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Introduction 

Subduction of dense oceanic lithosphere at plate margins is the fundamental mechanism by which 
recycling of elements into the mantle occurs. Noble gases (Ne, Ar, Kr, Xe) and the heavy halogens (Cl, Br 
and I) together form a uniquely powerful geochemical toolkit for tracing volatile transport processes in the 
Earth. Noble gases and halogens that are subducted predominantly derive from seawater and marine 
pore fluids, which are incorporated into hydrated mafic crust and serpentinite during alteration and 
metasomatism. Although halogens and noble gases in altered oceanic crust and seawater-bearing 
sediments are mostly fluxed from the subducting slab to the overlying mantle wedge, there is evidence 
that some of these volatiles make it through the subduction ‘barrier’ to be recycled into the deep Earth. 
However, crucial information on the mobility of the halogens and noble gases in subduction zone systems 
is lacking. Previous work on subduction zone serpentinites suggests that they are the main carriers of 
crustal halogens and atmospheric noble gases into the mantle, as well as being responsible for delivery 
of as much as 70% of chemically bound H2O into subduction zones. However, siting of the halogens and 
noble gases in serpentinites is very poorly constrained. What is also missing is a detailed consideration of 
the mass balance of the fluxes into and out of the subduction zone system. This PhD project will 
investigate the key questions: What are the mechanisms for incorporating halogens and noble gases into 
subducted serpentinite?  How does subduction-driven volatile release from serpentinised peridotite 
fractionate or modify its noble gas and halogen composition? 

Project Summary  

 
The project will combine studies of natural samples with experiments at pressure-temperature conditions 
relevant to the dehydration of subducting slabs. The natural samples will come from the Semail ophiolite, 
a well-known ophiolite that preserves all of the key components of oceanic lithosphere, and contains 
serpentinites that represent oceanic lithosphere hydrothermally altered by interaction with seawater. Drill 
core samples from a section of the ophiolite will be analysed for halogen and noble gas isotope 
compositions in solid minerals and fluid inclusions. Mineral compositions and textures will also be 
examined to determine the chemistry and relative timing of serpentine-producing reactions. Comparisons 
of halogen and noble gas concentrations in minerals and coexisting fluids (e.g. relative ratios of I/Cl, 
Br/Cl, 84Kr/36Ar and 130Xe/36Ar) will be used to determine the degree to which the serpentinite has taken 
on the halogen and noble gas characteristics of the fluids that formed it, and whether these species are 
truly incorporated in the crystal structures or in fact exist predominantly along grain boundaries. 

The analyses of natural samples will indicate the noble gas and halogen input  into subduction zones 
from serpentinite. These data will be complemented by experiments on serpentine breakdown at high 
pressures and temperatures to determine the halogen output . Samples will be doped with halogens, and 
their concentrations in the reacting minerals will be measured after the experiments. From these 
measurements, partition coefficients between serpentine and coexisting minerals and fluid will be 



 

determined. These data will provide direct measurements of the extent of halogen release from 
subducting slab as serpentine breaks down. They can also be used to estimate how the halogens 
partition into serpentine when it is initially formed by reaction of oceanic lithosphere with seawater and 
pore fluids, i.e. the conditions preserved in the ophiolite, providing an important check on the ophiolite 
data. The combined results will be used to estimate a mass balance between what goes into the 
subduction zone and what escapes through the mantle wedge, helping to determine the extent to which 
volatiles make it through the subduction ‘barrier’ to be recycled into the deep Earth.  

The student will receive training in the necessary analytical techniques – noble gas mass spectrometry 
following neutron irradiation (for noble gases and low halogen concentrations in the natural samples) and 
secondary ion mass spectrometry and electron microprobe analysis (for higher halogen concentrations, 
including in the doped synthetic samples) – as well as in high-pressure, high-temperature experiments 
using a piston-cylinder apparatus.  

 
 

 

 

Photomicrographs of serpentinite. Image 1 includes an orthopyroxene crystal completely pseudomorphed 
by serpentine. Fields of view: Image 1 = 5 mm, Image 2 = 10 mm. 
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