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SCIENCE
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Four 1:15,000 maps for the coastal area of Mar Piccolo (Taranto, southern Italy) are presented.
The study area is a small, sheltered shallow marine basin of about 20 km2, located north of
Taranto town. It contains some submarine, karstic freshwater springs (citri) that have
determined the development of intensive aquaculture in the past. Now, the Mar Piccolo is a
highly polluted area due to the presence of both military and industrial navy docks and
various heavy industries located in proximal areas: (i) the ILVA steel plant in Taranto, the
largest in Europe; (ii) the ENI oil refinery and (iii) the CEMENTIR, the largest cement and
concrete plant in southern Italy. Many studies show that water and sediments are
contaminated (heavy metals, isopropyl alcohol, polychlorinated biphenyl [PCB], etc.), and
various remediation projects are now in preparation. In this study, we analyze the physical
characteristics of the Mar Piccolo environment by producing several maps: a geological
map; a geomorphological map; a bathy-morphological map and a map of the thickness of
surficial sediment. All these maps are original products focused on the realization of a
reliable geological picture for the Mar Piccolo area. They represent the first steps toward the
detailed knowledge of the Mar Piccolo physical environment, which we consider to be a
fundamental requirement for developing the most appropriate remediation techniques.

Keywords: geological map; contaminated sediment; lagoonal basin; selected; Taranto;
southern Italy

1. Introduction

The Mar Piccolo (literally, ‘Little Sea’) is a small, protected marine basin (surface area �20 km2)
located north of Taranto town (southern Italy). It is an inner marine basin, presently connected
with the open sea (Mar Grande in the Ionian Sea) through two channels, the smaller natural
and the bigger artificial. It is morphologically like a figure eight (Figure 1): a north–south-
oriented promontory divides it into two sub-circular bays (Primo in the west and Secondo
Seno in the east – Figure 1) with some lagoonal features. It is a very shallow marine basin
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with reduced hydrodynamism (microtidal regime and scarce wave action). It contains some large,
circular submarine springs (locally named citri) and represents the base level for small tributary
streams that carry moderate amounts of agricultural chemicals.

The Mar Piccolo basin is directly and significantly impacted by intensive mussel aquacul-
ture (Caroppo et al., 2012) and by the presence of fishery facilities, an abandoned shipyard
(built at the beginning of the twentieth century) and a very large Italian Navy port (that has
been active for 130 years). Furthermore, Taranto is considered one of the most polluted
towns in Italy and Western Europe. The pollution is mainly factory-related, being produced
by various heavy industries close to the urban areas: (i) the ILVA (former ITALSIDER) steel
plant that is the largest in Europe (Figures 1 and 2); (ii) the ENI oil refinery (Figures 1 and

Figure 1. The Mar Piccolo area. Note the presence of massive factories close to both the Mar Piccolo and
the town of Taranto.

Figure 2. Night view of the Mar Piccolo area. Note the poles for mussel aquaculture in the Mar Piccolo and,
in the background, the chimneys, with industrial discharge, of the ILVA steel plant and the ENI oil refinery.
Photo courtesy of Mattia Insolera.
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2), which processes the oil produced in the entire Val D’Agri fields and (iii) the CEMENTIR,
which is the largest cement and concrete plant in southern Italy. Since 1991, the Italian Ministry
of Environment has declared this area as a High Environmental Risk Area. In fact, the Taranto
industrial area produces 92% of Italy’s dioxin, representing 8.8% of the entire European pro-
duction, and pollution is comparable to some areas of China and Romania where the highest
toxic discharges in the world are recorded (INES-EPER, 2006).

