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Abstract: Widespread volcanism has been known in the Sicilian Channel for a long time, even if
some submarine volcanoes have only recently been discovered. Most of this volcanism formed along
the NNE-trending transfer zone known as the Capo Granitola–Sciacca Fault Zone, while others,
such as the islands of Pantelleria and Linosa, are associated with the continental rift zone that has
developed since the early Pliocene in the central part of the Sicilian Channel through the formation of
three deep tectonic troughs (Pantelleria, Linosa and Malta). However, the origin of a group of five
volcanoes (here called “Tetide volcanic cluster”) that form a NW-SE alignment on the eastern edge of
the Adventure Plateau is not yet known. In this work, we hypothesize that this volcanic alignment
may represent the remnants of a failed rift attempt that was unable to generate another tectonic
trough in the Sicilian Channel. Based on seismic sections and gravimetric data, three phases in the
formation of this volcanic alignment can be identified: (i) a major magmatic intrusion in the early
Pliocene associated with a NW-SE normal fault that formed during the opening of the Pantelleria
graben, leading to the uplift and deformation of the host sedimentary rocks; (ii) a late Pliocene-
Quaternary tectono-magmatic quiescent phase; and (iii) a renewed magma intrusion through fissures
or cracks that led to the formation of the volcanoes in the late Quaternary. This process was not able
to cause significant extension and only limited volcanism, which is why the “Tetide volcanic cluster“
is interpreted as the morphological expression of a failed rift.

Keywords: Sicilian Channel; volcanic cluster; failed rift; seismic sections; gravimetric data;
tectono-magmatic evolution

1. Introduction

So-called failed rifts (also called aborted rifts) represent the initial stages of continental
rifting that did not lead to the complete formation of an ocean basin. Their morphological
and structural features reflect a history of attempted crustal extension and tectonic activity
that ultimately failed to complete the rifting process, e.g., [1,2]. They typically exhibit
elongated rift valleys containing significant sedimentary deposits, elevated blocks (horsts)
and depressed blocks (grabens) as a result of normal faulting accommodating extensional
strain, and generally display a topographic relief with steep fault scarps and large elevation
differences between the rift floor and surrounding areas. Although not all failed rifts show
magmatic activity, in many cases there is evidence of volcanic activity and in some cases
large magmatic intrusions formed during the rifting process. In addition, they are often
characterized by specific geophysical signatures such as gravity anomalies and seismic
velocity changes that indicate differences in crustal density and composition as a result of
the extensional processes, e.g., [3]. Among the most famous failed rifts are the Midcontinent
Rift System in North America, the western branch of the East African Rift and the Rhine
Rift in Europe.
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The Sicilian Channel (Figure 1) hosts a continental rift that combines most of these
morphological and tectonic features. The rifting process that led to the formation of the
NW-trending tectonic grabens of Pantelleria, Linosa and Malta since the early Pliocene
is considered an example of rifting generated as a passive response to a regional stress
field [4,5]. It is characterized by diffuse volcanism, which led to the formation of the
volcanic islands of Pantelleria and Linosa and to several submarine volcanic manifestations.
Other volcanoes are located along the NNE-trending Capo Granitola–Sciacca lithospheric
fault zone that crosses the central part of the rift (see inset in Figure 1). The grabens exhibit
the morphological and structural characteristics of mature rifting, even if they have not
developed into a complete oceanic spreading center.

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 2 of 15 
 

 

famous failed rifts are the Midcontinent Rift System in North America, the western branch 
of the East African Rift and the Rhine Rift in Europe. 

The Sicilian Channel (Figure 1) hosts a continental rift that combines most of these 
morphological and tectonic features. The rifting process that led to the formation of the 
NW-trending tectonic grabens of Pantelleria, Linosa and Malta since the early Pliocene is 
considered an example of rifting generated as a passive response to a regional stress field 
[4,5]. It is characterized by diffuse volcanism, which led to the formation of the volcanic 
islands of Pantelleria and Linosa and to several submarine volcanic manifestations. Other 
volcanoes are located along the NNE-trending Capo Granitola–Sciacca lithospheric fault 
zone that crosses the central part of the rift (see inset in Figure 1). The grabens exhibit the 
morphological and structural characteristics of mature rifting, even if they have not 
developed into a complete oceanic spreading center. 

