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A B S T R A C T   

High-resolution multibeam data integrated with seismic reflection profiles are used to identify and characterize 
the main primary volcanic and erosive-depositional features along the submarine part (about the 80%) of the 
active Pantelleria volcano located in the Sicily Channel. Volcanic features include lava flows, cones and elon-
gated ridges. Lava flows are mainly recognized over the insular shelf, while volcanic cones and ridges are mostly 
concentrated along the steep submarine flanks, especially along the wider SE and NW ones. A strong volcano- 
tectonic interaction is envisaged for their formation, as indicated by their preferential elongation or alignment 
along the (main) SE-NW and (secondary) SW-NE directions that have controlled the evolution of the whole 
volcanic edifice. Erosive-depositional features mainly include small-scale landslide scars and narrow gullies 
affecting the edge of the insular shelf and overlying submarine depositional terraces. Gullies sometimes merge 
downslope in larger channels, whose formation is primarily controlled by the distribution of volcanic features 
and/or shelf sectors characterized by different age or lithologies. Based on the marked morphological differences 
between the different flanks of the Pantelleria volcano, we infer an overall migration of the volcanic activity from 
SE to NW over time. This migration is apparently in contrast with the presence of a much wider but shallower 
NW insular shelf with respect to the SE one. This anomaly can be explained through a two-stage model, with the 
formation, in the NW sector, of a polygenic shelf rejuvenated by volcanic progradation during the last eustatic 
hemicycle. The different depths of the insular shelf edge around the island also provide insights on vertical 
deformations that affected the Pantelleria volcano during the Late-Quaternary.   

1. Introduction 

The study of the submarine part of insular volcanoes has exponen-
tially increased in the last decades through recent advances in seafloor 
imagery systems and seismic techniques, which allow identifying the 
main volcanic, tectonic and sedimentary processes and their interactions 
(e.g., Mitchell et al., 2002; Boudon et al., 2007; Romagnoli et al., 2013; 
Casalbore, 2018; Quartau et al., 2018; Tzevahirtzian et al., 2021). These 
studies have mainly focused on active volcanoes, where volcanic erup-
tions, landslides processes and related tsunamis can represent a real 
geohazard for the coastal communities, as recently testified by the 2018 

tsunamigenic collapse of Anak Krakatau with 437 fatalities (Hunt et al., 
2021) or the 2022 catastrophic at Hunga Tonga-Hunga Ha’apa tsuna-
migenic eruption (Lynett et al., 2022; Clare et al., 2023). At more local 
scale, submarine eruptions in shallow or intermediate waters can 
represent a threat for offshore infrastructures and surrounding coastal 
communities, as testified by the 2010 eruption at South Sarigan 
Seamount (Embley et al., 2014), the 2011–2012 eruption at El Hierro 
(Carracedo et al., 2015), the 2014–2015 eruption at Hunga Tonga- 
Hunga Ha’apai (Colombier et al., 2018), and the 2016–2017 eruption 
at Bogoso (Coombs et al., 2019). 

In this study, we analyse for the first time the detailed submarine 
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morphology of the Pantelleria volcano located in the Sicily Channel 
between Sicily and Tunisia (Fig. 1a; Boccaletti et al., 1987). The area is 
generally considered to represent an example of intraplate “passive”, 
NW-trending rift, where volcanism is a consequence of tensional stresses 
on the lithosphere due to the regional stress field in an anorogenic 
setting (Civile et al., 2010). Recent studies have evidenced a more 
complex tectonic evolution of the area, with the superimposition of 
extensional and contractional phases (Maiorana et al., 2023 and refer-
ence therein). 

The Pantelleria volcano is still active, and its last known eruption 
occurred in 1891 at intermediate water depths, being characterized by 
the emission of peculiar products known as floating “lava balloons” 
(Conte et al., 2014 and reference therein), similarly to what was 
observed more recently during the 1998–2001 Serreta eruption (Gaspar 
et al., 2003; Casas et al., 2018) and the 2011–2012 El Hierro eruption 
(Somoza et al., 2017). At present, the island has an active diffuse hy-
drothermal activity with steaming ground, mofettes and hot springs, 
particularly in the intra- and peri-caldera zones (Fulignati et al., 1997). 

Based on the integration of geophysical data (multibeam data with 
seismic reflections profiles), the aim of this paper is twofold: (1) to show 
the interplay between volcanic, tectonic and erosive-depositional pro-
cesses, modulated by sea-level fluctuations, in shaping the submarine 
morphology of the Pantelleria edifice; (2) to shed light on the morpho- 
structural evolution of this volcano, including new insights on vertical 
deformations occurred during the Late-Quaternary, provided by marine 
geomorphic markers. 

2. Geological setting 

Pantelleria Island has an elevation of 836 m above sea level 
(culminating in Montagna Grande, Fig. 1b) and covers an area of 
approximately 83 km2, representing the summit of a large volcanic 
edifice that rises approximately 2000 m from the surrounding seafloor. 
The volcanic edifice lies in the northwestern portion of the Pantelleria 
Basin (PB in Fig. 1a), a tectonic depression approximately 90 km long 
and 30–40 km wide. The PB is bounded by NW–SE trending normal 
faults and is partially filled by over 1000 m of lower Pliocene–Quater-
nary deposits (Civile et al., 2010). The PB, together with the Malta and 
Linosa basins (MB and LB in Fig. 1a), is one the most striking and deepest 

(water depth down to 1700 m) morpho-tectonic features of the Sicilian 
Channel Rift Zone (Finetti, 1984) developed since the Early Pliocene 
(Civile et al., 2008). The PB evolution has been divided in two main 
tectonic phases (Civile et al., 2010): a first lithospheric-scale continental 
rifting phase (Early Pliocene), during which the whole tectonic 
depression was formed, and a successive phase (Late Pliocene–Pleisto-
cene) characterized by the development of volcanism related to anoro-
genic magma, with mostly alkaline to peralkaline affinity (Calanchi 
et al., 1989). According to the evidence shown in seismic profiles, the 
magmatic activity in the PB is progressively more diffuse and shallow 
moving from SE to NW, leading to the emersion of Pantelleria Island in 
the NW part of the basin (Civile et al., 2010). 

The volcanic activity of Pantelleria Island started around 320 ka and 
the erupted units are mostly pantellerites (i.e., peralkaline rhyolites), 
less commonly trachytes and subordinately basalts (Civetta et al., 1984; 
Mahood and Hildreth, 1986). The volcanic activity has been divided into 
two main stages: pre- and post-Green Tuff eruption (Fig. 1b). The first 
stage can be further divided into two sub-phases, the first of which 
(between 324 and 190 ka ago) consists of effusive and explosive activity; 
related products are presently exposed into cliff sections, mainly along 
the S–SE coast of the island (unit 1 in Fig. 1b). The second sub-phase 
(between 190 and 46 ka ago) is characterized by several explosive 
(ignimbritic) eruptions, ranging in composition from trachyte to 
comendite/pantellerite, alternating with effusive to strombolian erup-
tions of pantelleritic magma from small and local centers (Jordan et al., 
2018), now mostly covered by successive eruptive units. During the 
second sub-phase, basaltic eruptions were quite rare, with a few lava 
flows recognized in the NW sector of the island and dated to 118 ± 9 ka 
and 83 ± 6 ka (unit 2 in Fig. 1b; Civetta et al., 1984). The collapse of La 
Vecchia caldera (purple line in Fig. 1b) occurred during this second 
phase and was dated between 114 and 175 ka by different authors 
(Mahood and Hildreth, 1986; Rotolo et al., 2013). The second stage 
started with the 45.5 ± 1.0 ka-old explosive eruption of the Green Tuff 
(GT, hereafter) associated with the development of the Cinque Denti 
caldera (green line in Fig. 1b; Mahood and Hildreth, 1986; Zanchetta 
et al., 2018). This caldera-forming ignimbrite covers most part of the 
island (unit 3 in Fig. 1b), partly hindering the products of the previous 
eruptive history of the island. After the GT eruption, Montagna Grande 
dome (unit 4 in Fig. 1b) formed in the central part of the island due to 