Data from epidemiological studies show a dramatic mortality excess (for all causes of death,
all cancers, lung cancer, cardiovascular and respiratory diseases, etc.) in the residents around the
Taranto industrial district (Pirastu et al., 2013). Recent studies carried out on breast milk sampled
in nursing women living in the Taranto area show a content of dioxins which is 10–40 times
higher than the tolerable intake values established by the World Health Organization (Bianco
et al., 2013). Water and sediment of the Mar Piccolo area record organic pollution (polychlori-
nated biphenyls – PCBs, and parent polycyclic aromatic hydrocarbons, Cardellicchio et al.,
2007) and high heavy metal concentrations (Cd, Cu, Hg, Pb, Sn, Zn, etc., Buccolieri et al.,
2006; Calace et al., 2005; De Marco, Dimuccio, Mastronuzzi, Mazzarella, & Sergio, 2004).
Different remediation methods are available for the removal, containment and treatment of con-
taminated sediment (see Reible & Lanczos, 2006; U.S. EPA, 2005 and references therein). Choice
of the most appropriate remediation technique must be based on a large number of economic,
environmental and social factors: in the Mar Piccolo area, preliminary studies focused on the
selection of possible strategies for remediation have been carried out by the Regional Agency
for Environmental Protection (ARPA PUGLIA) and financially supported by specific national
legislative procedures (D.L. 7/8/2012, n.129, and L. 4/10/2012). In this paper, we present data
and maps produced for ARPA PUGLIA during these studies. The main objective of this work
is to provide a complete picture of the physical basis of the Mar Piccolo and the surrounding
areas. In particular, we present four thematic maps: (1) a geological map; (2) a geomorphological
map; (3) a bathy-morphological map showing the morphology of the Mar Piccolo bottom and (4)
a map of the thickness of surficial and unconsolidated sediment.

2. Methods and description of maps

In this section, we will briefly present the main methodologies used both to collect data and build
each cartographic product. All maps have been produced at the same scale and with the same
bounding coordinates. The base topographical map is a Regional Technical Map at a 1:15,000
scale (Sheets 493 and 494) with the UTM-WGS 84 geographic coordinate system.

2.1. The geological map

The geological setting of the Taranto area is relatively simple and well known in the literature. It is
located in the south-western sector of the Apulian foreland along the Ionian Sea in southern Italy
(Figure 1). The Apulian foreland is the Pliocene–Pleistocene foreland of the South Apennines
orogenic system and corresponds to a wide, buckled lithospheric zone (Biju-Duval, Letouzey,
& Montadert, 1978). The Taranto area records the main Quaternary tectonic and sedimentary
phases that involve the entire Apulian foreland. Until the late Early Pleistocene, the Apulian fore-
land underwent a phase of extensive subsidence (Ciaranfi, Pieri, & Ricchetti, 1988) induced by
active subduction beneath the southern Apenninic Chain (Doglioni, Mongelli, & Pieri, 1994).
This subsidence phase (with a rate of about 1 mm/y) is recorded by the Calcarenite di Gravina
Formation, which transgressively overlies Mesozoic carbonate rocks, and the argille subappen-
nine unit, which conformably covers the Calcarenite di Gravina Fm. The subsequent uplift
phase (with a rate of about 0.1–0.3 mm/y), active at least from the beginning of the Middle
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Pleistocene (Ciaranfi et al., 1988; Doglioni et al., 1994; Ricchetti, Ciaranfi, Luperto Sinni, Mon-
gelli, & Pieri, 1988), is recorded by uplifted marine, transitional and fluvial terraces (Gallicchio,
Moretti, Spalluto, & Angelini, 2014; Gioia, Gallicchio, Moretti, & Schiattarella, 2014; Tropeano,
Sabato, & Pieri, 2002). In particular, in the Taranto area and along the Mar Piccolo cliffs, late
Pleistocene deposits crop out with large lateral continuity: for this reason, the last part of the Pleis-
tocene (132,000 to 11,700 years ago, corresponding to about the MIS 5.e) is proposed to be
named the Tarantian stage (Amorosi et al., 2014; Negri et al., in press, and references therein),
and the Taranto area is suggested as the stratotype. Finally, Holocene and Modern deposits
occur in alluvial and marine settings.