 

 
Figure 1. General physiographic map of the Sicilian Channel (bathymetry data from the EMODNet 
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rectangular box indicates the “Tetide volcanic cluster”. In the lower-left corner, there is a tectonic 
sketch of the central Mediterranean Sea. AP = Adventure Plateau; CA = Calabrian Arc; CGSFZ = 
Capo Granitola–Sciacca Fault Zone; GN = Gela Nappe; Ma = Malta islands; Me = Malta escarpment; 
Pg = Pantelleria graben; Mg = Malta graben; Lg = Linosa graben; Li = Linosa Island; La = Lampedusa 
Island. 

Here, we describe a group of small monogenic volcanoes (Tetide, Anfitrite, Matilde 
and Galatea) in the eastern sector of the Adventure Plateau [6] (Figure 1) that are aligned 
along the main direction of the rift grabens and whose origin is still unclear. This NNW–
SSE-trending volcanic group, referred to in this work as the “Tetide volcanic cluster”, is 

Figure 1. General physiographic map of the Sicilian Channel (bathymetry data from the EMOD-
Net Bathymetry Portal, http://emodnet-bathymetry.eu/, accessed on 15 May 2024). The white
rectangular box indicates the “Tetide volcanic cluster”. In the lower-left corner, there is a tec-
tonic sketch of the central Mediterranean Sea. AP = Adventure Plateau; CA = Calabrian Arc;
CGSFZ = Capo Granitola–Sciacca Fault Zone; GN = Gela Nappe; Ma = Malta islands; Me = Malta
escarpment; Pg = Pantelleria graben; Mg = Malta graben; Lg = Linosa graben; Li = Linosa Island;
La = Lampedusa Island.

Here, we describe a group of small monogenic volcanoes (Tetide, Anfitrite, Matilde and
Galatea) in the eastern sector of the Adventure Plateau [6] (Figure 1) that are aligned along the
main direction of the rift grabens and whose origin is still unclear. This NNW–SSE-trending
volcanic group, referred to in this work as the “Tetide volcanic cluster”, is analyzed using
a series of vintage multichannel seismic reflection profiles and gravimetric data, as well
as recently acquired high-resolution seismic reflection profiles. It is interpreted as the

http://emodnet-bathymetry.eu/
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possible surface expression of a failed rift zone where extension was unable to generate a
tectonic depression.

2. Materials and Methods

The high-resolution seismic sections presented in this paper are both CHIRP and
Boomer data (Figure 2). The CHIRP profiles were acquired from the R/V OGS Explora
in November 2013 using a hull-mounted Chirp II Sub-Bottom Profiler, while the Boomer
data were acquired with an AAE301 plate in October 2022 from a boat on which the system
was installed.

The sweep length of the CHIRP data was 10 ms at frequencies between 2 and 7 kHz.
The ping rate was 2 pings per second, the sampling rate 0.05 ms and the acquisition window
300 ms. During data acquisition, the ship speed was 4.5 knots, so the average measurement
interval was ∼1 m. The data were acquired in envelope mode and subsequently processed
as follows: (1) derivative method to obtain analytical traces [7]; (2) spherical divergence
and absorption compensation; (3) trace editing and de-spiking; (4) automatic gain control
to homogenize the traces; and (5) Stolt time migration.
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Figure 2. Bathymetric map of the area around the “Tetide volcanic cluster”. Background data taken 
from the EMODNet Bathymetry Portal, http://emodnet-bathymetry.eu/ (accessed on 15 May 2024), 
integrated with multibeam high-resolution data from OGS [8] and multibeam high-resolution data 
acquired by the German vessel R/V Meteor [9]. Superposed are the Boomer and CHIRP high-
resolution seismic sections (Figures 3-5) and the multichannel seismic line (Figure 6) reported below. 

Figure 2. Bathymetric map of the area around the “Tetide volcanic cluster”. Background data taken
from the EMODNet Bathymetry Portal, http://emodnet-bathymetry.eu/ (accessed on 15 May 2024),
integrated with multibeam high-resolution data from OGS [8] and multibeam high-resolution data
acquired by the German vessel R/V Meteor [9].

