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Introduction:  

Failures of the outermost shelves and upper slopes of volcanic islands may explain incidences of 
tsunamis that are not associated with earthquakes (Andrade et al., 2006).  Such landslides are smaller 
than the larger subaerial landslides that have created giant embayments in many Atlantic islands, such as 
the Canaries, but are potentially a significant threat to local populations as they are more frequent.  Their 
proximities to coasts means that the travel times of any tsunamis they produce are very short, so DART-
type monitoring and alert systems are not feasible.  This project will link the geomorphologic evidence for 
landslides in multibeam sonar datasets that have been collected around the Azores islands with the 
deposits produced by slope failure, in sediment cores being collected as part of a German project 
characterizing marine tephra deposits from large explosive eruptions on the islands, to create a more 
complete quantitative understanding of these landslides. 

 

Project Summary:  

 
Geometric properties of landslide scars in the uppermost slopes can first be characterised, for example, 
to see if their relief and volumes are power-law distributed as are landslides in terrestrial environments 
(Guzzetti et al., 2002, Malamud et al., 2004).  If they are not power-law distributed, can we explain their 
size-distributions?  The spatial occurrences of landslides can be compared against the spatial distribution 
of known active faults (Madeira et al., 2015).  Earthquake data from the International Seismological 
Centre can be used to work out the distribution of peak ground acceleration represented by historical 
seismicity also to compare with the landslide occurrences.  Although the earthquake record is too short to 
reveal accelerations experienced in these areas over long periods, the data can nevertheless suggest the 
magnitudes of extreme accelerations and highlight areas where earthquake gaps exist. 

GEOMAR scientists will carry out basic sedimentological and geochemical analyses of the new sediment 
cores, including distribution of turbidites and debrites. Using prominent regionally distributed tephra layers 
as marker horizons, complemented with radiometric dates, they will develop detailed chronologies 
needed to decipher the eruption history of the Azores. When combined with investigations on the 
stratigraphic positions of landslides, their data can be used to work out the overall temporal frequency of 
slope failure in the Azores and characterize the volumes of failed sediment, which can be compared with 
volumes of the landslide embayments. Ultimately, this effort can characterize the effective age of the 
uppermost landslide geomorphology to compare with the known age distribution of the islands from 
radiometric dating. 



 

 

The deposits around the islands, in particular their upper slopes, contain substantial amounts of organic 
carbon (OC). Normally the majority of this OC is degraded over time and (ultimately) transported back to 
the atmosphere. However, failure of slopes globally transfers large amounts of such material to the 
adjacent basins where it is partially preserved by burial, potentially allowing more OC to be preserved for 
longer periods of time, which may have major consequences for the (global) carbon cycle. In this part of 
the project, the OC and compound specific isotope compositions of both the pelagic and upper slope 
areas and the deep basin cores will be analysed using a variety of state-of-the-art analytical technologies, 
including (pyrolysis) gas chromatography and/or liquid chromatography mass spectrometry, available in 
the Williamson Research Centre for Molecular Environmental Science (Sparkes et al., 2016; van Dongen 
et al., 2006).  Profiles in the cores will be interpreted and could form the basis for modelling the effects of 
repeated deposition and partial oxidation. In addition, potential important climate information will be 
obtained through the analyses of these sediments.  

Multibeam data have also been collected around other Atlantic volcanic islands, such as Ascension and 
Tristan da Cunha islands by the British Antarctic Survey.  These data can be used to extend the study to 
see if other islands show different landslide distributions and to investigate larger landslide structures. 

The study will involve acquiring a wide range of skills, including geophysical and numerical data analysis, 
computer programming, organic geochemical analysis and modelling, and general statistical analysis.  It 
would therefore form the basis for a variety of careers, including research, offshore site inspection 
industry and other employment involving numerate analysis. 

 

Image 1 - Overlooking the Topo Slump of Pico island , with fault escarpment (Mitchell et al., 2012, 
photo of José Madeira) 

 

Image 2- Selection of bathymetry from sonar showing  landslide embayments of the uppermost 
slopes of the islands. 
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