The geological map (Main Map 1) of the Mar Piccolo area is mainly based on a critical review
of previous cartographic products, notably the Official 1:100,000 Geological Taranto Sheet (Mar-
tinis & Robba, 1971), and some maps attached to geological research papers (Belluomini et al.,
2002; Cotecchia et al., 1989; Mastronuzzi & Sansò, 2002; Ricchetti, 1967). The present review
also took into account the large amount of stratigraphical data coming from: (i) the analysis of
more than 150 well logs in continental and marine areas; (ii) detailed outcrop descriptions of
six stratigraphical sections and (iii) three geoelectrical surveys and two well cores performed
for this work in key areas to resolve some specific stratigraphical correlations. The final map
(Main Map 1) was produced at the 1:15,000 scale and includes a sketch cross-section of the geo-
metric relationships between different sedimentary units (Figure 3) and six geological cross-sec-
tions that show the actual thickness and geometries of the same sedimentary units in different
areas. The map also shows the location of : (i) previous well logs and well logs performed for
this project (with different colors); (ii) the main recognized circular continental and submarine
artesian springs (citri) and (iii) the main geophysical surveys. The geological map shows reliable
interpretations of both the geometric relationships between different sedimentary units and their
lateral thickness variations. The locations of the main artesian springs, which are fundamental to
the dynamics of the present-day Mar Piccolo basin (Figure 4), seem to be controlled by both the
linear fault and fracture orientation and the presence of relative permeability barriers along the
fault zones.

2.2. The geomorphological map

The drafting of the geomorphological map (Main Map 2) of the Mar Piccolo area is based on pre-
vious data obtained by means of: (i) field surveys; (ii) orthophoto analysis and (iii) marine terrace

Figure 3. Sketch diagram of the geometric relationships between different sedimentary units in the Mar
Piccolo area (not to scale).
Note: ALT (Calcare di Altamura Fm., late Cretaceous), GRA (Calcarenite di Gravina Fm., late Pliocene –
early Pleistocene), ASP (argille subappennine, late Pliocene – early Pleistocene), MTD (marine-terraced
deposits, late Pleistocene), b (continental deposits, late Pleistocene – Holocene), e1 (Mar Piccolo sediments,
late Pleistocene – Holocene) and h (anthropogenic deposits).
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dating (Amorosi et al., 2014; Antonioli et al., 2008; Belluomini et al., 2002; Cotecchia, Dai Pra, &
Magri, 1971; Cotecchia et al., 1989; Dai Pra & Stearns, 1977; Mastronuzzi, 2001; Mastronuzzi &
Sansò, 2002; Ricchetti, 1967). The final geomorphological map (Main Map 2) has been produced
at the 1:15,000 scale. It is presented using the symbology proposed as standards for the construc-
tion of the Geomorphological National Map (ISPRA, 2007). It shows the extent of, and relation-
ships between, the main elements of the present landscape. The main landform is represented by
the extended marine terrace connected to the sea-level highstand that occurred during the last
interglacial (MIS 5.e), and the Taranto area is well known for the large extent of the marine
terrace associated with the deposits of MIS 5.e (Amorosi et al., 2014; Negri et al., in press).
The terrace is cut by the inlets of the Mar Piccolo bordered by seasonal beaches and high cliff
developed in the Plio–Pleistocene deposits, and also by an ephemeral fluvial network. In the
inner part of the Secondo Seno, a delta and related marsh have been built by sediments deposited
by the Canale Leverano – D’Aquino, the catchment of which is mainly in Plio–Pleistocene
deposits (argille subappennine unit).

Direct scuba surveys have been performed in the vicinity of the citri to investigate their mor-
phology and genesis. They are developed in the Plio–Pleistocene sequence of calcarenites (in the
deeper part) and clays, and show a characteristic funnel-like shape. This shape is due to the greater
resistance of the calcarenite compared to the softer overlying clays to erosion by the upward-
flowing karstic water, which also prevents the accumulation of silty sediments.

2.3. The bathy-morphological map

The bathy-morphological map of the Mar Piccolo area (Main Map 3) has been obtained by means
of multibeam (MB) and side-scan sonar (SSS) surveys. Data positioning was obtained through
a global positioning system (GPS) receiver (Hemisphere Crescent R100 differential GPS); the
navigation software was PDS2000, and was integrated with a gyrocompass and a motion
sensor (OCTANS IXEA). The sound speed calibration was obtained by a SeaBird profiler.
Data acquisition for multibeam and side-scan sonar profiles was limited by the presence of
many different anthropogenic features (series of submerged poles for mussel aquaculture, military
areas, rows of buoys with variable orientation, etc.). The bathymetry of the Mar Piccolo has been

Figure 4. Submerged artesian spring (Citro Galeso) in the Mar Piccolo area. For the location of Citro
Galeso, see Figure 1.
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investigated using a high-resolution multibeam system (RESON Seabat 8125) for the shallowest
seafloor areas, obtaining a digital terrain model at 1 m cell size. Side-scan sonar survey was per-
formed using a SSS Klein 3000 with 130–500 kHz frequency, a range of 100 m, 50% overlap
between adjacent lines and a resolution of 1 m.

