
RESEARCH ARTICLE

Tsunamis from prospected mass failure on the Marsili submarine
volcano flanks and hints for tsunami hazard evaluation
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Abstract
TheMarsili Seamount (Tyrrhenian Sea, Italy) is the largest submarine volcano in the Mediterranean Sea, located in the middle of
theMarsili Basin, facing the Calabrian and Sicilian coasts on its eastern side, and the coasts of Sardinia on the opposite side. It has
erupted in historical times, and its summit crest is affected by widespread hydrothermal activity. This study looks at mass failures
taking place at different depths on the flanks of the volcano and estimates their associated tsunamigenic potential. Mass failure,
tsunami generation, and propagation have been simulated by means of numerical models developed by the Tsunami Research
Team of the University of Bologna. In all, we consider five cases. Of these, three scenarios, one regarding a very small
detachment and two medium-sized ones (between 2 and 3 km3 failure volume), have been suggested as possible failure
occurrences in the published literature on a morphological basis and involve the north-eastern and north-western sectors of the
volcano. The two additional cases, one medium-sized and one extreme, intended as a possible worst-case scenario (volume
17.6 km3), affecting the eastern flank. Results indicate that small-volume failures are not able to produce significant tsunamis;
medium-size failures can produce tsunamis which dangerously affect the coasts if their detachment occurs in shallow water, i.e.,
involves the volcano crest; and extreme volume failures have the potential to create disastrous tsunamis. In all the simulations,
tsunami waves appear to reach the Aeolian Islands in around 10 min and the coasts of Calabria and Sicily in 20 min. This study
highlights that there is a potential for dangerous tsunamis generation from collapses of the Marsili volcano and as a consequence
a need to intensify research on its status and stability conditions. More broadly, this investigation should also be extended to the
other volcanic seamounts of the Tyrrhenian Sea, since their eruptive style, evolution, and tsunamigenic potential are still poorly
known.
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Introduction

Submarine mass movements have been widely investigated in
literature (e.g., Vanneste et al. 2006; Homa 2009; Alves 2015),

often with a focus on assessing the related tsunamigenic po-
tential, which is mainly achieved by means of numerical
methods (Harbitz 1992; Pelinovsky and Poplavsky 1996;
Tinti and Piatanesi 1997; Tinti et al. 1999; Satake 2001;
Ward 2001; Ward and Day 2001; Dutykh and Dias 2009;
Gallotti et al. 2020). In particular, flank instability commonly
affects submarine and insular volcanoes, because of slope
oversteepening and of loading enhanced by eruptive or seismic
activity (e.g., Satake 2001; Tinti et al. 2006; Loughlin et al.
2010; Sassa et al. 2016; Walter et al. 2019). Further, magma
intrusion and strong hydrothermalism have proved to be fac-
tors favoring slope instability on volcanoes, due to their effect
on pore-fluid pressure (McGuire 1996; Reid 2004).

The most voluminous volcanic flank collapse in historic
times (Ritter Island, Papua New Guinea, 1888) and many
other cases (see, e.g., the series of Krakatau events from
1883 to the recent 22nd December 2018) have shown that
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they can produce tsunamis with catastrophic effects in the
nearby ocean basins (see Giachetti et al. 2012; Karstens
et al. 2019; Grilli et al. 2019). Together with the Oshima-
Oshima and Mt. Unzen (Japan) events of 1741 and 1792,
respectively, these collapses caused more than 15,000 casual-
ties (Siebert et al. 1987; Begét 2000; Auker et al. 2013; Day
2015). Collapses on the flanks of volcanic islands or subma-
rine volcanoes may involve larger volumes than on subaerial
volcanoes (Watt et al. 2014; Hunt et al. 2018) and constitute
an important threat that is unfortunately underrated in the nat-
ural hazard mitigation policies for many of the involved
countries.

Reconstructing pre-historical and historical gravity insta-
bility occurrences and building scenarios of potential future
events require specific analyses of the geological and morpho-
logical characteristics of the site under study, information not
always available for deep water areas.

