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Overview 

 
This PhD project will collect and analyse the most 

detailed measurements yet from within powerful 

submarine sediment flows called turbidity currents, 

which form the deepest canyons, longest channel 

systems, and largest sediment accumulations on Earth. 

The PhD student will be a key part of the most 

ambitious project yet to monitor turbidity 

currents in action, which involves 3 research 

cruises in 2019, 2020 and 2021 to the huge 

Congo Submarine Canyon offshore West 

Africa. The project involves analysis of novel sensor 

data from a series of 8 moorings placed along the 

submarine canyon axis, from 2 km to 5 km water 

depth (Fig. 1), as part of a major international team.  

 

Turbidity currents that flush submarine canyons are 

the volumetrically most important sediment transport 

process on our planet. These flows can travel for 

hundreds of kilometres, and they pose a major hazard 

to seafloor pipelines, and telecommunication cable 

networks that carry > 95% of global data traffic 

(including internet and financial markets). Turbidity 

currents form the largest sediment accumulations on 

Earth, which contain major oil and gas reservoirs.  

They also transfer and sequester globally significant 

amounts of organic carbon, and supply nutrients that 

control deep-sea ecosystem functioning and diversity. 

 

 

 

This PhD project is timely because there are 

remarkably few direct measurements from turbidity 

currents in action. This project will provide the first 

detailed information from turbidity currents in the 

deep (> 2 km) ocean, including velocity and sediment 

concentrations. This lack of direct measurements is a 

stark contrast to other major sediment transport 

processes. For example, there are many thousands of 

direct observations from rivers, but the velocity 

profile of oceanic turbidity currents has been 

measured at just 7 locations worldwide, with even 

fewer measurements of sediment concentrations.  

This ensures that basic questions remain about the 

internal structure, behaviour, frequency and triggers 

of turbidity currents in the deep ocean. 
 

Coordinated international efforts in the last 3-4 years 

have shown how new technology can measure full-

scale oceanic turbidity currents. This includes detailed 

(sub-minute) measurement of velocity and sediment 

concentration profiles using acoustic Doppler current 

profilers (ADCP). These ADCPs can be positioned 

outside the flow, and thus out of harm’s way. Here 

we will deploy a series of ADCPs along the axis of the 

Congo Submarine Canyon. They will be accompanied 

by CT sensors that measure water temperature and 

conductivity, and OBS sensors that measure turbidity. 

A series of sediment traps and cores will capture the 

sediment transported and deposited by the flow, 

whilst high resolution mapping of the canyon floor will 

be undertaken using a Remotely Operated Vehicle.  
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The overall aim of the project is to understand the 

internal structure of these turbidity currents, and how 

that structure evolves down canyon. The first specific 

aim is to interrogate the ADCP data to determine the 

internal velocity structure. Do multiple flows have a 

similar structure, and how does that structure change 

with flow power and duration? The second aim is to 

use acoustic backscatter data from these ADCPs, and 

information from other sensors that measure 

turbidity (OBS) and conductivity (CT), to determine 

sediment concentrations in these flows. Are these 

turbidity currents entirely dilute sediment 

suspensions, or do they have dense layers at their 

base? The third aim is analyse a series of sediment 

cores along the canyon axis to show how these flows 

are related to their deposits. This will help to read the 

record of ancient deposits in the rock record. A final 

aim of the PhD is to test basic models for what 

turbidity currents are, and how they behave. For 

example, do these flows erode, become denser and 

faster, and thus erode even more (a positive feedback 

called ignition), or do they reach a steady state.  

 

The student will be involved in 3 major oceanographic 

research cruises to the Congo Canyon, starting with a 

cruise in September-October 2019. They will thus be 

training in cutting edge techniques for seafloor 

monitoring and mapping, through direct participation 

in these three research cruises. There will also be 

opportunities to visit project partners in the USA 

(Monterey Bay Aquarium Research Institute), Canada 

(Canadian Geological Survey) and France (IFREMER); 

and to present at international conferences.   

