
PhD-1 (fully funded): Frequency and emplacement dynamics of huge submarine 
landslide in the Norwegian and Greenland Basins: Implications for landslide-
tsunami hazard to the UK.   
 
Supervisors: Dr. Peter Talling, Dr. Matthieu Cartigny, Dr. Esther Sumner & Dr. Russell 
Wynn (NOC) 
 
Contact: Dr. Peter Talling (Peter.Talling@noc.ac.uk) 
 
Rationale: Submarine landslides can be far larger than terrestrial landslides, and may 
generate destructive tsunamis. The Storegga Slide offshore Norway occurred at 8.2 ka 
BP, covers an area larger than Scotland, and contains 3,000 km3 of material. This huge 
slide produced a tsunami with >20 m run up around the Norwegian Sea, and run up of 3-
4 m along the mainland Scottish coast (see figure). The UK faces few, if any, other 
natural hazards that could cause damage on the scale of a repeat Storegga Slide 
tsunami. The Storegga Slide is not the only large submarine slide in the Norwegian Sea, 
as there have been at least six mega-slides in the last 20 ka. For instance, the 
Traenadjupet Slide occurred at ~4 ka, and involved 900 km3 of sediment. Given the 
damage that slide-generated tsunamis could cause to the UK, there is a need for a 
better understanding of the frequency, timing and triggers, and emplacement dynamics 
of these submarine mega-landslides.  
 
This PhD project is based on analysis of ~50 sediment cores recovered during a 4 week 
research cruise to the Norwegian and Greenland Basins. The aim of the PhD is to 
produce a more robust chronology of mega-landslides around the basin margin, by 
sampling both the landslides and associated turbidity current deposits. The studentship 
will be part of an exciting £2.3M project to quantify the tsunami-landslide risk to the UK. 
The PhD will involve collaboration with colleagues mapping tsunami deposits, and 
colleagues modelling landslide motion and tsunami generation.  
 
Methodology: The PhD will initial involve the description of ~50 sediment cores by 
graphical logs, multi-sensor core logging, grain size analyses (to establish source 
direction), and provenance analysis (initially simply using a binocular microscope). This 
will then allow drafting of core correlation panels that define the stratigraphy of these 
layers. The second phase will involve integration of shallow geophysical data into this 
correlation framework. Sub-bottom profiler data that images layers in the upper 5-30 m 
of sediment will be used with the aim of mapping out major event beds between the core 
sites. This will involve the generation of synthetic seismograms using multi-sensor core 
logging data from cores, and thereby understanding the stratigraphy recorded by the 
sub-bottom profiler.  The third phase will be sampling, foraminifera picking, and 
incorporation of the resulting C-14 dates into the turbidite (and landslide) correlation 
framework.  The fourth phase of PhD work will be the analysis of individual turbidite 
layers to determine whether (and how) they provide insight into the emplacement 
dynamics of these submarine landslides. Do the turbidites contain multiple sub units that 
record multi-stage emplacement, and (if present) are subunits rather a result of flow 
reflection? This question will be answered using the core descriptions and additional 
grain size analyses to establish fining directions to test whether flow reflection occurred. 
This will be linked to modelling of landslide motion by colleagues at Imperial. Applicants 
with suitable mathematical skills would be encouraged to apply, as they may also 
participate in modelling of landslide motion.  
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PhD 2 (fully funded): Can huge submarine landslides affect thermohaline ocean 
circulation and climate?   
 
Supervisors: Dr. Peter Talling, Prof. Sheldon Bacon, and Dr. Adrian New (NOC); Dr. 
David Munday and Dr. Helen Johnson (Oxford University); Dr. Jenny Stanford 
(Swansea)  
 
Contact: Dr. Peter Talling (Peter.Talling@noc.ac.uk) 
 
