
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 



 



Multidisciplinary volcano monitoring programs and
their use in risk assessment

J. Neuberg

School of Earth & Environment - Institute of Geophysics & Tectonics -The University of Leeds -
Leeds LS2 9JT - United Kingdom

INGVCT2011-022

Volcano seismology is at the core of any monitoring program on dormant and active volcanoes
alike, but its full potential can only be developed if seismological methodology is combined with
other techniques regarding both monitoring and modeling. Therefore, we shall set modern
volcano seismology in a wider volcanological context and demonstrate how much can be gained
in understanding of volcanic processes through multi-disciplinary approaches. 

The second aspect of this talk addresses the impact volcanological research has for end-users
in volcano observatories and other institutions charged with volcano monitoring and risk
assessment. Which monitoring techniques and models from the huge pool of research results
are actually useful to guide volcanic forecasting and risk mitigation on different timescales? We
shall discuss achievements and challenges, and ask what future volcanological research might
address
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Frequently active basaltic volcano: Etna
D. Patanè 

Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo – Sezione di Catania, P.zza
Roma, 2, 95125 Catania, Italy

INGVCT2011-061

Like many basaltic volcanoes, Mt. Etna typically erupts in effusive to weakly explosive styles,
even though powerful explosive eruptions (sub-Plinian to Plinian events) have been recognized
during the Quaternary. As a result, lava flow propagation has typically been considered the main
hazard at Etna and only recently its explosive activity has been taken into account as a serious
volcanic risk for local populations and for aviation in the central Mediterranean region.

From 1998 to 2001  paroxysmal summit eruptions, consisting of violent and short-lived episodes
of fire fountaining and lava emission, occurred with unusually high periodicity at  Southeast
Crater (SEC), with repose periods between one event and the following ranging from less than a
few hours to several months. This phase culminated with the two violent  explosive-effusive
flank eruptions of July-August 2001 and October 2002 to January 2003. After these flank
eruptions and the effusive ones of 2004-2005 and 2006, the mechanisms leading to a recurrent
SEC paroxysmal activity, restart more recently in 2007 with another series of paroxysms until
May 2008. Following the mainly effusive eruption of May 2008 - July 2009, these paroxysmal
summit eruptions become again more persistent during 2011.

This changeable and dynamic nature of Etna’s volcanism represents a real challenge to
volcanologists. While precursory signals to large-scale flank eruptions are relatively
straightforward to detect, the milder and less voluminous summit eruptions in some cases are
more problematic to interpret. However, the recent advances of volcano monitoring methods at
Mt. Etna, combined with the advent of new techniques of analysis, have significantly improved
the ability to characterize the volcano’s summit activity state; to the point that a range of
precursory signals for the recent Etna’s eruptions have been recognized, including variations in
seismicity, deformation, and changes in the chemistry  and fluxes  of volcanic gases. 

Multidisciplinary studies have more potential to shed light into the complex processes underlying
the time changing nature of active volcanoes, and can be suggested that such an integrated
approach should be a priority of volcanological research in the years to come. For this volcano
particularly, the problem of understanding eruptive phenomena is of notable importance and
also of considerable impact, owing to the high population density (about 1,000,000 people) on
its slopes.
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Unraveling one of the Earth’s best kept secrets: the
seismotectonics of the Calabrian Arc

G. Valensise

Ingv-Roma, Via di Vigna Murata 605 - 00143 Roma

INGVCT2011-016

The Calabrian Arc is a region of exceptional complexity, the true focal point of the Central
Mediterranean where subduction, volcanism and crustal deformation coexist within a relatively
limited space. The region is the locus of large earthquakes generated by a variety of
mechanisms and of intense volcanic activity reflecting a variety of processes and magma
sources. Its shores have been frequently inundated by catastrophic tsunami. The local
landscape evolves quite rapidly due to a combination of fast yet rather heterogeneous uplift and
accelerated erosion due to the steepness of topography and to the crumbly nature of the
bedrock.



The Calabrian Arc has been the object of scientific investigations for over two centuries, and its
mighty earthquakes and volcanoes have been a playground for scholars such as De Dolomieu,
Omori and Mercalli, to name just a few. We can count on historical observations extending over
nearly two millennia and on an extremely dense coverage by various types of networks
continuously recording earthquake, deformation and geochemical parameters over the entire
region. Nevertheless, we still lack a satisfactory geodynamic model that allows all the
phenomena and observations to be interpreted within the same framework. Importing plate
tectonics models from other portions of the globe does not seem to explain and reproduce all
observations, a condition worsened by the elusive nature of some of the phenomena and by the
limited length of the instrumental record.



I will discuss the seismotectonic evidence available for the entire Calabrian Arc and the most
recent large-scale geodynamic models, stressing the aspects that are still being debated and
pointing out the relationships between tectonic activity and  the location of volcanoes. The
Calabrian Arc affords the unique possibility of understanding a number of significant
geodynamic occurrences simultaneously; but accomplishing this goal requires the capacity to
connect data and models from different disciplines in an extraordinarily multidisciplinary effort.
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Fig. 1.1 - Recent conceptual model of current deformation in the Calabrian Arc. The scheme envisions
two separate engines corresponding to the ongoing subduction and to the NW-SE convergence of the

African and European plates (From Di Bucci et al., JGR, 2010). 
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Eruptive activity at Stromboli and Etna volcanoes
(Italy) in 2011

B. Behncke

Istituto Nazionale di Geofisica e Vulcanologia, Osservatorio Etneo (Sezione di Catania), Piazza
Roma 2, 95125 Catania, Italy

INGVCT2011-026

Since the beginning of the year 2011, both Stromboli and Mount Etna volcanoes, in Sicily
(southern Italy), have shown rather intense levels of eruptive activity.

At Stromboli, stronger-than-usual explosions have been frequent since 2009, and there have
been numerous episodes of virtually continuous spattering or low lava fountaining accompanied
by the formation of small lava flows. Most of these have been confined to the floor of the crater
terrace, but on at least three occasions – 11-12 December 2010, 1-2 August 2011, and 18 August
2011 – lava flows occurred on the upper part of the Sciara del Fuoco. A new phase of frequent
strong explosions and episodes of spattering and small-volume lava emission started in early
July 2011 and is continuing as of late-August 2011.

Etna, following a quiescent period following its latest flank eruption (13 May 2008 – 6 July 2009),
started to show signs of reawakening with a number of phreatomagmatic explosions from the
Southeast Crater and the Bocca Nuova in 2010, and significant quantities of juvenile ash were
emitted from the Northeast Crater in mid-November 2010. A new phase of magmatic eruptive
activity started at the Southeast Crater in January 2011, which as of 31 August 2011 has
consisted of 12 brief but violent (and very spectacular) episodes of lava fountaining, tephra
emission, and lava effusion from a new vent on the east side of the old Southeast Crater cone.
This vent, which formed in November 2009 by localized ground collapse, transformed from a
major collapse pit about 200 m wide into a large new pyroclastic cone – the New Southeast
Crater – whose height above the former (pre-January 2011) surface was measured to exceed
150 m in late-August 2011.