Regardless of landslide magnitude and source, the follow-
ing three stages can be distinguished in the evolution of mass
failure and related tsunamis: slope failure (I), landslide evolu-
tion (II), and tsunami generation and propagation (III). At the
onset of stage I, when the slope stability is lost, the slide starts
moving. During the sliding process (stage II), some landslides
evolve into debris flows and turbidity currents, whereas others
(slides or slumps) maintain a more coherent behavior with
limited internal deformations (Locat and Lee 2002). By
interacting with water, the slide generates water waves (stage
III), which propagate outwards. While stages II and III are
usually viewed as dynamic processes, the conventional anal-
ysis of slope failure (stage I) commonly focuses on the final
limit-equilibrium state, which is a static condition (e.g.,
Paparo and Tinti 2017).

In this work, we consider five potential scenarios of mass
failures: four cases affecting the north-eastern and eastern
flank and one on the north-western side of the Marsili
Seamount (MS), an active (Iezzi et al. 2014; Tamburrino
et al. 2015) submarine volcano located in the southern
Tyrrhenian Sea, Italy, and evaluate the related tsunamigenic
potential. Volcanic eruptions may represent a direct threat
themselves, but, since the MS vents are deep in the sea, the
formation of eruptive columns above the sea surface capable
of affecting the coasts seems an unlikely occurrence. The
main potential hazard of MS is related to the fact that erup-
tions, possibly in connection with seismic activity, might
trigger mass movements that, in turn, might induce tsunami
waves.

The aims of this study are (1) to reconstruct three past
landslide events with volumes up to 2.8 km3 occurred on the
MS based on the available literature (see next sections for
details) and estimate their tsunamigenic potential; (2) to sim-
ulate two further possible failures on the MS, with volumes of
2.4 km3 and 17.6 km3, the latter being intended as a worst-
case scenario; and (3) to study the landslide-tsunami

propagation pattern in the southern Tyrrhenian Sea from the
MS source area.

Geological setting

TheMS is the largest submarine volcano in Europe, located in
the southern part of the Tyrrhenian Sea (Fig. 1), about 120 km
north of Sicily and 170 kmwest of Calabria. It is considered to
be the axial, super-inflated spreading ridge of the Marsili
back-arc basin (Marani and Trua 2002; Cocchi et al. 2009;
Trua et al. 2018), and was mostly built in the last 1–0.7 Myr
through eruptions from central and fissural vents (Iezzi et al.
2014). Its eruptive products record the flow of asthenospheric
mantle into the mantle wedge induced by the lateral tearing of
the subducting Ionian slab (Marani and Trua 2002). The
resulting increase of melt supply favored the vertical accretion
of the Marsili volcano (Marani 2004).

The edifice is a NNE-SSW-elongated seamount rising over
3000m from the basin floor to a minimum sea depth of 500 m.
It has a length of ~ 70 km and a mean width of 20 km, with
steep flanks (Figs. 2 and 3, left panel). The bulk volume of the
volcano edifice is about 3000 km3 (Ventura et al. 2013). The
MS summit crest zone (25 km long), approximately bounded
by the 1000-m contour, shows narrow linear alignments of
volcanic ridges and cones (Marani and Trua 2002; Ventura
et al. 2013) with diameters up to 200–300 m (Ligi et al. 2014).
The axial rift is the principal site of stress release, marking the
preferential trend of dyke emplacement along the spreading
center (Marani 2004). Hydrothermal activity is widespread
along the rift zone (Ligi et al. 2014), where the occurrence
of more recent explosive eruptive activity (last 7 kyr) has been
suggested by Iezzi et al. (2014) and Tamburrino et al. (2015).
OBS monitoring on the Marsili summit recorded volcanic
tremor events and seismic sequences indicative of geothermal
fluid circulation and/or magma movements attributable to the
persistent, present-day volcanic activity (D’Alessandro et al.
2009).

Linear volcanic structures (vents alignments) along the tip
regions of the volcano continue down to the basin floor
(Fig. 2). Circular, small-size volcanic edifices are widespread
on the western flank of the seamount (Fig. 3, left panel) that is
undergoing constructional volcanic processes (Ventura et al.
2013). On the contrary, a smoother seafloor characterizes the
eastern flank of the volcano due to sediment coverage and to
mass wasting at a variety of scales. This sector of the MS is
said to lie above the magma chamber (Trua et al. 2002). The
occurrence of a shallow magmatic reservoir (about 2000 m
below the MS summit) is, in fact, proposed on the basis of
magnetic and gravity data (Caratori Tontini et al. 2010). A
progressive steepening of the flanks of the volcano takes place
from its basal to its summit regions and, in the upper part of
the edifice, slope angles exceeding 30° (Fig. 2). The summit
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