






During the second leg of  the shooting process,
after July 10, some of  the short-period seismic stations
were moved from their original planned sites to new
one in order to cover additional sites and improve the
spatial distribution. In total 23 short period-stations
were moved. In this case the initial planned 98 portable
station sites were increased to 121 sites. 

4.4. Recovery
On July 24, 2014, the active phase of  the seismic

experiment TOMO-ETNA ended. At this date the
whole portable short-period seismic network was re-
covered. The broadband seismic network remained op-
erative until October 28, 2014. At the same time the
R/V “Sarmiento de Gamboa” arrived to the Catania
harbor after the recovery of  21 short-period OBSs. The
rest were recovered by the R/V “Aegaeo” in November
25, 2014. The uninstallation process of  all seismic sta-
tions was a success and all the recovered instruments
were fully operating and with no damages. In total,

more than 25,000 km were driven during the experi-
ment. In Figure 17 we show the final position of  the
whole stations used in the TOMO-ETNA experiment.

5. Seismic signals

5.1. Seismic data bases
The TOMO-ETNA dataset comprises 26,364 air-

gun shots (9705 refraction shots and 16,659 reflection
shots) registered in 80 short-period, 17 broadband, 27
ocean bottom stations (OBSs) (15 provided by the Span-
ish team and 12 by the Italian team) and 70 broadband-
short-period (INGV permanent network) stations,
summing 5,140,980 seismic signals. In Figure 19 we il-
lustrate the route followed by the R/V “Sarmiento de
Gamboa” during the whole shooting process. For ad-
ditional information of  the marine activities see Coltelli
et al. [2016, in this volume]. For the refraction experi-
ment we have a database of  1,892,475 seismic signals
(including all stations). Additionally we recorded a total
of  452 earthquakes in a dense seismic network. When
the magnitude of  the earthquake was larger than 3.0 it
was recorded in more than 50 seismic stations. In Fig-
ure 20 we show an example of  a regional earthquake
recorded by this network. Red dots indicate the esti-
mate P-wave onset determined by using an automatic
algorithm described by Álvarez et al. [2013] and García
et al. [2016, in this volume].

In general the quality of  the signal is high. Due to
the large area covered in this experiment, it was not
possible to record the air-gun shots in the whole seis-
mic network. In average the maximum distance shoot-
station to have good quality was of  around 50 km. In
Figure 21 we plot an example of  3 hours of  shooting
period recorded by a single station. Red starts indicate,
as in the case of  the earthquakes, the estimated P-waves
onsets of  every explosion calculated automatically. In
order to show the quality of  the recorded signals we
plot an example of  a single shot recorded in four types
of  seismometers (short-period, broadband, permanent
and OBSs) at different distances (Figure 22). It is remark-
able how the signal has been filtered by the medium. As
indicated in the characteristics of  the active source, the
theoretical source spectra are wide, between 4 and 40
Hz. However the spectrograms of  the recorded signals
show a peak of  amplitude, between 6 and 15 Hz. This
observation was used to select a filter between 4 and 12
Hz for the signal analysis in the tomographic inversion
[Díaz-Moreno et al. 2016, in this volume].

5.2. Database managing
The first step was the unification of  the data for-

mats, because all the seismic data are recorded in a dif-
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Figure 18. Different stages of  the deployment of  the seismic sta-
tions.
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ferent formats depending on the station features (short-
period, broadband, OBS, etc.). This procedure is not as
easy as it may seem, since it is a very sensitive proce-
dure. In the following paragraphs the different original
formats and their conversion are detailed. Our pre-
ferred format to work with is .mat (matlab) so that we
can process the data in a less time-consuming way.

We analyzed separately both earthquake and shots
data. For the shot database we started with the Cube
stations. These stations save the data in binary daily files
that should be then converted to an appropriate format.
The GFZ Potsdam institute provides useful algorithms
to convert Cube format to MiniSeed format. During
the recorded period, many of  the 80 stations deployed
lost the GPS signal sometimes, leading to more than
one daily file. We found out that the registered data had
some gaps, meaning that for certain periods of  time the
station did not register. The most probable cause of  this
is the loss of  GPS signal. Fortunately, MiniSeed files are
written with an absolute scale of  time, thus, allowing
us to identified and exclude these gaps. Another step
we performed was to convert MiniSeed into SAC in
order to choose the more suitable type file to work
with. On the other hand SAC files have the time infor-
mation not in absolute values but in a single time vec-
tor from 1 to the end of  samples. Therefore, gaps could
not be well identified using this type of  files. For this
reason we decided to work directly with the MiniSeed
data. To reduce computation time we transformed the

data into .mat format taking only the pieces of  signal
we needed. Indeed, we cut the signal 30 s before that
data and 60 s after each shot. When we find a gap in the
registration, the shots occurred in that period were not
taken into account for that station. 

