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SCIENCE

Geohazard features of the Central-Southern Tyrrhenian seamounts 
Michael Marani , Fabiano Gamberi , Elisa Leidi, Alessandra Mercorella, Marzia Rovere and 
Valentina Ferrante

ISMAR-CNR, Istituto di Scienze Marine, Consiglio Naizionale delle Ricerche, Bologna, Italy

ABSTRACT  
The Magic project (MArine Geohazard along Italian Coasts), a large coordinated initiative that 
involved the whole marine geological research community in Italy in 2007–2013, produced a 
series of maps of the Geohazard features of the Central-Southern Tyrrhenian Seamounts. The 
features derive from multibeam surveys and therefore mainly rely on the morphological 
expression of seafloor and shallow sub-surface processes and events. Potential geohazards 
related to eruption and flank instability of the volcanic seamounts of the Tyrrhenian Sea are 
discussed and compared.
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1. Indroduction

This article illustrates the Maps of Geohazard features 
of the Tyrrhenian Central-Southern volcanic sea-
mounts obtained in the course of the Magic project 
(Marine Geohazard along Italian Coasts), a large, 
coordinated initiative that involved the entire marine 
geological research community in Italy in 2007– 
2013. The MaGIC Project focused on the acquisition 
of morphobatimetric data in outer shelf, slope and sea-
mounts of the Italian continental margins, in order to 
depict and classify the geological hazard features. The 
features were derived from multibeam surveys and 
therefore mainly rely on the morphological expression 
of seafloor and shallow sub-surface processes and 
events. In particular, the morphological and structural 
features of the volcanoes are described with emphasis 
on the potential hazards posed by eruption and flank 
instability. Two levels of interpretation are presented: 
the Main Map of the Physiographic Domain at scale 
1:250.000 and the map of the Morphological Units 
and Morpho-bathymetric Elements (areas and vectors 
respectively) at 1:100.000 scale.

2. Study area: the Central-Southern 
Tyrrhenian seamounts

The Tyrrhenian Sea is the youngest back-arc basin in 
the Mediterranean (Figure 1). Its formation is related 
to the extension and crustal thinning which followed 
the subduction of the Ionian oceanic lithosphere 
beneath the Calabrian Arc (Kastens et al., 1988; Sar-
tori, 1990) in a context of convergence between the 

