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The TOMO-ETNA experiment: an imaging active campaign
at Mt. Etna volcano. Context, main objectives, working-plans

and involved research projects
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ABSTRACT

The TOMO-ETNA experiment was devised to image of the crust under-
lying the volcanic edifice and, possibly its plumbing system by using pas-
sive and active refraction/reflection seismic methods. This experiment
included activities both on-land and offshore with the main objective of
obtaining a new high-resolution seismic tomography to improve the
knowledge of the crustal structures existing beneath the Etna volcano and
northeast Sicily up to Aeolian Islands. The TOMO-ETNA experiment
was divided in two phases. The first phase started on June 15, 2014 and
finalized on July 24, 2014, with the withdrawal of two removable seis-
mic networks (a short period network and a broadband network com-
posed by 80 and 20 stations respectively) deployed at Etna volcano and
surrounding areas. During this first phase the oceanographic research
vessel (R/V) “Sarmiento de Gamboa” and the hydro-oceanographic ves-
sel (H/V) “Galatea” performed the offshore activities, which includes the
deployment of ocean bottom seismometers (OBS), air-gun shooting for
wide angle seismic refraction (WAS), multi-channel seismic (MCS) re-
flection surveys, magnetic surveys and ROV (remotely operated vehicle)
dives. This phase finished with the recovery of the short period seismic

network. In the second phase the broadband seismic network remained

operative until October 28, 2014, and the R/V “Aegaeo” performed ad-
ditional MCS surveys during November 19-27, 2014. Overall, the infor-
mation deriving from TOMO-ETNA experiment could provide the answer
to many uncertainties that have arisen while exploiting the large amount
of data provided by the cutting-edge monitoring systems of Etna volcano

and seismogenic area of eastern Sicily.

1. Introduction

Mt. Etna is one of the most active volcanoes in the
world, located on the densely inhabited eastern coast
of Sicily (Italy). It is characterized by almost continu-
ous eruptive activity from its summit craters and fairly
frequent lava flow eruptions from fissures opened up
on its flanks. At present, knowledge of the deeper struc-
ture of Mt. Etna is one of the most intriguing questions
that the scientific community working on this volcano
would like to image. An improved structural model of
this volcano may give new indications on the interac-
tion between its magma plumbing system and regional
tectonic regime. Moreover, a joint interpretation in-
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cluding magma driving conditions, structural frame-
work and tectonic forces would provide a new integrated
volcanological model, which is at the base of any fur-
ther studies including volcanic hazard assessment.

Since direct observations inside of a volcano edi-
fice are nearly impossible to obtain, geophysical indirect
methods such as gravimetric [e.g. Rymer and Brown
1986; Kauahikaua et al. 2000; Furuya et al. 2003; Battaglia
et al. 2008], geodetic [e.g. Dvorak and Dzurisin 1997;
Fialko et al. 2001; Dzurisin 2006; Sturkell et al. 2006],
magnetic [e.g. Soengkono 1995; Johnston 1997; Michel
and Zlonicki 1998; Cassidy et al. 2007] and seismic
measurements [e.g. Chiarabba et al. 2004; Alparone et
al. 2011; De Barros et al. 2011; O’Brien et al. 2011; Can-
nata et al. 2013], including seismic attenuation studies
[e.g. Del Pezzo et al. 1995, 1996, 2015; Giampiccolo et
al. 2007; Del Pezzo 2008; De Gori et al. 2005, 2011; Pru-
dencio et al. 2015a, 2015b, 2015¢] must be applied. With
these observables, the research community is working
to provide a geodynamic and volcanological model that
could unify all of them in a single interpretation. Seis-
mological studies of volcanic regions, and mainly seis-
mic tomographies in velocity and attenuation, are one
of the most widely applied and promising techniques
used to image the inner part structure of volcanic edi-
fices [e.g. Matsuraba et al. 2008; Zandomeneghi et al.
2008; Berger et al. 2011; Paulatto et al. 2012; Koulakov
et al. 2013; Garcia-Yeguas et al. 2014].

Nowadays, the relation between the magma source
in the mantle and the upper parts of the system, as well
as the relation between tectonics and volcanism and the
role of lithospheric faults, could be better resolved by per-
forming active seismic experiments. These are several ex-
amples, such as those recently have been done at Usu
volcano in Japan [Onizawa et al. 2007], at Vesuvius and
Stromboli volcanoes [Zollo et al. 1998; Marsella et al.
2007; Castellano et al. 2008], at the Deception volcano,
Antarctica [Barclay et al. 2009; Ben Zvi et al. 2009; Zan-
domeneghi et al. 2009], at Montserrat Island [Shalev et al.
2010; Voight et al. 2014] or more recently at Tenerife Is-
land [Ibafiez et al. 2008; Garcia-Yeguas et al. 2012]. The
active seismic experiment is needed to broaden the
knowledge of the inner structure of Mt. Etna and sur-
rounding area, from its basement down to the upper
mantle.

Mt. Etna volcano and surrounding areas have been
the focus of several multidisciplinary studies (see next
section) carried out in the last 25 years. They provided
detailed information of the most upper part of Mt.
Etna volcanic edifice (up to 8 km below sea level). How-
ever it is crucial to enlighten deeper parts of Mt. Etna
and surrounding areas with new data, therefore the use
of new techniques that could provide high quality and

reliable images is essential. Thus the TOMO-ETNA ex-
periment, performed in the framework of EC-FP7
MED-SUV and EUROFLEET2 MEDSUVISES projects
(Appendix A), was conceived to investigate the inner
structure of this volcanic area and its surrounding areas
using multidisciplinary approaches. One of the most
relevant and innovative aspects of this project is a joint
inversion of active and passive seismic data aimed at
achieving a snapshot of Mt. Etna volcano and sur-
rounding areas shallow and deep structures. For this
purpose, data provided by active and passive seismic
sources registered in a large area that covers more than
135 x 165 kilometers including terrestrial and marine
territories have been collected (Figure 1). The same
data set is adequate to perform 2D and 3D attenuation
tomography, while about 1410 km of marine seismic
reflection profiles were acquired to image in detail the
seismic-stratigraphic and structural setting of the crust,
to near/down the limit of the Moho discontinuity in
the Ionian and Tyrrhenian Seas (Figure 2). Finally, high-
resolution bathymetry and magnetic surveys together
with, ROV (remotely operated vehicle) imaging and
sampling will complement the seismic studies. The
final goal is to better define the main regional fault sys-
tems and the crustal seismo-stratigraphic pattern and
to contribute for understanding the physical processes
controlling magma ascent beneath Mt. Etna and Aeo-
lian Island volcanoes. This additional information will
provide the answer to the many questions that have
arisen while exploiting the large amount data set pro-
vided by the cutting-edge monitoring systems deployed
on Mt. Etna and in eastern Sicily. It is noteworthy that
the geodynamic setting of the South Tyrrhenian - Cal-
abrian Arc- Ionian Basin, which originates from the di-
achronic and fragmented convergence between the
Eurasia and Africa plates, is one of the most intriguing
worldwide areas. In this framework the relationship be-
tween volcanism (i.e. Mt. Etna and Aeolian Islands) and
geodynamic setting still presents some shortcomings
that the proposed seismic experiment might clarify.
This paper describes the TOMO-ETNA experi-
ment aims, plans, support and funding (Appendix A),
timing, involved researchers (Appendix B), international
relationships (Appendix C) and data management (Ap-
pendix D). TOMO-ETNA experiment is involved within
the EC-FP7 MED-SUV project which started on June
1st, 2013, and will finish on May 31, 2016, involving 24
partners from European and American scientific insti-
tutions, including four research centers, and four Eu-
ropean SMEs. The active phase of the experiment
started in June 2014 and finished in November 2014.
The planning and preparation, prior to the field opera-
tions, has foreseen several meetings, during which pro-
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Figure 1. Maps of the area under study in the TOMO-ETNA experiment. Triangles mark the position of the seismic stations of the per-
manent network of the INGV, Italy. Map was obtained using free Google Earth platform.

