opportunity to understand how 
CO2 may be sequestered in solid form and removed from the atmosphere. The Oman Drilling Project 
(https://www.omandrilling.ac.uk/), currently underway, will provide samples from the active 
serpentinisation zone at depth. This PhD project will characterise the nature of the reaction in terms of 
microstructures and reaction mechanisms so as to give unique insight into how metamorphism works. 

 

Project Summary: There are two key aspects to understanding serpentinisation. First, we need to 
establish the geometry and evolution of the fluid pathways essential for delivering water into the 
peridotites. Secondly we need to understand how the 10% solid volume increase due to serpentinisation 
is accommodated whilst keeping the pathways open – is material dissolved, or is there deformation 
(Plümper et al., 2012)?.  The student will adopt a multiscale approach, with field mapping and work at the 
Oman drill site itself to assist with core recovery. Core logging involves the quantitative visual description 
aboard the ship JOIDES Resolution of the drill cores from the drilling site, to determine the distributions 
and intensities of peridotite alteration and the distribution, abundance and cross-cutting relationships of 
different vein types, breccias and faults. These alteration logs will allow us to select a representative suite 
of altered and/or veined samples. The student will use shipboard instruments (e.g., multisensor tracks) to 
ensure sampling of a range of serpentinisation intensities, with particular focus on the deepest portions of 
the cored holes where we might anticipate the least altered rocks will be encountered. These samples will 
be optically described (thin section and SEM) and characterized for their bulk rock and mineral chemistry. 
In particular, optical analysis will lead into mapping of crystallographic orientation using Electron 
Backscatter Diffraction, a technique Liverpool pioneered for Earth Science applications e.g. (Wheeler et 
al., 2001). This technique produces detailed microstructural maps automatically, from which lattice 
preferred orientations and relationships between old and new minerals will be established e.g. 
(Mcnamara et al., 2012). Fracture/vein geometries, interconnected porosity, surface area of pores and 
permeability on a microscopic scale will be investigated by micro X-ray tomography at Southampton on 
selected 1 to 2.5 cm diameter mini-cores of “fresh” and variably altered peridotite sub-sampled from the 
OmanDP cores. The dataset will thus cover microstructure, chemistry, porosity and its connectivity. This 
will provide a superb basis on which to build a new conceptual model for serpentinisation, covering the 
reaction mechanisms, where minerals dissolve and precipitate, how stress may affect or be triggered by 
metamorphism, and how fluid pathways persist. The student will benefit from the microstructural and 
chemical expertise of the supervisor team as well as from interactions with the throng of diverse scientists 
involved in the Oman Drilling Project.  

 



 

 

Field investigation, Oman Complex alteration of peridotite 
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