African plate and Eurasia (Malinverno & Ryan, 
1986; Ward, 1994. The initial E-W opening stage of 
the Tyrrhenian Basin, is dated Tortonian (Kastens 
et al., 1988; Zitellini et al., 1986). During the Pliocene, 
production of oceanic crust is located in the Vavilov 
back-arc basin, where the homonymous Vavilov Vol-
cano developed. Subsequently, the minimum stress 
direction changed to ESE and production of oceanic 
crust migrated eastwards forming the Marsili back- 
arc basin (1.9-1.7 Ma) and the Marsili Volcano 
(<0.73 Ma), originating in the present day arc and 
back-arc configuration of the southern Tyrrhenian 
(Figure 2). The magmatic products of the Tyrrhenian 
Sea are characterised by contemporary eruption of 
IAB (Island Arc Basalt) and OIB (Ocean Island 
Basalts) magmas. Calc-alkaline lavas are present in 
the Marsili Basin and in the Vavilov Basin, the Marsili 
Volcano, the Palinuro volcano, the Aeolian Islands 
and in their submarines extensions. In addition, 
MORB basalts are found in the Vavilov Basin. Instead, 
OIB magmas, of asthenospheric origin, are present 
only in some restricted areas, such as the Marsili Sea-
mount, the Vavilov Volcano, Ustica Island and the 
Prometeo lava field located South-East of Ustica 
(Marani & Trua, 2002; Trua et al., 2002). In this con-
text, the Palinuro volcanic complex developed at 
∼350 ka BP (Robin et al., 1987). It consists of a 
chain of fifteen volcanic edifices that extend in an 
EW direction for more than 90 km (Passaro et al., 
2010). The IAB composition of Palinuro lavas and 
its location in the upper margin of the Marsili back- 
arc basin, indicate that the Palinuro volcanic complex 
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represents the northern limit of the Aeolian arc mag-
matism, at the margin between the continental and 
oceanic crusts (Figure 1), where the direct influence 
of the subduction process becomes no longer effective 
(Cocchi et al., 2017). The large volcanic seamounts of 
the central Tyrrhenian Sea are the products that wit-
ness the creation and evolution of the back-arc 
basin. This paper discusses the morphology of the 
Marsili, Vavilov and Palinuro volcanoes in terms of 
landforms and tectono/magmatic features including 
the occurrence of hydrothermal activity and assi-
coated deposits. Vavilov and Marsili volcanoes are 
centrally located in their homonymous back-arc 
basins while the PalinuroVocanic Complex (PVC) 
developed on the eastern margin of the basin along a 
lithospheric fault zone delimiting the oceanic and con-
tinental crusts. Cumulatively, the three volcanoes have 
a volume of over 4000 km3, developed in a setting in 
which the lithosphere in subduction was rapidly sink-
ing and characteriz ed by fast rollback (Corradino 
et al., 2022; De Astis et al., 2003; Gvirtzman & Nur, 
1999; Manu-Marfo et al., 2019; Marani & Trua, 
2002; Trua et al., 2018; Ventura et al., 2013). The active 
geodynamic setting, the continuing volcano/tectonic 
activity of Marsili together with the position of the 
PVC characterised by hydrothermalism and shallow- 
water zones can be considered multiple potential 
sources for the generation of hazards, both directly 
in terms of submarine eruptions and indirectly by 
the destabilisation and failure of the volcanic edifices 
and related tsunamigenic landslides. Repeated map-
ping and systematic monitoring should be undertaken 
to better understand the natural risks with regard to 
the population and the infrastructure of the surround-
ing coastal regions.

3. Methods and software

Since the maps were produced using the same inter-
pretative and cartographic standards, the procedure 
is described in detail in Ridente and Chiocci (this 
volume). The legend of the Physiographic Domain 
map is present on the map while the legend of the 
Morphological Units and Morpho-bathymetric 
Elements map is present as a separate table.

4. Maps of morphological units and 
Morpho-bathymetric elements

4.1. Marsili area (MaGIC sheet 21)

The Sheet 21 ‘Marsili’ includes the Marsili Volcano, a 
NNE-SSW-elongated seamount constructed in the last 
0.7 Myr, with a length of 60 km and a mean width of 
20 km (Figure 3(a)). The volcano rises 3,500 m from 
the basement level of the Marsili basin to a minimum 
depth of 500 m and has a volume of over 2400 km3. 
Marsili is presently active, characterised by high fre-
quency and continuous tremor and volcano-tectonic 
swarms due to both geothermal and volcanic activity 
(D’Alessandro et al., 2009, 2012). Direct dating of 
explosive volcanism at 3kyr BP has been obtained for 
a tephra deposit close to Marsili summit (Iezzi et al., 
2014). The summit axis is a narrow, 1-km-wide, linear 
rift zone of lower gradient stretching 25 km along the 
main axis of the volcano, approximately bounded by 
the 1000 m isobaths. The rift zone is characterised by 
the development of linear structures clustered in seg-
ments generated mainly by the alignment of narrow, 
linear cone ridges, or by the linear arrangement of sev-
eral circular-based cones (Marani & Trua, 2002; Nico-
tra et al., 2024; Ventura et al., 2013). Aligned volcanic 

