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Abstract: Over the last two decades, the scientific interest for marine geophysical surveys has shown a
huge increase, mostly for multidisciplinary applicability on different studies, from historical heritage to
environmental remediation. One of the main research fields carried out through marine geophysical
surveys is the study of the wreckage footprints connected to the seabed perturbation. In 2018,
a strategic project planned by the Italian National Government Commissioner for the remediation
in the Taranto area (Southern Italy) stands as a basic sample for such issues. The project aimed at
the detection of anthropogenic impact in the highly polluted Mar Piccolo and Mar Grande basins
seabed, through a multidisciplinary approach involving geological, biological, chemical, engineering,
and ecological studies. The main purpose of the work was to identify any potential pollution source,
focusing on anthropogenic sea-floor features such as uncontrolled dumping, wrecks, or other objects
of peculiar origin. To achieve the purpose of the work, field surveys were planned and performed
in order to direct a general policy and accurate planning for environmental remediation activities.
Different marine geophysics methods were used to characterize the main sea-floor features and to
detect each anthropogenic feature. A comparative analysis of a high-resolution dataset allowed to
clarify the origin of some deep depressions on the Mar Piccolo sea-bottom, which at the first instance
were associated with a natural origin, as the results of the Leonardo Da Vinci wreckage and related
recovering activities. High-resolution morphobathymetric, magnetometric, and seismic data revealed
the story of the Italian Royal Navy battleship which sunk on 2 August 1916 as a slight footprint on
the Mar Piccolo seabed but a deep historical heritage of the city of Taranto. Moreover, final results
demonstrate high-resolution marine survey methodologies’ complete applicability to environmental,
historical, and scientific issues.
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1. Introduction

The widespread marine geophysical techniques allow for obtaining new datasets for underwater
sea-floor feature detection. Many of these techniques were used to perform a marine survey requested
by the Government Commissioner for the remediation of the Taranto area and performed by Università
degli Studi di Bari Aldo Moro, Politecnico di Bari, Centro Nazionale delle Ricerche, Consorzio Nazionale
Interuniversitario delle Scienze del Mare, particularly focusing on the Mar Piccolo and Mar Grande
basins (Taranto, Southern Italy), in an area considered a SIN–Sito di Interesse Nazionale (Site of
National Interest) due to its pollution degree. In the Taranto area, a detailed study of the sea-bottom
was performed by means of geophysical surveys, aimed at the characterization of the geological and
morphological features of the Mar Piccolo basin [1–4], to plan intervention strategies for environmental
remediation [5–8].

Planning of environmental remediation strategies requires an accurate geophysical survey,
especially in shallow water and in highly anthropogenic areas (e.g., [9,10]) where it is not always trivial
to distinguish natural elements from anthropogenic ones [10].

A new dataset acquired in the Mar Piccolo basin by means of multibeam echosounder system
(MBES), side scan sonar (SSS), parametric sub-bottom profiler (SBP), and cesium vapor magnetometer
surveys, highlighting the natural sea-floor features and the anthropogenic footprints on the sea-bottom.
Such sea-floor features were identified and classified in order to determine their anthropogenic or
natural origin. Among the anthropogenic features, the footprint of the battleship Leonardo Da Vinci
of the Italian Royal Navy (“Regia Marina”) was discovered (Figure 1). The battleship sank on the
night of 2 August 1916 [11], and the removal of the shipwreck determined several environmental and
management issues for the "cultural heritage” [12–15], recording an inauspicious event that happened
on the Mar Piccolo sea-bottom.

Figure 1. The battleship Leonardo Da Vinci of the Italian Royal Navy; (a) the battleship on 28 April 1914,
during the test operations (coll. E. Bagnasco); (b) the lateral and vertical battleship views, modified by
A. Nani [16], with permission from Ufficio Storico della Marina.