Fig. 1. a) General bathy-morphological setting of the Sicily Channel (data from Emodnet bathymetry, https://emodnet.ec.europa.eu/en/bathymetry), with the 
indication of the main basins (PB: Pantelleria Basin, MB: Malta Basin, LB: Linosa Basin), islands (Pa: Pantelleria; Li: Linosa; La: Lampedusa; Ma: Malta), study area 
(red box) and core LC-08 (yellow circle, from Reeder et al., 2002). b) Simplified geological map of Pantelleria island (modified from Rotolo et al., 2017) draped over 
the island topography. 1 Pre-Green Tuff pantellerites; 2 Pre-Green Tuff basalts; 3 Green Tuff; 4 Post-Green Tuff trachyte lavas and domes; 5 Post-Green Tuff basalts; 6 
Post-Green Tuff pantelleritic pumice falls and lava flows; 7 Alluvium and fill; 8 La Vecchia caldera rim; 9 Cinque Denti caldera rim; 10 Faults; 11 Principal eruptive 
vents. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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resurgence processes within the caldera (Orsi et al., 1991). The post-GT 
volcanic activity was characterized onland by the formation of several 
(>40) eruptive centres closely spaced in time and space and character-
ized by mildly explosive eruptions and/or effusive activity (Fig. 1b; 
Rotolo et al., 2021). Mafic eruptive centres are mostly confined to the 
northwest part of the island (unit 5 in Fig. 1b), with an early activity 
(lava flows and cinder cones) dated around 30 ka and associated with 
the formation of Cuddia Bruciata and Cuddia Del Monte (Fig. 1b), and a 
later volcanic phase occurred around 10 ka, producing Cuddie Rosse 
cinder cones. Felsic eruptive centres are commonly built on or near 
caldera faults (units 4 and 6 in Fig. 1b), forming lava shields, pumice and 
lava cones (Mahood and Hildreth, 1986; Civetta et al., 1988). The most 
recent eruption of Pantelleria was submarine and occurred in 1891 
about 5 km NW of the western coast of the island (Riccò, 1892; Wash-
ington, 1909). The vent location and its morphology were identified by 
Calarco (2011) and Casalbore et al. (2011), while the eruptive mecha-
nism that produces lava balloons was investigated by Conte et al. (2014) 
and Kelly et al. (2014). 

The tectonic setting of Pantelleria Island is dominated by NE-SW and 
NW-SE trending extensional fault segments, kinematically compatible 
with a roughly E-W extension direction (Catalano et al., 2009). The 
distribution of eruptive fissures, dykes and eruptive centres is also 
aligned along the NNE–SSW belt (Fig. 1b; Civile et al., 2008), thus 
suggesting that crustal cracking with associated magma intrusions has 
occurred with a similar trend. The NNE–SSW oriented Zinedi fault is one 
of the most striking tectonic features (Fig. 1b), crossing the whole island 
and separating a NW sector, gently sloping to the sea, from the rest of the 
island. According to seismic evidence, the Zinedi fault continues 
offshore along the NE sector of the island (Civile et al., 2008). Offshore 
seismic data also suggest that normal faults, mainly oriented NW-SE, 
bound the edifice, while subordinate transverse structures are oriented 

E-W and NE-SW (Corti et al., 2006; Civile et al., 2008). 
The oceanographic setting of the study area is characterized by three 

main water masses: the eastward flowing Modified Atlantic Water in the 
first 200 m wd; the westward-flowing Levantine Intermediate Water in 
the depth range 200–700 m; the westward-flowing transitional Eastern 
Mediterranean Deep Water at greater depths (Astraldi et al., 2001). 

Regarding meteo-marine conditions, the wave regime is related to 
the provenance of the most energetic storms from the western Medi-
terranean basin. Such storms are generated by the intense NW winds (i. 
e., Mistral and Tramontana) and are associated with long fetches that 
start from the Gulf of Lion, leading to significant wave heights over 4 m 
(Carillo et al., 2012). Accordingly, the spatial wave energy distribution 
around the exposed part of the island to the NW winds is generally 
uniform (5.5–7 kWm− 1; Cavallaro et al., 2020), slightly decreasing (3–4 
kWm− 1) along the more protected SE sector. 

3. Data and methods 

The submarine flanks of Pantelleria were mainly investigated during 
the 2006 Zibibbo and 2008 Passito cruises aboard R/V Urania (National 
Research Council). During these cruises, vessel positioning was supplied 
through DGPS corrections with decimetric accuracy. Bathymetric data 
were collected using a 50 kHz multibeam system (Reson Seabat 8160) in 
the depth range 20–1300 m; daily sound velocity profiles along the 
water column were collected using a Navitronic SVP-25 probe, while a 
hull-mounted sound speed sensor was used to update in real-time the 
sound velocity values close to the multibeam transducer for a correct 
beamforming. Attitude (pitch, roll, yaw and heave) data were recorded 
by the Inertial Navigation System Mahrs TSS; patch tests were per-
formed at the beginning and end of each cruise. 

A shallow-water (< 120 m wd) bathymetric survey around the island 

Fig. 2. Hillshade (a) and slope gradient (b) maps of the Pantelleria volcano (submarine and subaerial data from multibeam bathymetry and LiDAR aerial survey, 
respectively); Ch: channel; NV and SV: Northern and Southern Valleys, respectively; MH: morphological high. Below, cross-sections (location in Fig. 2a) of the 
Pantelleria volcano along the -SE-NW and SW-NE axis. 
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was performed in May 2013 using a small vessel equipped with a pole- 
mounted multibeam system (Reson Seabat 7125) working at a frequency 
of 400 kHz. Vessel positioning was supplied by an Applanix Position and 
Attitude System (POS/MV Wave Master) using real-time kinematic 
(RTK) corrections received by a temporary GNSS master base-station 
mounted in the island (PZIN station – RING network). In addition, raw 
GNSS data were recorded at both the master base station and the rover 
station aboard the vessel. Attitude data were recorded by Inertial Motion 
Unit (IMU) system at a frequency of 100 kHz for post-processing kine-
matic corrections (PPK) through PosPac MMS software. Final horizontal 
and vertical positional accuracy of this system is approximately 2 cm 
and 4 cm, respectively. Daily sound velocity profiles were collected 
using a Valeport SVP as well as real-time sound velocity close to the 
transducer provided by a Valeport Mini-SVS mounted on its port side. 

Multibeam data collected during the different cruises were processed 
with Caris Hips&Sips software, where sensor data were merged and 
corrected for the effects of tide, roll, pitch, yaw, time delay, and sound 
velocity variations that occurred in the water column during survey (for 
further details see Bosman et al., 2015). Manual editing and automated 
filters were used to clean noise and spikes, and to generate Digital 
Elevation Models (DEMs, hereafter) with cell-sizes ranging from 0.5 m in 
the first 100 m wd to 10–20 m at higher depths. 

The submarine DEM was integrated with that of the island (with a 
grid-cell size of 1 m) reconstructed from a topographical LiDAR aerial 
survey of Ministero dell’Ambiente e della Tutela del Territorio e del 
Mare. 

About 640 nautical miles (n.m.) of single-channel seismic reflection 
data were also collected during the cruises using both the hull-mounted 
Datasonic Cap-6600 Chirp-II sub-bottom profiler (580 n.m.) operating at 
a frequency of 3.5 kHz and a towed Sparker system (54 n.m.) operating 

at 1.5 and 4.5 kJ with frequencies of 100–1000 Hz. In addition, high- 
resolution seismic data acquired using both a Chirp Swan Pro 2.02 
system and a Geo-Source 1500 Sparker system were collected during the 
EUROFLEETS2 PANTHER (PANTelleria High-energy ERuptions from ma-
rine studies) cruise perfomed onboard R/V Minerva1 (CNR) on 6–11 June 
2016. 

Data processing was performed through Geosuite software, while the 
visualization and interpretation of the seismic profiles was carried out 
through IHS Kingdom Suite. 

Multichannel seismic profiles from the Mediterranean Sea MS lines, 
also called “Ministerial Seismic lines” were also examined using the 
VIDEPI website (https://www.videpi.com/videpi/videpi.asp). 

