
Annual Science Meeting. November 24th - 26th

2020

Wednesday 25th November
14:00– 15:40

SESSION 4
Volcanoes and their interaction with surface 

processes (VALIDATE) 
Chair: Matteo Spagnolo



Advancing flood early-warning using seismic arrays

Author(s): Eva P. S. Eibl, Christopher J. Bean, Bergur Einarsson, Finnur Pàlsson, 
Kristin S. Vogfjörd
Institution(s): University of Potsdam, Potsdam, Germany
Dublin Institute for Advanced Studies, Dublin, Ireland
Icelandic Meteorological Office, Reykjavík, Iceland
University of Iceland, Reykjavík, Iceland
Funder(s): FutureVolc, European Union’s Seventh Programme, grant No. 308377
Abstract  
Subglacial floods propagate undetected beneath the glacier before devastating 
the glacial foreland. However, they are not silent and can be detected using 
sensitive seismic array that can track the flood in real time while propagating 
beneath the ice. We can estimate the timing and size of the impending flood 
before it enters the glacial river and potentially creates a lethal hazard. 

Project Description 
We use seismic array and in the future rotational sensors in order to 
recording the seismic signals caused by subglacial floods. We will track 
subglacial floods to study their speed, study differences of subglacial floods 
along different flood paths and triggering mechanisms of subglacial floods. 

JOB OFFER: I have a 3 year PhD project from 9/2021 on these topics funded 
within NatRiskChange at the University of Potsdam, Germany. 

Key Results
- Glacier runoff & melt from volcanic and geothermal activity accumulates in 
glacier dammed lakes in glaciated areas around the world. 
- They create hazardous subglacial floods that are detected after they exit the 
glacier & reach local river systems tens of kilometres from the flood source. 
- We advance the early-warning through the analysis of four such floods in a 
glaciated region of Iceland. 
- Array analysis of seismic tremor is used for early location & tracking of the 
subglacial flood front. 
- The timing & size of the impending flood can be estimated in advance. 
Refs & links 
Eibl, E. P. S., Bean, C. J., Einarsson, B., Pálsson, F., Vogfjörd, K. S., (2020) Seismic 
Ground Vibrations Give Advanced Early-warning of Subglacial Floods, Nature 
Communications 11:2504, DOI: 10.1038/s41467-020-15744-5

Tracking a subglacial flood



R4AsH: Radar-supported Next-Generation
Forecasting of Volcanic Ash Hazards

Author(s): David Macfarlane, Duncan Robertson, Antonio Capponi
Institution(s): University of St Andrews, University of Lancaster
Funder(s): NERC
Abstract  R4ASH: Radar-supported Next-Generation Forecasting of Volcanic 
Ash Hazards

The R4AsH radar system is a triple frequency laboratory experiment
designed to characterise radar reflectivity of falling volcanic ash and develop
new multi frequency inversion algorithms to extract the particle size
distribution and density of airborne ash from radar reflectivity
measurements. This will significantly improve aviation hazard forecasting
following volcanic eruptions.

Project Description 
R4AsH is a NERC project aimed at advancing our ability to forecast hazards to
aviation from volcanic eruptions. Radar observations of eruption clouds using
a single frequency (e.g. weather radar) can measure returns from volcanic
plumes but measurements are ambiguous in determining particle size
distribution and mass loading. Using multiple frequencies, this ambiguity can
be resolved. R4AsH will use three frequencies (10, 35 and 94GHz) to study
ash in a fall chamber with independent optical measurement of the particle
size distribution and develop new inversion algorithms giving the crucial
‘source term’ data for input into volcanic plume hazard forecasting models.