   

 
 

Figure 1. (A) Map of the upper Congo Submarine Canyon 

offshore West Africa. (B) Location of a mooring used in 

2010 that collected flow velocity data using an ADCP 

(acoustic Doppler current profiler), shown in Figure 2 (also 

see Azpiroz-Zabala et al., 2017, Science Advances).  

 
 

Methodology 

 
The project will develop skills in (i) field monitoring of 

seafloor processes and hazards, (ii) sediment core 

analysis, and (iii) seafloor mapping. The student will be 

involved in deploying and recovering a series of 

sensors on oceanographic moorings, which include 

ADCPs that measure velocity and acoustic 

backscatter (a proxy for sediment concentration), CT 

probes that measure water temperature and 

conductivity (which help to understand how water is 

mixed into the turbidity currents) and OBS probes 

that provide independent constraints on estimates of 

sediment concentration derived from the ADCPs. 

These data sets are typically analysed using Matlab 

scripts, already developed by the research team. The 

cruises will also collect a series of sediment samples 

from cores and traps. These samples will be logged, 

visually, and using a multi-sensor core logger. Finally, 

detailed bathymetric maps will be used to understand 

how flows remould the seabed. These bathymetric 

data are analysed using GIS packages, such as ARC.  

 

 
 

Figure 2. (A) ADCP measurements for 100 days in 2010, 

showing that some flows travelled at 2 m/s, were 80m 

thick, and lasted for almost a week. ADCP measurements 

of (B) flow velocity, (C) turbulence, and (D) sediment 

concentration in one of these turbidity currents in 2010. 

 

 

 
 

Figure 3. Map shows the 8 ADCP moorings (red stars) 

that will be deployed in this project, and the locations of 

the previous ADCP mooring used in 2010 (yellow star).  

 



  

External supervisors supporting this project: Prof Dan 

Parsons, University of Hull; and Dr. Mike Clare, 

National Oceanography Centre  

 

 
Timeline 
 

Year 1: The PhD will start with the first research 

cruise to deploy 8 ADCP-moorings in September-

October 2019 (Fig. 4). This will familiarise the PhD 

student with ADCP-moorings and other sensor types, 

and how they are deployed. The student will analyse 

previously collected ADCP, OBS and CT data from 

turbidity currents in the Congo Canyon (Figs 1-3), and 

from other locations worldwide (e.g. Bute Inlet, 

Canada) collected by the same research team. They 

will learn how to use existing Matlab scripts to analyse 

the ADCP, OBS and CT datasets. The first cruise will 

also collect a series of sediment cores that will be 

logged to help understand canyon-floor deposits.  

 

Year 2: The second cruise will occur at the start of 

year 2, in September 2020. It will recover the 8 

moorings and their data, before redeploying the 

moorings again. The student will analyse this large set 

of measurements. This analysis will involve the skill 

sets (e.g. with Matlab scripts) developed in Year 1.  

 

Year 3: The third and final cruise will occur at the 

start of year 3. It will recover the 8 moorings, 

providing a second large set of sensor data for 

analysis. The student will use this data to determine 

whether multiple flows have a consistent structure, or 

behave in a similar way.  

 

Year 3-3.5: This will focus on thesis writing and 

international journal publications.  

 
Training & Skills 
 

The student will develop a range of skills that will 

make them highly employable, including within the oil 

and gas, offshore renewables, environmental hazards 

and reinsurance sectors. These skills include marine 

geophysics, sedimentology, marine geomatics and 

surveying, and they will gain a broad understanding of 

active sedimentary processes that form oil and gas 

reservoirs. The student will spend time with 

international project partners developing and applying 

those skills. They will be part of the world-class 

Institute for Hazards, Risk and Resilience (IHRR - 

https://www.dur.ac.uk/ihrr/) at Durham which has 

strong links with a wide range of employers.  
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Further Information 
 

For further information contact: 

 

Peter Talling (peter.j.talling@durham.ac.uk) or 
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