4. General morphology of the Pantelleria edifice and 
surrounding areas 

The acquired morpho-bathymetric data show that Pantelleria island 
is the upper part (~18%) of a large submarine volcanic edifice, ~36 km 
long and ~ 15 km wide, encompassing a surface of approximately 310 
km2 (Fig. 2). The volcanic edifice is markedly elongated along a NW-SE 
direction and rises from the Pantelleria Basin (PB in Fig. 1a), whose floor 
becomes shallower moving towards the NW. Following this bathymetric 
trend, the base of the Pantelleria edifice can be morphologically traced 
down to 1300 m wd on the SE flank, 700/900 m wd on NE and SW 
flanks, and <700 m on its NW flank (Fig. 2a and related bathymetric 
profiles). The Pantelleria volcano divides the northern part of the Pan-
telleria Basin in two valleys (Calarco, 2011): 

-the northern valley (NV in Fig. 2a) is approximately 8 km wide and 
bounded to the north by the Adventure Bank slope, on the south-western 
Sicilian margin; its floor is characterized by an uneven morphology 

Fig. 3. Hillshade (a) and 3-D maps (b) of the south-eastern flank of the Pantelleria volcano, with the indication of the main geomorphic features and the trace of 
seismic (yellow line) and bathymetric (black line) profiles. IS: insular shelf; SDT: Submarine Depositional Terrace; VC: Volcanic Cone; ER: Elongated Ridge; LF: Lava 
Flow; V.E.: Vertical Exaggeration. Below, BP1 shows the bathymetric profile of the insular shelf and underlying volcanic flank; SP1 is a multichannel seismic 
reflection profile from Videpi database (https://www.videpi.com/videpi/sismica/sismica.asp), showing the different seismic facies characterizing the volcanic flank 
and the surrounding seafloor. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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(Fig. 2a and b; see also section 4.3); 
-the southern valley (SV in Fig. 2a) is approximately 5 km wide and 

bounded by the lower slope of the Tunisian continental margin. The SV 
floor shows a more subdued morphology with respect to the NV, except 
for an NNW-SSE elongated morphological high (MH in Fig. 2a and 
profile C–D), approximately 200 m high, 3 km long and 1.6 km wide 

(for details refer to Martorelli et al., 2011). 
The volcanic flanks of the Pantelleria edifice are characterized by 

different slope gradient (Fig. 2b), as well as by a large variability in 
primary (volcanic) and erosive-depositional geomorphic features, as 
described below. Based on main morphological characteristics the vol-
canic edifice can be divided in four main sectors, hereafter described: 
the SE, SW, NE, NW submarine flanks. 

4.1. The submarine SE flank 

The SE flank is the deepest submarine sector of Pantelleria, showing 
a very complex morphology (Figs. 2 and 3). In the shallower portion, it is 
characterized by a 1–2 km wide insular shelf (IS in Fig. 3a), with the 
edge located between 100 and 210 m wd, except off P.ta Limarsi where 
the shelf is markedly narrower and shallower due to the occurrence of a 
shelf-indenting channel (Ch2 in Figs. 3 and 4). In detail, most part of the 
shelf edge lies at water depths >200 m (magenta line in Fig. 3a, section 
BP1), shallowing at 140–160 m wd in the SW part (orange line in Fig. 3a) 
and around 100 m wd in the NE-most part (green line in Fig. 3a). The 
shelf has average slope gradients of 2◦-6◦ in the first 100 m wd, 
increasing up to 15–20◦ down to 210 m (Fig. 2b). The shelf surface 
shows an overall smooth morphology, with the presence of a main 
submarine depositional terrace (SDT in Figs. 3 and 4, profile BP1) with 
edge at water depths between 30 and 50 m, running roughly parallel to 
the coastline (Fig. 3b). Only in the first 15–35 m of depth, a blocky facies 
with remnants of lava flows are recognizable (Fig. 4). 

Below the IS edge, slope gradients markedly increase to values 
higher than 30◦ (locally reaching 60◦, section BP1 in Fig. 3) and then 
gradually decline to a few degrees at 1200 m wd (Fig. 2b). Several 
volcanic features are recognizable along this submarine flank, including: 
i) a few kilometers-long and some hundred meters-wide along-slope 
features interpreted as lava flows (LF in Fig. 3b and 5), mostly located in 
the upper slope down to 500–600 m wd; ii) the remnants of radially 
elongated ridges (ER in Fig. 3b and 5) oriented along the SE-NW 
(mostly), NE-SW and NNW-SSE directions; iii) clusters of partially 
eroded volcanic cones (VC in Fig. 3b and 5), with diameters variable 
from few hundreds of meters up to 1 km, and elevated tens of meters 
above the surrounding seafloor. They are often delimited by steep es-
carpments, up to 200-m high, mainly oriented along NW-SE and SW-NE 
directions (Figs. 2b and 3b). Erosive features are widespread, including 
landslide scars with diameter of few hundred meters, gullies and chan-
nels that carve both the previously described volcanic features as well as 
the edge of the IS and SDT (Fig. 4). One of the main erosive features is 
the above-mentioned channel Ch2, whose head cuts back up to 35 m wd, 
a few hundreds of meters from the coast. On the multichannel seismic 
reflection profile (SP1 in Fig. 3) located between 800 m and 1000 m wd, 
a chaotic and hyperbolic seismic facies associated with a volcanic 
basement characterizes the lower SE submarine flank of Pantelleria, 
whereas a more stratified seismic facies associated with a sedimentary 
unit is recognizable in the southern area (SV in Fig. 2). High-resolution 
Chirp profile (Fig. 1 ESM), crossing the Southern Valley, shows a 5–10 
ms thick, acoustically semi-transparent unit above a high-amplitude 
reflector characterized by a regular geometry. 

4.2. The SW flank 

The SW flank is steeper and narrower than the SE flank (Fig. 2, 
profile C–D). In this sector, the IS is relatively narrow (600–900 m 
wide), with the edge located between 100 and 160 m wd, except off 
Scauri and Cala di Sataria, where it is almost absent due to two shelf- 
indenting channels (Ch3 and Ch4 in Fig. 6). In detail, the shelf edge 
located to the south of Scauri (orange line in Fig. 6a) lies at depths of 
145–160 m, while it is generally shallower than 130 m northward of 
Scauri (green line in Fig. 6a). The shelf morphology is characterized by a 
blocky facies in the near-shore sector, passing downslope to a smoother 
seafloor, except off P.ta Ferreri where a partially-eroded and 500 m wide 

Fig. 4. Zoom of the SE insular shelf (location in Fig. 3), showing the presence of 
a blocky facies and remnants of lava flows in the nearshore sector passing 
downslope to a smooth seafloor associated with the formation of a submarine 
depositional terrace (SDT). The insular shelf and SDT edge are also affected by 
mass-wasting processes. 

Fig. 5. Zoom of the south-eastern flank of Pantelleria (location in Fig. 3), better 
evidencing the occurrence of lava flows (LF) in upper slope, while partially 
dismantled volcanic cones (VC) and elongated ridges (ER) are recogniz-
able downslope. 
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cone-shaped feature (EVC in Fig. 6) is present. The smooth seafloor is 
due to the occurrence of two SDTs, with the edge located at depths of 
30–45 m and 60–70 m wd, respectively (Fig. 6). 

Below the IS edge, the slope gradients increase to values higher than 
30◦ and then rapidly decrease to a few degrees at the base of the edifice 
(Fig. 2b). This submarine flank is dominated by different morphological 
features related to past volcanic activity, including a series of stacked, 
multidirectional and thick features interpreted as lava flows off Scauri 
village (LF in Fig. 6). These lava flows are approximately 1 km-wide and 
few kms-long; they are characterized by roughly linear channel-levee 
morphology in their upper part, i.e., from 300 down to 600 m wd. Le-
vees are up to 20 m high (BP1 in Fig. 6) and lie on slope gradients of 
about 16◦. The best preserved volcanic morphologies are a cluster of 
four volcanic cones (VC in Figs. 6 a and b) observed off P.ta Ferreri. 
These cones have basal diameters of 500–800 m and height of 120–210 
m with respect to the surrounding seafloor and some of them show the 
presence of lava lobes at their base and around (LF in Fig. 6b). In this 
sector, erosive features are widespread, with small landslide scars 
affecting the edge of the IS and representing the headwall of steep gullies 
that merge downslope in larger and flat-bottomed channels, as for 
instance observed off Salto La Vecchia (Ch5 in Fig. 6). Chirp profile (SP1 
in Fig. 6) shows high-amplitude reflections and lack of penetration along 
the lower volcanic flank and channel floor where coarse-grained mate-
rial or volcanic outcrop is present, while at greater depths an acousti-
cally semi-transparent unit is present, characterized by superficial high- 
amplitude reflections, suggesting a hemipelagic drape with an average 
thickness of 10 ms (T.W.T.). 

