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ABSTRACT
The Ionian coastal plane of the Basilicata Region (South of Italy) is an environment unique for its
geological history and for the subsequent geomorphological evolution. It is in fact the water front of a
tectonic graben between the Appennines on the left and the foreland of the Murgian hills on the right,
filled from Pliocene Age up to now from clastic sediments by a mostly regressive sea. These
sediments have been also deeply eroded by five rivers, whose alluvial beds, in the last thirty
kilometres from the sea outlets, have the depth in equilibrium with the most recent variation of the sea
level. This very complex situation describes the hydrogeology of the coastal plane, where almost
three typical aquifers alternate along the south to north coastal line.
This environment has also been one of the most preferred since the Greek age, with numerous
famous settlements getting from the fashioned Sybaris at the extreme south, through Siris,
Metapontum, to Taras in the North. Exceptionally climatic conditions and abundant ground water
resources made this area very requested, until the sea rise and the subsequent water table rise made
it unhealthy.
Land reclamation during the XXth century, quarries activities along alluvial beds and the building of
eleven reservoirs on the five main rivers or in their basins, and finally, irrigation have deeply modified
the hydrogeology of the coastal plane. The natural flow in the surface and underground estuarine
water systems has been deeply reduced, whereas the artificial recharge in the groundwater of the
marine terraces has been strongly increased.
The present hydrogeological setting, with some local overexploitation, is responsible of almost three
basic kinds of salinization, one of which is directly related to an incoming sea intrusion.
The paper will deal with the results of two hydrogeological investigations, led from 1998 to 2002 by the
LABIA of Unibas and the Regional Authority, with unpublished stratigraphic and geochemical surveys.
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INTRODUCTION
The investigated area is the waterfront on the Jonian sea of the Basilicata Region, south of Italy
(Figure 1). It is a strip 35 Km long, stretched from the mouth of the Sinni River at the SW bottom to the
Bradano River Mouth at NE top, two of the five major rivers that cross the region towards the sea, and
conventionally 15 Km wide.

Figure 1 Ionian coastal plane of Basilicata Region (South of Italy): location of the area

The area always featured very good climatic conditions, together with fresh water abundance, so it
hosted important native settlements and, after the VIIIth century BC it was chosen by the Greeks for
new overseas settlements (Figure 2).
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Figure 2 Geological map with the location of ancient Greek settlements and of the remains of their water works

Two of the four major cities of the Greek colonization along the Ionian coastline, Eraclea and
Metapontum, where built in this area, near springs or in places where it was very easy to find
groundwater (Figure 3a).

Figure 3 Old city of Metapontum (Ionian coastal plane). A) Water well (from Sconfienza R, 1996);
b) Drainage channel built in the IVth century BC (from De Siena A., 1999), probably after the rise of the water table

The combined effects of the progressive coastline withdrawal, induced by flood sedimentation, and of
the eustatic sea level rise, not regular in the last 6000 yrs (Spilotro et Al, 1990), starting from the IVth
century BC produced the filling up of the harbours and the rise of the water table (De Siena, 1999).
The subsequent difficulty in trade exchanges and the setting of unhealthy conditions (Figure 3 b) led to
the decay of the Greek colonization, which was substituted, some centuries later, by roman settlement
(Giardino, 1983).
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The climate is still very good today, so the area has undergone the transformation towards an
intensive agriculture, with irrigation from a lot of reservoirs, some overexploitation of water wells and
the use of nitrate compounds and of pesticides.