Triple frequency radar for laboratory characterisation of falling volcanic ash

Key Results, Conclusions, Comments, Impact 

• R4AsH Radar is under construction for use in 2021
• Radar reflectivity of airborne ash is poorly characterized
• Single frequency radar reflectivity measurements of ash are ambiguous 

in particle size and mass loading
• Multiple frequency characterization to develop new algorithms to 

resolve this ambiguity
• We are looking for opportunities to gather ash samples for use in the 

experiment

Refs & links: Project Website http://wp.lancs.ac.uk/radar-forecasting-of-
volcanic-ash/



Emplacement mechanism and physical parameters 
of the 1944 Vesuvio lava flow from DTM

Author(s): Guido Ventura, Giuseppe Vilardo
Institution(s): Istituto Nazionale di Geofisica e Vulcanologia Roma, Italy
Funder(s): INGV Working Earth project

Abstract  
A DTM derived from high resolution Lidar data allows us to determine the
morphometric and physical parameters of a lava flow erupted from the
Somma–Vesuvius volcano in 1944. We calculate a downslope decrease in
thickness, width, cross sectional area, and viscosity and determine the
variations of velocity, flow rate, and viscous heating effect.

Project Description 

The project includes the reconstruction of the physical parameters and 
mechanisms of emplacement of gravity flows including landslides, debris-
flows, lava flows from the acquisition of high resolution DTMs. These data 
allow us to model natural gravity-controlled flows. The results allow us to 
decipher how such flows move, to determine their rheological properties, 
and to evaluate and refine the hazard associated to gravity flows in both 
volcanic and non-volcanic areas. Our approach may be also used to associate 
rapid changes in surface landforms to the dynamics of deeper structures 
(faults, dykes, reservoirs, etc.).  

Key Results, Conclusions, Comments, Impact
• The flow moves according to ‘tube’ and  ‘mobile crust’ regimes.
• These regimes are controlled by changes in apparent viscosity and flow 

width, which are responsible for the variations in velocity and effusion 
rate. 

• Our approach may be extended to other lava flows of the Earth and other 
planets

• We seek collaborations in the field of volcanic landforms to study the 
dismantling processes and velocity as a function of climate and 
endogenous processes. 

Refs & links 
Ventura and Vilardo (2008), Geomorphology, doi: 10.1016/j.geomorph.2007.06.005
Ventura et al. (2012). Earth-Science Reviews, doi:10.1016/j.earscirev.2012.11.005
Cocchi et al. (2017). Nature Communications doi: 10.1038/s41467-017-01626-w

Institution(s) logo

Facies and relative viscosity variations along the lava flow



Preservation of tephra from the 1991 
eruption of Cerro Hudson, Chile

Author(s): Richard Streeter (rts3@st-andrews.ac.uk), Nick Cutler, Ian Lawson
Institution(s): University of St Andrews (RS, IL), University of Newcastle (NC)
Funder(s): Carnegie Trust

Abstract  
Volcanic ash (tephra) deposits are used to reconstruct past eruption 
parameters. The ways in which tephra deposits are modified between 
deposition and their long-term preservation in the stratigraphic archive are 
poorly understood. In particular, we don’t know if tephra preserved in lake 
sediments in small lakes accurately reflects the initial tephra fallout. This 
project addresses this by re-surveying deposits from a 20th century 
eruption. 

Project Description 
We measured the tephra thickness, mass-loading and grain-size distribution 
of tephra from the 1991 eruption of Cerro Hudson in Chile. We took 
measurements at terrestrial sites and small lakes at locations 70-200 km 
from the volcano and in areas of contrasting land cover and climate. This 
data is being compared with measurements taken shortly (days-weeks) after 
the eruption. This allows us to understand if and how the tephra deposits 
have changed in the intervening 29 years since the eruption, how that 
transformation is affected by the environmental setting and to understand 
the implications of this transformation for reconstructing eruptive 
parameters. 

Sample lake core, lake site, thickness measurements

Key Results, Comments
• Preservation is variable within and between lakes, and also varies with 

the vegetation cover at terrestrial sites
• Tephra characteristics were broadly comparable to the original fallout, 

but the degree of likeness varied notably and is sensitive to preservation 
environment

• Tephra is absent as a distinct layer in large areas where vegetation cover 
is very sparse, even when the original deposit was several cm-thick

• Data analysis ongoing – interested in any collaboration – perhaps 
looking at other eruptions and contrasting environments. 