Figure 1. Sketch map of the geodynamic setting of the Tyrrhenian Sea within the central Mediterranean. VB, Vavilov Basin; MB 
Marsili Basin.
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landforms continue in the tip regions of the volcano, 
down to the basin floor. The linear rift zone along the 
central portion of the volcano is the principal site of 
stress release, marking the preferential trend of dyke 
emplacement along the volcano. Numerous small sea-
mounts grow on the flanks of Marsili Volcano, being 
mostly developed on its north-western and western 
lower flank regions. Very low gradient, flat tops charac-
terise several seamounts. A series of volcanic terraces, 
with typical semi-circular, steeply sloping flanks bound-
ing flat seafloor, develop at 2800 m depth (Marani & 
Gamberi, 2004). Two NNE-SSW-directed (N16°) fault 
sets, parallel to the general trend of the summit axis, 
develop symmetrically in the basin-floor region, bound-
ing the south-eastern and north-western flanks of the 
volcano, forming horst and graben pairs at the sides of 
Marsili Volcano. Hydrothermal activity is present at 
the summit cone and along the rift zone (Figures 4(a) 

and (c)) showing strong alteration, modelled by mag-
netics and gravimetriy, reaching 2 km depth at the cen-
tral summit zone (Caratori Tontini et al., 2009, 2014; Ligi 
et al., 2014). The origin of the Marsili volcano is still 
debated. A number of authors interpret the volcano as 
representing the spreading centre of the southern Tyr-
rhenian back arc Marsili basin (e.g. Albert at al., 
2022; Cocchi et al., 2017; Faccenna et al., 2005; Gennaro 
et al., 2023; Marani & Trua, 2002; Trua & Marani, 2021; 
Trua et al., 2018) or conversely as an island arc volcano 
(Ventura et al., 2013) or a relict fore-arc volcano 
(Corradino et al., 2022). Augmented magmatic pro-
duction is linked to the formation of lateral tears in the 
subducting Ionian slab and the subsequent input of 
deep and hot asthenospheric material into the mantle 
wedge (Cocchi et al., 2009; Marani & Trua, 2002). The 
thickness, dimensions and hydrothermal alteration of 
Marsili volcano, combined with the seismic volcanic 

Figure 2. Multibeam, depth colour-coded, shaded relief bathymetric map of the Tyrrhenian Sea back-arc basin. The white boxes 
enclose the three large seamounts of the basin which are detailed in Figure 2.
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tremor events, make it a highly potential site of large- 
scale landslides capable of severely impacting the sur-
rounding Italian coast (Gallotti et al., 2021). Further-
more, a hazard may be foreseen in the case of a 
submarine eruptions of the Marsili summit cone, albeit 
occuring at a minimum depth of 500 metres.

4.2. Vavilov area (MaGIC sheet 22)

Vavilov Volcano has a length of ∼30 km, elongated in 
the N-S direction, with a maximum width of ∼14 km. 
It rises 2800 m from the flat Vavilov Basin floor, at 
3600 m depth, to a minimum water depth of 800 m 
(Figure 3(b)) It is a back-arc volcano developed in 
the Vavilov Basin during Pliocene spreading of the 
basin at 4.3-2.6 Ma. Vavilov formed at the time of 
oceanisation of the Vavilov back-arc basin, at approxi-
mately 3 Ma (Kastens et al., 1988). However, from 0.4 
to 0.1 Ma, the summit area seems to have been sub-
sequently active (Robin et al., 1987).

The overall morphology of Vavilov Volcano is 
dominated by the strong asymmetry between its east-
ern and western flanks. While the eastern flank, dip-
ping on average 15°, displays irregular ‘volcanic’ 
topography due to small cones, restricted terraces 
and ridges, a large portion of the western flank is 

