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Introduction:  
 
The oceanic lithosphere contains a package of rock commonly referred to as the Lower Oceanic 
Crustal (Dunitic) Transition Zone (DTZ), situated between the seismic Moho and the petrological 
Moho. The DTZ generally comprises olivine- and clinopyroxene-rich rocks ranging from dunites 
and wehrlites to websterites, traditionally interpreted as cumulates that formed in lower crustal 
magma chambers. The DTZ likely forms beneath oceanic spreading centres, but constraining its 
petrogenesis further is hampered because access to samples of the lower oceanic crust is 
restricted to samples drilled or dredged from the ocean floor, and ophiolites. Although ophiolites 
have the advantage that lithological and structural relationships can be examined in the field, a 
caveat is that there is significant variability in the appearance of the DTZ from one ophiolite to 
the next, and ophiolites may also undergo modification by subduction zone processes. In this 
project, models of simple accumulation of crystals in lower crustal magma chambers1 will be 
weighed against more recent ideas that invoke reactive melt flow as being an important process 
in modifying and constructing the DTZ. The hypothesis that the DTZ is constructed 
incrementally by small volume emplacements of percolating melts will be tested. There is 
enormous value in furthering our understanding of the petrogenesis of the DTZ. It is the lower 
crustal ‘filter’ through which oceanic basalts (including mid-ocean ridge basalts; MORB) pass 
and might therefore bear significant responsibility for the compositional variation observed in 
such magmas globally. 
 
Project Summary:  
 
This project is primarily concerned with investigating the pathways and timescales of melt 
percolation and crystallisation in the DTZ, as preserved in two lower Palaeozoic ophiolites. The 
ophiolites formed as lithosphere associated with the Iapetus Ocean, before undergoing 
modification in a supra-subduction zone environment during Iapetus closure. The ~492 Ma 
Shetland Ophiolite2 (UK) comprises a several hundred metre thick section of dunite, with pods 
of wehrlite distributed throughout. In the broadly coeval (~497 Ma) Leka Ophiolite3, the DTZ has 
a markedly different (stratiform) appearance, comprising well-layered dunites, wehrlites and 
websterites (Figs. 1a,b). In both ophiolites, the field relationships suggest that the wehrlites and 
websterites have been intruded by the parental magmas to the dunites, causing variable 
degrees of fragmentation, infiltration and assimilation of the clinopyroxene-rich bodies (Fig. 1c). 
Melt percolation has evidently occurred at length-scales of millimetres to tens of metres. In 
addition to constraining the lithological relationships in the field, this project will specifically 
target clinopyroxene crystals as archives for recording the processes associated with melt 
percolation in the DTZ. The distribution and concentration of incompatible elements (e.g., the 



 

rare earth elements; REE) at the micro-scale in clinopyroxene provide a particularly useful 
‘fingerprint’ of the composition of the percolating melts. Compositional zoning in clinopyroxene 
crystals (e.g., Fig. 1d) will also be used to investigate intra-crystalline diffusion of major and 
trace elements and inform on the time-scales of crystallisation of lithologies in the DTZ. The 
overall goal is to assess the degree to which the DTZ is constructed incrementally, by small 

volumes of intrusive magma replenishment into the crystal mush, instead of by gravitational 
accumulation of crystals in magma chambers. 
 
Field and electron microscope images showing the effects of melt percolation and intrusion on 
lower crustal lithologies from the Leka ophiolite, Norway. Clockwise from top left: a) Planar 
dunite body (light-brown coloured, approx. 5 m thick) represents a sheet-like intrusion of magma 
into the surrounding layered gabbro; b) Outcrop-scale layering of websterite (green-coloured, 
note pen for scale) and dunite; c) Leka ophiolite wehrlite dyke clinopyroxene electron 
microprobe X-ray Cr map. The resorbed Cr-rich core is overgrown by an Al-, Cr-, Zr- and LREE-
poor rim, co-crystallising with Cr-spinel. Red italic values are core and rim LA/Lu ratios; d) Cr-
spinel (black mineral)-rich layer incorporating clinopyroxene autocrysts (green, highlighted in 
red). Diameter of the red circles is 1 cm;  
 



 

Methodologies and training opportunities: The early stages of the project will comprise detailed 
sample characterisation and fieldwork, to provide petrological context for the study materials. A 
significant portion of the project will comprise mapping work on thin and thick sections, to 
constrain the petrogenesis of clinopyroxene and other phases of interest and acquire the data 
for the diffusion modelling. This will be carried out using the electron microprobe and SEM 
facilities at Manchester, with which the student will gain significant experience. There will also 
be the opportunity for mineral mapping using the QEMSCAN® software. Trace elements in 
clinopyroxene will be measured in situ by laser ablation inductively-coupled mass spectrometry 
(LA-ICPMS) and/or secondary-ion mass spectrometry (SIMS). 
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