Oceans 2020, 1 79

The position of the capsized hull of the Leonardo Da Vinci (Figure 2), reported in the historical
documents [17,18], matches a sub-circular depression position detected on the sea-bottom, traditionally
reported as “Lost Citro”. “Citro” is a local term used to indicate a submarine karst spring with
a freshwater outflow. A detailed survey of the “Citri” in the Mar Piccolo was performed by
Valenzano et al. [3], showing similar shapes of natural origin.

Geophysical data analysis allowed correcting the first misinterpreted assessment on the origin of
such features and finally highlighting the impact of the battleship Leonardo Da Vinci on the sea-bottom.
At first, the “Lost Citro” depression was interpreted as ”Citro”-like features even without any historically
reported water flows but, finally, it was related to the battleship Leonardo Da Vinci wreckage.

Figure 2. Sinking of the Leonardo Da Vinci; (a) parts of the deck bridge and the turrets that were
projected away as a consequence of the explosions on 2 August 1916, marked in the red boxes; (b)
the capsized hull of the Leonardo Da Vinci in the first days of August 2016 (coll. G. Mastronuzzi); (c)
position of the battleship lying on the sea-bottom as described by Col. Giannelli [19], with permission
from Elsevier Ltd.

Impact of the Wreckages for the Sea-Floor Integrity

The presence of historical wreckages on the seabed determines an element of perturbation
for the sea-floor integrity, considering that they may cause significant changes to the ecological
systems and the morphological conditions. The impact of historical wreckages could cause the
occurrence of uncontrolled oil spilling [12] and a perturbation on the sea-floor morphodynamic [8,20].
The operations for wreckages recovery could determine two types of seabed impacts: a direct impact if
human interventions actively modified the seabed morphology, or an indirect impact if new seabed
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morphologies show new changes due to the reaction of the ecological and sedimentary processes [9].
An example of anthropogenic footprints connected to direct human impacts was reported in the Venice
Lagoon (Northern Italy), where an accurate study was performed through a multibeam survey in
order to raise the awareness of stakeholders, decision makers, and the general public on the hidden
anthropogenic imprints [9], detecting dredged areas and erosional sea-floor features produced by
ship keels.

An indirect impact on the seabed was observed with the collision of the cruise vessel Costa
Concordia on 13 January 2012, just off the eastern shore of Giglio Island in the Tyrrhenian Sea (Tuscany,
Italy) [14]. Its sinking occurred onto a seabed characterized by two monzogranite rocky ridges
surrounded by sandy sediments. The recovery of the cruise vessel Costa Concordia in July 2014
(Tuscany, Italy) determined fine sediment dispersion and debris diffusion due to parbuckling and
subsequent wreck refloating, which caused a decreasing quality of the coralligenous habitats [14].

After World War II, a lot of chemical weapons of the battleships were disposed and sunk to
the sea-bottom. An example is reported on the off-shore seabed in Norway [21], where the project
EU-DAIMON (Decision Aid for Marine Munitions) was performed to detect dumped sites and chemical
weapons of German battleships through multibeam and side scan sonar surveys.

Among the different works for the wreck recovery, the employment of marine geophysical surveys
was a fundamental step in order to plan the sustainable interventions, such as avoiding an oil spill
occurrence [15,20], or for the characterization of morphological changes [10,22,23].

2. The Mar Piccolo

The Taranto area (Southern Italy) is located on the northern Ionian coast, between the south-western
sector of the Apulian Foreland and the eastern Bradanic Foredeep. The stratigraphic succession of the
Mar Piccolo basin is represented, from the bottom, by Mesozoic limestone (Calcare di Altamura Fm);
they are covered in transgression by the Upper Pliocene–Lower Pleistocene calcarenite (Calcarenite
di Gravina Fm) and by the interfingered argille subappennine informal units. Both are covered
by sediments ascribed to the marine deposits of the Upper Pleistocene age [2,24–26]. The Taranto
landscape is characterized by a sequence of quasi-flat surfaces consisting of marine terraces crossed by
a fluvial network, marked by a rectangular pattern and by three sub-circular basins, called Mar Grande
and Mar Piccolo, literally “Big Sea” and “Little Sea” [2,27]. The Punta Penna promontory divides the
Mar Piccolo basin into two smaller embayments, called Primo Seno and Secondo Seno, determining
the eight-shape plan morphotopography (Figure 3).

