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REF: BBKES01 
Title: A geological puzzle related to the subduction history of the southern 
Antarctic Peninsula 
 
Principal Supervisor: Andrew Carter  
Other Supervisor(s): Teal Riley (British Antarctic Survey, Cambridge) 
 
The southern Antarctic Peninsula contains rocks associated with an accretionary prism 
that expanded on the west side of a long-lived magmatic arc, which is now exposed 
along the spine of the Peninsula. Part of this complex may include rocks that formed 
elsewhere, along the Pacific margin of Gondwana subsequently displaced by strike-slip 
movements, and has meant that it has been difficult to establish when subduction and 
accretion first took place. The nature of the relationship between magmatic arc rocks to 
the east and rocks of the accretionary complex is also unclear.  
 
To solve this puzzle and piece together the subduction and accretion history of the 
southern Antarctic Peninsula this project will apply modern geochronology, structural 
geology and sedimentology to rocks from Alexander Island. This is the largest island 
west of the peninsular that provides the best exposure of the accretionary complex. The 
project will use an extensive suite of existing samples and data sets and there may be a 
possibility to undertake additional mapping with the British Antarctic Survey (BAS) on 
Alexander or Adelaide Island.  
 
Selected publications relating to this project: 
Guenthner, W. R., et al., (2010), Slab window migration and terrane accretion preserved 

by low-temperature thermochronology of a magmatic arc, northern Antarctic 
Peninsula, Geochem. Geophys. Geosyst., 11, Q03001. 
doi.org/10.1029/2009GC002765 

Storey, B.C., et al., (1996), Fission-track evidence for the thermotectonic evolution of a 
Mesozoic-Cenozoic forearc region, Antarctica.  J. Geological Society, 153, 65-82. 
doi.org/10.1144/gsjgs.153.1.0065 

Vaughan, A.P.M, and Storey, B.C., (2000), The eastern Palmer Land shear zone: a new 
terrane accretion model for the Mesozoic development of the Antarctic Peninsula, J. 
Geological Society, 157,1243-1256. doi.org/10.1144/jgs.157.6.1243 

 
 
REF: BBKES02 
Title: Fluvial and lacustrine sedimentation in a foreland basin 
 
Principal Supervisor: Charlie Bristow  
 
The onset of foreland basin deposition in the Ouarzarzate Basin in Morocco is marked 
by a transition from marine to fluvial and lacustrine sedimentation. The Ait Arbi and the 
distal equivalent Hadida Formations have a maximum thickness of around 500m and are 
exposed for a distance of around 50 km along strike, with exposures repeated across 
anticlines and thrusts along the northern margin of the Ouarzarzate Basin. 
 



The extent of the outcrop along strike, combined with repetition down depositional- dip 
and exceptional exposure in a desert environment provides opportunities to reconstruct 
fluvial and lacustrine sedimentation in the early stages of foreland basin development, 
with the objective of understanding controls of fluvial and lacustrine sedimentation and 
sand-body geometry. The sediments are potential analogues for Rotliegendes deposits 
within the southern North Sea and have Quaternary analogues within the Ouarzazate 
Basin. 
 
Selected publications relating to this project: 
El Harfi, A., Lang, J., Salomon, J., Chellai, E.H., (2001), Cenozoic sedimentary 

dynamics of the Ouarzazate foreland basin (Central High Atlas Mountains, Morocco). 
International Journal of Earth Sciences 90, 393-411. 

Teson, E., Pueyo, E.L., Teixell, A., Barolas, A., Agusti, J., Furio, M., (2010), 
Magnetostratigraphy of the Ouarzazate Basin: Implications for the timing of 
deformation and mountain building in the High Atlas Mountains of Morocco. 
Geodinamica Acta 23, 151-165. 

 
 
REF: BBKES03 
Title: Evolution of explosive magmatic systems on oceanic islands: example of 
Brava (Cape Verdes) 
 
Principal Supervisor: Hilary Downes 
Other Supervisor(s):  Simon Day (Hazard Research Centre, UCL) 
 
The occurrence of explosive volcanic eruptions on intraplate oceanic islands is generally 
underestimated. On Brava, an intraplate oceanic island in Cape Verdes, recent field 
investigations showed a previously unrecognised caldera structure 7 x 5 km in diameter, 
filled with products of pyroclastic surges and flows of unknown age.  
 
The mechanism which causes a volcano to erupt so explosively is not well understood, 
but one possibility is that magma interacts with groundwater. A study of the volcanic 
products of pre-and post-caldera eruptions on Brava will add important constraints to 
models of the hazards associated with their rare but devastating eruptions. The 
volcanology and structure of Brava is poorly known, but the caldera ring-fault and 
caldera-filling pyroclastic rocks are clearly exposed.  
 