Once the Cube database is organized in the new
format, we plotted all shots registered at one station
during one day using Matlab tools. This way of  repre-
sentation allows us view the movement of  the vessel
and to estimate the acoustic wave (1.5 km/s) registered
on the stations near the coast. Indeed, controlling the
arrival time of  the acoustic wave is a simple and very ef-
fective procedure to check that the GPS data times are
correct, and that there is synchrony between the GPS
data time of  the air-guns and the stations. 

The data extracted from the broadband stations
are in MiniSeed format; therefore not further conver-
sion is needed, only into .mat files. In this case we fol-
lowed the same procedure as for the Cubes, we took
the time data of  each explosion to cut the MiniSeed file
30 s before it and 60 s after it and save it in Matlab files.
The only problem we addressed in this step was that
the coordinates of  the broadband stations were daily
calculated and differ from one day to another in some
decimals. In order to have a final station coordinates we
calculated the mean of  all these daily GPS coordinates.

The INGV permanent stations provide data for-
matted in .DMX files, which result to be a compressed
type of  .SUDS files. This type of  file is organized in a
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Figure 19. The whole route followed by the research vessel “Sarmiento de Gamboa” during the shooting period.



completely different way as the previously mentioned
MiniSeed or SAC. They save registration of  1min for each
station. In this case, the INGV research team provided
the necessary tools to convert them to a user-friendly
SAC format. In any case we may address the same prob-
lems as with the Cube data; if  any gaps are present we
will not be able to detect them with the SAC format.
Nonetheless, we converted them into .mat files follow-
ing the previously discussed procedure and fortunately,
we found no gaps in the registration of  these stations.

The Spanish OBS data are provided in RAW bi-
nary format. The tools for conversion permit to obtain
an output format known as PascalSegy. This data files
were, then, organized in the common .mat files for
their analysis.

The Italian OBS data available at the time of  this
report are only those recorded by the broadband OBSs.
These data are saved in SAC files and therefore easy to
handle. The procedure was the same as for the rest of
data, obtaining .mat files as the final format. 
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Figure 20. An example of  a volcano tectonic earthquake recorded in several portable seismic stations of  the TOMO-ETNA experiment lo-
cated around Mt. Etna volcano. This earthquake occurred in July 11, 2014.

Figure 21. An example of  different correlative shots recorded in a single short-period portable station. (Date format: dd/mm/yy).
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6. Final remarks
As reported in the present manuscript, probably

the TOMO-ETNA experiment is the most complex ex-
periment focused to obtain information on the inner
structure of  an active volcano and surrounding areas
using both active and passive seismic sources. The ef-
ficiency and coordination in the performed work has
allowed deploying in a short time a large number of
seismic stations. All of  them were operative along the
scheduled time, safely recovered, and even if  the is-
land if  Sicily is a very populated region, no seismic sta-
tion was damaged. The first step in the success of  this
deployment was based on an efficient search of  po-
tential sites a few months before the arrival of  the
working team, including complete and detailed infor-
mation on the characteristics of  the sites, owners, con-
tacts and easy indications of  how to arrive to them.
The final document generated in this search is very
valuable information that could be used in the future
for new experiments. The second factor contributing
to the success was the division into several teams re-
sponsible of  the deployment and the maintenance of
the seismic stations distributed in different sectors cov-
ering the whole region under study. These teams were
autonomous and, following the indications of  the pro-
vided documents, were able to design an efficient
daily working program, coordinated by a single per-
son who was responsible for any final decision. It is re-
markable the high quality, portability and feasibility

of  the used instruments, in particular the Cube short-
period seismic stations are ideal to be used in this kind
of  experiments. The quality of  the recorded data pre-
dicts final results that could have a high impact in the
scientific community.
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