4.3. The NE flank 

The NE flank is also relatively narrow and steep (Fig. 2, profile 
C–D). It is characterized by a narrow (400 m) or almost absent insular 
shelf (such as off Khaggiar lava flows, where lava flows reached the coast 
and prograded on the shelf, Fig. 7a and BP2) in the southern part, 
enlarging up to 1 km only in the northern part. The shelf edge is 
commonly located at water depths <110 m (green line in Fig. 5a). 

In the southern part, the shelf is mostly characterized by a blocky 
facies alternated with lava flows (Fig. 8), while an overall smooth 
morphology is recognizable where the shelf widens in the northern 
sector (Fig. 7a). Here, two orders of SDT are recognizable, with the edge 
located at water depths of 30–45 m (the main one and most continuous) 
and 60–70 m, respectively. A seismic profile crossing the shallower SDT 
(SP1 in Fig. 7) shows the occurrence of a stratified unit made up by a 
succession of high to medium-low amplitude reflections with good 
continuity. This unit has a maximum thickness of 20 ms (T.W.T) and 
rests above a high amplitude irregular reflection, representing the top of 
the acoustic basement. The stratified unit can be divided into two sub- 
units: the lower one is characterized by sub-parallel, medium to low 
amplitude and continuous reflections; the upper one is made up by 
oblique-sigmoidal, medium to low amplitude reflections, downlapping 
on the lower unit. 

The remnants of a volcanic cone (EVC in Fig. 7a, see also cross- 
section BP1), with average diameter of few hundreds of meters, height 
of few tens of meters with respect to the surrounding seafloor, and 
summit at ~15 m wd, are recognizable on the shelf off the northern 
segment of the Zinedi Fault. 

Below the shelf edge, slope gradients markedly increase to values 

Fig. 6. Hillshade (a) and 3-D maps (b) of the south-western flank of the Pantelleria volcano, with the indication of the main geomorphic features and the trace of 
seismic (yellow line) and bathymetric (black line) profiles. Acronyms as in the previous figures; EVC: Eroded Volcanic Centre on the shelf. Below, section BP1 shows 
the channel-levee morphology that characterizes the upper part of the large lava flows here present; Chirp profile SP1 shows the different seismic facies recognizable 
between the lower flank of Pantelleria volcano and the surrounding seafloor. (For interpretation of the references to colour in this figure legend, the reader is referred 
to the web version of this article.) 
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higher than 30◦ and then markedly decrease downslope (Fig. 2b). This 
flank is characterized by along-slope volcanic features that often appear 
in morphological continuity with the main volcanic structures observed 
onland (Fig. 7b). Erosive-depositional features are recognizable along 

this flank, mostly represented by small (few hundreds of meters wide) 
landslide scars affecting the IS or SDT edge in the depth range 40–100 m 
water depth, and by gullies (Figs. 7 and 8). A main channel (Ch6 in 
Fig. 7a) is located south of P.ta Tracino; its headwall is made up by two 
branches that cut back to 30 m water depth, a few hundreds of meter 
from the coast (Fig. 7b). An uneven morphology is present in the North 
Valley (NV in Fig. 2), bounding the NE flank of Pantelleria, due to the 
occurrence of different erosive-depositional features, such as erosive 
scars, coaxial trains of crescent-shaped bedforms and enclosed de-
pressions (ES, CSB and DEP in Fig. 9a). On Chirp profiles, the NV is 
generally characterized by an acoustically semi-transparent seismic 
units associated with hemipelagic drape, overlying a high amplitude 
reflection with irregular geometry (Figs. 9 b and c). On Sparker profile 
(Fig. 8d), this high-amplitude reflection corresponds to the top of a 
stratified seismic unit. It is noteworthy that in the Southern Valley, the 
acoustically semi-transparent unit overlies a high-amplitude reflector 
but characterized by a regular geometry. 

4.4. The NW flank 

The NW flank is wide and generally gently sloping (Fig. 2, profile 
A–B), being characterized by a 4 km-wide shelf in the semi-circular 
sector encompassed between P.ta Fram and P.ta Karuscia; the shelf be-
comes narrower (500–800 m) towards the SW and NE sectors (Fig. 10a). 
Accordingly, the shelf edge is generally located at about 120–130 m wd 
in the widest shelf sector (green line in Fig. 10a), except for a small part 
lying at depths around 150–160 m (orange line in Fig. 10a) and 
becoming shallower (around 100 m wd) towards the NE and SE sectors. 
The shelf has a very rugged morphology due to the presence of a blocky 
facies alternated with lava flows down to 50 m wd, where the remnants 

Fig. 7. Hillshade (a) and 3-D maps (b) of the north-eastern flank of the Pantelleria volcano, with the indication of the main geomorphic features and the trace of 
seismic (blue line) and bathymetric (black line) profiles. Acronyms as in the previous figures; DEP: enclosed depression; ES: erosive scarps. The Sparker SP1 profile, 
crossing the submarine depositional terrace (SDT), shows its inner prograding geometry that overlies the acoustic basement. Section BP2 shows the progradation of 
the Khaggiar lava flows (LF) over the insular shelf, forming a coastal platform(CP) with edge around 15–25 m wd, while the original insular shelf is preserved just to 
the north, with edge around 110 m wd (section BP1). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 8. Zoom of the insular shelf off Punta Tracino (location in Fig. 7), showing 
the presence of a blocky facies and lava flows in the nearshore sector. Note the 
smooth seafloor downslope associated with the formation of a submarine 
depositional terrace and mass-wasting processes affecting the insular shelf edge. 
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of two small and sub-circular volcanic centers are still recognizable (EVC 
in Fig. 10). At greater depths, the shelf has a smoother morphology with 
an average slope of 2◦, being locally interrupted by a series of 
morphological steps (MS in Fig. 10), located at water depths around 66, 
78 and 114 m. In plan-view, these slope breaks have irregular shape, 
suggesting a morphological control from subdued features. 

Below the shelf edge, the flanks are markedly steeper (20◦-30◦ in the 
upper part, rapidly decreasing to a few degrees at water depths >600 m; 
Fig. 2b), except for a small sector in the NW-most part of the shelf, where 
the IS edge is deeper (orange line in Fig. 10a), This edge lies on a 1-km 
wide ridge, which is characterized by a smooth and relatively gently 
sloping (on average 7◦) summit down to 210 m wd, becoming steeper 
(up to 14◦) downslope (Fig. 10). Most part of the NW flank is charac-
terized by a large (85 km2) field of volcanic cones (VC in Fig. 10), which 
represents one of the most striking volcanic features of the Pantelleria 
offshore. The volcanic field is formed by 26 well-preserved volcanic 
cones (including the one associated with the 1891 eruption, see Conte 
et al., 2014), with basal diameters ranging between 200 and 3500 m and 
heights of 40–345 m with respect to the surrounding seafloor. The base 
of the volcanic cones is located between ~300 and ~ 700 m wd, while 
their summit lies between 614 and 165 m wd. The volcanic cones have 
conical to elongated shape in plan-view, even if composite features, 
created by coalescent vents, are recognizable. Most volcanic cones 
display a preferential morphological orientation (mainly along the SE- 
NW direction and secondarily along the SW-NE direction), often 
resulting from the alignment of single conical vents along narrow 
eruptive fissure ridges at their summit (EF in Fig. 10). The volcanic cones 
are mostly pointy and generally characterized by steep (20◦-40◦) and 
smooth flanks. A few volcanic cones show horseshoe-shaped summit and 
lateral collapse (Fig. 10b). Within the upper part of the cones, the 
occurrence of resurging, well-preserved vent is locally observed (section 
BP1 in Fig. 10). Erosive-depositional features along this flank include 

small (few hundreds of meters in diameter) landslide scars locally 
affecting the insular shelf, two main channels and a landslide deposit. 
The first channel (Ch7 in Fig. 10a) is ~1 km-wide and ~ 2 km-long, 
affecting the NW edge of the shelf. The second channel (Ch8 in Fig. 10a) 
is located in the south-western part of the volcanic field; it is 3.5 km long 
and 150–600 m wide. The channel thalweg is floored by crescent-shaped 
bedforms (BF in Fig. 10 and related bathymetric section BP2), with 
wavelength of 200–320 m and wave height of 2–6 m, progressively 
increasing in wavelength and lateral extent downslope. A lobate deposit 
with a morphological relief of 10–15 m with respect to the surrounding 
seafloor and rough superficial morphology, is recognizable in this area; 
it has been interpreted as a (partially covered) blocky landslide deposit 
(LD in Fig. 10 and related bathymetric section BP3). Multichannel 
seismic profile crossing the lower volcanic flank (Fig. 11a) shows a 
chaotic and hyperbolic seismic facies characterizing the volcanic field 
with respect to the more stratified seismic facies associated with the 
sedimentary unit of surrounding areas. Moreover, this stratified facies is 
also present within the topographic lows located between the main 
volcanic cones, representing a sedimentary infilling. High-resolution 
seismic profiles (Sparker in Fig. 11b and Chirp in Fig. 11c) show the 
different thickness of the stratified seismic facies between the volcanic 
cones and the surrounding seafloor. This stratified unit is overlain by an 
acoustically transparent facies that can be interpreted as hemipelagic 
drape. 