steeply dipping (from >30° above 2800 m depth to 
20° along the lower flanks) and is remarkably smooth, 
displaying a complete lack of small scale topography 
(Gamberi et al., 2006; Savelli & Ligi, 2017). Consider-
ing the arcuate scar that bounds the high gradient wes-
tern flank, it is likely that this portion of the volcano 
has been affected either by one or more flank collapses 
or by faulting, resulting in the removal of a large 
volume of the pre-existing edifice. The lack of rough 
topography on the adjacent basin floor could be 
related to sediment blanketing of the landslide debris, 
thus, indirectly indicating a timing of the event. Sub-
mersible observations and magnetic anomaly data 
allow to divide the volcano edifice into three structural 
and age intervals (Savelli & Ligi, 2017). The summit of 
the volcano is composed of a relatively low gradient 
area occupied by two large 250 m high, circular 
cones and a number of smaller edifices. Both the 
southern and northern flanks of the volcano are tra-
versed by 100–150-m-high ridges, some characterised 
by the development of small cones, that originate at 
the summit tips and continue to the base of the vol-
cano. In particular on the northern flank, interruption 
of the ridges by steep transverse scarps gives rise to 
terrace-like morphologies. However, apart from the 
summit cones, Vavilov Volcano is the site of a number 

Figure 3. The three largest volcanic seamounts of the Tyrrhenian Sea. (a) Marsili Seamount is the largest volcano in the region. 
Constructed in the last 0.7 My the Marsili volcano is centred on the <2 My old Marsili oceanic back-arc basin. The volcano has 
symmetrical flanks and a well-developed linear axial rift zone (see text for description). There is no evidence of recent large land-
slides on the edifice. This is not true for (b) Vavilov volcano centred in the Pliocene Vavilov back-arc basin. This older seamount has 
a striking assymentry due to a sector collapse that truncates its entire western flank (see text for description). (c) The Palinuro 
Volcanic Complex lies for about 65 km along the eastern margin of the Tyrrhenian Basin. It is dated to 0.35 My. It is in made 
up of a linear series of volcanic edifices and constructed on a 1.5 km escarpment dropping to the south to the Marsili oceanic 
crust. This lithospheric structure, a STEP fault, juxtaposes the ‘alpine’ Calabrian nappes to the subduction dominated geodynamic 
province of the SE Tyrrhenain. Several of the edifices of the complex show different degrees of deformation: from gravity collapse 
calderas to structural failure.
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of circular based cones that are mainly located on the 
lower slope portions, between 2500 and 3500 m depth. 
Numerical modelling prediction of tsunami gener-
ation due to landslides (Gallotti et al., 2023) on Vavi-
lov show that significant hazards relate to very large 
scale events, similar to the sector collapse of the wes-
tern flank of the volcano.

4.3. Seamount-Palinuro area (MaGIC sheet 29)

The Sheet 29 ‘Seamount Palinuro’ includes the Pali-
nuro Volcanic Complex (PVC), which is made up of 
island arc basalts and basaltic andesites, similar to 
the magmatism characterising the Aeolian Arc volca-
noes and seamounts, and has been dated 0.35 Ma 
(Beccaluva et al., 1985). The PVC delimits the north- 
western extent of the Aeolian Arc volcanism (Figures 
1 and 3(c)). It is a composite volcanic complex 
stretched in the E-W direction for 90 km. It stands 
between the northern lower slope at 2000 m depth 
and the southern deep Marsili Basin (3400 m depth). 
15 major volcanic edifices can be recognised along 
the PVC, their bases at times coalescing to form a 
near continuous volcanic ridge (Cocchi et al., 2017. 
The western region of the PVC is characterised by 
two caldera structures. The eastern-most caldera is 
breached southwards but is the site of small volcanic 