posals and new projects were organized in order to obtain ~ involved in the experiment. This preliminary phase began
additional funds, seismic instruments, oceanographic ves- in 2011. During the experiment a large number of docu-
sels and the enlargement of the expected research team  ments were generated providing detailed information on
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the evolution of the experiment to the general public and
to the rest of the consortium. These documents are still
available online in the following address http:/ /iagpds.
ugr.es/pages/proyecto_italia/proyecto_italia_jesus.
MED-SUV applies the concept of the GEO Supersites
Initiative to Mt. Etna and Campi Flegrei/ Vesuvius vol-
canoes (southern Italy) optimizing and integrating ex-
isting and new observation/monitoring systems, by a
breakthrough in understanding of volcanic processes and
by increasing the effectiveness of the coordination be-
tween science and end-user communities. Specific ex-
periments, such as TOMO-ETNA have been carried out
to improve the understanding of internal structure and
dynamics of volcanoes. Another fundamental contribu-
tion to the achievement of the TOMO-ETNA experi-
ment was provided by the EC-FP7 EUROFLEETS2
project (project MEDSUVIISES), which provided sup-
port to the use of the vessels for carrying out the ma-
rine activities. This manuscript is the first of a set of 11
papers describing the multidisciplinary topics of the ex-
periment and some of the preliminary results obtained
with the data provided by the experiment.

2. Context of the experiment

The eastern side of the Sicily is mainly character-
ized by two active volcanic areas, Mt. Etna volcano lo-
cated in eastern Sicily and the Aeolian Archipelago
lying in the southeastern Tyrrhenian Sea. Mt. Etna is
placed in a geodynamic complex region near the Eura-
sia-Africa plate boundary. This volcano lies in front of
the southeast-verging Apennine-Maghrebian fold-and-
thrust belt, where the NNW-trending Malta Escarp-
ment separates the Sicilian continental crust from the
Ionian Mesozoic oceanic basin, presently subducting
beneath the Calabrian Arc[Selvaggi and Chiarabba 1995].
The Aeolian Archipelago represents a volcanic arc con-
sisting of seven major islands and a wider seamount
system, result of the Ionian lithosphere subduction be-
neath the Calabrian Arc and Tyrrhenian Sea [e.g., Ca-
puto et al. 1972; Barberi et al. 1994; Mantovani et al.
1996] and of a post-subduction extensional deforma-
tion [Beccaluva et al. 1985; Westaway 1993; Ventura et
al. 1999; De Astis et al. 2003].

2.1. Mt. Etna volcano

The volcano structure is surrounded by 3 main re-
gional structures: i) to the north and westwards we find
the Apenninic-Maghrebian Chain; ii) southwards ap-
pears the Hyblean Foreland that belongs to the African
plate [Lentini et al. 2006]; iii) finally to the east stands
the Ionian Basin, which is an extensional basin origi-
nated during middle-late Mesozoic [Catalano et al.
2001]. This collisional limit induces a regional N-S com-

pression that is combined with an E-W extension, re-
lated to the Malta Escarpment system [Bousquet and
Lanzafame 2004], affecting the eastern part of the vol-
cano. On the other hand, the western part is dominated
by the regional compressive regime related to the re-
gional Eurasia-Africa plate collision [Monaco et al. 2005].
The Moho appears to vary considerably from 30 km
underneath the Hyblean Plateau to 18 km below the
Ionian Basin [Nicolich et al. 2000, and reference therein].
According to this regional description, Mt. Etna’s loca-
tion fits neither typical arc magmatism nor a back-arc
spreading region associated with the Apennines sub-
duction [Doglioni et al. 2001, Patane et al. 2011].

Mt. Etna is a complex strato-volcano characterized
by an eruptive activity occurring almost continuously,
including volatile degassing, strombolian explosions,
lava fountains and lava flows. Mt. Etna produces mild
explosive eruptions and lava flows from both central
craters and lateral fissures, although, a few strong ex-
plosive eruptions, up to plinian-type, have been docu-
mented [Coltelli et al. 2000]. On the basis of stratigraphic
and geochronological studies, several authors have de-
scribed the spatial and temporal evolution of the vol-
cano as the result of four main volcanic phases [e.g.
Gillot et al. 1994; Branca et al. 2004, 2008, 2011; De Beni
etal. 2011]. On the east and south-east flanks of the vol-
cano different faults can be recognized; they represent
the clearest morphological evidence of a very active
tectonic. The Pernicana fault system, located in the
north-east flank of the volcano, can be considered the
most active fault in the Etnean area, as testified by the
slip rate estimations and geodetic measurements. On
the eastern flank, near the Ionian coast, seismogenic
faults can be related to the NNW-SSE Malta Escarp-
ment that is the main lithospheric structure in the east-
ern Sicily. Other seismogenetic faults [Patane et al.
20057, though not recognizable on the surface, can be
linked to the NE-SW, ENE-WSW fault systems that
control the tectonic evolution of the northern margin
of the Hyblean Plateau [Torelli et al. 1998]. Instead on
the western sector there is only slight morphological
evidence of faulting, such as some short segments of
faults observable on the south-western flank (e.g. Ra-
galna fault). However, the faults with morphological
evidence may represent only a part of tectonic struc-
tures present in the Etnean area and hidden fault seg-
ments could be covered by the huge pile of volcanic
products [e.g. Azzaro 1999].

2.2. The regional structure of the Calabrian-Peloritan
region and Aeolian Arc

The Aeolian Arc is a volcanic structure, about 200
km long, located on the internal margin of the Calabrian-
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Peloritan forearc region, a Hercynian belt affected by
Late Quaternary extensional tectonics and uplift. The
Calabro-Peloritan basement runs from northern Cal-
abria to eastern Sicily, and connects the southern Apen-
nine and the Sicily-Maghrebian chains. It is bounded by
the Sangineto tectonic line, in the north, and the Tin-
dari-Letojanni-Malta line, in the south. The structure
of the Calabro-Peloritano belt consists of a stack of var-
ious nappes composed of pre-Alpine metamorphic and
granitoid rocks, often with Alpine metamorphic over-
print, Mesozoic to Tertiary sedimentary rocks, ophi-
olitic sequences, and Quaternary sediments.

The Aeolian Arc is formed by seven subaerial vol-
canic edifices (Alicudi, Filicudi, Salina, Lipari, Vulcano,
Panarea and Stromboli), emplaced on a 15 to 20 km thick
continental crust, and their products, which ages be-
tween 1.3 Ma and the present, belong to the calc-alkaline,
high-K calc-alkaline, shoshonitic and alkaline potassic
associations. The geochemical affinity of these rocks
and the occurrence of deep seismicity (up to 550 km;
Milano et al. [1994]) below the southern Tyrrhenian
Sealed to interpret the Aeolian Islands as a volcanic arc
related to the active subduction beneath the Calabrian
Arc [e.g. Beccaluva et al. 1985; Mantovani et al. 1996].

Structural trends and volcanic activity in the area
are strongly controlled by the regional stress fields and
bring to identify three distinct sectors:

- the western sector (Alicudi and Filicudi islands)
dominated by NW-SE-oriented tectonic lineaments;

- the central sector (Salina, Lipari and Vulcano is-
lands) aligned along the important regional transcurrent
fault joining the Aeolian Islands to the Malta Escarpment
with a NNW-SSE-oriented trend; on Salina and Lipari
subordinate E-W-oriented trends are also present;

- the eastern sector (Panarea and Stromboli islands)
characterized by prevailing NE-SW-oriented tectonic
lineaments.