5. Discussion 

The morpho-bathymetric analysis of the submarine part of Pan-
telleria volcano, integrated by selected seismic reflection profiles, 
allowed us to map the main features characterizing its flanks and to 
discuss the interplay between volcanic, tectonic, and erosive- 
depositional processes in shaping the volcano, also through 

Fig. 9. a) Zoom of the North Valley, characterized by an uneven morphology due to the presence of erosive scars (ES), crescent-shaped bedforms (CSB) and enclosed 
depressions (DEP), as evidenced by section BP1. SP1 (b) and SP2 (c) Chirp profiles showing the presence of an acoustically semi-transparent unit, bounded at its base 
by high amplitude and irregular reflection. This unit has been interpreted as hemipelagic drape and shows lateral variation in thickness. d) SP3 Sparker Profile 
showing the presence of the hemipelagic drape (semi-transparent seismic unit) above a stratified unit. Note that the hemipelagic drape is characterized by lateral 
variations in thickness and shows an external mounded shape at the foot of the Adventure bank slope, which can be interpreted as a small contourite drift. 
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morphological comparison with other insular volcanoes (section 5.1). 
Furthermore, observations from the large submarine portions of the 
volcanic edifice give hints on its overall spatial and temporal evolution, 
also providing new insights on the vertical movements that affected the 
different sectors of the edifice during the Late-Quaternary (section 5.2). 

5.1. The interplay of volcanic, tectonic, and erosive-depositional processes 
in shaping the submarine flanks of Pantelleria 

The Pantelleria volcano is characterized by a predominance of pri-
mary volcanic morphologies with respect to erosive-depositional fea-
tures (Fig. 12). This setting also characterizes other insular volcanoes 
lying in rift setting, such as the nearby Linosa (Romagnoli et al., 2020), 
Terceira (Azores, Casalbore et al., 2015) or submarine volcanoes in the 
Okinawa Trough and Amami rift (Minami et al., 2022 and reference 
therein). This is very different from what typically observed in volcanoes 
lying in arc-setting, where erosive-depositional processes largely over-
whelm primary volcanic features (e.g., Carey, 2000), as, for instance, 
observed in the Aeolian Arc, where >70% of the seafloor is affected by 
mass-wasting (Chiocci and Casalbore, 2017). 

5.1.1. Interaction between tectonics and volcanism 
The Pantelleria volcano lies in a NW-SE rift zone and is strongly 

asymmetric, especially considering the whole subaerial and submarine 
structure (i.e., NW-SE length is almost 3 times higher than the NE-SW 
one, Fig. 2). Accordingly, the NE and SW submarine flanks of the vol-
cano are straight and steep (Fig. 2a and b), possibly fault-controlled 
(Civile et al., 2008). Besides this first-order structural control in the 
overall development of the Pantelleria volcano, the interaction between 
volcanism and tectonics is clearly evidenced by the preferential elon-
gation and/or alignment of volcanic cones and ridges along the (main) 
SE-NW and (secondary) SW-NE directions, in agreement with the main 
regional tectonic features observed on the island, in the PB and, more 
generally, in the Sicily Channel (Civile et al., 2008 and 2010). The 
development of aligned or elongated cones can be related to: a) erup-
tions along linear vents, as recognized in subaerial fissure swarms (e.g., 
Gudmundsson, 1986; Smith and Cann, 1993), b) linear chains of pointy 
cones along a magma-feeding fissure, creating elongated or complex 
structures (e.g., Corazzato and Tibaldi, 2006), and c) central volcanism 
focused on a single eruptive fracture (Briais et al., 2000), with the for-
mation of isolated cones (Head et al., 1996). These processes may be also 
witnessed, in the NW flank of Pantelleria, by the occurrence of narrow 
and steep-sided ridges (EF in Fig. 10) present at the summit of isolated or 
coalescing volcanic cones, interpreted as the result of fissure eruption. 
The orientation of these features should reflect the direction of the 
principal stress axes during their emplacement (e.g., Fialko and Rubin, 

Fig. 10. Hillshade (a) and 3-D maps (b and c) of the north-western flank of the Pantelleria volcano, with the indication of the main geomorphic features and the trace 
of the bathymetric (black line) and seismic (yellow line) profiles shown in Fig. 11. Red arrows indicate volcanic cones characterized by a truncation in corre-
spondence of the insular shelf. Acronyms as in the previous figures; MS: Morphological Step; EF: Eruptive Fissure; BF; bedform field; LD: landslide deposit. On the 
lower-right, bathymetric sections showing the collapsed cones (BP1), the train of coaxial bedforms (BP2) and the blocky landslide deposit (BP3). (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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1999). In the SE submarine flank of Pantelleria, the volcano-tectonic 
interaction is also evident, because erosional processes (see further on 
in discussion) enhanced the morphology of volcanic structures accord-
ing to their erodibility. Here, several elongated ridges are present (ER in 
Fig. 3) along with steep and hundreds meters-high scarps, mainly ori-
ented along NW-SE and SW-NE directions. These scarps are likely 
tectonically-controlled, as previously inferred through seismic profiles 
by Civile et al. (2008). 

Despite the marked asymmetry in the distribution of volcanic and 
tectonic features and the locally high slope of its submarine flanks, 
surprisingly no large-scale flank collapse is observed along the flanks of 
the Pantelleria volcanic edifice, while its volcano-tectonic evolution was 
characterized by multiple caldera collapses in the subaerial part. 
Different factors can be addressed to explain this setting, such as the lack 
of a main volcanic axial zone at Pantelleria volcano (as for instance 
observed at Stromboli Island; Romagnoli et al., 2009) or its maximum 
height (2100 m) less than the critical value of 2500 m identified through 
a susceptibility analysis to large-scale landsliding performed on oceanic 
volcanic islands and seamounts (Mitchell, 2003). However, we are 
aware that further data would be required for better constrain the role of 
these factors (or additional ones) in controlling the formation of such 
catastrophic collapses, but this issue is beyond the aim of this paper. 

5.1.2. Volcanic features 
Regarding the spatial distribution of primary volcanic features on the 

submarine flanks, volcanic cones and elongated ridges dominate the 
offshore sectors (Fig. 12), while lava flows are observed both in shallow- 
water (Figs. 4, 8, 10) and deep-water (Figs. 5 and 6) areas. In the mostly 
constructional, NW flank of Pantelleria, a cluster of 26 well-preserved 
volcanic cones are recognized, showing smooth and steep flanks 
similar to that of monogenetic scoria cones formed by the eruption of 
low-viscosity magma on strombolian, hawaiian or phreatomagmatic 
eruptions (Sigurdsson et al., 2000; Fornaciai et al., 2012). These findings 

agree with the observation and petrochemical analysis of the 1891 
erupted products performed by Conte et al. (2014), showing an overall 
alkali-basalt composition, similar to the Pantelleria subaerial less- 
evolved products, largely outcropping in the NW sector of the island 
(Civetta et al., 1988; White et al., 2009; Giuffrida et al., 2020). The age 
of this volcanic field is unconstrained (except for the last activity of the 
small cone associated with the 1891 eruption). However, the morpho-
logical differences between the cones (Fig. 10) let us to hypothesize 
multiple stages of volcanic activity. A few cones are also affected by 
small-scale lateral collapses, with the re-growth of a smaller vent inside 
the scar collapse (Fig. 10b), indicating that the evolution of such cones 
can be more complex than expected, and testifying the pulsating nature 
of submarine volcanism. This is clearly evidenced by bathymetric and 
hydroacoustic monitoring both of the Monowai volcano in the Kerma-
derc arc (e.g., Wright et al., 2008; Watts et al., 2012) and Tagoro volcano 
in the Canary Archipelago (Somoza et al., 2017), where similar pro-
cesses have repeatedly occurred in a time span of years. Another small 
cluster of volcanic cones with smooth flanks is present in the SW sector 
of Pantelleria (just off P.ta Ferreri, Fig. 6b), indicating a similar eruptive 
mechanism, despite their composition could be related to more evolved 
magma source (Calarco, 2011). 

