
This Provisional PDF corresponds to the article as it appeared upon acceptance. Fully formatted
PDF and full text (HTML) versions will be made available soon.

High resolution seismic data coupled to Multibeam bathymetry of Stromboli
island collected in the frame of the Stromboli geophysical experiment:

implications with the marine geophysics and volcanology of the Aeolian Arc
volcanic complex (Sicily, Southern Tyrrhenian sea, Italy)

SpringerPlus 2014, 3:232 doi:10.1186/2193-1801-3-232

Gemma Aiello (gemma.aiello@iamc.cnr.it)
Vincenzo Di Fiore (vincenzo.difiore@cnr.it)

Ennio Marsella (ennio.marsella@iamc.cnr.it)
Salvatore Passaro (salvatore.passaro@cnr.it)

ISSN 2193-1801

Article type Research

Submission date 12 February 2014

Acceptance date 31 March 2014

Publication date 8 May 2014

Article URL http://www.springerplus.com/content/3/1/232

This peer-reviewed article can be downloaded, printed and distributed freely for any purposes (see
copyright notice below).

For information about publishing your research in SpringerPlus go to

http://www.springerplus.com/authors/instructions/

For information about other SpringerOpen publications go to

http://www.springeropen.com

SpringerPlus

© 2014 Aiello et al.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly credited.

mailto:gemma.aiello@iamc.cnr.it
mailto:vincenzo.difiore@cnr.it
mailto:ennio.marsella@iamc.cnr.it
mailto:salvatore.passaro@cnr.it
http://www.springerplus.com/content/3/1/232
http://www.springerplus.com/authors/instructions/
http://www.springeropen.com




basin (< 2 My B.P.). These ones are considered as small back-arc basins, being linked to the 
occurrence of the Ionian lithospheric slab, subducting towards NW (Marani and Trua 2002; 
Figure 4). 

Figure 4 Sketch map showing the subduction of the Ionian lithosphere (modified after 
Marani and Trua  2002). The location of the Marsili ridge, Aeolian Arc and Calabria has 
been also indicated. An abrupt increase of the rollback due to the full development of lateral 
tears in the Ionian slab, between Early and Middle Pleistocene, generates the lateral flow of 
deep asthenosphere around the slab margins. The dotted line corresponds to the crustal 
thickness of the Tyrrhenian plate. 

After the development of these back-arc basins, the volcanism of the southern Tyrrhenian 
basin is migrated from W to SE, from the Sardinia to the present-day Aeolian Arc (Serri 
1997; Kastens et al. 1988; Bigi et al. 1989; Sartori 1989; Savelli, 2001), developing the 
present-day configuration of the Marsili back-arc basin. The average rate of opening of the 
southern Tyrrhenian basin during the last 5 My B.P. is of about 6 cm/y (Malinverno and Ryan 
1986; Patacca et al. 1990). 

During present times the lithospheric structure shows two thinned regions of oceanic crust 
(30–40 km) separated by lithosphere relative to the Sardinia continental block thick about 80 
km (Faccenna et al. 2001); moreover, the basin is characterized by a crustal thinning, which 
reduce more and more up to less than 10 km in the sector towards SE (Panza et al. 2003). 

The correlation of the data on the lithospheric thickness with those ones regarding the 
distribution of the heat flow in the Tyrrhenian region (Erickson 1970; Hutchinson et al. 1985; 
Mongelli 1991; Mongelli and Zito 1994) has evidenced that the Tyrrhenian sea can be 
divided into three parts: the northern Tyrrhenian sea, the central Tyrrhenian sea and the 
southern Tyrrhenian sea. The southern Tyrrhenian sea is the widest and thinnest part and 
shows the deeper parts of the basin (more than 3500 m). To the south-east of this area the 
highest values of heat flow have been recorded (Morelli, 1970). The central part of the 
Tyrrhenian sea shows the lowest values of the heat flow (Zito et al. 2003). In the basin 
located northwards, in proximity to the Tuscany, the heat flow values are very high (160 
mw/mq). 