Project report - http://tiny.cc/ur41tz
Paper on related project on 1980 eruption of Mount St Helens -
https://doi.org/10.1016/j.jvolgeores.2020.106883

mailto:rts3@st-andrews.ac.uk
http://tiny.cc/ur41tz
https://doi.org/10.1016/j.jvolgeores.2020.106883


Surficial geological and geomorphological control on seismic waveform 
at Mount St. Helens volcano (USA)

Author(s): Gabrielli S.1,2, De Siena L.1,3, Spagnolo M.1

Institution(s): 1. University of Aberdeen, School of Geosciences, Aberdeen, Scotland, UK
2. Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy
3. Institute of Geosciences, Johannes Gutenberg University, Mainz, Germany
Funder(s): SAGES (Small Grants Scheme 2018, PECRE 2019)

Abstract  In volcanoes, topography and shallow morphology can 
substantially modify seismic signals and therefore their applications on 
tomographic imaging. To better understand the influence of key 
morphologies, forward modelling of the seismic waveforms can be 
fundamental.  
Here, we applied a combined analysis of shallow geology and forward 
modelling of seismic waves at Mount St. Helens volcano (Washington, USA).

Project Description 

The geomorphological and surficial geology map of the volcano highlights 
extremely rough landforms of the already complex morphology of the debris 
avalanche of the 1980 blast. 

We also introduce a forward model of the seismic wave arrivals after a 
qualitative observation of the geomorphological and surficial geology map of 
Mount St. Helens, to reproduce the scattering effects caused by shallow 
heterogeneity. We want to show how the geomorphology is controlling the 
travel times of the horizontally polarized S waves (SH)

Geomorphology map (left) and forward model of seismic wave equation (right)

Key Results - Conclusions
• Geomorphology is controlling the travel times of the horizontally 

polarized S waves (SH) in the WNW-ESE and NS directions

• The analysis of the waveforms of a shallow seismic event shows a loss in 
high frequency content for the seismic stations located on the debris 
avalanche (north sector of the volcano)

• While the isotropic model is well reproducing the arrival of the SH wave 
at higher frequencies (10 Hz), the introduction of an anisotropic model 
at lower frequencies (1 Hz and 6 Hz) is necessary to explain the arrivals 
for the stations in the north-northwestern side of the volcano. 

Refs & links https://doi.org/10.1080/17445647.2020.1790048
https://doi.org/10.1093/gji/ggaa154

https://doi.org/10.1080/17445647.2020.1790048
https://doi.org/10.1093/gji/ggaa154


Ice and Fire: the influence of volcanism on the dynamics of Andean glaciers

Authors: Jan Jaszewski, Matteo Spagnolo, Brice Rea, Iestyn Barr, Donal
Mullan, Luca de Siena
Institution(s): University of Aberdeen, Manchester Metropolitan University, 
Queen’s University Belfast, Johannes Guttenberg University
Funder: NERC
Abstract  
We present a continental-wide  study of the sensitivity of equilibrium line 

altitude (ELA) of 1093 Andean glaciers to subglacial volcanic forcing. ΔELA, 
the difference between the calculated ELA of a glacier situated on volcanos 
and that of a nearby non-volcanic glacier, is positive, with values up to 857m 
demonstrating that volcanic heat considerably offsets the natural tendency 
of glaciers to respond to climate. 

Project Description 

The Andes are home to world largest tropical glaciers and highly active 
volcanism, with large number of volcanoes currently covered by ice. In the 
remote-sensing study, we analyse the ∆ !"#$, the difference between the 
mean cELA of glaciers on a volcano (≤1km, !"#$%&') and the mean cELA of 
non-volcanic, nearby glaciers (≤10km, i.e. within the same regional climate, 
!"#$(%&') for 39 glaciovolcanic complexes and a total of 1093 glaciers in 

the Andean mountains. To demonstrate that the presence of the ∆ !"#$
could be attributed to volcanic geothermal influence independently of the 
climatic conditions we correlated it with glaciers’ distance from edifice and 
volcanic temperature obtained from space.

