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Overview 
 

Landslides in coastal areas can generate large local 

tsunamis (Miller, 1960) that can be much larger than 

those associated with subduction zone ruptures 

(Higman et al., 2018). In fjord settings, the confined 

nature of the coastal landscape can amplify wave 

heights considerably (Harbitz et al., 2014) and so 

increase tsunami hazard. For example, the landslides 

triggered by the April 21, 2007 Mw 6.2 earthquake 

generated tsunami waves in Aysén Fjord, Chile that 

caused several fatalities and damage to infrastructure 

and the local economy (Naranjo  et al., 2009) (Fig. 1). 

 

There is a clear need to understand the recurrence 

interval and magnitude-frequency scaling of 

tsunamigenic landslides in fjordland settings. The 

historic/observational record of such events is limited 

and so stratigraphic records become our only source 

of information on prior tsunami events. Whilst offshore 

sediment-core records provide some insight into larger 

landslide-generated tsunamis (Bernhardt et al., 2015), 

these turbidite records may lack the temporal and 

spatial precision required to record smaller events, and 

their high-energy, erosive nature may remove evidence 

of earlier events.  

 

 

 

 

 

 
 

Fig.1. View looking southwest towards Aysén Fjord, Chile 

from the 12 million m3 tsunamigenic Punta Cola rock 

avalanche triggered by the 2007 earthquake. Photo credit: 

M. Brain. 

 

An alternative approach is to use coastal marsh (both 

fresh- and salt-water) records of landslide-triggered 

tsunami; these inter- and supra-tidal sediments have 

been shown to reliably record evidence of historic 

tsunamis in mid-latitude, open-coast environments (e.g. 

Kelsey et al., 2005; Peters and Jaffe, 2010; Witter et al., 

2016).  Evidence of tsunami inundation is often based 

initially on identification of anomalous beds of offshore 

sediment in low-energy coastal environments where 

they would not normally be present (e.g. Gelfenbaum 

and Jaffe, 2003; Garrett et al., 2013) (Fig. 2), with 

additional, more detailed analyses from the ‘coastal 

proxy toolkit’ (e.g., sedimentology, micropaleontology 
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and geochemistry). However, the utility of the 

techniques employed have yet to be assessed in 

fjordland settings with complex glaciological and 

tectonic histories. The aim of this PhD project is, 

therefore, to characterize the sedimentary, 

micropalaeontological and geochemical record of the 

2007 Aysén Fjord tsunami and to use this as an 

analogue to determine whether the intertidal 

sediments of Aysén Fjord record evidence of 

landslides-triggered tsunamis over centennial to 

millennial timescales. In turn, this will allow us to 

consider the 2007 tsunami in a longer-term context. 

 

 
 

Fig .2. An example sediment core from coastal marshes 

showing an anomalous sand layer (~4 – 11 cm) between 

two peat layers; the sand is indicative of tsunami inundation. 

Photo credit: S. Engelhart. 

 
Methodology 
 

The project will firstly involve detailed investigation of 

the near-surface environments of the intertidal zone 

and near-shore coastal marshes of Aysén Fjord, Chile. 

The objective here is to determine the character of the 

contemporary marsh environment(s) in terms of the 

bio-, litho- and chemo-stratigraphy. This will involve 

analysis of particle size distribution (laser 

granulometry) and particle density (gas pycnometry); 

elemental analysis (X-Ray Fluorescence) and 

assessment of microfossil content (pollen, diatoms 

and/or foraminifera). In addition, the organic 

geochemistry will be explored by using a variety of 

bulk- and molecular-level markers of 

biological/geological source.  The analyses will include 

chemical screening techniques such as open-system 

Rock-Eval(6) pyrolysis, infra-red spectroscopy for 

organic and mineral matter characterisation, as well as 

more diagnostic molecular-level tools that provide an 

estimate of marine and terrestrial inputs to the 

sediment mass. 

 

The student will then undertake detailed stratigraphic 

investigation of near-surface sediments by collecting 

sediment cores and digging shallow pits, as appropriate. 

The objective is to assess the presence and spatial 

extent of sediments indicative of tsunami inundation 

during the 2007 event. These sediments will then be 

characterised in terms of their bio-, litho- and chemo-

stratigraphy using the same suite of techniques noted 

above. This will enable us to define sedimentological 

criteria with which we can identify landslide-triggered 

tsunami throughout the stratigraphic record.  

 

The next stage of analysis will involve detailed 

stratigraphic investigation of deeper sediments at the 

study site. By collecting core samples across the site, 

the student will look to determine the presence and 

lateral persistence of potential past tsunami layers. 

These sediments will then be analysed in the laboratory 

to determine whether they show similarities with our 

modern analogue(s) of tsunami deposits. By developing 

an age-depth model using high-precision radiocarbon 

dating, pollution chronohorizons and short-lived 

radioisotopes, the student will then develop an 

understanding of the magnitude and return intervals of 

previous landslide-triggered tsunami events in Aysén 

Fjord. This resulting record can then be assessed 

relative to the subaqueous records of tsunami events 

in the fjord, allowing the relative benefits of each 

approach to be assessed. 

 

The palaeoenvironmental analysis and results will be 

considered in the context of a GIS study of Aysén Fjord 

using remotely-sensed topographic datasets and aerial 

imagery. The objective of this work is to consider 

geomorphic evidence of previous large-failure events 

and the tsunamigenic potential of unstable slopes in 

Aysén Fjord. 

 

Training & Skills 

This project is a Collaborative Studentship between 

Durham University and the British Geological Survey 

(BGS) Keyworth. The project will also benefit from 

external supervisory support from Dr. Daniel Melnick 

(Universidad Austral de Chile, 

http://ict.uach.cl/?page_id=660). 

 

During the project, the successful candidate will obtain 

training to develop necessary key skills, including those 

required for field investigations of coastal stratigraphy 

(Durham); characterisation of the physical properties 

of coastal sediments (Durham); organic geochemistry 

and analysis (BGS Keyworth); microscopy and 

identification and interpretation of salt-marsh 

microfossil assemblages (Durham); radiometric and 

pollution-marker dating methods (Durham and BGS 

Keyworth); and GIS analysis of aerial imagery and 

topographic datasets (Durham). 

 

http://ict.uach.cl/?page_id=660


  

The project will involve two field seasons in Chile to 

obtain data and samples for analysis. The student will 

also have the opportunity to present their results at 

national and international conferences to develop 

presentation and communication skills and disseminate 

results. 

 
Timeline 

Year 1: GIS assessment of topographic datasets and 

aerial imagery to determine the spatial distribution of 

coastal marshes and the nature of topography and 

slopes in Aysén Fjord; selection of the 

contemporary/pilot study location and completion of 

first fieldwork season; characterisation of 

contemporary coastal marsh and tsunami deposits, 

including secondment to BGS Keyworth to undertake 

organic geochemistry work.  

Year 2: Second field season to undertake detailed 

stratigraphic investigation of the study site; detailed 

palaeoenvironmental characterisation and dating of 

fossil cores; writing funding proposals to undertake 

radiocarbon dating; second secondment to BGS 

Keyworth; presentation of preliminary results at 

conferences. 

Year 3: Ongoing analysis of stratigraphy and core 

material; development of age-depth models; 

interpretation of results; presentation of final results at 

conferences; begin write-up of thesis and papers for 

publication.  

Final six months: finalise results and completion of 

thesis; submission of papers for publication. 
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