The Boomer source consists of an electrodynamic transducer mounted on a catamaran
frame and a pre-amplified fixed streamer equipped with 10 hydrophones connected in
series. Each hydrophone can be switched on and off, extending the active range from 1 to
10 m. The distance between the source and the streamer (offset) was 20 m. The firing rate of
the plate (the delivered energy unit is 300 J/pulse) was 2 shots per second, and the reflected
signal was sampled at 0.05 ms with a time window of 400 ms. The seismic data were tracked
using a navigation device connected to a differential GPS for accurate positioning. The
data processing included the following: (1) DC (direct current) offset removal; (2) spherical
divergence recovering and amplification; (3) time-varying bandpass filter; (4) predictive

http://emodnet-bathymetry.eu/
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deconvolution to remove reverberation and increase the vertical resolution; and (5) Stolt
time migration.

A network of 2D multichannel seismic reflection profiles, provided by the Italian
Ministry of Economic Development in the framework of the project “Visibility of Petroleum
Exploration Data in Italy “ViDEPI” (http://www.videpi.com, accessed on 15 May 2024),
was used to build the contour map of the Messinian unconformity expressed in TWT (two-
way traveltime) beneath the seafloor. To better constrain the position of this unconformity,
information in the literature and the two offshore exploration wells closest to the study
area, Onda 1 and Orione Est of the ViDEPI Project, were used [5,10,11].

During a recent geophysical–geological survey conducted between 16 July and 5
August 2023 by the German vessel R/V Meteor (M191), a significant number of multibeam
and high-resolution seismic sections were acquired at several locations in the Sicilian
Channel [9], particularly in the eastern sector of the Adventure Plateau (Tetide volcanic
area), where a new small volcanic center (named Matilde) was discovered. The multibeam
coverage realized during this cruise has complemented the map already produced in this
area [8].

A complete map of the Bouguer gravity anomalies in the vicinity of the “Tetide
volcanic cluster” was constructed from ship-borne gravity measurements made by the
former Osservatorio Geofisico Sperimentale (OGS) during several pioneering surveys (from
1965 to 1972) in the Mediterranean Sea [12]. Details of the acquisition system can be found
in Makris et al. [13], and the processing steps used to create the Bouguer anomaly map
were described in detail in Lodolo et al. [14].

3. Geological Background of the Sicilian Channel and the Rift Zone

The Sicilian Channel is a broad shallow-water platform in the central Mediterranean
between Sicily and Tunisia (see Figure 1). It hosts a foreland–foredeep chain system
consisting of the Pelagian foreland, the Gela foredeep and the offshore part of the Neogene-
Quaternary Maghrebian chain, e.g., [15,16], which was formed during the NNW–SSE-
trending Neogene convergence between the African and European plates [17,18]. The
central sector of the Pelagian foreland, part of the northern continental margin of the
African plate, is characterized by the presence of three deep, NW–SE-trending tectonic
grabens (Pantelleria, Malta and Linosa) that form the Sicilian Channel rift zone [4,19–25].
These grabens are bounded by kilometer-long NW–SE trending normal faults, which also
affect the central-southern part of the Adventure Plateau [4,5,10].

The rift zone has developed since the early Pliocene and is divided into two indepen-
dent sectors separated by the Capo Granitola–Sciacca Fault Zone [26], a NNE–SSW-trending
lithospheric shear zone. The western sector comprises the Pantelleria graben, while the
eastern one includes the Malta and Linosa grabens. The Capo Granitola–Sciacca Fault Zone
extends for at least 200 km from the island of Linosa to the southern coast of Sicily, and is
overall dominated by a transpressive tectonic regime [5,23,26–30].