Effect of the volcanic activity on the dynamics 
of glaciers.  The ΔELA ,present on ice-capped 
volcanoes, could be used as a marker of 
geothermal volcanic influence  on glaciers.

• Following the assumption that glaciers within the same microregion should respond identically to climatic 
forcing, ∆ !"#$ is likely to highlight the geothermal influence of volcanoes on glacier dynamics. A positive 
∆ !"#$ is present on the 37 out of 39 studied ice-capped Andean volcanoes with varying values reaching up 
to 857m.

• A decrease of !"#$ with rising distance from the main volcanic edifice is visible on most of the analysed 
volcanos (95%). Across the entire continent, 30 (out of 37) glaciovolcanic centres presented a strong 
correlation (r²>0.5, with 95 % confidence) between cELA and distance to the volcanic dome. These results 
demonstrate that glaciers’ dynamics could be significantly affected by volcanic heat or enhanced activity. 

• We observed a strong positive correlation of (r² = .7183) between localised volcanic temperatures (measured 
for 19 volcanoes) and ∆ !"#$ , showing strong statistical significance (p= . 00065) with 99% confidence . From 
these findings, it is clear that geothermal heat and glacier response to this is also proportional to the state of 
activity of the volcanoes.

• As ΔELA increases with volcanic temperatures and distance from the volcano, we demonstrate that volcanic 
heat considerably offsets the natural tendency of glaciers to respond to climate. 

• This study stresses the importance of excluding volcanic glaciers from studies aimed to infer climate based on 
glacier apparent ELA and paves the way to their use as a volcanic thermometer and as tools to monitor 
volcanic activity.The conclusions of this study, present a relative sensitivity of glaciers to volcanism, allowing us 
a better understanding of the response of Andean cryosphere to rapidly progressing effects of climate change.



Identifying Icequakes at Ice-covered 
volcanoes in Southern Chile

Author: Oliver Lamb
Institution: University of North Carolina at Chapel Hill
Funder: National Academy of Sciences, US Army Research Laboratory

Abstract  
Volcanoes and glaciers are both productive sources of seismicity, but can 
easily be confused for each other, thus presenting a challenge for civil 
monitoring organizations at ice-covered volcanoes. Here I present results 
from an ongoing seismic study at two active ice-covered volcanoes in 
Southern Chile. Results so far have suggested that icequakes may be more 
common than previously thought. 

Project Description 

Llaima volcano is one of the largest and most active volcanoes in Southern 
Chile and is capped with >14 km2 of glacial ice. Using waveform cross-
correlation techniques, multiple groups of repeating micro-seismic events 
were identified in seismic data recorded in 2015 and 2019. Their 
characteristics and locations indicate they were likely generated during sub-
glacial basal slip. Further work will be carried out on a network of seismic 
stations deployed on the active Villarrica volcano, capped by 16 km2 of ice 
and currently hosts a lava lake with strombolian explosions. 

Villarrica (left) and Llaima (right) volcanoes, Southern Chile.

Key Takeaways and Future Outlook

• Icequakes may be more common than previously thought at one of the 
most active volcanoes in Southern Chile. 

• This has implications for future risk assessments using seismic activity. 
• Further work will be carried out at Llaima and Villarrica volcanoes.

• Future directions include analysis of seismic data at ice-covered 
volcanoes in Alaska and Iceland. 

Link to Llaima paper: 
http://www.jvolcanica.org/ojs/index.php/volcanica/article/view/56

http://www.jvolcanica.org/ojs/index.php/volcanica/article/view/56


Imaging and Modelling Magmatic Systems across 
scales

Author(s): Luca De Siena & Boris Kaus
Institution(s): Johannes Gutenberg University, Mainz, Germany
Funder(s): EU; Rhein-Pflatz Lad; DFG; JGU; University of Aberdeen; SAGES

Abstract  
Imaging volcanoes is both challenging as central for a full understanding of 
their dynamics. Here, we will present Physical, Computational, Geological, 
and Geographical methods to improve imaging  of magmatic systems from 
rock to mantle scales, and to understand, and possibly predict, their 
dynamics.