The Mar Piccolo is a small, protected marine basin which originated from a river valley flooded
by the Holocene transgression and enlarged by the sea wave effects with a current configuration of a
rias [3,27,28]. It extends for about 20 km2, located north of the city of Taranto and it is connected with the
Mar Grande by two channels; the north-western one is a natural one (Canale di Porta Napoli), while the
eastern one (Canale Navigabile) was excavated artificially through the Pleistocene calcarenite in the late
XIX century, when the Italian Government decided to realize the Mar Piccolo as the biggest shipyard
of the Italian Royal Navy [28,29]. The maximum water depth (wd) of the Mar Piccolo sea-bottom is
about 15 m, with some deeper tight depressions (up to a 33 m wd). These latter correspond to the
sub-circular submarine springs, known locally as “Citri” [30–33].

The “Citri” are characterized by a deep and steep inverted cone surface and by a high groundwater
velocity determining an outflow visible on the seawater surface [34–37]. Freshwater outflow comes
from a karst aquifer developed into the Mesozoic limestone, confined by a cover of Middle-Upper
Pleistocene clays and in some cases by Calcarenite di Gravina Fm (Pliocene–Lower Pleistocene) [31–33].
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Figure 3. Location of the study area (A,B), Taranto, Southern Italy. (C) Geological map, modified
after [2], with permission from Taylor and Francis Inc.; 1—Calcare di Altamura Fm (ALT, Cretaceous);
2—Calcarenite di Gravina Fm (GRA, Upper Pliocene–Lower Pleistocene); 3—argille subappennine
informal unit (ASP, Pleistocene); 4—marine terrace deposits (MTD, MIS 5); 5—alluvial deposits;
6—Holocene marine sediments; 7—submarine springs; 8—ephemeral drainage networks; 9—buried
faults; 10—bathymetric contour, every 5 m; 11—topographic contour, every 10 m. (D) Sketch of
the geometric relationships between the sedimentary units [3], with permission from Comitato
Glaciologico Italiano.

3. The Battleship Leonardo Da Vinci

During the First World War (WWI), Italian, French, and English warships frequently stood by in
the Mar Grande and the Primo Seno of the Mar Piccolo basin. As other Italian Royal Navy capital
ships, the Leonardo Da Vinci battleship had its homeport in Taranto. The Leonardo Da Vinci was a
modern dreadnought, launched in 1911, of about 25000 tons (full load) displacement, 168.9 m in length,
protected by up to 250 mm steel, armed by 13 guns of 305/46 (and others minor), powered by 31,000
HP and capable of about 22 knots maximum speed; its heart was represented by about 1000 sailors
(Figure 1).

During the night of 2 August 1916, it was anchored at about the Primo Seno of Mar Piccolo center
with eight other warships, ready to prevent the Austrian fleet from leaving the Adriatic Sea via the
Otranto Channel and to defend the merchant shipping operations [11,17]. Documents of the Ministry
of the Italian Navy [38] report that during the night of 2 August 1916, there was a violent explosion
which determined the Leonardo Da Vinci as tilted up to 165◦, which finally capsized and rapidly sunk,
determining 249 casualties including the commander, CV Sommi Picenardi.
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The explosion was caused by fires of unknown origin, probably due to sabotage acted by the
Austrian Empire intelligence agents in the stern area near the Santa Barbara of tower n.5, at 23:00 local
time of 2 August 1916. At 23:10, the violent and devastating Santa Barbara outbreak broke up the aft
tower, which was projected over 150 m away from the battleship with the superstructures and part of
the bridge deck. The commander ordered to abandon the battleship and the survivors were recovered
by the other warships present in the Mar Piccolo basin. At 23:15, the Leonardo Da Vinci began to take
on water from the leak caused by the explosions and it rapidly reversed and sank.