During the latest eruptive episodes in mid and late-August 2011, the New Southeast Crater cone
continued to grow on its southern and northern sides, whereas its eastern flank showed
increasingly conspicuous signs of instability and mass wasting, culminating with the opening of a
short eruptive fissure down to the base of the cone during the 29 August 2011 eruptive episode.
Between January and early July 2011, eruptive episodes from the New Southeast Crater were
separated by quiescent intervals ranging from 4 to 8 weeks, but in mid-July, the intervals
shortened to a minimum of 5.5 days; this acceleration in the activity was accompanied by a
week-long episode of magmatic activity (Strombolian explosions and emission of lava onto the
crater floor) at the Bocca Nuova on 11-18 July, which had been preceded, since 14 July, by
frequent block and ash emissions. 
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Volcanic eruption in Grimsvotn, 21 May 2011
S. S. Jakobsdottir, M. J. Roberts, G. B. Guðmundsson and J. Holmjarn

Icelandic Meteorological Office, Bustadavegur 9, 150 reykjavik, Iceland

INGVCT2011-025

A volcanic eruption started in Grimsvotn in Vatnajokull, Iceland, at approximately 1900h on 21
May 2011. The eruption was expected as the magma chamber inside the Grimsvotn caldera had
inflated to give approximately the same deformation  as before the Grimsvotn eruption in 2004.
There were even some speculations about if a glacial flood, jokulhlaup, from Grimsvotn at the
end of October 2010 would trigger an eruption, but that did not happen.



The onset of the eruption in 2011 was somewhat different from the one in 2004. Firstly, there
was a decrease in seismicity the weeks before the eruption in 2011, while there was a
considerable increase in seismicity before the one in 2004. Similarly, the 2011 eruption was
preceded by only 80 minutes of intense seismicity.



Also the plume height during the first hours was much higher than in the 2004 eruption, reaching
up to 20 kilometers intermittently. A large portion of the ash fell out from the lowermost ~5
kilometers of the plume and a considerable part spread out in about 10-12 kilometers height,
while the uppermost part of the plume was fairly pale in color.



The eruption went on for seven days, the last explosions occurring around 0700h on 28 May.

The magma chamber is already inflating again, but as usual there are almost no earthquakes
observed in Grimsvotn in the first months after the eruption.
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Fig. 1.1 - Accumulation of seismic moment beneath Grimsvotn caldera in the time intervals between the
eruptions in 1998, 2004 and 2011.
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Seismicity and tilt changes during the initial stage of
the 2007 andesitic lava dome growth in the crater of

Volcan de Colima, México
V. Zobin, J. Ramirez, H. Santiago, C. Navarro, M. Breton

Observatorio Vulcanológico, Universidad de Colima, Colima, 28045, México

INGVCT2011-001

The tilt changes and the seismic events recorded during December 2006 to March 2007 at the
initial stage of a lava dome growth in the crater of Volcan de Colima, Mexico are discussed. Two
instrumental sites equipped with tiltmeters and seismometers were situated at the opposite
slopes of the volcano at the distances of 1.6 km and 4 km from the crater and the elevations of
3.06 km and 2.2 km a.s.l., respectively. There were observed two inflation-deflation pulses. The
tilt changes at the lower station regularly began before the same at the higher station indicating
the direction of magma intrusion from south to north. The period from 23 January to 16 February
was indicated by the tilt changes as the beginning of the dome growth in the crater. Three types
of seismic signals, associated with the degassing explosions and recorded by broadband
instrument at a distance of 4 km from the crater, were characterized by the different initial
waveforms during gas-and-ash explosions and gas explosions. Location of the sources of the
inflation-deflation pulses allowed suggesting the initial magma intrusion at the depth of about 2
km beneath the southern flank of the volcano. Then magma horizontally migrated till the
intersecting with the conduit. Within the conduit, as the seismic and tilt data show, the process of
magma degassing developed at two levels, at the entrance to the conduit (depth between 1500-
2000 m) and beneath the lava dome (depth between 300-500 m), producing seismic events. 
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Precise relocation of pre-eruptive and intrusive
seismicity recorded at Piton de la Fournaise volcano

(La Réunion island) between 2008 and 2011


J. Battaglia [1], F. Brenguier [2]


[1] Laboratoire Magmas et Volcans, CNRS UMR 6524, Univ. B. Pascal, 5 rue Kessler, 63038
Clermont-Ferrand, France


[2] Observatoire Volcanologique du Piton de la Fournaise, Institut de Physique du Globe de
Paris, La Plaine des Cafres, France

INGVCT2011-006

Piton de la Fournaise is a basaltic volcano which had more than 30 fissure eruptions since 1998.
The eruptions are always preceded by pre-eruptive swarms of volcano-tectonic earthquakes
which accompany dike propagation. Occasionally, intrusion swarms occur without leading to any
eruption. The volcano has been monitored since 1980 by a modern observatory. The monitoring
networks includes seismic measurements with, in recent years, 6 3-component broadband
stations in addition to the short period analog network composed of about 20 stations, mostly 1-
component. From October 2008 to May 2011, as part of the research project Undervolc, a
temporary network of 15 broadband stations has been installed to complement the permanent
network, improving significantly the station coverage. We analyzed in detail the 6 intrusive and 5
pre-eruptive swarms which occurred during the temporary experiment. All crises lasted from 1 to
4 hours and included only shallow events, clustered below the summit craters, around and
above sea level. The seismic activity showed no signs of deeper magma transfers. These
characteristics are common to most swarms occurring at Piton de la Fournaise and this arises
questions about the origin of that seismicity which seems to be poorly linked with propagation of
dike. Our goal is to identify the seismogenic structures active during the crises, determine if
some of them are activated during multiple crises and determine their spatial characteristics.



The exhaustive detection and accurate identification of onset times is made difficult during the
swarms by the high rate of occurrence of the earthquakes, as well as by the high background
noise. Therefore, we use an approach based on waveform cross-correlation in which we detect
transients by scanning, with reference waveforms, the continuous data from a single station
located in the summit area. This procedure provided us with a total of 4688 transients for the 12
swarms, including very small and noisy events only detected at the summit stations. The
accurate identification of onsets allows a precise comparison of the detected transients. The
waveform classification indicates the presence of several families of similar earthquakes. Two
large families are observed including 713 and 558 events. They are systematically activated at
the beginning of each pre-eruptive swarm but are inactive during the intrusive ones. They
represent more than 50 percent of the detected events for the corresponding crises. Most of the
other clusters are only associated with single swarms.