Rationale: Submarine landslides can be far larger than terrestrial landslides, and may 
generate destructive tsunamis. The Storegga Slide offshore Norway that occurred 8,200 
years ago, covers an area larger than Scotland, and contains 3,000 km3 of material. This 
huge slide produced a tsunami with run up heights of up to 20m. The Storegga Slide 
mixed with seawater to generate a cloud of muddy water that deposited a remarkably 
thick layer of mud across the Norwegian Basin. The age of the Storegga Slide coincides 
with the last major climatic event recorded in nearby Greenland ice-cores, the ‘8.2 ka’ 
climate event with abrupt local cooling of ~6°. It has been proposed that the 8.2 ka 
climate event was triggered by a huge meltwater flood from the Laurentian Ice-sheet in 
North America. This freshwater was thought to have weakened thermohaline circulation, 
thereby causing the abrupt climate change. Here we will test an alternative hypothesis 
for the cause of the 8.2ka climate event. Muddy fluid from the Storegga Slide was 
emplaced in an area of the Nordic Seas where dense bottom waters are generated that 
play a major role in driving thermohaline circulation. The aim of this project is to 
understand how the sudden emplacement of muddy fluid can affect thermohaline 
circulation and deepwater formation, and whether it can cause abrupt climate change 
across a broader region. The project will therefore explore whether the Storegga 
landslide caused the 8.2 ka climate event, rather than a meltwater flood from the 
Laurentian ice sheet. This work will help to understand whether a repeat of the Storegga 
landslide might generate abrupt climate change, as well as a tsunami. It will form part of 
a £2.3M NERC Consortium project addressing landslide-tsunami hazards for the UK.  
 
Methodology: The PhD will use sediment cores from the Nordic Seas to constrain the 
total volume and initial height of the muddy fluid generated by the Storegga Slide, 
comprising existing cores and a new set of cores to be collected during a 1-month 
research expedition in summer 2014. A numerical model of mud settling will be 
developed that captures how this denser muddy fluid settled out, and how this affected 
density stratification in the Norwegian Basin. The MIT general circulation model 
(MITgcm) will then be used to develop a numerical model of the circulation in an 
enclosed ocean basin using state-of-the-art numerics. Modification of this model to 
include the intrusion, and subsequent settling, of hyper-dense muddy water will allow for 
the quantitative testing of conceptual model predictions. The numerical experiments will 
be designed to compliment the available sediment core data, such that additional 
experiments can be used to test hypotheses arising from the data analysis. 
 
 



  
 
Figure 1. Map showing the extent of the Storegga Slide that occurred at 8.2 ka BP, 
which ran out for over 800 km offshore Norway. This mega-landslide generated a 
tsunami that inundated surrounding coastlines. The estimated run up height of this 
tsunami is also shown in the figure, which is from Bondevik et al. (2005).  
 
PhD 3 (NERC quota): How efficient is organic carbon burial by huge volume 
turbidity currents, and what are the implications for the global carbon cycle?  
 
Supervisors: Dr. Peter Talling and Dr. Ian Harding  
 
Contact: Dr. Peter Talling (Peter.Talling@noc.ac.uk) 
 
Rationale: Controversy surrounds whether very large submarine flows of sediment play 
an important role in determining how much organic carbon is buried and sequestered in 
the deep ocean. Just one of these submarine flows can transport ten times the annual 
sediment flux from all of the World’s rivers. Originally it was thought that most of the 
terrestrial organic carbon supplied by rivers to the ocean was oxidised on continental 
shelves. However, a recent paper proposed that very little of this terrestrial organic 
carbon was oxidised on shelves, and almost all of it was transported into the deep ocean 
by turbidity currents, where it was efficiently buried and sequestered. This was based on 
a study of the Bengal Fan. It was estimated that the rate of terrestrial organic carbon 



burial in the Bengal Fan was 2 to 3 times the rate of atmospheric carbon drawn down 
through Himalayan silicate weathering, and therefore an important part of global carbon 
cycles. Our preliminary work shows that the efficiency of organic carbon burial by 
turbidity currents may be highly variable, depending on the scale and frequency of flows. 
For instance, it appears that almost all organic carbon has been oxidised in huge (> 100 
km3) but infrequent (10,000 years) volume turbidity currents offshore NW Africa, which 
occur much less frequently than flows on the Bengal Fan. We seek to understand what 
controls that efficiency of organic carbon burial by turbidity currents during this PhD 
project.  
 