Moreover, the Leonardo Da Vinci explosions generated a big seismic wave that was recorded by
the seismograph Vicentini in the Geophysical Institute of Meteorological and Geophysical Observatory
"L. Ferrajolo” of Taranto [39]. As a consequence of the explosions and sinking, a big sea wave was
generated, reported as a “night tsunami during the First World War”, flooding the low-lying coasts of
Primo Seno and the Old Town streets close to the coastline [19].

In October 1916, a floating site was set up around the dreadnought, consisting of the support
vessel Anteo, two barges as the workers’ and technicians’ accommodation, and five pontoons with
pumps and compressors to blow air into the wreck [11]. The divers and technicians, led by the captain
of the naval engineers, Armando Andri, worked for 30 months every day, decreasing the weight of the
ship by about 6000 tons [17,18] (Figure 4). Historical documents report details of the turrets removal
operations [17]: two ring-shaped tanks were built, attached to the bottom of the turrets; compressed
air was pumped into the tanks allowing the turrets to float.

Figure 4. Cont.
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Figure 4. Operations to recover the battleship Leonardo Da Vinci by seawater; (a) battleship towing in
the dock of the shipyard; (b) bow ammunition deposit emptied by water; (c) maneuvering room of the
twin bow system; (d) floating platform used for the recovery of the twin and triple turrets; (e) turret
towing in the middle of the Mar Piccolo by Italian Royal Ship IRS Anteo; (f) the capsized hull of the
Leonardo Da Vinci in the Ferrati dry dock (photos from the coll. of G. Mastronuzzi).

On 15 September 1919, the wreck was towed to a brickwork dock of the Royal Shipyard, digging
a channel 2500 m long and 45 m wide, as reported in [19] (Figure 5, blue line). Towing activities were
completed in the Royal Arsenal on 18 September 1919. On 6 October 1919, the dreadnought was
dry-docked and, after the hull breaches repair, prepared for righting.

Figure 5. Map of Rizza [17] (with permission from Storia Militare) overlaid by original
morphobathymetry of the Mar Piccolo and footprints of the activities performed for towing the Leonardo
Da Vinci wreck (blue line) and righting dock (red line) excavated in the Mar Piccolo sea-bottom.

For the Leonardo Da Vinci righting activities, a special facility was created: about a 250 m long
and 50 m wide trench was dredged on the sea-bottom on the 22 January 1921, at about 1300 m away
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from the Royal Arsenal dry dock (Figure 5, red line), in order to allow a complete rotation of the vessel.
The battleship was successfully righted on 24 January 1921 (Figure 6).

Figure 6. Righting operations of the Leonardo Da Vinci in the middle of Primo Seno on the Mar Piccolo
sea-bottom (coll. G. Mastronuzzi).

4. Materials and Methods

In order to identify the sea-floor features of the Mar Piccolo of Taranto, a series of geophysical
surveys was performed, by means of the multibeam echosounder system (MBES) R2Sonic 2022 and
side scan sonar (SSS) Klein 3000, equipped on board the vessel “Issel”, owned by Consorzio Nazionale
Interuniversitario per le Scienze del Mare (CoNISMa). Such methodologies allowed to produce
a high-resolution morphobathymetry with centimetric resolution. In this way, it was possible to
determine the occurrence of anthropogenic evidence connected to small wrecks, barrels, anchor scars,
etc., in combination with a detailed mapping of submarine karst springs and the biological features on
the sea-bottom.