The bathy-morphological map (Main Map 3) shows that the Mar Piccolo basin is character-
ized by a flat sea bottom, reaching 12 m of water depth (wd), with some restricted negative
anomalies, up to 19 m wd, related to the natural water-spring phenomena (citri) or anthropogenic
excavation, identifiable both on MB and SSS data. The geomorphology of these depressions
shows some peculiarities: in the case of the ‘citri’ the geometry is sub-circular and the boundaries
irregular, whereas the excavations present sub-rectangular shapes and vertical flanks. Moreover,
traces of mussel aquaculture and anchoring, mostly in front of the Military Navy Area (Primo
Seno), can be clearly identified on the seafloor. Sediment mostly comprises sandy mud, which
is uniformly distributed and lacks surficial sedimentary structures of natural origin. The inte-
gration of MB and SSS enabled us to obtain the highest definition of the natural morphological
features of the Mar Piccolo basin, and to identify seafloor landforms.

2.4. Surficial sediment thickness map

The surficial sediment thickness map (Main Map 4) was obtained using the data from a sub-
bottom profiler survey using a SBP Innomar 2000 with 10–12–15 kHz frequencies. On the
SBP profiles, the first identifiable reflector has been digitized over the whole Mar Piccolo
basin. This reflector has been attributed to the last marine transgression and, consequently, the
surficial sediment (Main Map 4) represents Holocene transgressive-phase deposition. The thick-
ness of surficial sediment in the Primo Seno ranges from 2 to 3 m, with lower values in areas of
excavation. In the north-eastern part of the Primo Seno, a thicker section (4–4.5 m) has been
identified, but there are no bathy-morphological data for this area. The Secondo Seno is charac-
terized by two sectors: the northern sector has surficial sediment with a thickness of 2–3 m,
whereas the southern one presents a major thickness ranging from 4 to 5 m. The channel
between the two bays has the thickest sediment cover, up to 10 m.

3. Conclusions

In the introductory part of this paper, we presented observations about the pollution and health
risk for the inhabitants of the Taranto area. In the coming years, major remediation actions will
be carried out in this area, and the improvement of the Mar Piccolo basin represents the most
complex operation anticipated. Detailed literature data are available for the pollution of sedi-
ments, water and faunal assemblages, but key sedimentological and geomorphological data are
poorly known, such as the thickness of surficial sediments, the role of the submerged springs
(citri) in transporting pollutants and in the processes related to seafloor gravitational instability.
Therefore, all the data presented in this paper are focused on characterizing the physical
system of the Mar Piccolo basin. Firstly, we analyzed the general geological and geomorpholo-
gical features of the Taranto area by means of a critical review of the literature and taking into
account the database of well logs and other surveys (geophysical or direct field surveys) that
was built for this project. More detailed analyses were needed to resolve some unclear aspects;
for example, the location of faults concealed beneath overlying younger sedimentary units and
the relationships between faults and artesian springs in continental and marine settings were estab-
lished by means of geoelectric profiles located in key sectors. The nature of some unusual seafloor
morphologies and the actual activity of the main submerged artesian springs was evaluated
through direct diving surveys. Data on the morphology and sedimentology of the present-day
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Mar Piccolo basin were collected from multibeam, side-scan sonar and sub-bottom profiler
surveys carried out for this project. The four attached maps (Main Maps 1, 2, 3 and 4) represent
the state of knowledge of the physical processes acting on the present-day dynamics of the Mar
Piccolo basin. These data will be fundamental to the future complex procedures related to the
choice of remediation methodologies for one of the most polluted areas of Western Europe.

Software
Analysis of geological, gemorphological and census data was performed using Esri ArcGIS 10. The proces-
sing of multibeam, side-scan sonar and sub-bottom profiler data was performed using, respectively, the fol-
lowing applications: PDS2000, Triton Isis and Triton SB Interpreter. All data were integrated and analyzed
using ArcGIS 10. Surficial sediment thickness was created using Golden Software Surfer 10.
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