BASIC GEOMORPHOLOGICAL AND GEOLOGICAL FRAME
The area is made up by the regressive filling from pliocene to the pleistocene age with marine
sediments of a tectonic graben (Bradanic graben) bordered at NE by the limestones of the Murgian
foreland and at SW by the clastic sediments of the Apennine chain. The full sedimentary sequence
starts, in the middle of the graben, with sands, blue clays, covered by sands and gravels. The top
surface of the sedimentation is shaped in marine terraces, separated by morphological slopes,
produced by the sea abrasion. Seven orders of terraces have been inland recognised and they can be
correlated with other similar terraces along the Mediterranean coastline; they are the consequence of
sudden lowering of the sea level, caused by a global tectonics.
Five major rivers and their tributaries scrape the sedimentary sequence, building up valleys deep up to
350 m.
The Bradanic graben has been enlarged not later than in pleistocene age, during and after the clay
filling, modifying surface morphology and entrapping in the blue clays small and large amount of salt
evaporites (Balduzzi et Al, 1982; Boenzi et Al, 1976; Casnedi, 1988; Guerricchio, 2000; Guerricchio et
Al, 1977; Sella et Al, 1988; Sgrosso, 1988).
Eustatic sea level changes, finally, induced the deepening of the river valleys at the mouth over 100 m
below present sea level, the set up of a new river profile starting from the mouth, and, after the last
rise of the sea level, the filling of the valleys with estuarine deposits. The new river bed profile has
been carved in the blue clays bedrock for almost 30 Km from the present coastline and for about the
same distance from the coastline, the buried edge of the river valleys lie under the present sea level
(Figure 4).

Figure 4 Depth of alluvial sediments ensuing the Flandrian marine regression.
Geological profile along Basento River (sect. 1 in Figure 2)

Old and new stratigraphic data allow us to draw two geological profiles along sections roughly parallel
to the coastline, the first one at about 25 Km and the second at about 4 Km from the sea.
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Figure 5 Geological sections parallel to Ionian coastline. a) at about 25 Km from the coast (sect. 2 in Figure 2);
b) at about 3 Km from the sea (sect. 3 in Figure 2)

In the first profile (Figure 5 a), the marine terraces lie on the clay bedrock well above sea level,
whereas the bottom of the alluvial filling, of fine to coarse sediments, is still under the sea level Spilotro
et Al, 2000).
In the second profile near the coastline (Figure 5 b), the topographic elevation is of few meters above
the sea level, unless in some ponds rear the dunes; coastal deposits are some tenth of meters thick
and alluvial deposits almost reach the depth of 110 m below present sea level.
The alluvial deposits in estuarine environment are constituted by stratified sands to silty clays
sediments. In this case, they are grey and very similar for aspect, but not for consistency, to the
Pleistocene blue clays; the hydrogeological literature on this area presented, until now, wrong bedrock
mapping.
The depth of the river mouths up to 110 m is an important confirmation that in the area any continental
uplift has been active during Olocene.
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GEOMORPHOLOGICAL AND GEOLOGICAL FACTORS RELEVANT TO
THE HYDROGEOLOGICAL ASSESSMENT
Many factors in the geological evolution of the tectonic graben and of its waterfront along Ionian coast
are relevant in the hydrogeological setting and characterization of the coastal plane. In chronological
order they are:
pleistocene extensional tectonics
In spite of a compressive tectonics between the Apennine chain on the W side and the Murgian
foreland on the E side of the Bradanic graben, in the late pleistocene a very important extensive
tectonics took place, as deep petroleum drillings and geomorphological features show almost
anywhere in the middle course of the main river that crosses the region and in particular around
the axis constituted by the Cavone river. Near old Craco town, pleistocene sediments are found
about 900 m deep and the top regressive terrace of elevation 410 m is tilted of 60 °.
The relevance of this factor is a diffuse trapping of sodium chloride and gypsum, probably after
sea intrusion along clay fractures and faults.
sea level changes
this factor is responsible of the shaping of the sequence of the marine terraces, of the deepening
of the river valleys near the mouth well over hundred meters, and of the filling of the river valleys
with stratified estuarine deposits.
Finally, sea level is always the border condition of the fresh waters
shifting of river mouths from NE to SE
this factor, very common for river mouths along Adriatic and Ionian coastline, is responsible of the
morphology of the clay basement, and hence of the alluvial filling, especially between Bradano
and Basento rivers
recent coastline withdrawal
may affect the thickness of mud barrier on the sea floor
ponds of brackish water in the rear dune zone
the build up of the coastal dune prevents continental surface and ground waters from reaching the
sea; but if the dune barrier is eroded, seawater intrudes in the ponds and in the coastal plane.
Drainage and land reclamation in the past century have cleared morphological evidence of some
ponds, which could also become small salinas. This kind of situation could be affect also the
buried surface of the ancient coastal plane
The distribution of the different soil formations, together with the geomorphological evolution led to the
setting in the area of three different hydrogeological environments (Spilotro et Al, 2000; Colella et Al,
1996), whose main characters are summarised below.
AQUIFER SYSTEM CONDITIONS
marine terraces
coastal plane
estuarine filling