The vessel positioning supplied by the real-time kinematic-global navigation satellite system
(RTK-GNSS) receiver TRIMBLE SPS551 double frequency L1/L2, with correction supplied by UMTS
Rete GPS Puglia via the NTRIP system. The position of the vessel was transmitted to the navigation
PC equipped with the professional hydrographic data acquisition/navigation software TELEDYNE
PDS 2000 during the field surveys.

MBES data were acquired using a beam open of 0.5◦ and a swath angle of 120◦, at a depth accuracy
of 10 cm, operating at selectable 200 and 400 kHz frequencies with a ping rate up to 30 Hz. SSS data
were acquired using a swath width of 100 m (50% of overlap between adjacent lines) and attained at a
2 cm resolution across-track, with a frequency sampling range of 100–500 kHz.

MBES data were processed using CARIS HIPS (professional hydrographic processing software)
to produce a digital terrain model (DTM) that was mapped and described using morphometric
characterization at a 0.2 m cell resolution (Figure 7a). SSS data were processed through the IXSEA
Delph software to obtain a raster mosaic of the sea-bottom at a 0.2 cm cell-width resolution (Figure 7b).
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Figure 7. Marine geophysical surveys performed; (a) morphobathymetric data obtained with the
multibeam echosounder system (MBES) R2Sonic 2022; (b) mosaic of the side scan sonar (SSS) data
obtained with the Klein 3000.
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In order to detect other anthropogenic objects or artifacts possibly buried under the basin seabed,
a magnetometric survey was performed through a GEOMETRICS G-882 cesium vapor magnetometer
connected to the navigation system TELEDYNE PDS 2000. Magnetic field data were collected and
exported in the GIS environment project (ESRI) ArcGIS (Figure 8).

Figure 8. Main magnetic field anomalies (red dots) and the “Citri” positions (white dots) overlaid on
the morphobathymetry.

High-resolution stratigraphic data were collected by means of an INNOMAR SES-2000 Compact
parametric sub-bottom profiler (SBP), with a primary frequency of 85–115 kHz. This system allowed
seismic data acquisition in very shallow water and between the extensive mussel farming structures of
the Mar Piccolo (Figure 9). Seismic data were converted into the SEGY format and processed by the
IXSEA Delph software (iXBlue, North America). For the time/depth conversion, an average velocity of
1500 m/s for the water column was used and of 1670 m/s for the sediments through calibration with
cores sampled from the Mar Piccolo sea-bottom [3].
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Figure 9. Parametric sub-bottom profiler surveys; sample seismic profiles (Profile A and Profile B)
acquired on detected depressions on the Mar Piccolo sea-bottom. Note on Profile A, geometric alteration
to the first sediment thickness (about 1 m) occurring under the seabed. It is possible to observe the
signal loss on Profile B.

5. Results

The marine geophysical surveys highlighted the sea-floor features in the Primo Seno of the Mar
Piccolo basin. The MBES and SSS surveys showed a flat seabed characterized by the occurrence of
karst springs and other depressions on the sea-bottom. All active karst springs showed a freshwater
outflow visible even on the sea surface.

The magnetic field of sediments on the sea-bottom showed values from 45,560 to 46,340 nT.
Some anomalies of about 46,500 nT, mainly located in proximity to the mussel farming plants and
close to the shipwrecks and dumping areas.

Two main depressions were clearly detected in the middle of the Mar Piccolo Primo Seno:



Oceans 2020, 1 88

I— a sub-circular depression with a diameter of 106 m, at 17 m wd, located at 17◦14′54.2” E 40◦29′14.54”
N (Figure 9 profile A, Figure 10);

II— a rectangular dredged area 50 m wide and 250 m length, at 19 m wd, located at 17◦15′28.11” E
40◦29′8.16” N (Figure 9 profile B, Figure 11).