This trending of the heat flow seems to be linked to the active magmatism occurring in the 
Tyrrhenian basin and then to the subduction rate of the lithospheric slab: in fact, in the part of 
the Calabrian Arc where there is a faster retreating, a strong extension of the lithosphere may 
be observed, coupled with high heat flows. On the contrary, in the southern Apennines, where 
the retreating of the subduction system is very low, active volcanism is lacking, extension 
rate is minimum and the heat flow is low. In the central-northern Apennines, where the 
subduction is faster, there are active seismicity and magmatism in Latium and Tuscany and 
high heat flows. 

Geodynamic models on the extension of the Tyrrhenian sea 

In order to explain the geodynamic evolution of the Mediterranean area and in particular, of 
the Tyrrhenian-Apennines system several evolution models have been purposed, through 
which the observed structural complexities should be explained. 











Late Quaternary depositional sequence, being limited by time-transgressive surfaces, may be 
considered equivalent to the units bounded by unconformities (Unconformity-Bounded 
Stratigraphic Units; UBSU; Chang 1975; Nummendal and Swift 1987; Galloway 1989; 
Sacchi et al. 1999). 

The techniques and methods of modern volcanic geomorphology have been adopted and 
taken into account in the geologic interpretation of the data collected in the Stromboli 
volcanic island (Grosse et al. 2012; Lahitte et al. 2012; Platz et al. 2012; Procter et al. 2012; 
Rodriguez-Gonzalez et al. 2012; Thouret 1999; Thouret and Nemeth 2012; Torrecillas et al. 
2012). 

The significance of volcanic geomorphology has been improved through the quantitative 
classification of volcanic landforms, which blends morphometry and studies based on ground 
observations, remote sensing data and laboratory experiments, as well as the diversified use 
of airborne images and digital data acquired through radar and satellites and combined with 
the Digital Elevation Models data (Thouret 1999). The monitoring of morphological changes 
in volcanic areas provides a fundamental contribution to the comprehension of the dynamics 
of the volcanic systems both during the eruptions and in post-eruptive stages. The rates of 
geomorphological processes acting at all scales on volcanoes has to be measured to improve 
the theoretical aspects of volcanic geomorphology (Thouret 1999). The production and 
comparison of Digital Elevation Models is necessary to document and quantitatively describe 
the morphological evolution induced by volcanic constructional and destructive processes, 
such as the emplacement of lava flows, calderic collapses and gravitational instabilities. In 
particular, for submarine areas, the acoustic techniques as the Multibeam bathymetric surveys 
allows to investigate the sea floor with an increasing detail and full coverage. 

Large scale instability processes, erosional landforms and debris avalanches present a 
particular relevance in the case study of the Stromboli island. As a consequence of rapid 
construction, many volcanoes are liable to massive flank or slope failures resulting from 
structural instability. The slope failures have produced mobile debris avalanches, travelling 
on long distances beyond the flank of volcanoes at high velocities. A description of 
geological processes involving the flank failures and the related deposits has been provided in 
detail by several authors (Voight et al. 1983; Siebert et al. 1987; Crandell 1988; Glicken 
1991; Moore et al. 1994). 

Massive landslides create specific morphology and deposits, such as horseshoe-shaped re-
entraints of the volcanic edifice, such in the case of Ischia island (Chiocci et al. 1998; Aiello 
et al. 2009, 2012) and high steep escarpments having an amphitheater shape. The debris 
avalanches typically form a hummocky terrain with water filled depressions and steep flow 
margins and thick hummocky deposits with block and matrix facies, consisting of unsorted 
angular-to-subangular debris. A relationship exists between the distance run-out travelled by 
an avalanche and the failure volume. 

As an analytic technique, the volcanic geomorphology can identify the sedimentary facies 
associations and the facies models for dynamic volcano-sedimentary systems and establish 
the criteria for recognizing volcaniclastic deposits in old volcanic successions, inferring the 
role of climatic and tectonic effects on transport and deposition and analyzing the 
characteristics of sediment gravity flows to determine relevant parameters for modeling their 
behavior (Thouret 1999). 
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