The ~8000 km2 Adventure Plateau is located along the north-western sector of the
Sicilian Channel (Figure 1) and represents the shallowest part of the area, with depths
ranging from 50 to 150 m [31]. It is characterized by an almost flat morphology that
turns into a gentle slope towards the Pantelleria graben. The 6–7 km thick stratigraphic
sequence of the Adventure Plateau consists of Triassic–Eocene, predominantly carbonate
sequences and siliciclastic Oligocene–Quaternary sequences [10,11]. In particular, the
Plio-Quaternary sequence consists of calcarenites and organogenic sands [6,31], which
overlie an extensive erosional surface, the well-known Messinian unconformity [10,11].
The complex structural setting of the Adventure Plateau is the result of compressional
tectonics associated with the following: (i) the late Miocene activity of ESE–WNW-trending
thrusts and back-thrusts that form the outer sector of the Sicilian–Maghrebian chain, and
(ii) the Pliocene to Quaternary evolution of the NW–SE-trending normal faults associated
with the formation of the Pantelleria graben [4,10,27,28,32–35].

http://www.videpi.com
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The Sicilian Channel is characterized by diffuse anorogenic volcanism that occurred
mainly in the Plio-Pleistocene [6,36], although some eruptive events have been documented
in historical times, such as the submarine eruption of Ferdinandea Island on Graham Bank
(Figure 1) in 1831 [37,38] and the eruption ~5 km NW of Pantelleria Island in 1891 [39,40].
Holocene volcanic lavas have also been sampled at Actea Volcano (Figure 1) near the
Sicilian coast of Capo Granitola [41,42]. The most voluminous volcanic edifices are found
on the islands of Pantelleria and Linosa, most of which are below sea level [5,43–46].
Submarine volcanic centers have been recognized based on a combination of geophysical
observations, direct sampling and interpretations of seafloor landforms in the Terrible,
Nameless and Graham banks, off the coast of Capo Granitola–Sciacca, in the eastern sector
of the Adventure Plateau and near the Pantelleria and Linosa grabens [5,6,36–38,41,47–49].
Most of the volcanism is probably related to the rifting processes in the central part of
the Sicilian Channel and the magma upwelling along the Capo Granitola–Sciacca Fault
Zone [5,26,41,48].

4. Tetide Volcanic Cluster

In this paragraph, the “Tetide volcanic cluster” is described based on information in
the literature and new geophysical data. It consists of four submarine volcanoes (Tetide,
Galtea, Matilde and Anfitrite, see Figure 1), which are quite close to each other and form a
16 km long NW–SE trending alignment roughly parallel to the axis of the Pantelleria graben.

Anfitrite is the only volcanic feature of the Tetide cluster that was mapped in de-
tail [8,11] before the Meteor cruise (M191) that mapped Tetide, Galatea, and a newly
discovered submarine feature named Matilde [9].

Tetide is the largest and northernmost volcano in the eastern part of the Adventure
Plateau (Figure 3). It is ~9 km2 in size and ~40 m high, and its summit is ~18 m below sea
level [6]. Its morphology resembles a quasi-circular dome characterized by a flat top [6,11].
Sparker and Boomer profiles crossing the Tetide Volcano are reported in Calanchi et al. [6]
and Civile et al. [11].
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Figure 3. Reprocessed Boomer profile crossing the Tetide Volcano (modified from Civile et al. [11]).
See location in Figure 2.

Anfitrite [32] consists of two different volcanic bodies, namely Anfitrite 1 and Anfitrite
2 [8] (Figure 4). Anfitrite 1 covers an area of ~1.8 km2 and has a semicircular shape with
a diameter of ~1.5 km. In its southern part, the volcanic edifice consists of a crater with
a diameter of 500 m and a shallow north-eastern rim that lies 35 m below sea level. A
semi-circular ridge, which could be a remnant of a larger dismantled volcanic edifice,
occupies the north-western part of Anfitrite 1. A recent volcanic neck has been identified
along Anfitrite 1 [8]. Anfitrite 2 consists of a 1.5 km long and 1 km wide NNE–SSW trending
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ridge whose shallowest peak reaches a water depth of ~37 m. The deep structure of the
Anfitrite volcanic complex was analyzed by Civile et al. [11] through the interpretation of
multichannel seismic sections. These authors identified two magmatic outcrops generating
Anfitrite 1 and 2, which are likely related to the presence of a large magmatic intrusion that
fractures and deforms the sedimentary sequence into a dome-like geometry on a shallow
crustal level.

J. Mar. Sci. Eng. 2024, 12, x FOR PEER REVIEW 6 of 15 
 

 

Figure 3. Reprocessed Boomer profile crossing the Tetide Volcano (modified from Civile et al. [11]). 
See location in Figure 2. 