The Aeolian Arc structure has been recently in-
vestigated [Chiarabba et al. 2008; Di Stefano et al. 2009]
through high resolution Vp,Vp/Vs and Qp passive to-
mography performed on the base of 15 years of earth-
quake recordings by Italy’s National Seismic Network.
Tomography results show two arc-shaped low- and
high Vp bands, located respectively at 25 and 100 km
depth. Between 100 and 300 km two high Vp zones lie
beneath Neapolitan and South Tyrrhenian regions, sep-
arated by unperturbed high Vp mantle. Intermediate
depth seismicity is interpreted by the same authors as
associated with the subduction of a thin oceanic crust,
suggesting the occurrence of vigorous metamorphism.
The high Vp/Vs and low Qp anomalies in the overlying
mantle is probably associated with melting, this last re-
lated to dehydration induced by metamorphism.

2.3. Deep feeding structures of Etna

The knowledge of Mt. Etna’s plumbing system has
been addressed lately from multidisciplinary studies that
combine gravimetric, geodetic and seismic techniques,
among others [e.g. Battaglia et al. 2008; Bonforte et al.
2013; Carbone et al. 2014; Patané et al. 2011, 2013; Zuc-
carello et al. 2013]. Additionally, petrologic studies of
magmas give clues of its source. The present plumbing
system is quite complex and not very well defined. This
system can be described as compose by 3 main structures:
i) the deepest part of the reservoir, located at around
10 km depth b.s.1., was considered the source of the 2001
and part of the 2002-2003 flank eruptions among oth-
ers [Patané et al. 2004, 2006, 2011; Corsaro and Pom-
pilio 2004]; ii) the main body of the reservoir spanning
2-9 km b.s.l. characterized by a long term mixing of the
deep ascending magma with the more evolved magmas
[Bonforte et al. 2009, 2013; Spilliaert et al. 2006; Cor-
saro et al. 2013]; iii) a shallow dyke complex, including
a small and temporary shallow reservoir that fed the
2011-2014 lava fountaining episodes, which spans on
the first 1-4 km below the summit craters [Bonnacorso
et al. 2013; Corsaro et al. 2013; Patané et al. 2013].

2.4. Tomographic background

More than thirty years of seismic tomography at
Mt. Etna yields a reasonably accurate picture of the
shallow-intermediate P-wave velocity structure of the
volcano (down to 10 km depth) with the definition of
a main upper and middle crustal intrusion complex.
Chiarabba et al. [2004] presented a detailed summary
of the seismic tomography preformed at Mt. Etna prior
to 2004 (Table 1 from Chiarabba et al. [2004]). Accord-
ing to these authors, the first 3D tomographic inversion
preformed at this volcano was carried out by Hirn et
al. [1991] using local earthquakes. They imaged for the
first time a high-velocity body (HVB hereinafter) lo-
cated underneath the volcanic edifice reaching to 6 km
b.s.1. Successive tomographic studies took advantage of
the enhancement of the seismic network to improve
the seismic dataset and therefore to obtain better reso-
lution images. Cardaci et al. [1993] inverted a 3D Vp
model that reached to 20 km depth using a long term
seismic catalog (from 1976 to 1987). De Luca et al.
[1997] added to the previous dataset data recorded up
to 1995 from temporal and permanent arrays, leading
to a new tomographic image. Since the 1990s, advanced
tomographic techniques have developed, helping the
scientific community to perform more accurate inver-
sions, this is the case of Villasefior et al. [1998], who
took advantage of the previous dataset to apply ad-
vanced non-linear procedures, obtaining more accurate
3D seismic velocity models from Mt. Etna volcano.
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Thereafter, researchers focused their efforts in improv-
ing the datasets. Chiarabba et al. [2000] and Laigle et al.
[2000] increased considerably the number of P and S
seismic phases to invert. Their results had a much bet-
ter resolution using fewer earthquakes than the prece-
dent long-term tomographies. Patané et al. [2002]
carried out a high-resolution tomography of the first 4
km by using P and S phase arrivals from almost 300
local events. Low V,,/Vg anomaly regions were ob-
served both during the July 2001 and the October 2002
dike intrusions feeding these two eruptions. More re-
cently, Patane et al. [2006] carried out the first 4D to-
mography at Mt. Etna, between the 2001 and 2002-2003
eruptive periods, remarking the importance of short-
term (snapshots) tomographies on volcanoes. Their re-
sults showed the HVB present in all previous studies
and imaged a Vp/Vs anomaly for the first time inter-
preted as the trace of fluid intrusion (magma rich in
gas) and gas migration from the shallow magma intru-
sion in the cracked volume that developed during the
eruptive period. By studying the attenuation of P-waves
(Qp), De Gori et al. [2005] added new constraints on
Mt. Etna’s plumbing system, while Martinez-Arévalo

et al. [2005] and De Gori et al. [2011] identified the lo-
cation and extent of magma bodies at Mt. Etna during
the 2001 and 2002-2003 eruptions. The most recent to-
mographic inversion was performed by Alparone et al.
[2012]. These authors combine seismic attenuation and
velocity inversion to image the deep structure of Mt.
Etna. The most important result obtained from this
joint analysis of V,, V,/ V¢ and P-wave attenuation is
an anomalous zone with normal to high V|, and low
V,/V, which partially overlaps with a low Q, volume
located along a NS trending “channel” beneath the cen-
tral crater. This can be interpreted as a shallow volume
characterized by high temperature where the magma is
located with the presence of supercritical fluids.

2.5. The permanent seismic network of the INGV

The success of the above seismic studies at Mt.
Etna has been facilitated thanks to the existence of a
dense and high quality permanent seismic network op-
erated by Italy’s Istituto Nazionale di Geofisica e Vul-
canologia (INGV) [e.g., Patane et al. 1999, 2004, 2013].
This network consists of 44 seismic stations, 32 of
which are equipped with broadband (BB) and 12 with
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short-period (SP) seismometers, ensuring a very good
coverage of the volcanic area. Additional 80 BB seismic
stations are located in Sicily (see Figure 1). All of BB
stations are composed of 3 component Nanometrics
Trillium sensors. At the INGV monitoring center in
Catania, data are stored with a sampling interval of
0.01 s over consecutive, 2 min long digital archives. The
seismic network has been considerably enhanced since
2005; the present configuration is described in Patané et
al. [2013]. The seismic stations transmit the data via
satellite or radio to the control room of the Osservato-
rio Etneo (the INGV Etna Observatory).

The TOMO-ETNA experiment will combine the
information of this permanent seismic network with
the deployment of temporary three components seis-
mic stations of different nature such as short period,
broadbands, on land, and ocean bottom seismometers
(OBS) offshore. As observed in Figure 2 this experi-
ment has provided a unique opportunity to have a very
dense seismic network in this complex and interesting
region.

3. Scientific objectives of the TOMO-ETNA experiment
The main objective of the TOMO-ETNA experi-
ment is to perform high-resolution seismic tomogra-
phies, in velocity and attenuation by using active and
passive seismic data, in an area encompassing outstanding
volcanoes as Mt. Etna and Aeolian islands. The achieve-
ment of this objective is based on the integration of in-
situ marine and land experiments and observations and
on the implementation of new instruments and moni-
toring systems. For this purpose, onshore and offshore
seismic stations, and passive and active seismic events
have been used. Additional geophysical data such as
seismic reflection, gravimentric and magnetic data have
been collected to obtain a joint upper mantle-crust 3D
image that could permit to make progress in the un-
derstanding of the dynamic of the region.

The core of the study is based on the active seismic
experiment that used energy sources at sea. These sig-
nals have been recorded by seismic stations deployed
on land and on the seafloor (Figure 2) together with the
permanent seismic network belonging to the INGV. A
temporary dense seismic network composed by 98 seis-
mometers and 25 OBS, both belonging to different in-
stitutions, were deployed respectively on land and on
sea bottom. Seismic signals were generated by air-guns
emplaced on two oceanographic research vessels (here-
after, R/V), “Sarmiento de Gamboa”, Spain, and “Ae-
gaeo”, Greece. Together with the air-guns shooting
processes we acquired data using marine magnetome-
ter in order to complete the information.