Project Description 

Volcanoes as extremely heterogeneous, thus many standard imaging and 
geodynamics methods fail at reproducing their structures and dynamics, a 
critical fault when trying to forecast magma path ascent and monitor 
volcanic eruptions.  Advances in both Geophysics and Computational 
methods allow to interpret the signals that the Earth produces quantitatively, 
using all information that Earth Sciences provides to finally invert for magma 
and fluid accumulation and ascent. The results are 3D volcanic models of 
unprecedented resolution and reliability, and geodynamic models that mix 
Geophysics, Geochemistry and Volcanology to recreate, and thus better 
forecast, volcano-dynamics synthetically.

Synthetic-Volcano model of 
Oldinyo Lengai (Tanzania)
The image shows real 
topography, modelled seismic 
locations and Moho (from 
real data), interpreted sill, 
and synthetic seismic (wave 
section) and magneto telluric 
(green arrows) signals that 
would be produced by the 
volcano dynamics.

Key Results, Conclusions, Comments, Impact

1. High resolution imaging of volcanoes using full geophysical signals
2. Understanding of rock physics properties affecting the signals
3. Modelling geodynamical processes in magmatic settings
4. Modelling geophysical signals produced by these dynamics
5. Joint inverse geophysical and geodynamical imaging in the present, past 

and future is possible.

Refs & links: www.lucadesiena.com ; https://magma.uni-mainz.de; 
https://temas.uni-mainz.de ; https://model.uni-mainz.de

http://www.lucadesiena.com/
https://magma.uni-mainz.de/
https://temas.uni-mainz.de/
https://model.uni-mainz.de/


Investigating repeating seismicity at 
Cayambe Volcanic Complex, Ecuador  

Author(s): Sophie Butcher1, Andrew Bell1, Stephen Hernandez2, Mario Ruiz2, 
Eliza Calder1

Institution(s): 1University of Edinburgh, UK 
2Instituto Geofísico Escuela Politécnica Nacional, Ecuador 
Funder(s): NERC E3 DTP

Abstract  
The Cayambe Volcanic Complex (CVC) is a large volcanic centre, just 15km 
east of Cayambe City (pop. ~15,000). Whilst there has been one documented 
eruption (1785)1, it has been persistently active with a significant seismic 
crisis in 2016. A 22km2 ice-cap covers the top of the Cayambe2, posing an 
additional hazard, and a complexity to the seismic record. 

Project Description 
We seek to characterise the seismicity crisis in 2016, particularly during two 
significant swarms in June and December. We are using a template matching 
approach to expand a catalogue of picked events and identify patterns of 
prevalent earthquakes.

In April 2016, the M7.8 Pedernales earthquake struck Ecuador’s east coast. 
The CVC is also bound by a regional fault to the north east. We are looking to 
see if dynamic triggering effects made any significant changes to baseline 
seismicity and the character of the events. 

Given the rich catalogue of data across both summer and winter, we seek to 
investigate seasonal changes from effects from glacier cover.

Comments and thoughts
• Currently a work in progress (!)
• Applying novel methods in Q and spectral analysis to characterise 

seismic swarms
• Identified prevalent baseline ‘long-period’ (LP) seismicity that exists 

largely unchanged throughout significant ‘volcano-tectonic’ (VT) swarms
• A better understanding of seasonal variation in seismic records under 

ice-cap cover, for applications at other high-Andean volcanic systems 
• Implications for dynamic triggering from both large megathrust tectonic 

earthquakes, and smaller regional fault scale earthquakes (<M3.5) 

1Samaniego, P., et al., 1998. Bulletin of Volcanology, 59(7), pp.451-459.
2Detienne, M., et al., 2013. AGUFM, 2013, pp.V51D-2716.