To determine the spatial characteristics of the structures corresponding to the main families, we
applied precise relocation techniques. These techniques require, however, to have preliminary
locations and therefore arrival times for each event for a maximum number of stations. Based on
the one-station classification, the events have been picked by waveform alignment with master
events whose arrival times have been manually determined. All of the 2079 picked events have
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been located using a 3D velocity model to determine accurate hypocentral azimuths and take-off
angles. To ensure having multiplets with similar waveforms at a sufficient number of stations to
allow precise relocation, a second classification has been done considering multiple stations.
The results globally confirm those of the one-station classification with the main difference that
families F01 and F02 merge into a single multiplet (F01-F02). For each multiplet, the precise
relative position of the events has been computed from delays calculated for all available
stations and pairs of events. Relocations for multiplet F01-F02 show the presence at sea level of
a major structure describing an East-West elongated pattern with sub-vertical extension. Small
scale earthquake migrations, mostly horizontal, occur during the pre-eruptive swarms along that
structure. The smaller multiplets define vertically elongated patterns extending around and
above the main F01-F02 multiplet. Our results show that different processes are involved in pre-
eruptive and intrusive crises and that the occurrence of recent eruptions of Piton de la Fournaise
volcano is controlled by a structure located near sea level.
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Seismological constraints on the intrusive
mechanism leading the 2001 Etna eruption

S. Sicali [1], G. Barberi [2], O. Cocina [2], C. Musumeci [2],  D. Patanè [2]

[1] Università degli Studi di Catania, Dipartimento di Scienze Geologiche, Corso Italia 55 - 95129
Catania


[2] Ingv-Catania, Osservatorio Etneo, Piazza Roma 2 - 95125 Catania

INGVCT2011-004

The 2001 Etna eruption occurred from July 17th to August 9th, 2001 and was preceded by
several days of intense seismicity and ground deformation. We investigated the seismic activity
recorded during November 2000 - June 2001 interval time preceding the eruption, to understand
the meaning of the seismicity connected to the dike intrusion, that locally modified the stress
field acting in the area.

The earthquakes were recorded by the permanent local networks operating during that time and
run by the Istituto Internazionale di Vulcanologia (IIV-CNR) and the Sistema POSEIDON. 

During the analyzed period, 683 earthquakes have been firstly localized by means of a 1D
velocity model derived from Hirn et al., 1991 using the software HypoEllipse [Lahr, U. S. Geol.
Survey, Open-File Report, 89/116, 81 pp., 1989].

In order to further improve the quality of the seismic dataset, we extracted 522 earthquakes with
Gap less than 200°, Erh < 1.5 km, Erz < 2 km, RMS less than 0.5 sec, and a minimum number of
S phases equal to 2. This latter seismic dataset was relocated using TomoDD code [Zhang and
Thurber, BSSA, 93, 1875-1889. 2003] and a 3D velocity model [Patanè et al., Science, 313, 821-
823, 2006 after modified].

Using first motion polarity data, 3D fault plane solutions were computed by means of the
software FPFIT [Reasenberg and Oppenheimer, U.S. Geological Survey Open File Report,
85/739, 109 pp, 1985]. Then, adopting restricted selection criteria (Npol more than 12; focal
plane uncertainties less than 20°; number of solutions < 2; number of discrepancies less than
15%), we selected 116 FPSs. 

This dataset represented the input file for the stress and strain tensors computation using the
inversion codes developed by Gephart and Forsyth,[ JGR 89: 9305-9320, 1984] and by Kostrov
[Izv Acad Sci USSR Phys Solid Earth, 1, 23-40], respectively.

On the basis of P and T axes distribution and the orientation of the main seismogenic stress and
strain axes, we put some seismological constraints on the recharging phase leading to the 2001
Etna eruption.
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The classification of microseismic events in
dynamical fluid systems to monitor fracture

propagation and fluid movement at depth
R. Salvage [1], A. Wuestefeld [2, 3], J-M. Kendall [3] 

[1] University of Leeds UK

[2] ESG Solutions, Kingston, ON, Canada


[3] University of Bristol, UK

INGVCT2011-012

Fracture propagation at depth, whether influenced by natural or anthropogenic processes, has
been associated with the generation of microseismicity through tensile and shear failure. The
study of an anthropogenic influenced system, such as hydraulic stimulation within a reservoir
setting, allows causal relationships to be determined between input parameters and specific
processes at depth. Conclusions drawn in relation to this setting can then be applied to other
dynamical fluid systems, such as volcanoes. In volcanic environments, fluid and magma
movement at depth create shear and tensile stresses that may, if critical values are overcome,
lead to fractures in the material. In turn, these processes generate characteristic seismic signals
that can then be recorded at seismic stations around the volcano.



In this study, a total of 889 located microseismic events were analysed from a hydraulic
stimulation experiment that took place within the Cotton Valley reservoir, East Texas.
Quantitative analysis of the spectral content of the seismic waveforms revealed dominant
frequencies, which allowed the classification of a total of 492 events into three categories: high,
hybrid and low frequency events. 



202 events were identified as high frequency events, with dominant frequencies above 350Hz.
These signals predominantly occurred during the early stages of stimulation, and are associated
with the initial brittle failure of the reservoir rock. Furthermore, 290 hybrid events were identified
from a characteristic high frequency onset, followed by a low frequency long resonating coda.
Microseismic signals with dominant frequencies below 150Hz are described as low frequency
events. None of the events analysed in this study were identified as low frequency signals. This
might be due to detection bias or previous filtering of the dataset. However, further investigation
into low frequency signals within multiple environments is essential. In particular, low frequency
signals have been observed at many volcanoes around the world, and are associated
empirically with the pressurization of the volcanic system and potentially the movement of
magma at depth. Detailed investigations into the nature and trigger mechanisms of different
seismic signals observed at volcanoes are essential for the development of a reliable and
realistic method for forecasting eruptions.
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Unsupervised Pattern Classification of Volcanic
Tremor at Mt. Etna – Experiences from on-line

application
A. Messina [1,2], H. Langer  [1], S. Spampinato [1], D. Reitano [1], A. D’Agostino [1]

[1] Istituto Nazionale di Geofisica e Vulcanologia, Sezione di Catania, Piazza Roma 2, 95125,
Catania, Italy


[2] Istituto Nazionale di Geofisica e Vulcanologia, Sezione Roma 2, Via di Vigna Murata, 605,
00143 Roma

INGVCT2011-011

On Mt Etna continuous monitoring of the seismic background radiation – volcanic tremor – plays a
key role in the surveillance of the volcano. States of its activity, which  develop in well defined
regimes mirror in the characteristics of volcanic tremor. Explosive eruptions such as those at
Okmok (Aleutians) and Chaitén (Chile) in 2008 and numerous smaller events at Mt Etna (Italy),
have shown that the period of premonitory seismic activity can be short (only a few hours),
which entails the necessity of effective near real-time automatic data processing.