Anfitrite [32] consists of two different volcanic bodies, namely Anfitrite 1 and Anfi-
trite 2 [8] (Figure 4). Anfitrite 1 covers an area of ~1.8 km2 and has a semicircular shape 
with a diameter of ~1.5 km. In its southern part, the volcanic edifice consists of a crater 
with a diameter of 500 m and a shallow north-eastern rim that lies 35 m below sea level. 
A semi-circular ridge, which could be a remnant of a larger dismantled volcanic edifice, 
occupies the north-western part of Anfitrite 1. A recent volcanic neck has been identified 
along Anfitrite 1 [8]. Anfitrite 2 consists of a 1.5 km long and 1 km wide NNE–SSW trend-
ing ridge whose shallowest peak reaches a water depth of ~37 m. The deep structure of 
the Anfitrite volcanic complex was analyzed by Civile et al. [11] through the interpretation 
of multichannel seismic sections. These authors identified two magmatic outcrops gener-
ating Anfitrite 1 and 2, which are likely related to the presence of a large magmatic intru-
sion that fractures and deforms the sedimentary sequence into a dome-like geometry on 
a shallow crustal level. 

 
Figure 4. CHIRP profile crossing the two Anfitrite volcanoes. See location in Figure 2. 

Between Anfitrite and Galatea is the newly documented Matilde volcanic edifice (Fig-
ure 5). It is 1.7 km wide and has a semicircular plan shape with an arcuate scar in its north-
eastern sector (see the detailed description of this volcano in [9]). Galatea consists of an 
ellipsoidal, 3 km wide structure with margins at a water depth of 120 m. At the center of 
this structure is a 600 m long and 20 m high SW–NE-trending ridge, culminating in a well-
preserved cone shape whose summit crater lies at a water depth of 74 m [6]. Sparker and 
sub-bottom profiles crossing the Galatea Volcano are reported in Calanchi et al. [6] and 
Miccallef et al. [9]. 

All the volcanic structures described above show a morphology indicative of long-
lasting exposure conditions related to the dramatic drop in sea level during the Messinian 
period and especially since the Last Glacial Maximum [50]. 

Figure 4. CHIRP profile crossing the two Anfitrite volcanoes. See location in Figure 2.

Between Anfitrite and Galatea is the newly documented Matilde volcanic edifice
(Figure 5). It is 1.7 km wide and has a semicircular plan shape with an arcuate scar in its
north-eastern sector (see the detailed description of this volcano in [9]). Galatea consists of
an ellipsoidal, 3 km wide structure with margins at a water depth of 120 m. At the center
of this structure is a 600 m long and 20 m high SW–NE-trending ridge, culminating in a
well-preserved cone shape whose summit crater lies at a water depth of 74 m [6]. Sparker
and sub-bottom profiles crossing the Galatea Volcano are reported in Calanchi et al. [6] and
Miccallef et al. [9].

All the volcanic structures described above show a morphology indicative of long-
lasting exposure conditions related to the dramatic drop in sea level during the Messinian
period and especially since the Last Glacial Maximum [50].
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The only two volcanoes in the cluster that have been sampled to date are Tetide
and Anfitrite. The magma types of these volcanic edifices include tholeiites (Tetide) and
alkali basalts (Anfitrite) [6]. According to Calanchi et al. [6], these volcanoes were formed
by the emplacement of mantle-derived magmas in a stress regime with an extension
perpendicular to the orientation of the Pantelleria graben. Furthermore, the interpretation
of the petrogenetic significance of the mineral chemistry and petrography of the volcanic
rocks of the Tetide and Anfitrite volcanoes indicates the rapid ascent of the magmas from a
medium-pressure reservoir [6].

5. Results and Discussion

The interpretation of nine multichannel seismic lines documents the gentle dome-like
shape of the Messinian unconformity, which in turn is covered by sub-horizontal Plio-
Pleistocene reflectors showing onlap terminations against the unconformity itself (Figure 6).
This erosional surface is seismically expressed by an undulated, high-amplitude and
continuous reflector that is generally well recognized on all seismic sections (e.g., Figure 6).
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We have chosen to show only seismic section C-1010 because it is the only one that
crosses orthogonally the “Tetide volcanic cluster” and is of acceptable quality. It is therefore
undoubtedly the most representative line for the objective of the work and has been shown
both with and without interpretation.