The PhD student would make detailed stratigraphic logs of sections on the island, and 
collect samples of pre- and post-caldera lavas and pyroclastic rocks. Brava’s pyroclastic 
rocks are mainly phonolitic and include the products of phreatic and phreatomagmatic 
surges, block and ash flows, and lithic-rich ignimbrites. Samples would be analysed for 
variations in glass composition and mineral assemblages by electron microprobe, to 
reconstruct magma reservoir processes that led to the explosive eruptions. Whole-rock 
analyses by XRF will show whether there were any significant changes in magma 
compositions before and after caldera formation. Ar-Ar dating will also be undertaken. 
 
Selected publications relating to this project: 
Tarff R. W., and Day S. J. (2013). Chilled margin fragmentation as a trigger for transition 

from Strombolian to phreatomagmatic explosive activity at Cova de Paul Crater, 
Santo Antao, Cape Verde Islands. Bull. Volcanology, 75. 



Faria B., and Fonseca J. (2013). Investigating volcanic hazard in Cape Verde Islands 
through geophysical monitoring: network description and first results. Nat. Hazards 
Earth Syst. Sci. Discuss.,1, p4997–5032 

Brown R. J., and Branney M. J . (2003). Event-stratigraphy of a caldera-forming 
ignimbrite eruption on Tenerife: the 273 ka Poris Formation. Bull. Volcanology. 66, 
392. 

 
 
REF: BBKES04 
Title: Modelling the effects of partial melt on seismic waves 
 
Principal Supervisor: James Hammond  
Other Supervisor(s): David Dobson (UCL) 
 
The presence of partial melt in the Earth is often assumed to lower the velocity, increase 
attenuation and if aligned, enhance anisotropy of seismic waves. However, to date the 
relationship between the amount and distribution of partial melt and the transmission of 
seismic waves is poorly constrained. Many studies estimate melt fraction from seismic 
velocities using relationships based on a single experiment showing melt distribution in 
2D. However, recent studies have shown that seismic anomalies are more sensitive to 
the geometry of melt distribution rather than the melt fraction. This means that current 
relationships are not applicable to the wide range of magmatic systems seen on Earth. 
 
The project will develop analogue models (using 3D printing facilities at the UCL Institute 
of Making) and numerical models of realistic 3D melt distributions determined from SEM 
and X-ray microtomography images. By varying the composite materials, shapes of the 
melt distributions and frequency content of acoustic waves we will develop new 
relationships between melt distribution and seismic velocity, anisotropy and attenuation. 
These can be applied to volcanic settings around the world to better characterise their 
magmatic systems. 
 
Selected publications relating to this project: 
Hammond, W. C., & Humphreys, E. (2000). Upper mantle seismic wave velocity: Effects 

of realistic partial melt geometries. Journal of Geophysical Research-Solid Earth, 
105(B5), 10975–10986. 

Garapić, G., Faul, U. H., & Brisson, E. (2013). High-resolution imaging of the melt 
distribution in partially molten upper mantle rocks: evidence for wetted two-grain 
boundaries. Geochem. Geophys. Geosyst., 14(3), 556–566. 
http://doi.org/10.1029/2012GC004547 

Hammond, J. O. S., & Kendall, J.-M. (2016). Constraints on melt distribution from 
seismology: a case study in Ethiopia. Geological Society, London, Special 
Publications. http://doi.org/10.1144/SP420.14 

 
 
REF: BBKES05 
Title: Joint Seismic tomography for the Africa plate and underlying mantle 
 
Principal Supervisor: James Hammond  
 



The African plate appears to be underlain by significant mantle upwellings with possible 
deep lower mantle roots. These are thought to have triggered the ongoing rifting in the 
East African rift, with considerable associated seismic and volcanic hazard and are 
responsible for the current high elevations across East-Africa, controlling surface 
processes and affecting drainage patterns. 
 
Seismic imaging is the most powerful method to study structure of the lithosphere and 
mantle. In Africa, the resolution of such images has been limited by the distribution of 
stations and earthquake sources. However, over the past 20 years, many regional and 
local seismic networks have been installed across the continent and dramatically 
expanded seismic data sets. Our team has been heavily involved in this and has built 
separate models for parts of the continent using either body wave travel times 
(Hammond), receiver functions (David Thompson, Cardiff) or surface wave data 
(Stewart Fishwick, Leicester).  
 
This PhD will aim to bring all these data together and using cutting edge inversion 
techniques (Nick Rawlinson, Cambridge), will jointly invert these data for lithospheric 
and mantle structure beneath Africa. Interpretation of the images in terms of temperature 
and possibly composition and presence of melt will be done using methods developed 
by Saskia Goes (Imperial) and implications of these thermochemical structures on uplift 
and subsidence will be evaluated using the expertise from Gareth Roberts (Imperial) and 
his group. 
 