cones developed on ring faults at its northern and wes-
tern edges. Polymetallic mineralised hydrothermal 
deposits (Figure 4(b)) have been sampled from one 
of these small cones both by dredging and drilling 
(Marani et al., 1999; Petersen et al., 2014). Shallow 
water depths characterise the central portion of the 
PVC, with two volcanoes, Piotr’s cones (Passaro 
et al., 2010) reaching 175 and 70 m depth. They dis-
play flat tops, mostly due to emersion during glacial 
times. A series of smaller cones develop in the to the 
east, (Figure 4(c)) including a small cone characterised 
by an asymmetric crater located at a minimum depth 
of 500 m. This portion of the PVC is affected by tec-
tonic structures and gravitational collapses that are 
very prominent in the morphology of the central 
PVC edifices. The far eastern region is the site of a 
number of relatively shallow-water seamounts of vol-
canic origin (De Ritis et al., 2019). The seamounts 
were emplaced during the Brunhes Cron and and 
are considered presently not active. Structurally, the 
PVC is positioned along a region of suture between 
the Apenninic Chain and the nappes of the Calbro- 
Peloritan Arc. The North flank of the PVC rests on 
a flat basin plain at 2000 m depth, while the southern 
flank of the PVC drops down to the ocean crust 
floored Marsili Basin, lying at 3400 m depth within a 
stretch of a few km. This near 1.5 km drop represents 

Figure 4. Examples of seafloor Volcanic landforms observed by ROV on the Marsili and Paliburo seamounts. (a) Low-temperature 
hydrothermal vents at the summit cone of Marsili; at right an active vent with deposits of Fe oxy/hydroxides and bacterial matte, 
at left an inactive vent. Field of View (FOV) 1.5 m. (b) Fe oxy/hydroxide hydrothermal mound with several active vents at the north-
ern boundary of the caldera ring-fault cone of Palinuro. (FOV 3 m). (c) Lava ribbons descend the summit cone flanks towards the 
central plateau of Marsili Volcano (FOV 2 m). (d) Well developed pillow lava mound on the flanks of a volcano in the central region 
of the PVC (FOV 4 m). For (b) and (d) rights obtained from NOAA Office of Ocean Exploration and Research, The Ocean Exploration 
Trust and the Institute for Exploration, University of Rhode Island).
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a tectonic structure of lithospheric importance inter-
preted as a STEP fault (Cocchi et al., 2017) represent-
ing the northern tear of the Ionian slab. A stability 
analysis of the steep southern slope of Palinuro reveals 
the potential of landslide generation and resulting tsu-
mani (Gallotti et al., 2020) which would critically 
impact the peri-Tyrrhenian coast.

5. Conclusions

The Tyrrhenian Sea is a young back-arc basin devel-
oped above the subduction zone in the central Medi-
terranean in two stages: during Pliocene in the 
central Tyrrhenian, followed by spreading during 
Pleistocene in the southern Tyrrhenian. 

. Ocean crust-floored areas developed large volca-
noes along their central axes: the Vavilov and Mar-
sili volcanoes.

. Magmatism is dominated by IAB lavas; MORB- 
type magmas floor the Vavilov basin crust and 
OIB magmatism occurs in restricted regions. IAB 
magmatism ends northwards at a tectonic structure 
along which a 70 km chain of coalescing volcanic 
edifices develop: the Palinuro Volcanic Complex. 
Increased magma production establishing the cen-
tral volcanoes results from the lateral tearing of 
the subducting lithosphere provoking rapid slab 
roll-back and the rise of hot asthenosphere into 
the overlying mantle wedge. The OIB volcanism 
that develops laterally to the basins, is the surface 
trace of the slab tear edges.

. The largest volcano, Marsili, is active and also struc-
turally weak owing to pervasive hydrothermal 
alteration to significant depth. Its volume and topo-
graphy are prone to be destabilised by a number of 
trigger events that may cause potential hazards 
impacting the surrounding coastal areas.

. The STEP fault on which Palinuro Volcanic Complex 
develops is itself a zone of lithospheric-scale rupture, 
sourcing the hydrothermalism of parts of the PVC. 
Considering the steep, 1.5 km southern slope, a rela-
tively mild tectono/volcanic event could have the 
capacity to generate large-scale submarine land-slides 
able to impact the surrounding Italian shoreline.

. Emphasis should also be directed to hazards that 
are directly connected to submarine volcanic erup-
tions in terms of water depths, particularly in the 
cases of the Palinuro shallow-water vents in its cen-
tral and eastern portions.
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