Lava flows are mainly observed on the insular shelf, especially along 
the NW and NE flanks (Figs. 4, 8 and 10). They can be related to effusive 
activity that characterized the post-GT (< ~45 ka) evolution of Pan-
telleria island, with the predominance of basaltic lava flows along the 
NW coast and pantellerite lava flows along the NE sector (Rotolo et al., 
2021 and reference therein). The latter ones are typically characterized 
by a well-defined shape and rough textures, as evidenced at P.ta Tracino 
by Abelli et al. (2016) (Fig. 8). One of the few examples of well- 
preserved lava flows extending even beyond the shelf edge is recog-
nizable in the SW sector of Pantelleria offshore Cala di Sataria (Fig. 6a). 
Here, lava flows are likely characterized by a felsic composition, 
considering the petrochemical characteristics of the volcanic rocks 

Fig. 11. a) multichannel seismic reflection profile from Videpi database (https://www.videpi.com/videpi/sismica/sismica.asp), showing different seismic facies of 
volcanic cones and surrounding seafloor; also note the presence of sedimentary infilling in bathymetric lows among the volcanic cones. b) Sparker profile showing the 
variable sedimentary cover from the flank of a volcanic cone to the surrounding seafloor. c) Chirp profile showing the variable thickness of hemipelagic drape among 
the volcanic cones and surrounding seafloor. Location of the seismic profiles in Fig. 10a. 
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outcropping on the facing subaerial sector, and the felsic composition of 
a rock sample recovered by one of these lava flows through dredging 
(Calarco, 2011). This hypothesis is consistent with their well-preserved 
morphologies, similar to what observed for other felsic lava flows else-
where, such as the multiple lava flows emitted at Le Havre caldera at 
1000–1500 m wd during the 2012 eruption (Ikegami et al., 2018) or the 
Rocche Rosse obsidian-rich rhyolite coulèe emplaced along the subaerial 
and submarine flank of Lipari down to 700 m wd in historical time 

(Casalbore et al., 2016 and reference therein). The submarine lava flows 
in the SW flank of Pantelleria shows a channel-levee morphology 
(Fig. 6b and section BP1), similarly to what commonly observed in 
subaerial lava flows (e., Harris et al., 2004) but being not so common for 
submarine lavas, where this kind of morphology has been associated 
with very high eruptive rate and volumes (Gregg and Smith, 2003). 
Moreover, the formation of well-developed levees might be related to 
the confinement effect exerted by the narrow channel where the lava 

Fig. 12. Interpretative geomorphological map of the Pantelleria volcano and surrounding areas, with the indication of the main primary volcanic and erosive- 
depositional features. Volcanic cones and eruptive fissures/ridges dominate the morphology of the Pantelleria flanks; their elongated shape or alignment in-
dicates a strong interaction between volcanic and tectonic processes mainly along the SE-NW and secondarily SW-NE directions. Remnants of lava flows are mainly 
confined to the insular shelf, especially along the NW and NE sectors (see also Figs, 4 and 8); at greater depths, lava flows are recognizable on the SW and SE flanks 
(Figs.5 and 6). Erosive-depositional features are divided into two main types: features related to wave reworking during Late-Quaternary sea-level fluctuations, such 
as the insular shelf and submarine depositional terrace, and features related to mass-wasting processes. The latter ones include landslide scars and downslope gullies/ 
channels (solid light-blue lines) forming the drainage network of the volcanic edifice. The drainage network of the main valleys bounding the volcanic edifice is 
indicated by dashed blue lines. Note the widespread occurrence of erosive-depositional feature on the Northern Valley, creating an uneven seafloor morphology (see 
also Fig. 9). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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flowed that, in turn, is likely influenced by the steep gradients of the 
Pantelleria volcanic flank, similar to what shown by laboratory in-
vestigations (Gregg and Fink, 1995 and 2000). This behaviour has been 
observed in several subaerial Hawaiian lava flows, where higher levees 
are often associated with narrow and long-lived channels (e.g., Die-
tterich and Cashman, 2014), while flow thickness is reduced when lava 
flow divides among multiple branches (e.g., Lister, 1992). 

5.1.3. Erosive-depositional features 
The Pantelleria volcanic edifice is generally characterized by small- 

scale mass wasting features (i.e., landslide/erosive scars and underly-
ing gullies), mostly affecting the edge of the insular shelf and overlying 
terraced features (Figs. 4, 6, 7, 8 and 12). Based on the morphological 
(Figs. 3–7) and seismic characteristics (inner prograding geometry in 
Fig. 7c), the terraced morphologies lying on the shelf have been inter-
preted as submarine depositional terraces (SDT), i.e., sandy bodies 
commonly found on insular shelves (e.g., Casalbore et al., 2017 and 
reference therein; Ricchi et al., 2018; Innocentini et al., 2022). Their 
genesis has been associated with the downward transport of sediments 
from the surf zone and shoreface during stormy conditions in sub-actual 
conditions (last 6–7 ka; Chiocci and Orlando, 1996; Hernández-Molina 
et al., 2000; Chiocci and Romagnoli, 2004). At Pantelleria, their for-
mation can be attributed to the wave reworking of volcaniclastic sedi-
ments produced by erosion and entering the sea. The nearshore SDT 
(edge at 30–50 m depth) is almost continuous along most part of the 
island, especially in the southern sector, characterized by older and 
widely eroded units, with cliffs locally exceeding 200 m of elevation. 
Differently, the SDT is almost absent in the north-western area, char-
acterized by low rocky shoreline, associated with recent volcanic pro-
gradation of lava flows. 

The spatial distribution of small-scale mass wasting features is 
similar to what was reported for other insular volcanoes (Romagnoli 
et al., 2013; Casalbore et al., 2018; Quartau et al., 2018; Ricchi et al., 
2020; Chang et al., 2021), evidencing how the shelf and SDT edges are 
susceptible areas for mass-wasting processes. This is probably due to the 
marked increase in slope gradients below these edges (Fig. 2b) where the 
foreset of prograding bodies, made up of non-cohesive sediment, are at 
or close to their resting angle, so that they can be easily remobilized by 
different triggering mechanisms, such as eruptive or seismic shacking or 
cyclic loading due to storm-waves (especially in the case of near-shore 
SDTs). The steep and narrow gullies observed in shallow-water, some-
times merge downslope in larger channelized features. These channels 
are rarely associated with main subaerial valleys or rivers, indicating a 
main role played by marine retrogressive erosion in their formation. 
Their location is often controlled by lateral variations in the insular shelf 
morphology (i.e., width and edge depth), as for instance observed for Ch 
3 and 5 in the SW sector or Ch 6 in the NE sector (Figs. 3, 4 and 7), 
possibly related to limits between sectors characterized by different age 
or lithologies. 

