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Overview 
Relief in mountainous landscapes is a balance between 

tectonics, climate, and surface processes. Rivers and 

glaciers erode valleys, mass wasting controls the height 

and retreat of the peaks above. Mountain erosion rates 

have increased rapidly over the past 2 Ma, and it is most 

pronounced in areas where alpine glacial erosion 

dominates. In some glacial catchments, hillslope 

sediment flux can be 60% of the total, and an estimated 

1-10% of Late Pleistocene to Holocene erosion has 

been carried out by large landslides alone - which 

cluster on the steep walls of glaciated valleys.  

However, landslide debris that travels onto glacial 

accumulation zones is lost to snow cover and 

incorporation into the glacier transport pathways – 

these events are underrepresented in our 

understanding of mountain erosion. Here the focus is 

on characterising the magnitude-frequency of landslides 

that enter glacier accumulation zones in the European 

Alp, and, tracking transport pathways.  

 

Previous work has focussed on small scale, frequent, 

periglacially driven rock fall alone, particularly sourced 

from cirque headwalls. Short term rates of erosion 

derived from these studies (0.002 – 5 mm per year) do 

not always match well with the longer term estimates. 

Large, catastrophic landslides, capable of 0.5 – 7 mm 

per year when averaged across mountain ranges are 

likely make up the shortfall, but are not often captured 

in short term monitoring. Our knowledge of the 

magnitude-frequency of landslides above ice, and 

therefore the erosive work they do is poorly 

quantified, and heavily censured. Glacial and then pro-

glacial processes rapidly rework the debris from rock 

avalanches, and in accumulation zones there is a low 

occurrence of suitable conditions for time-series 

remote sensing prior to burial. For estimates of 

magnitude and frequency, we are therefore reliant on 

the study of deposits emplaced in the ablation zone, 

and, more commonly, those preserved in ice-free 

areas.  

 

 
Figure 1 Supraglacial rock-avalanche deposit in the 

Southern Alps of New Zealand (Dunning et al. 2015). 

http://www.ncl.ac.uk/gps/staff/profile/stuart.dunning
https://www.dur.ac.uk/geography/staff/geogstaffhidden/?id=976


  

Both small and large scale landslide events are thought 

to be increasing as climate warms, although records 

from deglaciated areas show the peak rate of large-

scale failure may lag several thousand years. Rock 

avalanches that interact with glacial ice are already 

common: in the Mt Blanc massif more than 19 rock 

avalanches have deposited onto ice since 2500 BP. 

 

The purpose of this research is to investigate how 

frequently landslides interact with accumulation zones 

of glaciers, how glaciers then transport landslide debris, 

and, to evaluate the potential of accumulation zones to 

hold buried archives of previous landslide events. 

 

The key research questions that this studentship will 

address are: 

1. Are rates of mass movements comparable 

above and below the equilibrium line altitude 

of alpine / temperate glaciers? 

2. Can accumulation zone landslides be mapped 

and tracked englacially? 

3. How significant are supraglacial mass 

movements for total glacial sediment flux?  

 
Methodology 
Satellite imagery and archive aerial/terrestrial 

photography will be used to determine glacier surface 

velocities / fluxes, and, the emplacement and reworking 

of larger supraglacial landslides. The aim is to establish 

a time-series of landslide debris to target field-based 

investigation to quantify how rock avalanche deposits 

are then transported through glaciers. 

 

Ground Penetrating Radar (GPR) can image debris 

from landslides travelling within glaciers, from 

persistent, small rockfalls, to large rock avalanches. The 

student will use ground based radar to image selected 

buried deposits. These data will be used to determine 

transport pathways relative to original emplacement 

characteristics, and to investigate the potential for 

accumulation zones to hold archives of past rock 

avalanche deposits related to specific triggering events.   

 

The student will characterise the annual fluxes of 

smaller events using time-lapse cameras, repeat 

Structure from Motion photogrammetry (for 

volumetrics), linked to measures of possible drivers 

(AWS, thermal imaging). A novel a seismic array will be 

deployed by the student to detect and locate failures in 

time. In addition, the student will trial the use of 

modified red-band cameras to characterise the spectral 

signature of source areas of varied ages – developing a 

calibrated relationship between colour and source scar 

age (see Bohlert et al. 2008). 

 

 
Figure 2 Structure from Motion derived point cloud of rock 

faces in the Valle Blanche above Chamonix.

 

Timeline 
Year 1: Assembly of remotely sensed data; 

deployment of seismic array;  test GPR methodologies 

on identified past deposits; SfM and red-band season 1 

Year 2: Repeat SfM and red-band; quantify annual and 

sub-annual m-f; link failures to drivers; repeat GPR. 

Year 3: Repeat SfM; retrieve seismic array; quantify 

annual and sub-annual m-f; link failures to drivers; 

repeat GPR. 

Year 3.5: Completion of analysis and thesis write-up. 

 
Training & Skills 
The student will receive training in remote sensing, GIS, 

SfM and will gain experience of compiling and analysing 

large datasets. They will become skilled in using GPR 

and will develop glaciological field skills. Training on the 

use of the seismic arrays will be given but will form a 

key development task for the studentship.  
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