The results of this experiment, integrated with

previous geophysical surveys (e.g. gravity, magne-
totellurics, etc.), will improve the current knowledge
of the crust beneath Mt. Etna volcano and the physi-
cal processes controlling magma ascent, by cutting-
edge modelling. For instance, ground deformation
models will improve the knowledge of the physical and
geometrical parameters of the internal structure of Mt.
Etna and its basement, and will increase the accuracy
and robustness of the cut-edge numerical modelling
(e.g. finite element or boundary element methods).
The obtained new numerical models will benefit from
the outcomes of the seismic experiment.

This experiment has a high number of innovative
elements, of which we want to highlight:

- Seismic data were recorded by a very large num-
ber of seismic stations, that range from ocean bottom
seismometers, hydrophones, seismic antennas and per-
manent and portable seismic stations.

- It represents the first experiment covering such a
wide and heterogeneous region, including two volcanic
environments and five active volcanoes.

- The seismic tomography will integrate, and for
the first time in Mt. Etna and surrounding region, pas-
sive sources (earthquakes and LP events) and marine
active air-gun shootings. This approach will provide a
3D image inverting simultaneously P-waves travel
times for both seismic sources.

- The expected image in the investigated area will
be probably the deepest ever obtained in previous re-
search works.

- 'The final tomographic images will be the product
of the integration of seismic data with other geophys-
ical surveys performed both in terrestrial and marine
environments as magnetic, gravimetric and magne-
totelluric measurements among others.

Aside the main objective, it is planned to achieve
also further goals such as:

- characterization of the volcanic processes through
cutting-edge data analysis/modelling. This objective is
aimed at improving the knowledge on the volcanic sub-
surface or surface processes during the pre-, syn-, and
post-eruptive episodes of Etna and Aeolian volcanoes
by fully exploiting the integrate marine and terrestrial
data set;

- development of next generation of monitoring
and observing systems;

- teaching at high-level (post graduate students) in
Geophysics and Volcanic hazards. Some of the person-
nel involved in the experiment, both onboard and ashore,
were Master or PhD students belonging to different
countries involved in the project. The experiment pro-
vided a unique opportunity to learn both experimental
marine and terrestrial techniques;
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- dissemination. This objective was aimed at broad-
casting the outcomes of the project to the scientific
community and the general public. This objective in-
cluded information distribution in different websites,
networking with ongoing national and international
ventures rooted in the volcanological community, prepa-
ration of a TV documentary and others.

It is noteworthy that this project is fully transver-
sal, multidisciplinary and crosses several societal sec-
tors. It is transversal since we apply marine and terrestrial
sciences and merge the observations to address multi-
ple scientific problems in order to obtain a unified Earth
crust and upper mantle model. It is multidisciplinary
due to the combination of different Earth Science dis-
ciplines such as Terrestrial and Marine Seismology,
Gravimetry, Geomorphology, Magnetic Field and oth-
ers. Additionally we integrate experiments, technical
development and numerical modelling. Several socie-
tal sectors will benefit from the outcomes of the project
such as Volcanology, Civil Protection, Risk Manage-
ment and Educational levels.

4. Work program. General description

The active high-resolution seismic tomography of
Etna volcano has been designed to be performed in sev-
eral phases, according to the different work involved in
them (in next papers of the present special issue a de-
tailed information regarding these field works are pro-
vided). They are:

a) preparation of equipment (on-land seismome-
ters, OBS, and other), software and site recognition and
detailed planning of the activities;

b) deployment of seismic equipment (OBS and on-
shore seismic stations);

¢) air-guns shooting and other geophysical meas-
urement activities;

d) recovery of the portable marine and onshore
seismic stations;

e) data analysis and results.

The experiment included various on- and offshore
activities (see Table 1). The on-shore deployment lasted
from June 18 - November 24, 2014. Equipment included
80 short period (Table 1) and 18 broadband (BB; Table
1) stations, and included a relocation of 20 of the short
period stations (on July 10) to increase the total number
of recording sites. Short period equipment was removed
on July 20, while all BB stations remained operative
until October 27, in order to record additional natural
seismicity. For more information regarding the on seis-
mic network see Ibafiez et al. [2016] in this volume.

Off-shore activities of TOMO-ETNA experiment
were completed with the support of four civilian and
military vessels. The former were the R/ Vs “Sarmiento

de Gamboa” (CSIC-UTM, Spain) and "Aegaeo” (HCMR,
Greece); the latter were “Galatea” and “Levanzo” (Ital-
ian Navy). Off-shore activities began on June 23, with
the deployment of 22 OBS in the Ionian Sea and 5 OBS
in the Tyrrhenian Sea by the R/V “Sarmiento de Gam-
boa” and the hydro-oceanographic vessel (hereafter,
H/V) “Galatea” (Figure 2). The OBS network included
25 short period and 2 BB stations. All short period OBS
were recovered by the R/V “Sarmiento de Gamboa”
from July 18-20, while the two BB OBS were recovered
on November 25 by the R/V “Aegaeo”. For more infor-
mation regarding the OBS activities see Coltelli et al.
[2016] in this volume. From June 27-July 17, more than
16,000 air-gun shots were fired by the R/V “Sarmiento
de Gamboa” during the active-source imaging experi-
ment. Two seismic exploration techniques were em-
ployed within this experiment, wide angle seismic (June
27-July 6; WAS) and multi-channel seismic (July 8-17;
MCS) surveys (see Table 1 for more details). The “Le-
vanzo™ Italian Navy vessel provided support and over-
sight of the R/V “Sarmiento de Gamboa” during the
MCS activities in Ionian Sea (Figure 2). A final round
of high resolution MCS survey was performed, using
the R/V "Aegaeo”, during November 19-26 (see Table
1). For more information regarding MCS surveys see
Coltelli et al. [2016] and Firetto Carlino et al. [2016] in
this volume.

In Figure 2¢, we show about 16.5 km of profile T-
T05 acquired in the Tyrrhenian Sea and about 4 km of
profile T-11 acquired in the Ionian Sea (see location in
Figure 2b) after a preliminary CDP stack and post-stack
depth migration, with the aim of providing a glimpse
of the overall data quality. CDP data processing in-
cluded geometry installation, and spiking/predictive
deconvolution followed by band-pass filtering. Sem-
blance-based velocity analysis methods were used to de-
fine a 2D background stacking velocity model for CDP
ensemble stack. The stacking velocity model was then
smoothed and converted to interval velocity to provide
an interval velocity model for post-stack Kirchhoft depth
migration.

Finally, with the aim of better defining major geo-
logical and structural features of the area, the H/V
“Galatea” performed additional scientific activities, such
as magnetic surveys (for more information regarding
the employed equipment, see Table 1) and ROV dives
between June 26 and July 5. New high resolution ship-
borne magnetic data were acquired off-shore of Etna
volcano, covering the major structural features of both
Timpe area and Riposto ridge. The magnetic survey
was oriented in the NE-SW direction in order to inter-
sect the major structural-volcanic features off-shore of
Etna. Raw magnetic data were processed removing
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On land activities

