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Overview 
 

This project will constrain the plate tectonic 

origins of some of the least understood, and 

tectonically intriguing rocks in the UK using an 

interdisciplinary approach. 

 

Beneath the Neoproterozoic meta-sedimentary Moine 

Supergroup of the Northern Scottish Highlands 

(Johnson & Mykura, 1989; Strachan et al. 2010) there 

is an unusual array of ‘basement’ lithologies including 

gneisses, amphibolites, calc-silicate rocks and 

serpentinised peridotites (Rock, 1989). The nearby 

Archaean-Proterozoic Hebridean Terrane is widely 

considered to underlie much of Northern Scotland 

but itself contains limited evidence of such diverse 

associations. This finding generates a hypothesis that 

one or more ‘hidden’ terranes exist underneath the 

younger meta-sedimentary cover, of unknown age or 

tectonic affinity. This project aims to first structurally 

and temporally differentiate the Moine Supergroup 

from its basement and then determine not only the 

basement’s origins but its tectonic significance and 

possible correlation to the Hebridean terrane. 

 

Today, ultramafic, mafic and calcareous protoliths are 

found together in ophiolite belts forming the suture 

zones between continents. Ophiolites are given as 

primary evidence for modern-style plate tectonics in 

the ancient record (Furnes et al., 2007; Stern, 2005). 

 

 
 

Olivine-chrome spinel in the Glen Urquhart serpentinite-

peridotite body near Loch Ness (image: Holly Small). 

 

Previous hypotheses for the origin of these sub-Moine 

rocks have indeed included the idea that they 

represent ophiolites formed during continental rifting 

or subduction. However, a dearth of study since the 

1950s-1970s and the lack of modern, robust 

geochemical approaches, leaves open a raft of possible 

tectonic interpretations (see Friend et al., 2008 vs. 

Garson and Plant, 1973).  

https://www.gla.ac.uk/schools/ges/staff/iainneill/
https://earthsci.st-andrews.ac.uk/person/sm342/
https://earthsci.st-andrews.ac.uk/person/sm342/
https://www.gla.ac.uk/schools/ges/staff/johnmacdonald/


 

  

 
 

Typical field location, Loch Beannacharain from Scardroy 

Lodge (photo: User:Angus via Geograph). 

 

The key priorities will therefore be: (1) critically 

assess the structural and temporal relationships 

between the mafic-ultramafic and calcareous 

lithologies and their cover sequences; (2) determine if 

any of these associations can be correlated across the 

Northern Highlands. (3) The candidate will build 

hypotheses to explain the occurrence of the ‘inliers’, 

using the methods below, including testing the 1970’s 

‘ophiolite’ idea. If proven, the ophiolite would be the 

oldest in the UK and would have major implications 

for the construction of the Scottish lithosphere, 

challenging established terrane boundaries and 

correlations between the sub-Moine and Lewisian 

rocks. (4) Finally, given that the Northern Highlands 

contain small, localised sulfide and gold occurrences, 

the candidate can explore the compositional 

characteristics of these inliers with the potential to 

propose or refute a basement origin for the 

distribution of such metals. 

  

 
Methodology 
 

The candidate will select a range of inliers for further 

investigation and prepare a field campaign. They will 

construct detailed structural and lithological maps of 

critical locations within the inliers, looking specifically 

for cross-cutting scenarios and evidence of basement-

cover relationships. The basement rocks will be 

sampled carefully for U-Pb geochronology (targeting 

felsic gneisses, coarse mafic intrusions and calc-silicate 

bodies with potential for zircon populations). During 

the first year, the candidate will use petrography to 

characterise and potentially correlate the units and 

further select the best materials for U-Pb work. 

