PhD topic: The origin of compositional diversity in ocean island volcanoes

Supervisors: Prof Sally Gibson (University of Cambridge) & Dr Simon Matthews
(University of Iceland)

Importance of the area of research

Basaltic melts erupted at ocean islands provide a unique insight into the composition of Earth’s deep
interior. Elemental and isotopic studies of melts from ocean-islands have shown that the convecting
mantle is lithologically heterogeneous and contains subducted oceanic lithosphere that has been
‘stirred’ into the convecting mantle over geological time. This high-density material is widely thought
to have accumulated at the core mantle boundary prior to entrainment by upwelling mantle
plumes®&?, and significantly, may lead to plume cooling and a decrease in melt productivity at ocean
islands. Estimates of the amount of subducted material that is recycled back to Earth’s surface are
primarily based on geochemical
data but are highly variable, i.e.
models of isotope systems (Pb,
Os and Fe) often generate
conflicting results to those from
minor elements in olivine (Ni,
Mn, Ca). Moreover, many of
these estimates are inconsistent
with the findings of theoretical
models that have examined the
capacity of mantle plumes to
entrain high-density material,
and have major implications for
our understanding of global
element cycling and periodic  Figure 1. Recent eruptions of basaltic lava on Iceland record
variations in melt flux at ocean  important information on the dynamic processes within our planet
islands.

Brief Summary

This project seeks to provide internally consistent models of geochemical datasets from ocean-island
volcanoes with physical data for melting and entrainment. It will innovate by combining new
geochemical proxies for subducted oceanic lithosphere with data from the published literature to
improve constraints on the amount of material that is being recycled and erupted at our planet’s
surface by modern volcanoes. Case studies will involve some of the world’s most volcanically active
regions, Iceland, Azores and Galapagos. These have contrasting tectonic settings; Icelandic volcanism
is driven by an on-axis mantle plume whereas the Azores and Galapagos mantle plumes are off-axis.
The mantle potential temperatures of the hotspots are similar but the thicker lithosphere at Galapagos
permits less decompression melting and overprinting of signatures generated by ‘deep’ eclogitic
melts?.

What'’s involved?

The student will undertake fieldwork with the guidance of the project supervisors in order to collect a
suite of samples from a range of Icelandic volcanoes that have geochemical signatures of recycled
material. This sample set will be supplemented by suitable material from the Azores and Galapagos
that already exists in the supervisors’ collections. High-precision analytical techniques available in the
Department of Earth Sciences at the University of Cambridge will be used to undertake systematic



analysis of the samples. New modelling approaches for predicting the compositions of melts will be
applied and further developed within the pyMelt software, which combines thermodynamic data with
the compositions of naturally occurring magmas>. This will build a more quantitative understanding of
the controls of mantle temperature, mantle composition and melting depth on the differences in
compositions and volumes of lavas erupted at ocean islands. The results will be compared with those
from numerical models focused on the physics of plume entrainment in order to generate physically
and chemically constrained models of volcanism at ocean islands.

Training and developing new skills

The student will conduct a supervised sampling campaign in Iceland. They will receive full training in
the preparation and analysis of samples using state-of-the-art analytical equipment at the University
of Cambridge, e.g. electron microprobe, scanning electron microscope and laser-ablation inductively-
coupled-plasma mass spectrometer. Training in the writing and implementation of numerical code
(Python) will also be provided. There will be opportunities for developing communication skills to
broad audiences, via participation in international conferences, outreach and public engagement. The
student will participate in the wide array of activities available from the C-LEAR DTP and learn new
transferable skills as well as developing a broad network of colleagues.

Equality Diversity & Inclusion

The project supervisors and the University of Cambridge actively support equality, diversity and
inclusion and encourage applications from all sections of society. The University holds an institutional
Athena-SWAN silver award and the Department of Earth Sciences is a bronze award holder.

How to Apply

You can find out about applying for this project on the Department of Earth Sciences page.
Please contact sally@esc.cam.ac.uk direct if you are interested in applying for this project.
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