The interpretation of the seismic section C-1010 (Figure 6) shows the presence of a
doming structure interpreted as the result of a magma ascent along a NW–SE-trending
normal fault characterized by some minor branches in the upper part and along which
the “Tetide volcanic cluster” developed. The presence of a major normal fault with minor
branches in the upper part, which represented a preferential path for the upward migration
of magma, is not clearly recognizable from the seismic data.

Several normal faults with a NW–SE-trending parallel to the axis of the Pantelleria
graben axis have been shown to affect part of the Adventure Plateau and are associated
with the opening of this tectonic depression.

The Plio-Pleistocene sequence appears to be almost undeformed in the seismic section,
indicating a period of probable tectonic inactivity during its deposition, with the exception
of the area near the magma ascents where the reflectors are folded (Figure 6). The magma
ascents seem to be very recent and may be associated with a reactivation of the upward
propagation of the branches of the main NW–SE normal fault. The magma ascents forming
the volcanic edifices of Anfitrite 1 and 2 are characterized by the pull-up effect of the
reflectors, which makes it possible to identify the magmatic conduits that reach the seafloor.

The interpretation of seismic line C-1010 and in general the interpretation of seismic
lines in this sector of the Sicilian Channel is based on the many years of experience gained
by analyzing a large number of multichannel seismic reflection profiles acquired both by
OGS and those available within the ViDEPI Project, as well as by studying the well data that
allowed us to calibrate the seismic interpretation. This generally allowed us to identify two
main marker horizons, the Messinian unconformity and the top of the Mesozoic-Cenozoic
carbonate sequence. The Messinian unconformity is generally clearly recognizable in all
seismic lines as a high-amplitude, undulating and continuous reflector. Instead, the top
of the carbonate sequence is not always clearly recognizable due to the presence of highly
tectonized zones.

The contour map of the Messinian unconformity (Figure 7) shows that this surface
reaches values of about 0.2 s TWT (value in time from the sea floor to the top of the
Messinian horizon) along the alignment of the volcanoes and then changes to values of
about 0.34 s TWT to the NE and SW. The same occurs to the north and south of the volcanoes
in a more pronounced form, indicating that the doming effect was caused by the magma
ascent. Variations in the thickness of the Plio-Quaternary sequence from 220 m at the top of
the doming structure to about 370 m at its edge can be hence observed (these values for
thickness have been derived by applying an interval acoustic velocity of 2200 m/s for the
whole sequence).

The Bouguer anomaly map (Figure 8) shows the presence of a WNW–ESE-trending
positive anomaly (+62 mGals) located a few kilometers east of the “Tetide volcanic cluster”.
This is the most significant anomaly in the vicinity of the volcanic area. The maximum
value of this anomaly is found in the south-eastern sector of the volcanic group, in a
rather decentralized position with respect to its center. This could indicate that the magma
chamber that feeds the volcanic group is limited and restricted by the tectonic structures
in this sector of the edge of the Adventure Plateau. A few kilometers to the east, in the
western part of the Terrible Bank, there is another positive anomaly known to host several
volcanic features [48].
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Based on the above results, a possible evolution of the “Tetide volcanic cluster” is
proposed (Figure 9):

