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Overview 
 

Keen on fieldwork in the Caribbean (plus igneous 

petrology, geochemistry, geochronology and plate 

tectonics)? In this multi-faceted project, the primary 

aim is to construct a high-resolution tectono-

stratigraphic framework for the U.S. Virgin 

Islands and use the framework to test 

hypotheses for the tectonic evolution of the 

wider Caribbean Plate. 

 

 
 

Tectonics of the Caribbean Plate with the U.S. Virgin Islands highlighted 

in yellow. Image from USGS. 

The Caribbean Plate comprises a core of Jurassic 

Farallon oceanic crust, in places thickened to nearly 

20 km by the Early-Late Cretaceous Caribbean 

Oceanic Plateau. Save for the Cayman Trough 

spreading centre, the margins of the plate are regions 

of subduction or transpression. Subduction zones 

have been active on the northern, eastern and 

southern plate margins since the Late Jurassic. The 

number, longevity and polarity of subduction zones 

necessary to explain the exposed geology remains 

extremely contentious. Interpretation has been 

hampered by an absence of continuous exposure, 

alteration and metamorphism of igneous protoliths 

and, until recently, a lack of high-resolution 

geophysical models. See Boschman et al. (2014) for a 

range of plate tectonic frameworks which have been 

produced in the past 35 years. 

 

 
 

Plate reconstruction for the Early Cretaceous, showing the Caribbean 

region (purple) within Farallon, and active spreading between the North 

(green) and South (pink) American plates. The red marks are 

recognised sites of arc magmatism reconstructed to their possible 

locations of origin. Image from Boschman et al. (2014). 

The current proposal of the lead supervisor and 

external collaborators is that the U.S. Virgin Islands lie 

at the northern end of a suture between an ‘inner’ 

and an ‘outer’ Jurassic-Cretaceous arc basement to 

the active Lesser Antilles arc. Why is this important? 

https://www.gla.ac.uk/schools/ges/staff/iainneill/
https://www.dur.ac.uk/research/directory/staff/?mode=staff&id=17050
https://www.gla.ac.uk/research/az/suerc/staff/barfoddan/
https://www.gla.ac.uk/research/az/suerc/staff/barfoddan/


 

  

Firstly, the ages and compositions of the arc rocks of 

these islands will provide a crustal end member to 

explain the geochemical evolution of the Antilles arc 

crust, a major research topic backed by the NERC-

funded ‘Volatiles in the Lesser Antilles’ (VoiLA) 

consortium. Secondly, the islands’ tectono-

stratigraphy will give vital constraints on recent 

proposals for the collision of two separate arc 

terranes during the Early Cretaceous, a critical driver 

in the evolution of the Caribbean Plate and its 

insertion between the Americas. Accurate plate 

tectonic models will feed better understanding of the 

basin history of the Caribbean and potentially will be 

of interest to petroleum geoscientists. 

 

In more detail; the U.S. Virgin Islands are built on 

Farallon oceanic crust and consist of Cretaceous 

island arc rocks under patchy sedimentary cover. The 

igneous rocks are split into several successions as 

discussed in Rankin (2002) and geochemically 

surveyed – albeit not in detail - by Jolly & Lidiak 

(2006). These successions include both plutonic 

intrusive complexes and lava flows, pyroclastic rocks 

and re-worked deposits. 

 

One stand-out fact is the lack of absolute 

geochronological constraint on crystallisation or 

deformation. Limited studies of faunal successions 

provide minimum ages, but the lack of a robust 

stratigraphical framework hampers correlation both 

between islands and with models for the geodynamic 

evolution of the wider Caribbean Plate (e.g. timing of 

subduction initiation or arc-arc collision). 

Geochemically, some units have been analysed for 

their major and trace element abundance (Jolly & 

Lidiak, 2006) but coverage is patchy, not fully 

disclosed in the literature, and not supported with 

isotopic data. Those authors hypothesised the 

presence of boninitic rock types but did not at the 

time link these to subduction initiation processes (e.g. 

Reagan et al., 2010) which would be vital in explaining 

the tectonic evolution of the islands. Therefore, the 

time is right to apply up-to-date geochronology 

alongside traditional geochemistry and detailed field-

based studies of the magmatic and deformation 

history of the U.S. Virgin Islands.  