Recently Langer et al. (2011) presented a synoptic pattern classification analysis based on Self
Organizing Maps and Fuzzy Cluster Analysis which is applied to volcanic tremor data on Mt
Etna. The authors were able to identify initial stages of eruptive events well before these
became evident in conventional monitoring techniques. A clue of their methods is that they offer
an efficient way to visualize characteristics of high dimensional feature vectors – spectral
amplitudes here - and their development with time. Compared to many supervised classification
schemes the approach is well behaved in the presence of new data with characteristics never
seen before. Besides, with a suitable pre-processing of the time series, the system has proven
to be rather robust with respect to possible disturbances (undesired transients like earthquakes,
noise, but also short gaps in the continuous data flow). As the application of the software for this
synoptic pattern classification is straightforward and requires only moderate computational
resources, it was possible to exploit it in an on-line application, which was tested and now is in
use at the Istituto Nazionale di Geofisica e Vulcanologia in Catania for the monitoring of Etna.

The on-line application of the synoptic classifier is now running for over one year, allowing the
operator to learn to read the results of the classifier encountered during various situations of
volcanic activity, both in the context of eruptive events as well as in the condition of quiescence,
where the persistent signal may be affected by other sources, such as anthropogenic noise,
wind or teleseismic events (such as the 11 March, 2011 M=9 earthquake in Japan, with large
amplitudes lasting for hours). The eight episodes of eruptive activity 2011 can be used as to test
the validity of the classifier. In particular we identify criteria which allow to issue automatically an
early warning with a reasonable degree of reliability. In a test carried out for continuously
acquired data in 2011 it was possible to flag all eight episodes for hours in advance, without
encountering false alarms. 
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Fig. 1.1 - Activity scenarios and tremor classification. a) Eruptive episodes in 2007/08, b) quiescent, no
noise, c) anthropogenic noise, e) strong wind, f) probably aborted eruption. 
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Monitoring volcanoes by Self-Organizing Map (SOM)
analysis

R. Carniel [1], L. Barbui [1], A. Jolly [2], S. Sherburn [2]

[1] Laboratorio di misure e trattamento dei segnali, DICA, Università degli Studi di Udine, Italy

[2] GNS Science, Wairakei Research Centre, Taupo, New Zealand
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We present the latest developments of a technique to improve the analysis of geophysical data
to monitor a volcanic system, in order to highlight the existence of dynamical regimes and
possibly forecast paroxysmal phases. Our technique is based on a particular kind of artificial
neural networks, the Self-Organizing Maps (SOMs). As an example, SOMs are used to perform
an automatic seismic spectral pattern recognition, as independent as possible from a-priori
knowledge. Every spectrum is finally associated to a node on the map, which has a given
topology and has to be trained in a preliminary phase. Cluster analysis is finally perfomed on the
nodes of the map to simplify the identification and interpretation of coherent regimes. A case
study is presented using continuous seismic noise recorded at Ruapehu, New Zealand.
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Dynamics of the upper SE flank of Mt. Etna: a
synoptic view from the characteristics of the seismic
signals between November 2005 and January 2006

S. Falsaperla, G. Barberi, O. Cocina

INGV, Sezione di Catania, Osservatorio Etneo,P.zza Roma 2 - 95125, Catania, Italy

INGVCT2011-005

The July – December 2006 eruptive activity at Mt. Etna was preceded by changes in volcanic
tremor characteristics. The amplitude of volcanic tremor peaked in December 2005 after a
restless, even though slow increase, starting from July 2005, during which no visible change
was reported in the visible activity of the volcano by volcanologists and alpine guides.

In this study we focus on a three-month long time period, i.e., from November 1 2005 to January
31 2006, which was characterized by strong changes in amplitude and frequency content of
volcanic tremor. In so doing, we analyze records from permanent stations run by INGV as well
as a few broadband seismic sensors of a temporary array, deployed from July 2005 to January
2006. Pattern classification analysis based on Self Organizing Maps and Fuzzy Cluster Analysis
highlights variations in volcanic tremor data we interpret as evidence for magma ascent,
representing a stage of recharging of the volcanic feeder at depth. This hypothesis is supported
by VT seismicity, which was intense in the time span investigated. In particular, earthquakes
recorded on January 8, 2006 (with foci between 10 and 15 km) were the major indicators to
sketch out the modality of transfer of magma within the volcano during this recharging phase
[Cocina et al., Geophysical Research Abstracts, Vol. 12, EGU2010-9267, 2010]. Finally,
differences in the characteristics of the seismic signal at reference stations are also analyzed in
the light of a recently published seismic tomography [Patanè et al., Science, Vol. 313, 821-823,
2006].
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Understanding Mt. Etna shallow plumbing system by
infrasonic signals


L. Spina [1], A. Cannata [2], E. Privitera [2], S. Vergniolle [3], C. Ferlito [1], S. Gresta [1], P.
Montalto [2], M. Sciotto[1]

[1] Università di Catania, Corso Italia 57,95125-Catania, Italy

[2] Ingv-Catania, Piazza Roma 2,95125-Catania, Italy


[3] Institut de Physique du Globe de Paris, Sorbonne Paris Cité, Université Paris Diderot, 1 rue
Jussieu, 75238 Paris, France


INGVCT2011-007

Getting a careful knowledge of the specific features of a volcano is a hard task for a researcher,
but it is necessary to mitigate volcanic risk and prevent people and property damages, as well
as to formulate models about the volcano’s dynamics. In this scenario, many techniques, among
which the study of infrasonic signals is one of the most useful, have been employed. At Mt. Etna
this research topic has revealed many interesting information, from the deployment of the
infrasonic permanent network in 2006.

In this work, we analysed ~40000 infrasonic events continuously recorded between August 2007
and December 2009. Three main active sources have been found during this about 28 months
period. The first, located at North East Crater (hereafter: “NEC”), has been continuously active,
although NEC has never given rise to surface volcanic activity during the studied period. NEC
infrasonic events, with duration up to ten second and low amplitude, had two frequency bands.
The highest was comprised between 0.8 and 2.5 Hz and displayed harmonics, while the latter
had a frequency content below 0.5 Hz. However, except for a brief episode, we were not able to
record this second low frequency band until November 2009, when a new broad-band sensor
was installed at EBEL station. The remaining two sources shared common features and
coincided with South East Crater and the eruptive fissure of 2008-2009 eruption ( “SEC” and “EF”
respectively). Both of them radiated infrasound only in coincidence with the occurrence of
explosive volcanic activity, and their infrasonic events had a frequency content above 2.5 Hz,
shorter duration and higher amplitude than NEC events. These spectral and waveform
differences, as well as the distinct type of occurrence in respect of NEC events, are related to
different source mechanisms.