Phase 1: Swelling in the early Pliocene associated with a magma ascent that probably
occurred along a presumed NW–SE-trending normal fault.
Phase 2: A phase of volcanic and tectonic stasis during which the Plio-Pleistocene sequence
was deposited.
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Phase 3: A late Quaternary new upward migration of magma along zones of weakness
developed almost up to the surface above the doming zone as the result of a possible
reactivation of the main normal fault. This made possible the formation of monogenic
volcanic edifices on the seafloor.
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On the basis of the presented data, the following basic aspects can be highlighted:
(1) the alignment of the volcanic edifices of the “Tetide volcanic cluster” along a NW–SE
trend similar to that of the Pantelleria graben; (2) the presence of a gravimetric anomaly,
albeit weak, together with the documented dome-like shape of the Messinian unconformity
and the doming structure visible in the seismic lines C-1010 allowed us to infer the possible
presence of a shallow magma chamber beneath the “Tetide volcanic cluster”, which is
tentatively associated with the presence of a major NW–SE normal fault. These faults have
been documented in this sector of the Adventure Plateau; (3) the formation of the volcanic
bodies on the seafloor during the late Quaternary by the ascent of magma possibly driven
by the reactivation of the NW–SE-trending normal fault. Although the data presented
in this work do not allow a definitive conclusion, we have hypothesized that the “Tetide
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volcanic cluster” could be the product of a failed rift process. It was not able to cause
significant extension in this area along with the formation of a deep trough, and only
produced limited volcanism. The causes for the premature abandonment of this structure
are not known from a tectonic perspective and may need to be sought in the broader context
of the region’s deformation style, which instead led to the development of a well-defined
tectonic depression to the south (i.e., the Pantelleria graben), but which never reached the
final stage of spreading with the formation of oceanic crust. For the hypothesis that the
“Tetide volcanic cluster” could be considered a failed rift, we have no evidence regarding
why it did not develop like the other deep tectonic depressions of the Sicilian Channel, but
a hypothesis can be put forward. The eastern part of the Sicilian Channel rift zone hosts
two sites of crustal extension, the Linosa and Malta grabens, while in the western part,
there is only the Pantelleria graben, which is the largest tectonic depression of the rift zone.
The extension was probably concentrated in this site, while elsewhere, as in the case of the
“Tetide volcanic cluster”, it was not sufficient to generate a trough.

An example of an incipient and prematurely abandoned rift that bears remarkable
morphological and structural similarities to the “Tetide volcanic cluster” is illustrated by a
linear chain of submarine volcanic edifices that parallels the present-day western sector of
the Scotia–Antarctic plate boundary. They were deposited in a rift-like environment related
to the activity of the former western segment of the Scotia–Antarctica plate boundary [51].
The former segment was abandoned when the Phoenix–Antarctic ridge segments NW
of the South Shetland Islands ceased spreading by about 3.3 Ma, and it jumped to the
present-day location of the Bransfield Strait, an actively expanding marginal basin at the
transition from mature rifting to incipient, punctuated spreading.

6. Conclusions

The presence of a series of volcanic edifices in the eastern sector of the Adventure
Plateau, aligned parallel with the trend of the Pantelleria graben, suggests that they may
represent the morphological expression of a failed rift, which was therefore unable to
generate significant extension as well as a well-developed tectonic depression. The analysis
of a series of multichannel seismic sections has shown a significant bulging of the Messinian
unconformity and the underlying sequences, related to the formation of a shallow magma
chamber, and then a series of magmatic intrusions that reached the seafloor forming the
present-day volcanoes. The presence of a shallow magma chamber can also be inferred
from a significant positive gravimetric anomaly in the complete Bouguer map. The data
allowed us to reconstruct the evolutionary processes of this group of volcanoes, here
referred to as the “Tetide volcanic cluster” (including Tetide, Anfitrite 1 and 2, Galatea
and the recently discovered Matilde Volcano). The phase of inflation, which occurred in
the early Pliocene, was probably associated with the presence of a main NW–SE-trending
normal fault developed during the opening of the Pantelleria graben. This was followed by
a quiescent phase during which the Plio-Quaternary sedimentary sequence was deposited.
Then, following a new magmatic input, the lavas pushed upward through sub-vertical
structural discontinuities related to a possible reactivation of the main NW–SE normal fault,
generating the volcanic edifices of the cluster on the seafloor.

There is no evidence as to why this sector did not develop like the other tectonic
depressions of the Sicilian Channel. One possible hypothesis is that the extension in the
western part of the Sicilian Channel was concentrated on the largest tectonic depression of
the rift zone, the Pantelleria graben, while elsewhere, as in the case of the “Tetide volcanic
cluster”, it was not sufficient to generate a trough, and only generated localized volcanism.
Instead, two sites of crustal extension, the Linosa and Malta grabens, developed in the
eastern part of the Sicilian Channel rift zone.

A quite similar example of an early-stage failed rift is the western sector of the
Scotia–Antarctica plate boundary, where a series of submarine volcanic edifices that are
consistent with the trend of the Bransfield Basin further north, where rifting has evolved
into a punctiform spreading, have been identified.
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