Activity Period Instrumentation Sensor Recorder
3DGeoph PE-6/B
80 SP stations cop l(zne DSS system
Seismic station deployment June 18-26 or Mark 3DL4C
18 BB stations 120s Trillium EarthData PR6-24
Seismic station re-placement July 10 20 SP stations 3D Geophone PE-6/B DSS system
July 19-20 80 SP stations - -
Seismic station removal
October 27-28 18 BB stations - -
Offshore activities
Activity Period Vessel Instrumentation Sensor Details
Sarmiento de Gamboa 15 SP OBS - -
OBS deployment June 23-26 10 SP OBS - -
Galatea
2 BB OBS - -
Active-sotrce Sercel Total volume: 5200 c.i.
) June 27-July 6  Sarmiento de Gamboa WAS Pressure: 2000 p.s.i
experiment 1 8 guns G-GUN II
Shot every 90s
3km long streamer
. . 240 channel streamer
Active-source Sarmiento de Gamboa SENTINEL Sercel .
. July 8-17 MCS Total volume: 4340 c.i.
experiment 2 Levanzo 8 guns G-GUN II .
Pressure: 2000 p.s.i
Shot every 30s
Active- M ti 1340 km track li
ctiversouree June 26-July 5 Galatea aghetic survey Geometrics G880 - rac ames
experiment 3 ROV -
300m long streamer
Sercel 96 channel streamer
MES GI-GUN Total vol : i
Active-source - otal volume: 840 c.i.
November 19-26 Aegaeo Shot every 20s

experiment 4

LaCoste and Romberg Air-Sea

Gravimetric survey -

System II GravityMeter

July 18-20 Sarmiento de Gamboa

OBS removal

25 SP OBS - -

November 25 Aegaeo

2 BB OBS - -

Table 1. Technical details of TOMO-ETNA experiment activities (SP, short period; BB, broadband; OBS, ocean bottom seismometer; WAS,
wide angle seismic; MCS, multi-channel seismic; ROV, remotely operated vehicle).

spikes and intervening outlier records, further statistical
levelling provided a smooth distribution of the mag-
netic pattern of survey area. For more information re-
garding the magnetic and ROV surveys see Coltelli et
al. [2016] and Cavallaro et al. [2016] in this volume. For
the main technical specifications regarding the scien-
tific equipment employed during the three oceano-
graphic cruises of the TOMO-ETNA experiment see
Table 1 and Coltelli et al. [2016].

The 3D velocity structure of Mt. Etna and sur-
rounding areas will be determined using the data from
this large data-set. It is expected to have more than
1-107 first arrivals recorded both on- and off-shore. The
algorithm used for the inversion is an integration of the
well-known ATOM-3D and LOTOS [Garcia-Yeguas et

10

al. 2012, 2014] codes in which natural seismicity and ac-
tive signals will be inverted simultaneously. The first
step is to apply an automatic first arrival picking pro-
cedure using spectral and temporal characteristics of
the signals [Alvarez et al. 2013; Garcia et al. 2016, this
volume], including signal recognition algorithms [e.g.
Benitez et al. 2007; Gutiérrez et al. 2009; Ibafiez et al.
2009; Cortés et al. 2009, 2014]. The 3D inversion will
be performed in three phases: a) general image of the
region under study using large lattices and only with
the inversion of the active data; b) inclusion on passive
seismicity to better constrain the deeper portion of the
region and c) a high resolution seismic tomography of
the Etna area using both active and passive seismicity
and smaller cells.
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5. Final remarks

The TOMO-ETNA experiment is an active source
tomographic study, integrated by other geophysical sur-
veys, carried out on the region of one of the most active
basaltic volcanoes worldwide that could allow improv-
ing the knowledge of Etna. In fact, the future results of
the linked researches should help scientists to better un-
derstand the eruptive mechanisms, and provide insights
on its internal structure and on the deeper part of its
plumbing system. This experiment engaged several Eu-
ropean and non-European scientific institutions. It re-
quired an enormous management effort to plan the
fieldworks and to coordinate hundreds of people em-
ployed on land and on the vessels during the experiment
as well as to organize the data management and pro-
cessing. It is remarkable that the experiment has been a
complete success on the base on: i) the quantity and high
quality of the acquired data; ii) the full integration of
permanent and temporal seismic networks in different
environments; iii) the wide covered region including vol-
canic and non-volcanic areas; iv) the multidisciplinary
techniques integrated in the data acquisition; v) the in-
ternational collaboration and efforts involved in the
whole process; vi) the capacity to share responsibilities,
data and scientific objectives that will produce at the
same time several scientific results, among others.

The large set of acquired data [Barberi et al. 2016,
this volume] allowed opening a wide range of multi-
disciplinary studies, which many of them are being car-
ried out. Beside of the seismic tomography in velocity
[Diaz-Moreno et al. 2016, this volume; Ibafiez et al.
2016, this volume], marine seismic reflection studies
[Coltelli et al. 2016, this volume; Firetto Carlino et al.
2016, this volume], marine-magnetic surveys and ROV
images [Cavallaro et al. 2016, this volume], scattering
analysis [Zieger et al. 2016, this volume], 3D seismic
array analysis [Zuccarello et al. 2016, this volume] and
advance seismic signal processing [Garcia et al. 2016,
this volume] are being performed. Contemporaneously
this experiment allowed us to increase the knowledge on
the effect of geophysical marine measurements on the
behavior of cetaceous [Monaco et al. 2016, this volume].
The final goal is to produce a multidisciplinary joint in-
terpretation of the structure of the region generating a
more reliable structural model to shed light into the
complex framework in which Mt. Etna is placed.

These analyses are only the first step of a long term
research program since it is expected to open several
research lines such as: 2D and 3D seismic attenuation
studies, including scattering and intrinsic separation
[e.g. Prudencio et al. 2013a, 2013b, 2015b]; precise non-
linear relocation of the seismicity using the new veloc-
ity models [e.g. Diaz-Moreno et al. 2015]; identification
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of seismo-volcanic signals [e.g. Ibafiez et al. 2009; Cortés
et al. 2014]; analysis of the wave-field properties [e.g.
Palo et al. 2009; De Lauro et al. 2012]; advance LP and
explosion source inversion [e.g. La Rocca et al. 2000,
2004; Saccorotti et al. 2004; Petrosino et al. 20117]; analy-
sis of scattered seismic wavefields [e.g. Del Pezzo et al.
1997; De Barros et al. 2012; De Lauro et al. 2012; Zieger
et al. 2016, this volume]; analysis of receiver functions
[e.g. Martinez-Arévalo et al. 2009; Lodge et al. 2012];
shear waves splitting [e.g. Martinez-Arévalo 2003; Bianco
and Zaccarelli 2009, among others]. On the base of pre-
vious experience of the involved research team (e.g.
Vesuvius and Campi Flegrei, Deception, Tenerife and
Stromboli islands) the large amount of high quality
geophysical data permit to assume high quality scien-
tific production for the next ten or more years.
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Appendix A
Funding and associated research projects

The TOMO-ETNA experiment was evolved be-
tween 2011 and 2014, and mainly integrates the European
Union project “MEDiterranean SUpersite Volcanoes
(MED-SUV)” efforts with the resources of the EU proj-
ect “EUROFLEETS2”. However other funding agencies
from Italy, Spain, and Germany supported this experi-
ment. In addition, the Italian Navy and Sicily’s Regional
Civil Protection Department actively participated in the
experiment. This such a long time interval includes sev-
eral negotiations with different research and civil agen-
cies and the application of various additional research
project and parallel aids, including economic, equipment
and human additional support. Both main research proj-
ects (MED-SUV and EUROFLEETS2) will be specifically
described in next sections. The number of associated
projects and other negotiations is large, and a full de-
scription of then is reported in Section A3. Next we will
mention some of these negotiations processes and sup-
port obtained from them.