We performed two different spectral analyses: FFT and Sompi method. An interesting outcome
has been found: the dominant frequency of NEC events dropped after the end of the volcanic
activity at both SEC and EF, highlighting a link among the feeding systems of these vents. We
focused on three main time intervals: i) period I: from 15 August to 15 September 2007; ii)
period II: from 20 November to 8 December 2007; iii) period III: from 3 to 29 June 2008. In the
first two periods fire fountain episodes occurred on 4 September and 23 November,
respectively. In both cases the peak frequency of NEC events decreased from its previous value
of 2 to 1.2 Hz at the end of the eruptive episode. Contemporaneously an increase of the quality
factor from the mean value of 3 to about 11 and a slight amplitude decrease was observed. The
third period, instead, is characterized by strombolian activity at EF. In that case, NEC events
peak frequencies dropped from values of 1 and 2 Hz, up to 0.8, 1.5, 2.3 Hz, and an amplitude
decrease was also observed. In the figure below, the main results are displayed for the first
period.

In the NEC events upper frequency band, the observed harmonics led us to consider a
resonance mechanism. We ruled out  the hypothesis of a two-dimensional resonator, such a
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dike, because there was no evidence of two sets of resonance mode. Furthermore, we observed
only pair harmonics, implying that the resonator is either closed-closed or open-open. In our
opinion the resonator is coincident with the portion of NEC conduit comprised between the free
magma surface and a cross sectional variation (a decrease in the conduit radius) at the base of
the funnel-shaped crater. This narrowing of the conduit makes it behave also as an Helmholtz
resonator. In fact, gas escaping from this kind of neck induces the irradiation of monochromatic
acoustic waves, explaining the low frequency band observed in NEC events. 

According to the equation of resonance in a tube, the decrease in the dominant frequency of
NEC events could be caused by a decrease of the acoustic velocity or either the lengthening of
the resonating portion of conduit, induced by a deepening of the free magma surface. Between
the described possibilities, we prefer the latter for several reasons. Taking into account the NEC
events upper frequency band, the lowest frequency value was reached during the eruption,
according to the effective magma drainage during the activity at the topographically low EF
vents. Furthermore, the stability of the dominant frequency peak at 0.8 Hz from June 2008 to
March 2009 suggests that the spectral variations are likely generated by changes in geometry
rather than in acoustic waves velocity. On the other hand, concerning the first two periods, we
believe that the magma chamber depressurisation following the fire fountain episodes could
have induced magma flow from the conduit back into the chamber, with a consequent drop in
the magma-static level.
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Fig. 1.1 - (a) Waveforms of NEC events (time occurrence: see triangles in ‘b‘), (b) sketch of the volcanic
activity at SEC, (c) normalised pseudo-spectrogram, (d) quality factor and (e) peak-to-peak amplitude of

the infrasound events during 15/08-15/09, 2007
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Analysis of the seismo-volcanic and hydrothermal
activity recorded on the Marsili submarine volcano

A. D’Alessandro [1], G. Mangano [1], G. D’Anna [1], D. Luzio [2]
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Marsili is a back-arc volcano with a dominant tholeitic petrochemical affinity. This seamount,
having an elevation of about 3000 m above the sea floor, an approximate length of 60 km in a
NNE-SSW direction and a mean width of 25  km, is the biggest European volcano. The opening
of the Marsili basin was related to a sharp acceleration of the roll-back of the Ionian lithosphere
subducting below the Southern Tyrrhenian Basin. 

On the basis of all the geophysical, geological and petrological information knower, Marsili
volcano can be considered as being the key needed to understand the dynamics of spreading
and back-arc lithosphere formation in this Tyrrhenian sector. However, despite its importance in
the Mediterranean geodynamical contest the seismo-volcanic and hydrothermal activity of this
seamount remained little known.

For this reason in 2006, in the framework of PRO.ME.TH.E.US project (Program of
Mediterranean Exploration for Thermal Energy Use), founded by PRAMA s.r.l (Italy) (now
Eurobuilding SpA), a multi-disciplinary research was conducted on the Marsili volcano area.

In the framework of this project the INGV’s staff placed a broadband OBS/H (Ocean Bottom
Seismometer with Hydrophone) on Marsili’s flat top (39° 16,383’ lat. Nord, 14° 23,588’ long. Est.) at
a depth of 790 m. For this experiment the OBS/H operated from July 12th to 21st 2006. In only 9
days the submarine seismic  station recorded more than 1000 seismo-volcanic and
hydrothermal signals. By comparing the signals recorded with typical volcanic seismic activity,
we group the recorded signals into: Volcano-Tectonic type B (817 VTB) events, occurrences of
High Frequency Tremor (159 HFT) and quasi-monochromatic Short Duration Events (32 SDE).
The small-magnitude VT-B swarms, having a frequency band of 2 - 6 Hz and a mean length of
about 30 seconds, were almost all recorded during the first 7 days. During the last 2 days, the
OBS/H mainly recorded HFT events with frequencies of over 40 Hz and few minutes length. 

On February 14th  2010, about three years and half after the first monitoring campaign another
OBS/H was deployed in the same point for a long monitoring campaign (9 mouths).

For this experiment the OBS/H was equipped with a Guralp CMG40T-OBS 3C seismometer,
with flat transfer function in the band 60 s - 100 Hz, housed in a glass sphere with an auto-
leveling system that allows the sensor leveling in a range of ± 70° from the vertical. To monitor
high frequency seismic and pressure signals the OBS/H was also equipped with a HTI-04-
PCA/ULF Hydrophone, with a flat transfer function in the band 100s - 8 kHz. Both the signals
were recorded by a 4 channels 21 bits SEND Geolon-MLS datalogger, at a sampling frequency
of 200 Hz.

During the nine months of the monitoring experiment the OBS/H recorded some thousand of
little magnitude events very similar to that of the first experiment. The signals recorded in both
the experiments were analyzed using polarization, spectral and clustering techniques. Both
methods and results will be presented during the workshop.
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Gas Transfer and Storage in a Permeable Volcanic
Edifice

A. Collinson & J. Neuberg

School of Earth & Environment - Institute of Geophysics & Tectonics -The University of Leeds -
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A new method has been devised to investigate gas transport and storage in a permeable
volcanic edifice. The continuity equation and Darcy's law are amalgamated to derive a partial
differential equation which is solved using a finite element method to obtain the gas pressure.
The associated pressure gradient is then used within Darcy's law to calculate the gas flux. The
properties of the gas are described by the ideal gas law. The strength of this method is that it
allows the modelling of two and three dimensional structures both in stationary equilibrium and
as a time dependent progression.

A geometry is created and the pressure and permeabilites incorporated into the model as
boundary and domain conditions respectively. The aim of the model is to investigate how
variable permeability and pressure gradients influence the gas flux, for example highly
permeable cracks in the dome, or impermeable layers within the volcanic structure.