In other cases, the development of channels is related to the distri-
bution of volcanic features that create bathymetric lows on the subma-
rine flanks, where sedimentary gravity flows can be channelized, such as 
for Ch 8 in the NW flank (Fig. 10). This channel’s floor is characterized 
by arcuate or crescent-shaped bedforms, similar to those commonly 
observed in active canyons/channels along the submarine flanks of 
insular volcanoes (Casalbore et al., 2021 and reference therein; Chang 
et al., 2022), where they have been interpreted as upper-flow regime 
bedforms. The downslope change in crestline morphology of the bed-
forms (i.e., from arcuate and concave seawards to more sinuous and 
convex-seawards) can be referred to the marked decrease in slope 
gradient of the submarine flank, with the formation of unchannelized 
flows and fan-shaped deposits at its base. No landslide deposits are 
observed along the submarine part of Pantelleria, except for the deposits 
with blocky morphology recognized in proximity of the previous fan- 
shaped feature (Figs. 10, section BP3, and 12), indicating that this 
area has been affected by multiple mass-wasting processes during its 

recent evolution. 
Erosive-depositional features are also concentrated on the North 

Valley, where erosive scars, crescent-shaped bedforms and enclosed 
depressions are recognizable (Figs. 2a, 9a and 12). All these features are 
oriented parallel to the isobaths suggesting the role of gravity-driven 
processes for their formation. This bathy-morphological setting is 
different from what observed in the Southern Valley, where a more 
subdued and smooth seafloor morphology is present (Fig. 2a). A tenta-
tive explanation for the uneven morphology of the NV floor could be 
related to the violent GT eruption occurred ~45 ka BP (Fig. 1b; section 
2) and to the preferential distribution of related products in nearby 
marine areas. As reported by Anastasakis and Pe-Piper (2006), a 30-m 
long piston core LC-08 in the Pantelleria Basin (location in Fig. 1a) 
recovered 18 m of volcaniclastic deposits associated with energetic 
hyperconcentrated flows and diluted turbidity flows, correlated by the 
Authors to the GT eruption. These volcaniclastic deposits are overlain by 
10 m of marly hemipelagic sediments, which correspond to an upper 
seismic unit (see Fig. 11 of Reeder et al., 2002) that can be correlated to 
the hemipelagic drape recognized in our seismic profiles (Fig. 9). 
Accordingly, the high-amplitude and irregular reflection at the base of 
the hemipelagic drape could represent the top of the GT-relate marine 
unit, also recognized in the downslope Pantelleria basin and retrieved in 
core LC-08. In this regard, coarse-grained volcanogenic deposits recov-
ered in a gravity core performed on the northern flank of the NV 
(Romagnoli et al., 2024) were considered to represent the near-vent, 
primary marine equivalent of the distal Y-6 tephra layer, related to 
the ~45 ka old co-ignimbrite fallout deposit of the Green Tuff event. 
Other processes might have also played a role in the formation/ 
reworking of erosive-depositional features observed in the NV. For 
instance, the formation/preservation of enclosed depressions (DEP in 
Figs. 7 and 9) could be explained by the interaction of an irregular sub- 
seafloor topography with the action of recent mass-wasting processes or 
bottom currents. Seismic profiles show that the observed hemipelagic 
drape is characterized by lateral and downslope variations in thickness, 
with the possible occurrence of a small contourite drift along the 
southern base of the Adventure bank slope (Fig. 9d). The key role played 
by bottom currents in the area is also testified the recognition of other 
contourite deposits identified both to the south by Reeder et al. (2002) 
and to the northwest of the PB by Martorelli et al. (2011). Considering 
the depth range of the NV (around 700–1200 m wd), we can also hy-
pothesize a main role of the colder and denser, westward-flowing 
transitional Eastern Mediterranean Deep Water in the recent 
sedimentation. 

5.2. Spatial and temporal evolution of the Pantelleria edifice 

As discussed above, the morphological asymmetry of the Pantelleria 
volcanic edifice can be related to the main structural features of the 
Sicily Channel (Civile et al., 2008; Catalano et al., 2009) and to the 
interplay with volcanism and other processes. Along the main SE-NW 
oriented axis, marked morphological differences are recognizable be-
tween the different submarine parts of the volcano. In general, the SE 
flank is widely affected by erosional processes, appearing more 
degraded than the NW flank, and this fact may be explained by the 
overall NW migration of magmatic activity, also inferred through multi- 
channel seismic reflection profiles in the Pantelleria basin (Civile et al., 
2010). Therefore, an older age can be supposed for the south-eastern 
part of the volcano, where primary volcanic features are mostly 
smoothed by a relevant sedimentary drape (Fig. 3). A completely 
different setting appears for the NW submarine flank, where the field of 
volcanic cones and the elongated ridges are mostly characterized by a 
fresh and well-preserved morphology (Fig. 10), pointing to their likely 
younger age. It is worth mentioning that the last historical eruption of 
Pantelleria (i.e., the 1891 event; Conte et al., 2014; Kelly et al., 2014) 
occurred there. A quite similar trend of morphological differences in the 
submarine flanks has been recently depicted also for the nearby Linosa 
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volcanic edifice (southern Sicily Channel; Fig. 1a), and accordingly 
interpreted as the result of an overall SE-NW migration of volcanic ac-
tivity over time (Romagnoli et al., 2020). 

However, these findings are apparently in contrast with the notable 
width of the insular shelf in the NW flank with respect to the SE one 
(Figs. 2, 3, 5 and 10). The shelf extension, in fact, is commonly inter-
preted as a proxy for relative age reconstructions of volcanic edifices, by 
assuming that it reflects the cumulated erosive action of waves over 
different eustatic cycles, so that the width commonly increases with the 
edifice age (i.e., Menard, 1983; Quartau et al., 2010 and 2014; 
Romagnoli, 2013). Local deviations from this shelf width/age relation-
ship have been observed among shelf sectors of the same age, but 
experiencing different controlling factors, such as the exposure of 
related coastal sectors to different wave regimes, difference in lithol-
ogies and resistance to erosion, tectonics, shelf infilling or subsequent 
mass-wasting processes (e.g., Quartau et al., 2010; Ramalho et al., 2013; 
Casalbore et al., 2015; Romagnoli et al., 2018). None of these factors 
seems to be appropriate to explain the large differences observed in the 
shelf in the study area; an hypothesis on its genesis is discussed further 
on, also considering information derived from another morphological 
parameter, i.e. the depth of the shelf edge. 

5.2.1. Sea level indicators and vertical mobility 
The depth of erosive shelf edge has been considered a marker of 

paleo sea-levels and it can be used to assess the vertical behaviour of 
volcanic flanks (Quartau et al., 2014; Lucchi et al., 2019). At Pantelleria, 
morpho-bathymetric data show an inverse (and contradictory) rela-
tionship between shelf width and the edge depth on the SE and NW 
Pantelleria shelves. The shelf edge is markedly deeper (over 200 m wd) 
in the narrow SE shelf than in the wider NW shelf (on average <130 m 
wd, green lines in Figs. 7 and 10), possibly indicating that differential 
vertical movements affected these areas after the shelf formation. The 
depth of the NW and NE shelf edge is comparable with the sea level 
reached during Pleistocene sea-level lowstands (Rohling et al., 2014) 
and is in agreement with the estimated value of 127 m wd for paleo sea 
level during the Last Glacial Maximum (LGM, ~20 ka) in the area ob-
tained through glacio-hydro-isostatic modelling (Lambeck et al., 2011). 
This has two implications: 1) the entire NW shelf area was formed/ 
reworked/rejuvenated at the time of the LGM and later on, and 2) this 
sector has been vertically stable, or just slight uplifted in the last 20 ka. 
Recent uplift processes along the N and (mostly) NE coastal sectors of 
Pantelleria Island are testified by three raised paleo-shorelines (max 
height 4.2 m) dated at 900 years ago, providing uplift rates up to 5 mm/ 
yr centred on the Cala del Gadir (Fig. 1b; De Guidi and Monaco, 2009), 
as well as by historical records in the months immediately before the 
1891 eruption, when a maximum uplift value of 1.0 m was measured 
along the NE coast (Riccò, 1892), but these rates refer to short-term, co- 
eruptive events. Differently, the deeper edge observed in the SE shelf 
implies (at least) 80 m of subsidence, which should be associated with 
long-term volcano-tectonic processes that affected this flank after the 
shelf formation, similarly to what recently proposed for the oldest sec-
tors of Salina insular shelf in the Aeolian Islands (Lucchi et al., 2019). 
The similarity between the two case-studies is also reflected by the shelf 
morphology, showing a gently sloping (2–4◦) sector down to 110–120 m 
wd, followed by a steeper sector (slope gradients of 15–20◦) down to 
200–220 m wd, just above the main break-in-slope (declivities >30◦) 
with the underlying volcanic flank. This shelf setting can be explained 
considering that the shallower and gently sloping shelf sector was the 
seat of subaerial and marine erosion (and later deposition of SDTs) 
during the last eustatic hemicycle (after the LGM), while the deeper and 
steeper shelf was carved during the previous eustatic cycle(s), thus 
representing a paleo shelf-break and supporting a polygenic origin for 
this shelf sector. This also suggests that subsidence should have been 
relatively fast because the deeper carved shelf is very steep and narrow 
and did not have time to develop as a low-gradient surface. 