Selected publications relating to this project: 
Civiero, C., Hammond, J. O. S., Goes, S., Fishwick, S., Ahmed, A., Ayele, A., et al. 

(2015). Multiple mantle upwellings in the transition zone beneath the northern East-
African Rift system from relative P-wave travel-time tomography. Geochem. Geophys. 
Geosyst., 16(9), 2949–2968. (http://doi.org/10.1002/2015GC005948) 

Thompson, D. A., Hammond, J. O. S., Kendall, J.-M., Stuart, G. W., Helffrich, G. R., 
Keir, D., et al. (2015). Hydrous upwelling across the mantle transition zone beneath 
the Afar Triple Junction. Geochem. Geophys. Geosyst., 16(3), 834–846. 
(http://doi.org/10.1002/2014GC005648) 

Fishwick, S. (2010). Surface wave tomography: Imaging of the lithosphere–
asthenosphere boundary beneath central and southern Africa? Lithos, 120(1-2), 63–
73. (http://doi.org/10.1016/j.lithos.2010.05.011) 

 
 
REF: BBKES06 
Title: Assessing early hominin diet using carbon isotope analysis of cut-marked 
bone 
 
Principal Supervisor: Phil Hopley 
Other Supervisor(s): Ignacio de la Torre (Institute of Archaeology, UCL) 
 
Elucidating early hominin diet is important for our understanding of the ecology, 
evolution and behaviour of early hominins. Carbon isotope analysis of early hominin 
teeth has shown that most early hominin species consumed some savannah-derived 
(C4) vegetation (Sponheimer et al., 2013), either through the direct consumption of C4 
vegetation (e.g. tubers and corms) or through the consumption of C4-consuming 
animals (e.g. herbivorous mammals or termites). It is currently impossible to determine 



the proportion of these vegetable and animal sources within the early hominin dietary 
repertoire. A new approach to this problem would be to investigate the animal protein 
dietary input through isotopic analysis of cut-marked bone assemblages. 
 
The taxonomic assignment of cut-marked bones can rarely be determined beyond the 
tribe level, so the ecological identity of the animals hunted and consumed by early 
hominins is largely unknown (e.g. Potts and Shipman, 1981). Using carbon isotopes it 
will be possible to identify bone fragments as belonging to either grazers or browsers, 
indicating whether the hominins were consuming a preferred prey type (perhaps through 
hunting) or were consuming browsers and grazers (perhaps as scavengers). This would 
give us direct evidence for the carbon isotopic source of hominin meat consumption for 
comparison with other lines of palaeodietary evidence. 
 
Carbon isotope analysis of fossil bone has been shown to be a reliable method (Lee-
Thorp and Sponheimer, 2003), especially when the potential effects of diagenesis are 
monitored through the analysis of fossil enamel and the associated sedimentary matrix. 
The student will have access to cut-marked bone assemblages from Olduvai, Tanzania 
and other African localities. 
 
Selected publications relating to this project: 
Lee-Thorp, J. A., and Sponheimer, M. (2003). Three case studies used to reassess the 

reliability of fossil bone and enamel isotope signals for paleodietary studies. Journal 
of Anthropological Archaeology 22: 208-216. 

Potts, R. and P. Shipman (1981). Cutmarks made by stone tools on bones from Olduvai 
Gorge, Tanzania. Nature 291: 577-580. 

Sponheimer, M., Alemseged, Z., Cerling, T.E., Grine, F.E., Kimbel, W.H., Leakey, M.G., 
Lee-Thorp, J.A., Manthi, F.K., Reed, K.E., Wood, B.A., Wynn, J.G. (2013). Isotopic 
evidence of early hominin diets. Proceedings of the National Academy of Sciences 
110: 10513-10518. 

 
 
REF: BBKES07 
Title: Can boron isotopes be used as a proxy for palaeo-frugivory? 
 
Principal Supervisor: Philip Hopley 
Other Supervisor(s): Philip Pogge von Strandmann 
 
Fruit consumption (frugivory) is common amongst primates, and it may be linked to large 
brain size due to the high nutritional content of fruit and the advanced cognitive 
capabilities required for fruit foraging (DeCasien et al., 2017). However, the quantitative 
assessment of frugivory in fossil primates and early hominins is problematic, because 
this dietary behaviour is not clearly associated with any characteristic dental 
morphologies or dental microwear fabrics. It is currently unknown whether any early 
hominin species relied partially, or entirely, on frugivory. 
 