We also use this gas model to complement the model of Neuberg et al. (2006) in which brittle
failure of the conduit-wall boundary is used as a trigger mechanism of low-frequency
earthquakes. The associated behaviour of the gas in response to the brittle failure is simulated
in our model by increasing the permeability through a narrow zone at the boundary between the
conduit and country rock.In addition, we investigate how the presence of gas and variations in
permeability influence the rate and degree of deformation seen in the volcanic edifice. Our
model is highly versatile and has the potential to be integral to the understanding of gas
transport and storage within a permeable volcanic edifice.
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On interpreting temporal gravity changes at
volcanoes by 3D inversion based on the method of

local corrections
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Magmatic processes underground volcanoes can be sensed by observed surface deformations
(displacements) and gravity changes. The gravity changes, after removing their component due
to vertical displacements, are caused by the changes of the mass density distribution associated
with the movement of magma and its density changes implied by complex physical and
chemical processes. Our aim is to interpret the gravity changes observed on the topographic
surface in areas of active or awakening volcanism in terms of localizing the respective
underground density changes by determining the depth and spatial geometry of the body of a
density change. This is accomplished by a proposed 3D inversion method based on the method
of local corrections.

	The method of local corrections represents an original approach to 3D inverse problem solution.
The gravity data are first corrected for the component due to the vertical displacement casued
by surface deformations. Then the data are approximated by the field of several 3D line
segments. These line segments approximate the sought bodies of density changes and serve
for starting the iterative 3D inversion method based on the local corrections. This method makes
use of no forward modeling. Instead, it solves non-linear integral equations of the spatial
geometry of the sought bodies by a numerically efficient iterative procedure. For this purpose
new integral equations of the first kind were derived. We apply the inversion method to gravity
changes observed at the Mayon volcano, Philippines.
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Volcanic antennas catching seismic vibrations:
influence of seismic activity on the thermal data of

low temperature fumaroles recorded in Italian active
and quiescent volcanoes

P. Madonia
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Water vapour is the most abundant among the fluids of magmatic and/or hydrothermal origin
emitted in volcanic areas. In open conduit volcanoes, like Mt. Etna or Stromboli, the most of it is
released in the plume, even if active fumarolic fields, mostly located around the main vents, emit
significant amount of water vapour. In quiescent volcanoes like Mt. Vesuvius or Vulcano I.,
characterized by obstructed conduits, fumaroles represent the only atmospheric source for non-
meteoric fluids. If fumarolic fluids are conveyed to the solid Earth/atmosphere interface through
open fractures, their temperature at ground level is higher than 100 °C, and we refer to them as
“high temperature fumaroles” dominated by advective-convective heat transfer processes. In
more distal positions with respect to the main emission points, and with the interposition of a
porous media (soil and/or fine volcanoclastic products), cooling of volcanic vapour leads to its
partial condensation in liquid phase; the coexistence of liquid and vapour phases buffers the
emission temperatures at 100°C (low temperature fumaroles) and heat transfer is controlled by
convective-conductive processes.

Since direct measures of vapour flux are difficult to be performed, especially where acidic
species are associated to water with a consequent very high corrosion rate of any hardware in
direct contact with fumaroles, continuous monitoring is based on fumarole temperature
measurements, whose variation reflects flux changes. These may be due three possible causes:
(1) variations of the deep source (i.e., the volcanic system), (2) changes in soil permeability due
to the dynamics of the stress field (both at local and regional/subregional scales) acting on the
volcanic edifices and (3) meteorological induced variations, due to changes in atmospheric
pressures, rainfalls and strong winds.

Excluding meteorological driven variations, which represent an ambient noise to be removed for
isolating thermal anomalies generated by crustal phenomena, both changes in the volcanic
source and seismogenetic processes produce similar effects on the 4D (X,Y,Z, time) distribution
of the fumarolic thermal field. High temperature fumaroles, thanks to their direct connections
(open fractures) with the magma body, give fast responses to unrests of the volcanic source: the
rise of a fresh magma batch, rich in volatiles, is very often heralded by an increment of fumarole
temperatures. Low temperature fumaroles normally respond to these changes with a certain
time delay and a lower amplitude of the thermal anomalies, often accompanied by a spatial
expansion of the fumarolic field. 

What is peculiar of low temperature fumaroles is their reactivity to seismogenetic processes
developing in volcanic areas. During the preparation phases of a seismic events, permeability
changes induced by variations of the stress field acting on a volcano may influence the
migration of water vapour from the magma source to the Earth surface: consequently,
temperatures recorded in the fumarolic fields may be affected both by positive and negative
anomalous transients depending on the mutual orientation of the main directions of
compression/dilatation and the 3D geometry of the voids network through which vapour travels
up to the surface. Examples of these phenomena have been recorded at Mt. Vesuvius and
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Vulcano Island. On the other side, the shaking induced by a seismic shock can contribute to the
essolution of volatiles from the magma, giving place to a temporary increment in vapour flux,
detected as thermal anomalies affecting the fumarolic fields. The sign of these anomalies is
unnecessarily positive: when fumarolic fields are associated to open conduits, like at Stromboli
Island, a decrement of temperatures is observed in the peripheral fumaroles, due to changes in
the partition ratio of the vapour flux between the conduit and the soil.

The amplitude of the thermal response of a fumarolic field to a seismic induced shaking is not
simply attributable to the combination of magnitude and hypocentrum proximity of the events:
several episodes recorded both at Vulcano and Stromboli Islands reveal that also teleseismic
earthquakes and/or shocks whose locations are at medium ranges from the volcanic edifices,
but lying on the same tectonic structures passing through them, can produce wider anomalies
with respect to energetic events located very close to these volcanoes


Fig. 1.1 - Scheme of an active volcano with representation of high and low temperature fumaroles
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Precursory tilt of a basaltic paroxysmal explosion,
recorded at a distant broadband seismic station:

evidence for an interconnected magmatic system in
the eastern Aeolian volcanic arc (Italy)

N.A. Pino

INGV-Osservatorio Vesuviano, Via Diocleziano 328 - 80124 Napoli, Italy
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The Aeolian volcanic islands are located in the Southern Tyrrhenian Sea, between the back arc
oceanic basin and the Calabrian Arc forearc region. Including the volcanic seamounts, the
archipelago forms a horseshoe-shaped structure, with the open side oriented to NW. According
to structural and volcanological features, these volcanoes can be grouped in three distinct
areas: a western sector, where no activity is reported successive to 3040 ka, including the
westernmost seamounts and Alicudi and Filicudi islands; a central sector, formed by Salina,
Lipari, and Volcano islands, which last erupted 13 ka b.p., 580 AD, and 1888-1890 AD,
respectively; an eastern sector, extending from the northeastern seamounts to Stromboli and
Panarea, with intense fumarolic emissions on the latter, whereas active volcanism is present on
Stromboli, characterized by relatively frequent lava flows and persistent strombolian explosions.

Several researchers evidenced that volcanism developed in different times in the three sectors,
respectively starting 1.3 Ma, 0.4 Ma, and 0.8 Ma b.p., from west to east, in response to
successive stages of the southwestward migration of the forearc-back arc system in the
southern Tyrrhenian and the magma upraise in the three sectors is controlled by distinct faults
systems, developed in response to different geodynamic regimes. Erupted products also display
high petrological affinity in each sector, indicating well distinct mantle sources.