5.2.2. Model of formation of the NW shelf 
If the younger age of the NW part of the island is supported by the 

fresh-looking volcanic morphologies, the occurrence of recent eruptive 
activity and the shallow depth of the shelf edge, we still have to 
reconcile these findings with the “anomalous” shelf width in this area 
(>4 km; Fig. 10).We propose a two-stage model to explain the formation 
of this shelf sector trough the interplay among submarine volcanic 
processes and Pleistocene sea level changes, in a context of migrating 
eruptive activity. 

During an earlier stage, the formation of the shelf through erosive- 
depositional processes (mainly wave-erosion, considering the exposi-
tion to the most frequent and energetic storms coming from NW sectors), 
modulated by Late-Quaternary Sea level fluctuations, would have 
dismantled the volcanic products that at that time formed the shallow- 
water NW sector of the Pantelleria volcanic edifice (Figs. 13 a and b). 
These products might represent the extension towards the island of the 
observed offshore field of volcanic cones, as supported by the truncation 
of some of these cones close to the NW outer shelf (see red arrows in 
Fig. 10c) as well as by the remnants of two eroded volcanic centres on 

Fig. 13. Simplified sketch showing the formation of the wide NW insular shelf 
off Pantelleria island due to the interplay between volcanic and erosive- 
depositional processes associated modulated by sea level changes (the 
approximate sea level for each stage is reported on the left; 0 is referred to the 
present-day condition). The submarine cones present on the shallow-water 
portion of the NW flank of the Pantelleria (a) were partially dismantled and 
flattened by wave action during Late-Quaternary sea level fluctuations (b). The 
bathymetric lows among the volcanic cones were filled both by the eroded 
material (polygon with circles) and the large amount of volcaniclastic material 
(green polygon) emitted during the Green Tuff eruption at 45 ka BP (c). During 
the Last Glacial Maximum (LGM), basaltic effusive activity covered the shelf 
with the stacking of multiple lava flows (thick red line), leading to the reju-
venation of the insular shelf (d), then the sea level has reached its present-day 
level (e). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the web version of this article.) 
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the shelf surface (EVC in Fig. 10). The proposed model of a progressive 
shelf enlargement due to the wave-erosion of shallow-water submarine 
volcanic cones (located close to the island) during eustatic cycles is also 
suggested by the comparison with the present-day setting of the NW 
shelf of the nearby Linosa Island (also located in the Sicily Channel, 
Fig. 1a). At Linosa, the NW insular shelf is coalescent with a volcanic 
cone (Secca Maestra; Romagnoli et al., 2020) similar in shape and size to 
those observed in the NW offshore of Pantelleria. The summit of this 
pointy cone is located at ~40 m wd, indicating a relatively young age for 
this cone, since otherwise it would have been dismantled by wave 
erosion during the last hemieustatic cycle. In the case of future lowering 
of the sea level, the upper part of this cone would be dismantled by wave 
erosion, leading to a further enlargement of the present-day insular shelf 
there. 

At Pantelleria, it should be considered that the eroded, shallow- 
water volcanic centres located in the NW sector could have been 
covered by the emplacement of the large amount of volcanic material 
emitted during the Green Tuff eruption at ~45 ka (Fig. 13c), that 
overlain large part of the island with maximum thickness of 20 m 
(Rotolo et al., 2017 and reference therein). It is thus reasonable to as-
sume that, being deposited during the last sea level lowering (around 
stage MIS3a, when the coastline was in mid-shelf position between 65 
and 100 m wd), the GT units were deposited here in a partially subaerial 
environment, filling the depressed area between volcanic centres, and 
may have been easily re-mobilized by the subsequent falling sea level, 
contributing to the development of an overall gently sloping shelf sur-
face before or during the last sea level fall culminated at 20 ka BP. 

In a later stage, during the last hemieustatic cycle, this earlier shelf 
would have been rejuvenated (sensu Quartau et al., 2015) by the 
products of effusive basaltic activity emitted in this area between 29 ka 
(Fig. 13d) and 10 ka, as suggested by the morphological steps recog-
nizable on the NW shelf down to 130 m wd (MS in Fig. 10). These steps 
can be interpreted, in fact, as the frontal edge of lava flows and/or paleo- 
shorelines, formed and partially reworked during the LGM and succes-
sive sea level rise (Calarco, 2011). The progradation of these lava fronts 
would have resulted in a significant shallowing of the shelf edge, as also 
evidenced by the local remnant of a deeper and “not rejuvenated” shelf 
edge segment around ~160 m wd (orange line in Fig. 10a). 

A recent example of shelf rejuvenation can be recognized on the NE 
shelf (Fig. 7), where the Khaggiar lava flows, emitted at ~5 ka (Rotolo 
et al., 2021 and reference therein), extend 2.5 km away from the source 
vent, prograding over the previously formed insular shelf and totally 
covering it. The shelf is, instead, clearly recognizable in the surrounding 
sectors (by comparison of sections BP1 and BP2 in Fig. 7). The marine 
sector off Khaggiar is instead characterized by a very narrow coastal 
platform (CP in Fig. 7), whose shallow edge depth (15–25 m wd) is 
comparable with similar wave-cut features related to the present-day sea 
level conditions in the Mediterranean Sea, such as the recent Vulcanello 
lava platform in the Aeolian Islands (Romagnoli et al., 2012; Casalbore 
et al., 2019). This inference supports our model that the progradation of 
lava flows on the NW shelf of Pantelleria should have contributed to its 
enlargement and shallowing. 

6. Conclusions 

The integrated analysis of multibeam bathymetry and seismic data 
allowed us to constrain the interplay among volcanic, tectonic and 
erosive-depositional processes in controlling the morphological evolu-
tion of Pantelleria volcano. The interaction between volcanic and tec-
tonic processes is recognizable at different spatial and time scales, from 
the marked asymmetry of the entire volcano development along the SE- 
NW direction to the preferential elongation/alignment of volcanic 
cones, ridges and eruptive fissures along its flanks. 

The marked difference between the more degraded and subdued 
volcanic morphologies recognizable on the SE submarine flank with 
respect to the fresh-looking volcanic field on the NW flank supports an 

overall migration from SE to NW over time, in agreement with the re-
sults of previous studies. However, this migration is seemingly in 
contrast with the development of a much wider (4 km) and shallower (<
130 m wd) NW insular shelf, with respect to the 2-km wide and deep 
(edge at 210 m wd) SE shelf. This setting can be explained by inter-
preting the NW shelf as a polygenic feature, formed in two main stages, 
modulated by Pleistocene sea level fluctuations, and involving the shelf 
rejuvenation due to the emplacement of later lava flows. This led to a 
marked shallowing of the NW shelf edge at water depths comparable to 
those reached by the sea level during the LGM, i.e. around 130 m wd. 
Shelf edges lying at similar or shallower depths are observed along most 
part of the NE and SW flank, indicating an overall vertical stability or 
uplift since the LGM. Differently, the deeper paleo shelf edge identified 
on the SE submerged flank indicates that this sector was affected by a 
significant subsidence of (at least) 80 m after the shelf formation. 

The recent/present-day wave base-level controlled the formation, 
around the island, of an almost continuous near-shore submarine 
depositional terrace, except off the NW sector (mainly due to recent 
emplacement of lava flows here), in relation to wave reworking of vol-
caniclastic sediments in the coastal area. At the edge of this depositional 
terrace and at the shelf edge, small-scale mass wasting processes pro-
duce erosive features that, locally, lead to the development of main 
channels along the submarine flanks and to the transfer of sediments to 
deeper water. 

More generally, this study highlights the key role played by morpho- 
stratigraphic studies for better understanding the volcano-tectonic 
evolution of insular and coastal volcanoes, also providing insights for 
reconstructing Late-Quaternary vertical movements typically affecting 
volcanic edifices. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.margeo.2024.107308. 
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Riccò, A., 1892. Terremoti sollevamento ed. eruzione sottomarina a Pantelleria nella 
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