Methodology: Previous analysis of organic carbon burial in submarine fans (e.g. Bengal 
Fan) involved relatively few, unevenly spaced cores.  This project will therefore seek to 
quantify amounts and types of buried organic carbon across more spatially 
comprehensive core data sets from a variety of different modern sedimentary systems 
(such as the NW African and Iberian Margins) and combine this with studies of ancient 
turbidites systems (e.g. Italian Apennines). The student will undertake sedimentary 
logging/sampling of cores from a variety of submarine fan systems, and the well-
characterised ancient turbidites that have been mapped across the rugged Italian 
Apennines.  Laboratory analyses will involve detailed characterisation of the amounts 
and types of organic carbon in turbidite mud caps by palynological & organic 
geochemical analyses.  Quantitative palynofacies analysis will provide data on 
particulate organic carbon (kerogen types; refractory vs. labile, etc.) and their vertical 
and lateral variation.  Thermal maturity analyses (e.g. vitrinite reflectance, fluorescence) 
will also aid discrimination of fresh verses reworked material.  Organic geochemical 
techniques will involve determination of total organic carbon (TOC) and the relationship 
between TOC, mineralogy (Al/Si ratio) and grain size. The proportion of organic carbon 
derived from marine versus terrestrial sources will be assessed by palynological and 
geochemical means (the latter including relative abundances of n-alkanes and the del13C 
composition of both bulk organic carbon and high molecular weight n-alkanes). Finally, 
the proportion of fossil organic carbon (which has no long term effect on atmospheric 
CO2 content) can be assessed by measuring the 14C content of the TOC in recent core 
material.  
 

 



Figure 2 shows the impressive scale of recent submarine sediment flows offshore NW 
Africa (from Talling et al., 2007, Nature). These are the longest run out sediment density 
flows yet mapped on Earth. Some individual flows contained ten times the annual 
sediment flux from all of the World’s rivers combined, and ran out for over 1,000 km into 
the deep ocean. These submarine flows transport very large volumes of organic carbon, 
and spread it across hundreds to thousands of kilometres of sea floor. (a) Location map 
showing how flows from the Agadir Canyon ran out for 1,500 km into the Agadir Basin, 
and Seine and Madeira Abyssal Plains. (b) Map of the available core samples from the 
Agadir Basin.   
 
PhD-4 (NERC Quota): Why do previous numerical models of submarine turbidity 
currents fail to reproduce deposit shapes seen in newly collected large-scale field 
data sets? 

Supervisors: Dr. Peter Talling, Dr. Esther Sumner, and Dr. Matthieu Cartigny (NOC), Dr. 
Antonis Zervos (Civil Engineering) 

Contact: Dr. Peter Talling (Peter.Talling@noc.ac.uk) 
 
Rationale: Turbidity currents are arguably the most important process for moving 
sediment across our planet. Just one submarine flow can transport ten times the annual 
sediment flux from all of the world’s rivers. We recently mapped deposits from individual 
submarine flows in cores from the modern sea floor, and in ancient rock outcrops in 
northern Italy. This is the first time that single flow deposits have been mapped out in 
such detail across such large areas. Each one of these flow deposits shows major 
differences from textbook models. The overall aim of this PhD project is to develop 
numerical models that more accurately reproduce key features of these field data sets. It 
has been suggested that submarine flows head toward one of two equilibrium states. 
The first state is dilute, and occurs when vigorous fluid turbulence is balanced by equally 
rapid sediment settling speeds. The second state is when flow has high sediment 
concentrations, turbulence is damped, and sediment settling is hindered by adjacent 
grains. Weak turbulence is balanced by much slower sediment settling. Laboratory 
experiments using a mixing box (stirred by a grid) will test whether this hypothesis is 
correct. If it is correct, it could explain why the field deposits appear to comprise two 
parts; one deposited by dense flow and on by dilute flow. Modelling will then explore how 
different equations for sediment settling affect deposit shapes.  

Methodology 

A series of laboratory experiments will be initially undertaken using a mixing box, in 
which an oscillating grid is used to stir the sediment. Experiments with gradually 
increasing sediment concentration will be undertaken to measure the amount of 
sediment that is kept aloft, and the rate at which sediment falls onto the bed. The second 
part of the project will involve modification of existing numerical model to explore how 
changes in the settling equation effects model output. This modelling will incorporate 
insights into sediment carrying capacity from the initial mixing box experiments, and 
previous results from older laboratory experiments. The final part of the project will be to 
compare the results of numerical modelling (with different sediment settling equations) to 
field observations from the modern data set offshore NW Africa, and from ancient rock 
outcrops in the Italian Apennines.  
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