A1. MED-SUV project. The core project of the TOMO-
ETNA experiment

The TOMO-ETNA experiment was conceived,
planned and carried out in the framework of the EC-FP7
MEDiterranean Supersite Volcanoes (MED-SUV) proj-
ect, which overarching objective was to apply the Super-
site rationale to the Italian active volcanoes. The Supersite
initiative born on 2007 at the conclusion of the 3rd In-
ternational Geohazards workshop of GEO held in No-
vember 2007 in Frascati, Italy, with the aims “to stimulate
an international and intergovernmental effort to moni-
tor and study selected reference sites by establishing open
access to relevant datasets according to Group Of Earth
Observation (GEO) principles to foster the collaboration
between all various partners and end-users” (Frascati dec-
laration). Selected sites (Supersites) are areas prone to
earthquake, volcano or other hazards and for which sig-
nificant Earth observation and ground-based data sets are
available. Thus, although not explicitly declared, Super-
site initiative is intrinsically multiplatform being based on
the use of data provided by research infrastructures be-
longing to space and Earth domains. On 2011 the Eu-
ropean Commission promoted the application of the
Supersite approach in Europe though a specific call;
MED-SUV was one of the projects which positively re-
sponded to this call, focused their activities on Mt. Etna
and Campi Flegrei/ Vesuvius volcanoes. Since 2013 these
two areas have been appointed as Permanent Supersites
from the Scientific Advisory Committee (SAC) of GEO
Geohazards Supersites and Natural Laboratories (GSNL),
also considering the existence of MED-SUV project. In-
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deed, more than 3 million of people are exposed to po-
tential volcanic hazards in a large region in the Mediter-
ranean Sea, where these two volcanic areas are located.
The wide range of styles and intensities of volcanic
phenomena observed on these volcanoes, which can be
assumed as archetypes of ‘closed” and ‘open conduit’ vol-
cano, together with the long-term multidisciplinary data
sets give an exceptional opportunity to improve the un-
derstanding of a very wide spectrum of geohazards, as
well as implementing a large variety of innovative mod-
els for investigating the volcanic processes.

The improvement of the knowledge of the Super-
sites and the sharing of the relevant data sets are two key
principles of the Frascati declaration, which are the base
for the enhancement of the hazard assessment and the
risk reduction. MED-SUV adopted these two principles
in the work plan definition, by attempting to cope with
the main gaps in the knowledge in both areas and to
improve the sharing of the data relevant to the two Su-
persites (either provided by the ground-based moni-
toring institutions, space agencies or collected during
the project). The project proposes the development and
implementation of a state-of-the-art infrastructure for
the volcanic risk management life-cycle, from the ob-
servation to people preparedness. Thus, MED-SUV
project offers the opportunity to operate in natural lab-
oratories by using cutting-edges technologies and car-
rying out in-field and laboratories experiments.

Indisputably Mt. Etna and Campi Flegrei/ Vesuvius
are among the most well-known volcanoes worldwide.
However, one of the most relevant gaps in the knowl-
edge of Mt. Etna consisted in the relatively poor infor-
mation concerning the deep structure of this volcano.
Indeed, this inadequacy in the knowledge of the crust
limits the capability of the models to investigate the dy-
namic of this volcano, despite through the last decades
the computational capacity improved dramatically and
many sophisticated numerical modelling approaches
have been implemented.

A2. EUROFLEETS2. TOMO-ETNA experiment and
marine implications

EUROFLEETS2 “New operational steps towards
an alliance of European research fleets” (March 1, 2013,
to February 28, 2017, Grant Agreement No. 312762) is
a project funded in the frame of the 7th Framework
Programme of the European Commission. The proj-
ect is the extension and expansion of the first initiative,
EUROFLEETS “Towards an alliance of European re-
search fleets” (September 1, 2009, to August 31, 2013,
Grant Agreement No. 228344). Both projects were
granted under the funding schemes of research infra-
structures and respectively a combination of Collabo-
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rative Project and Coordination and Support Actions
for Integrating Activities.

Research vessels (R/Vs) and their embarked equip-
ment are crucial infrastructures necessary for marine
sciences. They provide sea access to the whole com-
munity of researchers, enable all kinds of observations,
in-situ measurements, sampling and mapping, and are
necessary to maintain deep sea observatories. Over the
years, the missions assigned to R/Vs became more
complex and technically sophisticated. This encourages
national marine institutions to increase their coordina-
tion and collaboration, and to share their facilities in
order to optimize the cost in operating their marine in-
frastructures and to efficiently meet the scientific ever
increasing demands.

By bringing together European research fleet own-
ers and operators, EUROFLEETS2 (http:/ /www.euro
fleets.eu) contributes to enhance operational coordina-
tion between R/Vs and associated equipment. It has
the aim of developing a new pan-European distributed
infrastructure with common strategic vision and coor-
dinated access to R/Vs and associated equipment, in
order to facilitate the access to these rare floating labo-
ratories and maximize their contribution to the scien-
tific knowledge.

Through operational initiatives such as regional
virtual fleets or the development of common tools or
methodologies, this project promotes more inter-op-
erable and cost-effective European research fleets for
sustainable management of regional seas and oceans.
EUROFLEETS?2 aims also to develop the impact of re-
search infrastructures on innovation by establishing
links with industry and fostering the involvement of
the industrial sector on specific activities.

EUROFLEETS2 involves multi-disciplinary ex-
pertise from thirty-one marine institutes, universities,
foundations and small and medium enterprises (SMEs)
from twenty member states of the European Union,
four associated countries, and one overseas country and
territory. The project has ambitious objectives and the
31-member consortium works together in three struc-
tured and complementary research activities:

i) the transnational access (TNA), as core activity
of the project, to coordinate access to European R/Vs
and associated equipment for all European scientists
and their partners;

ii) the joint research activity (JRA) for joint devel-
opment of common equipment or software;

iii) the networking activity (NA) with a range of
actions for an enhanced coordination of European re-
search fleets including the polar components. This ac-
tivity includes also the opening of TNA calls and the
evaluation of submitted proposals by a European panel
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of experts. Specific tasks are undertaken as well for the
training of young marine scientists.

Within the innovative EUROFLEETS2 TNA ac-
tivity, three different types of calls were opened: 1) three
calls offering access to 22 European R/ Vs operating in
targeted maritime regions (call 1 for polar and sub-polar
regions, call 2 for North Atlantic and North Sea, call 3
for Mediterranean Sea, Black Sea and Red Sea), ii) one
“Embarked Equipment” call aiming to deploy pieces of
equipment from their non-usual R/Vs or underwater
vehicles, so contributing to higher inter-operability
within European research fleets, and iii) the so called
“Super-Integration” call in which the MEDSUV.ISES
proposal was selected for funding.

With the “Super-Integration” call, EUROFLEETS2
wanted to further develop its integrating actions by
proposing a multi-platform experiment as an innova-
tive way of integrating European and international in-
frastructures. Such multi-platform experiments are very
rare as they require a high level of anticipation and co-
ordination and the objective was to allow the realization
of a single multinational, large-scale scientific project able
to attract international scientific leaders and non-tradi-
tional end users on board European R/ Vs.

To achieve this, an expression of interest was opened
very early in the project to allow potential candidates to
check if their proposals were fitting with the “Super-In-
tegration philosophy”, and in that case, to check that
EUROFLEETS2 could cover their needs. A dedicated
unique call for proposals was launched afterwards, but
very early in the project’s life, to seek a scientific proj-
ect which needed to mobilize a combination of EU-
ROFLEETS2 TNA vessels, nationally funded R/Vs,
together with other appropriate scientific tools like re-
search planes or shore infrastructures proposed with their
own EC or national funding. This call sought to identify
a truly cross cutting proposal, able to prove its scientific
excellence and to mobilize private and public funding
structures on top of EUROFLEETS2 EC funding. High
impact proposals with a significant cross cutting theme
could seek to develop a multi-annual programme focused
on one European location or develop a proposal which
requires the deployment of several vessels and plat-
forms with their associated equipment to a number of
locations with a common theme.

The MEDSUVISES project was successfully se-
lected for funding among a total of four scientific pro-
posals submitted within the “Super-Integration” call. The
support brought by EUROFLEETS2 to the TOMO-
ETNA experiment of the MEDSUV project repre-
sented a total of 25 days of ship-time in 2014 on board
the Spanish R/V “Sarmiento de Gamboa” and the
Greek R/V “Aegaeo”.
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A3. Additional research projects and parallel negotiations

In this section we detail additional research proj-
ects that have supported the TOMO-ETNA experiment
and other parallel negotiations focused in the acquisi-
tion of human and material resources.