In addition to similarities in the genesis of the parental magmas, the islands in the eastern sector
have also displayed simultaneous volcanic unrest in recent years, being interested by a period
of intense reactivation, starting almost contemporarily on Panarea and Stromboli. In fact, on
November 3, 2002, a huge amount of CO2-rich gas was discharged in the marine sector 
surrounding Panarea, about 3 km east of the island coast. At about the same time, on
December 28, 2002,  a lava flow ran over the Stromboli crater rim along the NW flank, also
causing a couple of landslides and subsequent tsunamis. Then, on April 5, 2003, a paroxysmal
explosion happened during the ongoing flank lava flow eruption. Analogous correspondence
between the activity at the islands was also observed in 1865, with submarine gas eruption at
Panarea occurring in concomitance with a relevant Stromboli eruption. Recently, based on
geochemical and geophysical observations, Heinicke et al. [2009] suggested the presence of an
interconnection between the two volcanic edifices, with a common reservoir supplying volcanic
fluids to both islands.

I report on a clear observation of strong surface deformation occurring at Panarea in
concomitance with the 2003 Stromboli paroxysmal explosion, providing indication for
simultaneous pressurization at depth beneath the two volcanic islands, in spite of the 20 km
distance from each other. In particular, a few hours prior to the explosion, the seismograms of a
broadband seismic station installed at Panarea exhibit an ultralong period pulse, similar to those
simultaneously recorded at Stromboli with much lower amplitude. This signal is interpreted as
due to surface tilt and, based on simple modeling, it can be justified by 35 cm opening along a
fault structure, located about 500 m east of the seismic station and oriented roughly parallel to
the main tectonic structures in the area. The tilt signal is preceded by a 7-8 hours-lasting series
of high frequency small events, the first of which occurred at depth of 10 km beneath the station.
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Continuous increase of the tremor amplitude and frequency is observed, starting at the same
time of the events' sequence and proceeding up to the sharp tilt. The whole process is
interpreted as due to local intense gas upraise and emission. These evidences, along with
published geochemical and geophysical correspondences between volcanic activity in Panarea
and Stromboli, lead to the conclusion that an interconnected magmatic system is present in the
eastern sector of the Aeolian Arc, interesting both volcanic islands, as recently suggested by
other authors. The Panarea gas emission anticipating the 2003 vulcanian explosion, a
coincidence also reported for another Stromboli paroxysmal blast, indicates the possible
occurrence a common reservoir at depth that undergo pressure increment resulting in gas
accumulation and successive upraise at both sites and suggests that monitoring of a larger area
above the extended magmatic system may help in reducing the volcanic risk connected to the
major explosions.
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A multiparameteric view  on the geophysical
fingerprint of Vulcanian explosions: the 2008 activity 

of Soufrière Hills volcano, Montserrat
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Lava dome eruptions are often interspersed by vigorous explosions characterized by sequences
of short-lived pulses. Such Vulcanian-type explosions represent a significant hazard, and an
understanding of their dynamics is vital for risk mitigation. However, the causes for and the
timing of the transition from effusive to explosive activity during dome formation are largely
unknown. Here, we describe and interpret robust and unique multi-parameter data from seismic,
strain, gravimetric and barometric records documenting the subsurface processes associated
with Vulcanian-type explosions at Soufrière Hills Volcano, Montserrat. Geophysical signatures
are distinct for two particular events in 2008, which are representative for the documented range
of Vulcanian activity world-wide. We quantify explosion priming caused by processes in either
the shallow (< 2km depth) or the deep magmatic system. One explosion has a signature related
exclusively to shallow dynamics including conduit destabilisation, syn-eruptive decompression
and magma fragmentation, conduit emptying and expulsion of juvenile pumice.  In contrast, the
second explosion was triggered by unprecedented sudden pressurisation of the entire plumbing
system from depths of about 10 km (including the magma chambers) resulting in surficial dome
carapace failure, a violent cannon-like explosion, propagation of a shock wave and pronounced
ballistic ejection of dome fragments. With timescales for eruption priming on the order of few
minutes, the precursory geophysical signatures are indicative of the nature of ensuing Vulcanian
explosions. The short precursory phases characterise Vulcanian explosions as freak events
triggered by abrupt rather than gradual changes in subsurface dynamics. 
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Sub-volcanic architecture of a large deformation
anomaly in the Southern Bolivian Altiplano from new

gravimetric data and 3-D inversion 
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Density anomalies in volcanic terrains may be representative of sub-volcanic structures and
have the potential to yield insights into magmatic plumbing systems. Gravimetric techniques can
identify such anomalies and invert for their subsurface architecture. Here, we present 3-D
inversion models of an area of 5000 km2 in Southern Bolivia using gravity data from 143 new
and 60 existing benchmarks. Volcanic activity in this region has evolved from very large silicic
volcanic systems that generated huge volumes of pyroclastic flows during an ‘ignimbrite flare-up’
to, more recently, the eruption of silicic lavas that built large composite cones. Our inversion
models show several anomalous low-density bodies that extend from the surface to at least 20
km depth to a region that has been identified by regional geophysical data as the top of the
Altiplano-Puna magma body (APMB) – a thick region of hot partially molten rock. One large
strong negative anomaly is identified beneath the large Vilama caldera system. Other smaller
strong negative anomalies root up towards the Uturuncu and Soniquera volcanoes, two of the
youngest volcanic complexes in the area.  The geometries and distribution of the large negative
anomalies provide insights into the extent and shape of sub-volcanic systems, including possible
magma chambers. For example, the negative density structure identified beneath Uturuncu
hosts at around 15 km depth the source for the on-going large wavelength regional ground uplift
identified by satellite geodesy. 
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data collected between the Panarea island and the Calabria arc highlight a WNW-ESE
elongated positive magnetic anomaly centered on the Capo Vaticano morphological ridge.
Results of forward and inverse modeling show a magnetized body that extends from the
bathymetric surface to about 3 km of depth. The magnetic properties of such body are
consistent with those of the medium to highly evolved volcanic rocks of the Aeolian Arc, i.e.
dacites and rhyolites. The interpretation of the magnetic and geological data reveals that the
positive magnetic anomaly is due to the occurrence of an elongated sill, remnant of a
Pleistocene volcano plumbing system that erupted the pumice tephra outcropping in Calabria.
More in general, the study of the magnetic anomaly field in the central and easternmost side of
the Aeolian Archipelago, and the constrained modeling has allowed to get valuable
understanding about the inner structure of these volcanoes and their relationship with the local
and regional tectonic patterns.
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Interactions between deformation sources and
implications for numerical modelling of dikes and

magma chambers
K. Pascal & J. Neuberg
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The displacement field due to magma movements in the subsurface is commonly modelled
using the solutions for a Mogi point source or a dislocation Okada source embedded in a
homogeneous elastic half-space. When the magmatic system is represented by several
sources, their respective deformation fields are summed, and the assumption of homogeneity in
the half-space is violated. 



