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Overview 
 

Earth’s silicate mantle bears the imprint of core 

segregation, melting to form the crust, and the 

recycling of that crustal material through plate 

tectonics, but is largely inaccessible to direct sampling. 

Earth’s oceanic crust, however, produced by melting of 

the upper mantle largelly where it upwells beneath mid-

ocean ridges, provides a geographically widespread 

elemental and isotopic ‘sample’ of Earth’s mantle [e.g. 

1]. The chemistry of oceanic crust, mid-ocean ridge 

basalts (MORB) and Ocean Island Basalts (OIB), 

therefore, holds key information on Earth’s 

differentiation, but the problem remains that mixing 

and reaction during melt ascent through the lower 

oceanic crust acts to homogenise the chemical 

variations they acquire [e.g. 2]. 

 
Many oceanic basalts contain primitive minerals that 

are not in equilibrium with their basalt host. Melts 

trapped in these minerals indicate that they crystallised 

from primitive magmas that possess diverse 

compositions compared to the glass. Therefore, these 

melt inclusions preserve information on the true extent 

of the mantle compositions that source MORB, but are 

rarely amenable to precise measurement [e.g. 3]. An 

alternative approach is to measure the isotope 

composition of the primitive minerals themselves. Our 

own new isotope data indicates that these minerals 

crystallised from melts  

with significantly different isotope compositions to  

their glass host, pointing to a mantle source that has 

experienced extreme melt depletion (Fig. 1). These 

primitive minerals largely crystallised in the lower 

oceanic crust, and our preliminary data for lower 

crustal rocks and minerals shows that they also 

preserve a remarkable range of isotope compositions. 

Taken together, these data indicate that, contrary to 

accepted wisdom, the upper mantle sampled by MORB 

is extremely heterogeneous, reflecting depletion and 

enrichment over much of Earth’s geological history. 

 

 
Figure 1: Pb isotope data for MORB glass and constituent 

minerals. Showing that primitive spinel and olivine grew 

from depleted melts relative to the host glass 

 
This project aims to determine the actual extent of 

upper mantle heterogeneity, the implications for the 

chemistry and construction of the oceanic crust, and 

how these processes have affected our estimates of 
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Earth’s composition. This will involve petrological and 

geochemical study of primitive phases in MORB and 

OIB, and direct measurement of minerals from the 

lower crust from drill cores, xenoliths and gabbroic 

exposures on land. 

 

 
 

Figure 2. Vestrahorn gabbro complex, Iceland. 
 

 
Methodology 
 

This project will use state-of-the-art chemical and 

analytical analytical techniques for the measurement of 

radiogenic and stable isotopes in the constituent 

minerals of MORB, OIB and gabbroic lower crust.  

 

Basaltic and gabbroic samples will be collected from 

Iceland, and primitive mineral bearing MORB from 

existing collections in Durham. 

 

The studentship will involve collaboration with Ian J 

Parkinson, Earth Sciences, University of Bristol 

(e.oelkers@ucl.ac.uk) and Sæmundur A Halldórsson, 

Institute of Earth Sciences, University of Iceland 

(saemiah@hi.is) who will be external supervisors on 

this project. 

 
Timeline 
 

Year 1: Training in the chemical and analytical 

procedures for the measurement of radiogenic and 

stable isotopes, including  isotope analysis by MC-ICP-

MS and TIMS; petrological study, field sampling in 

Iceland; write/ defend Research Proposal;  

 

Year 2: Sample and data processing; develop writing 

and presentation skills, involving manuscript 

preparation and conference presentation. 

 

Year 3: Synthesise field and isotope datasets; attend 

international conferences; publication and thesis 

writing; To Year 3.5: Complete and submit thesis; 

finalise manuscripts for publication. 

 

 
Training & Skills 
 

Training in the measurement of radiogenic and stable 

isotopes using high precision MC-ICP-MS and TIMS 

techniques at Durham, as well as petrographic 

characterisation.  

 

Fieldwork in Iceland. 

 

Interpretation and geochemical and petrological data to 

place new constraints on the composition of the mantle 

and the construction of oceanic crust 

 

Presentation of research at both national and 

international geochemistry conferences. 
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Further Information 
 

For further information please contact Kevin Burton 

(kevin.burton@durham.ac.uk) 
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