(a) Spanish COCSABO project. In order to use the
Spanish oceanographic vessel “Sarmiento de Gamboa”
the UGR team leaders by Jests Ibafiez applied for a proj-
ect named MED-SUV (COC-DI-2011-08) in November
of 2011. The proposal was applied to La Comisién de
Coordinacién y Seguimiento de las Actividades de los
Buques Oceanograficos (COCSABO) belonging to La
Secretaria General de Ciencia y Tecnologia del Ministerio
de Economia y Competitividad of the Spanish govern-
ment. The proposal was approved in January 2014 and
allowed to program 25 days of activities of the vessel
“Sarmiento de Gamboa” (CSIC) for the summer of 2014.
It is important to note that the negotiations of this ap-
plications started before that the core project MED-
SUV were approved and granted.

(b) European project EUROFLEETS2. In order to
complement the use of the Spanish vessel “Sarmiento
de Gamboa” and to include other additional oceano-
graphic vessels, the consortium composed by the INGV,
Section of Catania (hereinafter: INGV-Catania) leaded
by G. Puglisi and D. Patane and the UGR partner leaded
by J.M. Ibafiez applied for the project “MED-SUV. Inte-
gration of on-shore and off-shore passive and active
Seismic Experiments in South Italy” (MED-SUV.ISES)
within the EUROFLEETS2 “Super-Integration” call
opened in June of 2013 (a more detailed description of
EUROFLEETS?2 is provided in the next section). Suc-
cessfully evaluated by a European panel of experts, the
scientific proposal was selected for funding in April 2014,
permitting to complement the activities programmed
by the “Sarmiento de Gamboa” and to include new
geophysical activities using the Greek research vessel
“Aegaeo” in November of 2014. Once the use of the
oceanographic vessels was secured by these two proj-
ects, the final dates of the experiment were fixed defin-
itively to start at the end of June of 2014.

(c) German project TOMO-ETNA (Seismic TO-
MOgraphy of ETNA volcano and Eolian Islands, Italy,
using active and passive seismic data). In order to ob-
tain and homogeneous set of portable seismic stations,
a proposal was submitted to the German Geophysical
Instrument Pool Potsdam (GIPP). This pool belongs to
the Helmholtz-Centre Potsdam-GFZ German Re-
search Centre of Germany. In June 2013 the consor-
tium comprising the GFZ-Postdam, INGV-Catania and
the UGR prepared a proposal for the use of instru-
ments that was submitted in August 2013. The leaders
of this project were B.-G. Liithr and T. Dahm from GFZ,
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G. Puglisi and D. Patané from INGV-Catania and J.M.
Ibafiez from UGR. In February 2014 we obtained the
final confirmation of the availability of 100 seismic sta-
tions, including 80 short period seismic stations and 20
BB, to be used in the period June-November 2014.

(d) Negotiation with Dipartimento Regionale della
Protezione Civile, Regione Siciliana, for the use of their
different resources in the TOMO-ETNA experiment.
The INGV-Catania leader D. Patané prepared a prelim-
inary agreement with the Department that was signed.
In this first document additional grants for the expected
onland chemical explosions were included. The work-
ing period of this process was November 2013 to June
2014. Due to economical restrictions the final support
for the performing of chemical explosions on land was
eliminated in July 2014, just when the experiment started,
and these activities were cancelled in the last minute.

(e) Agreement with the Observatory of Gibilman-
na, run by the Centro Nazionale Terremoti (the INGV
National Earthquake Center; hereinafter: INGV-CN'T),
to use Italian OBS in the experiment. The INGV-Cata-
nia leader D. Pataneé requested the use of at least 12-14
OBS to this institution. This agreement was closed and
they prepared the instrument to be deployed in the
TOMO-ETNA experiment, three of them remained de-
ployed for around 6 months and were recovered by the
Greek vessel "Aegaeo”. The working period of this
process was November 2013 to June 2014.

(f) Negotiation with the Unidad de Tecnologia Ma-
rina - CSIC in Barcelona (Spain) to use Spanish OBS in
the experiment. The UGR leader ].M. Ibafiez and INGV-
Catania leader D. Patané requested the use of at least
12-15 OBS to this institution. This agreement was con-
firmed and the CSIC team prepared the instruments
that were deployed in the TOMO-ETNA experiment.
The working period of this process was November
2013 to June 2014.

(g) Negotiation with the Italian Navy (Italian Navy
General Staff and Command in Chief of the Fleet) for
the use of a hydrographic vessel. In order to deploy the
Italian OBS and to perform high definition bathymetry
and magnetic profiles, the INGV-Catania leader D. Patane
and M. Coltelli and the INGV-Roma 2 (Porto Venere)
leader C. Carmisciano applied for an agreement between
MED-SUV and the Italian Navy. In this agreement al-
lowed us to use, free of charges, the H/V “Galatea” fora
period of 10 days starting on June 25, 2014.

(h) Negotiation with the Italian Navy Command of
Sicily in Augusta, for the use of a logistic support ship and
the use of a military dock during the experiment. The
INGV-Catania leader D. Patané and M. Coltelli, and UGR
leader J.M. Ibafiez negotiated with this institution the use
of a support ship that would have helped the “Sarmiento



THE TOMO-ETNA EXPERIMENT

de Gamboa” during the seismic reflection experiment
with the 3 km long streamer. Additionally, in order to save
cost, a negotiation to use the military dock for ship
berthing was opened. The working period of this process
was October 2013 to June 2014.

(i) Bilateral negotiation between Spanish, Greek
and Italian Foreign Offices to request authorization of
marine scientific work in the economic exclusive zones
of Italy. The UGR leader J.M. Ibafiez with the collabo-
ration of D. Patané and M. Coltelli from INGV-Catania
prepared an official document and memorandum to
obtain this authorization. This negotiation implied the
participation of the Spanish embassy in Rome. The
working period of this process was March 2014 to Oc-
tober 2014.

(j) Negotiation with OGS, Trieste (Italy). M. Coltelli
and D. Patane from INGV-Catania established an agree-
ment with the OGS institution in order to have access to
multichannel seismic instruments to be deployed from
the “Aegaeo” vessel. These instruments were: two GI
guns in linear array and its air compressor arranged in
TEU-20 container, and a 96 channels, 300 m long digital
streamer. This negotiation started in September 2014, in-
cluding a further negotiation with Italian Coast Guard of
Messina to obtain the local authorization to use air-gun
without damage marine mammals.

Appendix B
List of the TOMO-ETNA working group

Here it is the list of people who currently form the
working group with a short description of their con-
tribution to the experiment.

UGR, Spain:
General coordinator of the experiment: Jesus M. Ibafiez
Spanish marine coordinator: Francisco Carrion
Onland activities coordinator: Alejandro Diaz-Moreno;
Janire Prudencio
Onland seismic stations: Rafael Abreu; Gerardo Alguacil;
Isaac Alvarez; Carolina Aranda; Carmen Benitez; Luisa
Buontempo; Mercedes Feriche; Luz Garcia; Daniel Gar-
cia; Cristina Gonzalez; José Benito Martin; José Morales;
Inmaculada Serrano; Manuel Titos; Lucia Urbano
Onboard marine activities: Judit Gonzéalez Santana; Nuria
Gutiérrez Luna; Ana Isabel Lozano Martinez; Diego
Martin Jiménez; José Manuel Mufioz Hermosilla; Mayte
Pedrosa; Elsa Maria Alfonso Sanchez; Teresa Teixido.

INGYV, Osservatorio Etneo, Catania, Italy:
General coordinator: Domenico Patane
Italian marine coordinator: Mauro Coltelli
MED-SUV coordinator: Giuseppe Puglisi
Onland activities coordinator: Ornella Cocina; Luciano
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Zuccarello

Onland seismic stations: Giampiero Aiesi; Raffaele Az-
zaro; Graziella Barberi; Massimo Cantarero; Pasqualino
Cappuccio; Danilo Contrafatto; Graziano La Rocca;
Sergio Di Prima; Susanna Falsaperla; Elisabetta Giam-
piccolo; Carla Musumeci; Daniele Pellegrino; Mario
Pulvirenti; Salvatore Rapisarda; Marco Sassano; Lu-
ciano Scarfi; Luciano Scuderi; Antonino Sicali; Giusep-
pina Tusa; Tiziana Tuve

Onboard marine activities: Eloisa Claude; Marco Firetto
Carlino; Salvatore Rapisarda.