We have investigated the effects of neglecting the interaction between sources on the surface
deformation field. To do so, we calculated the vertical and horizontal displacements for models
with adjacent sources and we tested them against the solutions of corresponding numerical 3D
finite element models. We implemented several models combining spherical pressure sources
and dislocation sources, varying the pressure or opening of the sources and their relative
position. We also investigated three numerical methods to model a dike as a dislocation tensile
source or as a pressurized tabular crack.



We found that the discrepancies between simple superposition of the displacement field and a
fully interacting numerical solution depend mostly on the source types and on their spacing.
Their magnitude may be comparable with the errors due to neglecting the topography, the
inhomogeneities in crustal properties or more realistic rheologies. The errors induced when
neglecting the source interaction are expected to vary greatly with the model physical and
geometrical parameters, too numerous to express the discrepancies analytically. For the models
considered, these discrepancies can be neglected (<5%) when the sources are separated by at
least 4 radii for two combined Mogi sources and by at least 3 radii for juxtaposed Mogi and
Okada sources.
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Lower-crustal seismicity reveals multiple melt
injection along the Icelandic spreading rift
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We have discovered unique, continuous lower-crustal seismicity in the Askja volcanic system
along the north Iceland rift, in the normally ductile part of the crust. The Askja system comprises
a central volcano with nested caldera, intersected by a fissure swarm. The crust beneath Askja
is > 30 km thick. The last major rifting phase at Askja, including rhyolitic explosive activity, was
in 1874-1875.



Long-known and persistent upper-crustal (< 10 km) seismicity in the Askja region is attributed to
tectonic faulting caused by plate spreading at 2 cm/a full rate. Lower-crustal earthquakes (12-25
km depth, > 1000 events, ML < 1.5) have been detected at Askja since 2005. Given that these
earthquakes occur in a part of the crust that is normally aseismic and behaves in a ductile
manner, we believe that they are caused by rapid melt movement generating sufficiently high
strain rates to produce brittle failure.



The lower-crustal earthquakes occur in three clusters, stable in dimensions and locations, which
are interpreted as positions of repeated melt supply, probably through a network of dykes, from
the mantle to the lower crust. The spatial separation of the clusters shows that there are multiple
positions of melt injection within this one magmatic segment and all three positions are currently
active. This pattern of melt supply is more like that observed on fast-spreading ridges than slow-
spreading ridges and is probably a consequence of increased melt production beneath Iceland
compared to the rest of the Mid-Atlantic Ridge.



Seismic tomography has been used elsewhere to infer positions of melt supply, but this method
is sensitive to long-term average rather than instantaneous melt supply locations. The petrology
of the lower crust and mantle exposed at oceanic core complexes has also been used to infer
melt supply but it is difficult to determine timings for the injection positions observed. Our
discovery of lower-crustal seismicity is remarkable, as it delineates patterns of ongoing melt
supply at the very moment it is occurring.



References:

Key, J., White, R. S., Soosalu, H. E. & Jakobsdottir, S. S. (2011). Multiple melt injection along a
spreading segment at Askja, Iceland. Geophysical Research Letters, 38, L05301, 
doi:10.1029/2010GL046264 and correction at doi:10.1029/2011GL047491
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Rethinking moment tensor inversion methods to
retrieve the source mechanisms of low-frequency

seismic events
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Long period (LP) seismic events are one class of volcano seismic earthquakes that have been
observed at many volcanoes around the world, and are thought to be associated with resonating
fluid-filled conduits or fluid movements (Chouet, 1996; Neuberg et al., 2006). While the seismic
wavefield is well established, the actual trigger mechanism of these events is still poorly
understood. Neuberg et al. (2006) proposed a conceptual model for the trigger of LP events at
Montserrat involving the brittle failure of magma in the glass transition in response to the
upwards movement of magma.



In an attempt to gain a better quantitative understanding of the driving forces of LPs, inversions
for the physical source mechanisms have become increasingly common. Previous studies have
assumed a point source for waveform inversion. Knowing that applying a point source model to
synthetic seismograms representing an extended source process does not yield the real source
mechanism, it can, however, still lead to apparent moment tensor elements which then can be
compared to previous results in the literature. Therefore, this study follows the proposed
concepts of Neuberg et al. (2006), modelling the extended LP source as an octagonal
arrangement of double couples approximating a circular ringfault bounding the circumference of
the volcanic conduit. Synthetic seismograms were inverted for the physical source mechanisms
of LPs using the moment tensor inversion code TDMTISO_INVC by Dreger (2003). 

Here, we will present the effects of changing the source parameters on the apparent moment
tensor elements. In order to approach the real physical sources with our models, inversions
based on higher-order tensors might have to be considered in the future.
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Recent volcano unrest of the El Hierro, Canary Island
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The El Hierro Island is located on the west end of the Canarian archipelago. The island covers
277 square kilometers and it is 1501 meters high. Three geographic areas can be distinguished:
1) the north area called the El Golfo valley; 2) the central area, characterized by a plateau; 3)
and the south area characterized by a moderate slope. The El Hierro island is divided into 3
municipalities and the total population is 10.960 according to the census of 2010.

On 18 July, 2011 a seismic swarm was detected in the island of El Hierro, with some felt
earthquakes. The monitoring system is based on seismic and geodesy (GPS) networks with
field partial data of CO2 emission, water analysis and other geophysical data. The CO2
emissions show several fractures localized on the west side of the El Golfo Valley, where more
than 500 g / (m² day) emission have been detected. On 6, July an horizontal displacement of
the island El Hierro (North East) was detected by the GPS network. Currently, the displacement
detected is greater than 20 mm.

The expected area of impact is largely uninhabited. However, the developed coastal cliffs along
90% of the coastline, making access from the sea virtually impossible, the steep slopes and the
high vulnerability of the road network could hamper the volcanic crisis management.
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Sismicity analysis of the El Hierro unrest, Canary
Island
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On 18 July, 2011 a seismic swarm was detected in the island of El Hierro. More than 6000
seismic events have been localized over 20000 for the time being, covering an area of about
130 km2 situated in the central-west of the island. The detected seismic magnitude is lower than
2.7 and  most seismic events are located below 8 kilometres.



Seismic events location, spatio-temporal evolution of b parameter, cumulative energy, total
number the seismic events per hour, measurement of the correlation between Earth Tides and
earthquake occurrence, forecast evolution plotting the Real Seismic Amplitude Measurements
(RSAM) as an inverse are some of the analysis being performed.



The analysis of b parameter shows periods with b values close to 1 and others greater than 2.
There is a good correlation between the seismic activity and the minimum amplitude of the Earth
tide. A Kalmnan filter is used for noise reduction to improve the descending segment of the
inverse RSAM.  This automatic procedure shows forecasting success of  70% of the time.
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