The sub-circular depression was initially interpreted as “Lost Citro”-like features of natural origin
even if no freshwater outflow was reported, like similar features detected and described in the Mar
piccolo and Mar Grande basins [19,30–32]. A huge magnetic field anomaly of 46,500 nT was detected
close to the “Lost Citro” position. Moreover, another feature was detected as a rectangular depression,
clearly detected in the SSS and MBES data approximatively at the Mar Piccolo–Primo Seno center.

Based on the reported location of the Italian Navy fleet anchored in the Mar Piccolo on 2 August
1916, a perfect fit between the wreckage position and “Lost Citro” is clearly shown. The Col. Giannelli’s
reported position matches the position and size detected by the MBES survey [17–19].

Figure 10. Sub-circular depression surveyed with the MBES (left) and with SSS (right), ”Citro”-like
feature firstly interpreted as a karst spring feature.

Figure 11. Rectangular depression area detected through the MBES (left) and with the SSS
(right) surveys.

At the occurrence of the circular feature of “Lost Citro”, a strong magnetic anomaly was detected,
corresponding to the position of the turret that sank during the explosions on 2 August 1916, as described
in the works of Rizza [17,18] (Figure 12). Magnetometric and dive surveys revealed the occurrence of
metal frames lying on the depression bottom.
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The SSS and MBES data showed the 2500 m long and 45 m wide dredged channel for the
dreadnought towing from the wreckage location to the shipyard dock. Caroppo and Portacci [19]
reported Leonardo Da Vinci righted in the middle of the Mar Piccolo Primo Seno, 1300 m away from
the shipyard, fitting to the rectangular area position detected by the MBES and SSS data.

The sub-bottom profiler data showed a geometric alteration into the first sediment thickness
(about 1 m), extended up to about 200 m far from the “Lost Citro” position. The trench profile was
clearly detected through the MBES and SSS data and its position confirmed the anthropogenic origin
by the dredging activities. The seismic profiles showed shallow reflectors which abruptly end at the
depression escarpment (Profile A in Figure 9) [17,18].

Figure 12. Bathymetric and magnetometric data revealed the correspondence of the removed turret
with the position of “Lost Citro” on the sea-bottom.

6. Discussion

The new marine geophysical data allowed detecting peculiar sea-floor features in the Mar Piccolo
basin. The most important underwater landforms are so-called “Citri”, seabed sub-circular karst
springs clearly detected by the MBES and SSS surveys. In particular, the MBES and SSS surveys were
useful to detect the field of Citri, mainly located in the northern area of the Mar Piccolo Primo Seno
(Figure 8). In contrast, the two “Citri”-like features were discovered in the center of the Mar Piccolo
Primo Seno (Figures 10 and 11).

At the “Citri” positions occurrences, freshwater outflows were observed and are visible on the sea
surface as well. The first comprehensive studies were carried out by Cerruti [30,31], and afterward,
“Citri” were studied in order to exploit the freshwater by collection structures [31–33].

“Citri” own peculiar features in the Mar Piccolo; outflows come from sub-horizontal karstic
conduits developed at the unconformity between Calcarenite di Gravina Fm and Calcare di Altamura Fm.
The conduits are well developed, and they were surveyed and measured during diving inspections [3].
Other small springs were detected directly on the sea-bottom. Most of the vents are clustered, forming
a depressed area that can be considered a field of “Citri” [3,33].

One of those “Citri”-like features, located approximatively at the Mar Piccolo Primo Seno
center [2,19], was firstly interpreted as natural origin but never reported as an active spring. It was
archived as “ghost” or "Lost Citro" and was no longer considered [1,19,32].

The new high-resolution SSS, MBES, and magnetometric data revealed the evidence of the Leonardo
Da Vinci wreckage of the Italian Royal Navy in the proximity of “Lost Citro” position [1,17,18,32,33].
The catastrophe of the Leonardo Da Vinci battleship occurred during the night of the 2 August 1916,
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in the same position where the MBES data detected a sub-circular depression that is comparable in
size with the Col. Giannelli’s description of the sinking of the Leonardo Da Vinci [38]. Moreover,
magnetometric data and dive inspections revealed the presence of metal frames in correspondence
with the “Lost Citro” position, which can be attributed to the debris of the battleship. A dredged
channel was detected during the MBES surveys and its position matches the towing path from the sink
point to the shipyard. Towing operations occurred from 15 to 18 September 1919. In the shipyard,
the works for the dry ship ended on 6 October 1919 (Figure 13).