The stable isotope and trace element biogeochemistry of fossil tooth enamel has 
provided many insights into the dietary and behavioural ecology of extinct mammals, 
including early hominins, especially carbon isotopes as a proxy for C4 (savannah) 
grasses (e.g. Lee-Thorp and Sponheimer, 2006). Boron isotopes in marine microfossils 
reflect the pH of the ocean environment, but little work has been applied to boron 



isotopes in the terrestrial realm. We expect that the high concentration of boron in fruit, 
coupled with the low pH of fruit juices, will lead to a recognisable signature of boron 
isotopes within fossil primate teeth. Taking other possible influences into account, such 
as the boron isotope composition of bedrock and variable soil pH, we expect the student 
to be able to make substantial advances towards a universally applicable boron isotope 
proxy for palaeo-frugivory. 
 
The UCL/Birkbeck Institute for Earth and Planetary Sciences contains newly established 
clean rooms and MC-ICP-MS facilities required for this work (e.g. He et al., 2015); full 
training will be provided. The student will be integrated into the active research groups in 
isotope geochemistry and palaeoanthropology at Birkbeck and UCL. 
 
Selected publications relating to this project: 
DeCasien, A. R., Williams, S. A., and Higham, J. P. (2017). Primate brain size is 

predicted by diet but not sociality, Nature Ecology and Evolution 1: 0112. 
He, M., Jin, Z., Luo, C., Deng, L., Xiao, J., and Zhang, F. (2015). Determination of boron 

Isotope Ratios in Tooth Enamel by Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) After Matrix Separation by Ion Exchange Chromatography: Journal of the 
Brazilian Chemical Society 26: 949-954. 

Lee-Thorp, J. A. and Sponheimer, M. (2006). Contributions of biogeochemistry to 
understanding hominin dietary ecology, Yearbook of Physical Anthropology 49: 131-
148. 

 
 
 
REF: BBKES08 
Title: Constraining the glacial carbon cycle 
 
Principal Supervisor: Philip Pogge von Strandmann 
 
CO2 is a primary player in controlling climates. However, especially the processes that 
naturally remove CO2 from the atmosphere are not well understood. One of the main 
processes is chemical weathering, but the rates at which it affects climate are relatively 
unknown. One of the primary time periods we use to inform model predictions of future 
climate change are the recent glacial-interglacials. However, we do not understand what 
controlled weathering, or by how much it affected CO2 on these timescales. This project 
will examine this in more detail, by using novel isotope techniques (primarily lithium 
isotopes) in speleothems, to determine local weathering records across different time 
periods. This will determine the controlling processes, ultimately of CO2 drawdown. 
 
Selected publication relating to this project: 
Pogge von Strandmann, P.A.E., Vaks, A., Bar-Matthews, M., Ayalon, A., Jacob, E., 

Henderson, G.M., Lithium isotopes in speleothems: Temperature-controlled variation 
in silicate weathering during glacial cycles, 2017, Earth and Planetary Science 
Letters, 469: 64–74. 

 
 
 
 
 



 
REF: BBKES09 
Title: Mineralisation in the chondrichthyan vertebral column: evolutionary 
patterns and functional diversity 
 
Principal Supervisor: Charlie Underwood 
Other Supervisor(s): Zerina Johanson (NHM) 
 
Chondrichthyans (sharks, rays, chimera and relatives) represent some of the best 
known and yet most poorly understood vertebrates today. They have an evolutionary 
history dating from well over 425 million years ago, to the present, and inhabited a range 
of environments, with a high diversity of body forms and dentitions. One part of 
chondrichthyan body that remains understudied is the vertebral column, which shows 
different degrees and patterns of mineralisation in different taxa. The vertebral column is 
a key element within vertebrates, providing overall support, as well as providing 
attachment points for body musculature and associated nerves and blood vessels. The 
vertebral column provides strength, but also needs to be flexible for locomotion. The 
chondrichthyan skeleton is composed primarily of cartilage, with a layer of surface 
mineralization associated with most elements. In contrast, vertebral centra show a 
unique pattern of mineralization that differs from that of other parts of the skeleton. 
 
The project proposes to study these patterns of mineralization in extant and fossil 
chondricthyans, linking these observations to other features such as habitat, body form 
and dentitions, to discover correlations between these and vertebral mineralisation 
patterns. 
 
We will also examine correlations between these and major extinction events through 
geological history in order to discover whether some mineralization patterns represented 
more successful adaptations than others. 
 
Selected publications relating to this project: 
Porter, M.E, Koob, T. J. and Summers, A. P. (2007). The contribution of mineral to the 

material properties of vertebral cartilage from the smooth-hound shark Mustelus 
californicus. The Journal of Experimental Biology 210, 3319-3327. 

Dean, M. N. and Summers, A. P. (2006). Mineralized Cartilage in the skeleton of 
chondrichthyan fishes. Zoology 109: 164–168. 

Johanson, Z., Trinajstic, K., Carr, R. A. and Ritchie, A. (2013). Evolution and 
development of the synarcual in early vertebrates. Zoomorphology 132: 95-110. 

 
 
 