 

The project will answer the questions: i) when did 

magmatism and deformation occur on the islands; ii) 

what were the mantle and/or crustal sources of 

magmatism and how did these evolve over time; iii) 

how can geodynamic events can be inferred from the 

tectono-stratigraphy of the island and iv) do the 

islands record the predicted Early Cretaceous arc-

continent collision proposed by the collaborators? 

 

  

Trunk Bay, St John: coastal exposures and roadcuts will be a priority! 

(Image from Rankin, 2002). 

 
Methodology 
 

This project will include a detailed field campaign 

during the winter of 2019-2020. Mapping and logging 

of all Cretaceous units will identify critical structural 

elements of the islands, whilst sampling of magmatic 

and sedimentary units will enable further study. Some 

lava samples may additionally be sourced from stored 

specimens in the UK. Petrography will be used to 

whittle down samples for further analysis. 

 

Geochronology will be provided by laser ablation 

mass spectrometry on separated zircons in intrusive 

rocks. The techniques will also be applied to the 

volcanic rocks, but if there are insufficient zircons, 

applications will be made for Ar-Ar dating. Samples 

will be prepared for elemental and radiogenic isotope 

analysis to determine their chemical affinity, mantle 

sources and magma evolution histories. Data will be 

compared with suites of a similar age across the 

Caribbean. The presence of boninites will be tested. 

 

With the tectono-stratigraphic relationships clearly 

established, recent hypotheses for the evolution of 

the Caribbean Plate, including that of the leader 

supervisor and collaborators, will be tested. To help 

with this work, the candidate will work in close 

partnership with Melody Phillippon of the University 

of the Antilles (Guadeloupe), Douwe van Hinsbergen 

and Lydian Boschman at the University of Utrecht 

(Netherlands) and Alan Hastie of Birmingham 

University. Written work will be targeted at both the 

petrological and tectonic literature bases. 

 

The bulk of sample preparation work including 

petrography, SEM and preliminary rock crushing – as 

well as laser ablation mass spectrometry - will be 

carried out in Glasgow. Rock powdering, plus some of 

the elemental and radiogenic isotope chemistry will be 

carried out in Durham, whilst samples for major 



 

  

element analysis will be sent to external facilities (e.g. 

Actlabs, Canada). 

 
Timeline 
 

Year 1: Literature review, acquiring maps and planning 

field targets and activities with collaborators. Field 

season (up to 8 weeks), sample return and initial 

preparation (petrography). 

Year 2: Continued petrography, mineral or 

groundmass separation for geochronology and rock 

powdering for elemental geochemical analysis; major 

and trace element chemical analysis, applications for 

further isotopic studies. 

Year 3 to 42 months: Further geochemistry and 

geochronology as appropriate, including advancing 

additional avenues such as mineral chemistry or 

testing further suites from potentially correlative 

successions elsewhere in the Caribbean. Conference 

presentations (focus group/regional, and 

international). Write up of thesis and preparation and 

submission of papers for publication in international 

journals. 

 

 
Training & Skills 
 

The project is suited to a candidate who is willing to 

plan and undertake fieldwork in challenging 

conditions, to use a variety of chemical techniques to 

assess the age and origin of rock suites, and to think 

laterally using multi-faceted datasets in hypothesis 

testing. The lead supervisor is an expert on the 

geology of the Jurassic-Cretaceous subduction history 

of the Caribbean and has established relationships 

with the project collaborators of between 4 and 10 

years, ensuring the candidate gets access to a wide 

network (e.g. Neill et al., 2010, 2013). 

 

The geochemical techniques will include all 

appropriate training from the supervisors or 

laboratory managers and will give the candidate a 

wide range of analytical skills. There will be further 

opportunities to apply for additional funds which will 

give valuable training in grant-writing. This will include 

helping the supervisors generate NERC Facilities 

Committee proposals for whole rock radiogenic 

isotope work and/or Ar-Ar dating. Additionally, the 

candidate will be strongly encouraged to attend 

NERC-funded or other UK training workshops on 

analytical skills. 

 

Finally, as part of the IAPETUS DTP, the candidate will 

attend day or residential training courses with their 

colleagues from across the N 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. The candidate will 

also get a chance to network with the wider VoiLA 

community of 20+ students and researchers. 
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Further Information 
 

Contact the lead supervisor by e-mail at 

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