Figure 13. Operations for the removing of the battleship Leonardo Da Vinci; 1. sinking position
matches the “Lost Citro” detected location; 2. dry dock on the shipyard to seal all holes; 3. special
“dock” excavated in the middle of the Mar Piccolo Primo Seno.

A rectangular dredged area was detected by the MBES and SSS surveys, about 1300 m away from
the shipyard, and its position matches the righting dock excavated on 22–24 January 1921.

The explosion, sinking, and recovery operations generated a strong perturbation along the seabed,
probably affecting the remarkable sediment thickness. The uppermost consists of very soft recent muds
(Holocene), while the lower one is made up of very stiff clay belonging to the argille subappennine
informal unit, confirmed by the literature [17,18]. The fact that the dreadnought sank in an area with
sub-cropping stiff clay (argille subappennine) probably avoided the further sinking of the battleship
under the soft seabed. On the other hand, if the wreckage occurred in other parts of the basin where
thick soft muds occur at the seabed, the wreck could be buried deeply under such seabed sediments.
At the same time, the recent Holocene sediments are easier to be trenched than the stiff clays.

In the seismic profiles of the SBP, it is possible to observe signal attenuations in some areas (Figure 9
Profile B) which were attributed to gas venting or to fluid accumulation inside the tephra layer of the
Pomici di Mercato eruption (8890 ± 90 cal yr BP) [3,40,41]. The SBP profiles over the special dock used
to right the battleship showed that only soft sediments were removed during the excavation works.
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7. Conclusions

Marine geophysical surveys are essentials for a lot of applications, from geological studies
to environmental remediation. Improved modern marine geophysical surveys have yielded
high-resolution data for seabed features and for the identification of archaeological/historical wrecks.

In this study, marine geophysical data were collected in the Primo Seno of Mar Piccolo of Taranto.
The magnetometric, morphobathymetric, and seismostratigraphic data and their correlation allowed
detecting peculiar sea-floor features of anthropogenic origin. A correlation between the marine
geophysical data and historical documents highlighted the sea-floor features due to the wreckage and
towing operations of the battleship Leonardo Da Vinci of the Italian Royal Navy.

The Leonardo Da Vinci recovery showed its phases in the following detected sea-floor features:

• A sub-circular depression due to the sinking of the Leonardo Da Vinci during the night of
2 August 1916, and to the excavation works for the subsequent recovery operations;

• A channel dredged for the battleship towing operations to the shipyard docks, which ended on
18 September 1919;

• A rectangular seabed feature consisting of a dredged area for the wreck righting operations
excavated on 22–24 January 1921.

A particular focus was given to the sub-circular depression correspondent to the sinking position
of the battleship. At first, this sea-floor feature was attributed to a karst spring, as others occurred in
the Mar Piccolo and Mar Grande with similar shapes, but a freshwater outflow was never reported at
that location. Magnetometric and diving inspections showed some anomalies in correspondence with
the sub-circular depression. A correlation between the historical documents and morphobathymetric
surveys showed a perfect fit between the sub-circular depression and the Leonardo Da Vinci wreckage
position. However, other detected features, near the sinking position, are connected to each other,
and fit spatially and temporally to the historical sequence of the Leonardo Da Vinci recovery operations.

Finally, the depression known as “Lost Citro” was attributed to the footprints of the Leonardo
Da Vinci wreckage. Further activities must be performed to understand both the magnetic anomaly
recorded and the nature of the objects and frames detected in the “Lost Citro”.
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