 

The candidate will then do rock crushing and mineral 

separation for geochronology and potentially other 

higher resolution isotope studies (e.g. Lu-Hf on 

garnet). They will initially investigate minerals and 

whole rocks using Scanning Electron Microscopy 

(SEM) or Electron Microprobe Analysis (EMPA). This 

work will provide quantitative mineral chemistry (e.g. 

olivine and chrome spinel chemistry in ultramafic 

bodies) which can be correlated between inliers and 

used to help determine tectonic settings. Laser 

ablation mass spectrometry (LA-ICP-MS) will be used 

on silicate and calc-silicate mineral phases both for U-

Pb dating and trace element analysis, to determine the 

petrogenesis of protolith phases. Opportunities for 

higher resolution isotope studies will be explored at 

this time. Whole rock chemistry will be conducted as 

appropriate using X-ray fluorescence (XRF) and 

solution ICP-MS to correlate suites in more detail and 

model the petrogenesis of the mafic-ultramafic 

associations. 

 

The product of this work will be a detailed evaluation 

of the age, petrogenesis and tectonic history(ies) of 

the basement beneath the Moine Supergroup. 

Towards the end of the second year and into the 

third year, a set of additional samples from the 

Hebridean terrane (e.g. Iona, Coll, Tiree, NW 

Highlands) may be collected and analysed using the 

above methods to determine potential correlative 

relationships either side of the Moine Thrust. The 

candidate may also consider the abundances of 

important metals around this time and identify 

geochemically testable relationships (e.g. Helmsdale 

gold vs. isotopic signatures of nearby inliers). 

 

The analytical work required in this project will be 

largely split between Glasgow and St Andrews. The 

bulk of petrographic, mineral separation and SEM 

work will be conducted in Glasgow, along with LA-

ICP-MS trace element and zircon U-Pb analysis. EMPA 

will take place either in St Andrews or at an external 

organisation, whilst whole rock geochemistry and any 

required high-resolution mineral isotope chemistry 

will be conducted using the XRF and ICP-MS 

equipment in St Andrews. 

 
Timeline 
 

Year 1: Literature review, fieldwork planning. 

Fieldwork including detailed small-scale mapping and 

sampling as appropriate. Petrographic studies. Write-

up of fieldwork findings. 

Year 2: Detailed petrology using the SEM, including 

identification of dateable phases. Mineral separation 

for geochronology and whole rock sample 

preparation. Follow-up fieldwork as necessary, 

including to the Hebridean terrane to sample potential 

analogues. 

Year 3 and up to 42 months: Completion of any 

remaining geochronology and geochemistry using LA-



 

  

ICP-MS and other techniques. Thesis write-up and 

manuscript preparation as appropriate. 

 

Findings will be presented at appropriate UK and/or 

international conferences during the PhD as results 

dictate. These may include the Highland Workshop 

series (organised ad-hoc and which the candidate may 

get an opportunity to co-organise), Tectonic Studies 

Group Annual Meeting and broader international 

events such as Goldschmidt or the European 

Geosciences Union Annual Meetings. 

 

 
Training & Skills 
 

This project will combine challenging field mapping 

with a range of whole rock and mineral-scale 

geochemical and geochronological techniques, with 

full technical training provided by experts at all times.  

 

To provide modern analytical insight into some of the 

oldest ‘puzzles’ in Scottish geology, the ideal candidate 

will love both the outdoors and laboratory study. The 

analytical work will include SEM, XRF, solution and 

laser ablation ICP-MS, providing the candidate with 

many laboratory skills for future application in a wide 

variety of geological or geo-environmental fields. 

Training for all of these will be provided by the 

supervisory team and lab managers as appropriate.  

 

As part of the IAPETUS DTP, the candidate will 

attend day or residential training courses with their 

colleagues from across the north of England and 

Scotland. The candidate will study a variety of credit-

bearing courses in research methods at the University 

of Glasgow and would be joining a lively and diverse 

cohort of MSc and PhD students. 

 

We will also encourage the candidate to apply for 

further bursaries (e.g. Geological Society of London) 

and, should analytical work demand it, to co-apply 

with the supervisors for analysis time at NERC 

facilities (e.g. Edinburgh Ion Microprobe). An 

important training aspect will be attendance at any 

relevant workshops on analytical and micro-analytical 

methods. 
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Further Information 
 

The lead supervisor can be contacted at 

iain.neill@glasgow.ac.uk or 01413 035477; John 

MacDonald can be contacted at 

john.macdonald.3@glasgow.ac.uk or 01413 035558. 
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