INGY, Osservatorio Vesuviano, Naples, Italy:
Coordinator: Francesca Bianco
Scientific coordinator: Edoardo Del Pezzo
Onland seismic stations: Stefano Fiore; Danilo Galluzzo;
Mario La Rocca; Mariantonietta Longobardi; Luciano
Nocerino; Solange Scognamiglio.

INGYV, Centro Nazionale Terremoti, Rome, Italy:
Italian OBS coordinator: Giuseppe D’Anna
Marine and onland activities: Fabio Criscuoli; Antonino
D’Alessandro; Roberto D’Anna; Pasquale De Gori;
Gioacchino Fertitta; Lucian Giovani; Giuseppe Passa-
fiume; Marcello Silvestri; Stefano Speciale.

INGY, Sezione Roma 2, Rome, Italy:
Project - Italian Navy coordinator: Cosmo Carmisciano
Marine and onland activities: Carla Bottari; Pier Paolo G.
Bruno; Luca Cocchi; Filippo Muccini.

INGYV, Sezione di Bologna, Bologna, Italy:
Onland seismic stations: Simone Salimbeni.

OGS, Trieste, Italy:
Marine activities coordinator: Fabrizio Zgur
Marine activities: Lorenzo Facchin; Giampaolo Visnovic;
Lorenzo Sormani; Diego Cotterle; Rita Blanos; Paolo
Mansutti.

GFZ, Potsdam, Germany:
Portable seismic stations coordinators: Birger-Gottfried Liihr;
Torsten Dahm.

Univ. Catania, Italy:
Marine activities: Fabrizio Cultrera; Danilo Cavallaro;
Clara Monaco.

Univ. La Corufia, Spain:
Onland seismic stations: Pedro Gea.

Univ. Cadiz, Spain:
Onland seismic stations: Araceli Garcia-Yeguas.
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Univ. Jaén, Spain:
Onland seismic stations: Alfonso Ontiveros.

Univ. La Laguna, Spain:
Onland seismic stations: Enrique Coello; Maria Cordero;
Cayetano Guillén; Carmen Romero.

Univ. College of Dublin, Ireland:
Onland seismic stations: Hannah McCann.

Univ. Colima, Mexico:
Onland seismic stations: Mauricio Breton.

Berckley Seismological Lab., USA:
Scientific coordinator: Margaret Hellweg
Onland seismic stations: Sierra Boyd.

IPGG SB, Novrosibirsk, Russia:
Software coordinator: Ivan Koulaikov
Onland seismic stations: Sergey Abramenkovw.

Appendix C
International collaborations

The objective of TOMO-ETNA experiment will
contribute to part of the EU Project MED-SUV objec-
tives and therefore is integrated by a large set of mem-
bers associated to this FP7 EU project. Additionally,
other institutions that have been collaborated in similar
previous experiments have been integrated to the pres-
ent one.

The MED-SUV consortium that support this proj-
ect is composed by 21 research institutions from Italy,
Germany, UK, France, Spain, Portugal and Malta, and
4 private companies from Italy and UK. As partners of
the present experiment we have researcher from the fol-
lowing institutions: INGV, Catania, Rome, Porto Venere,
Bologna and Naples (Italy); Universidad de Granada-
UGR (Spain); GFZ-Potsdam (Germany); OGS, Trieste
(Italy); University of California-Berkeley-BSL (USA);
University College of Dublin-UCD (Ireland); Univer-
sidad de Colima (Mexico); Universidad de La Laguna
(Spain); Universidad de Jaén (Spain); Universidad de
Cadiz (Spain); Universitd di Catania (Italy); CSIC-
Spain; and Institute of Petroleum, Geology and Geo-
physics-IPGG (Russia).

The role, in term of responsibilities, of the differ-
ent partners of the project was:

- UGR was the main coordinator of the experi-
ment, both marine and on-land, and is the scientific co-
ordinator of the future data analysis.

- INGV-Catania was the general coordinator of
MED-SUV project and was be the connecting link be-
tween this project and the other projects. Additionally,
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the on-land and part of the offshore operations were
coordinated by this partner.

- GFZ was the responsible of the portable seismic
network.

- IPGG is the responsible of the elaboration of
joint inversion software that integrates passive and ac-
tive seismic data in both environments to obtain the to-
mographic images.

In order to recognize the work performed by the
several researchers involved in the organization, mate-
rialization and future analysis of the data, TOMO-
ETNA working group was created. The list of the
names of the persons involved in this working group
was enlarged with time according with new contribu-
tions and contributors. This list will be used as refer-
ence of the authors for the different scientific products
that will be produced in the future such as presentation
in international conferences. In Appendix B we present
the full list of this working group.

Appendix D
Data management and control

Such a complex experiment like TOMO-ETNA
has generated a big amount of data in both terrestrial
and marine environments. The data base can be divided
according to the type of instruments and data record-
ing systems but also according to the environment, ma-
rine or terrestrial. The division of the data base was
done as follow: Short Period Portable Seismic Stations;
Portable Broadband Stations; OBS Stations, Spanish
and Italian; INGV Permanent Seismic Network; Seis-
mic Streamer Data; other Marine Data. In total around
6.5 Tb of data in the raw format have been collected di-
vided as follow: 1.5 Tb for portable short-period and
broadband seismic stations; 1 Tb for the permanent
seismic network of the INGV; 0.5 Tb for the OBS; 3 Tb
for marine streamer data in both legs (“Sarmiento de
Gamboa” and "Aegaeo” vessels); 0.5 Tb for the rest of
geophysical and marine data, such as magnetic, bathy-
metric or robot images, among others. The policy of
the data is indicated by following the policy of the
MED-SUV Consortium. The use of the data is cur-
rently restricted to the MED-SUV consortium, until the
end of the project. Data set will be available at the
MED-SUV portal. After the end of the project, the data
policy has to follow the EUROFLEET rules, which
foresee an open access. Access rules should be still de-
fined. In the follow we describe were physically these
data are storage and in the future available.

1.1. Short period portable seismic stations
The project has several copies of the short period
portable seismic station data and they are stored in
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Catania, Naples, Potsdam and Granada in the raw data
format. There are some teams that have converted data
formats to miniseed and SAC format in Granada, Cata-
nia and Potsdam.

1.2. Portable broadband stations
Data of these stations have the same processing
and storage policy that the short period stations.

1.3. OBS data

1.3.1. Spanish OBS

The original OBS data are in CSIC-UTM, Catania
and Granada in the raw format. UGR transformed
them into SEGY format. These data are distributed to
Catania, Naples, and Potsdam.

1.3.2. Italian OBS

The original OBS data are stored in INGV-CNT in
Gibilmanna. Later the data will be distributed to Cata-
nia, Naples Granada and Potsdam.

1.4. INGV permanent seismic network

A copy of the whole data from the period April-
November 2014 is available in Catania and Granada in
dmzx format. Naples can access to this copy via internal
server. Researchers from UGR converted this format to
SAC.

1.5. Seismic streamer data

A copy of data associated to the “Sarmiento de
Gamboa” vessel is available in Catania and Granada
(also in Barcelona as owner of the vessel). Data from
“Aegaeo” campaign is available in Catania and Trieste
(as owner of the streamer).

1.6. Other marine data

This data base was obtained during the experiment
by “Sarmiento de Gamboa”, “Galatea” and "Aegaeo”
vessels, and it is composed by: bathymetry data, mag-
netic data and other measurements. This information is
stored together with the MCS streamer data and is

available in Catania and Granada.
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