THICKNESS
up to 40 m
up to 40 m
over 100 m

BORDER
spring lines
seawater
seawater

AQUIFER
phreatic
mainly phreatic
phreatic, locally
confined
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The different hydrogeological environments are drawn in the Figure 6.

Figure 6 Morphological, geological and hydrogeological sketch of the area
from the coastline to the inland marine pleistocenic terraces

HYDROGEOLOGICAL INVESTIGATIONS
The intensive agricultural activities in the area made available a lot of irrigation well (over 500) drilled
and tested mainly about fifty years ago by the “Ente Irrigazione”; other data are available ensuing the
new development of commercial, housing and tourist settlements.
Among the existent wells, distributed all over the area and the three kinds of aquifer, about 150 of
them were chosen in 1998 to perform a program of monitoring of groundwater on behalf of the
Regional Authority (Tortoriello, 1998). The Laboratory of Applied Hydrogeology of the Basilicata
University performed gamma ray, temperature and conductivity logs, piezometric measurements and
water sampling on these wells (Unibas, LabIA, 2000).
Always under the Regional Authority commitment, a second data refinement campaign was performed
in the year 2001, by means of deep drillings, to reach the clay bedrock near the mouth of the five
major rivers and to achieve hydrogeological data. Also in these boreholes geophysical logs,
piezometric head measurements, water sampling and chemical analysis on the sampled waters were
performed.
The aquifer of the marine terraces is kept lifted from the other aquifer systems by the clay bedrock,
whose top is some meters above sea level; moreover it is split up by the river valleys and by minor
rills. The water flows towards the slopes that surround the terraces and come out through a lot of small
springs or through spring lines.
The aquifer of the coastal plane is constituted by submerged marine terraces (late Pleistocene),
covered by marine and alluvial sediments and beach sands. The sediments are layered and are
constituted mainly by coarse-grained fraction and silty sands. Almost three quarters of the whole
thickness of the aquifer lies under the sea level. The aquifer is normally phreatic with border condition
constituted by the sea level; the max piezometric head is a few meters above s.l.. The water table
fluctuates with the tide. Figure 7 shows the oscillation of the water table at 5 m of elevation above s.l.,
in a location 2.1 Km from the coast.
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Figure 7 Coastal plane aquifer, periodic oscillation of water table ensuing the tide.
Measurement at 2.1 Km from the coast in a well with water level at + 5.4 m asl.

The third aquifer is in the estuarine environment and is constituted by coarse to fine sediments. Thick
layers of soft clays can hold the aquifer confined and, sometimes still today, in artesian conditions.
These clay layers keep also the gases produced by the decomposition of organic matter in the recent
alluvial filling confined. The sea level constitutes, also for this aquifer, the border condition.
The piezometric contour lines based on 1999 data are drawn in Figure 2. A hydrogeological balance is
very hard to perform, because recharge from irrigation (most of the eleven reservoirs on the main
rivers collect water only for agricultural use) and well exploitation contribute algebraically, but they are
difficult to quantify. The shape of the piezometric contour lines shows that no feeding comes from the
alluvial aquifer to the aquifer of the coastal plane today.

STATUS OF SALINE CONTAMINATION
Light to severe salinization, coming from different sources, has been recognized in some wells in the
studied area. So further studies and chemical analysis on water samples have been performed to
better define the status and the kind of the present saline contamination in the different aquifers.
The main sources of salinization have yet been defined:
salt water contamination from surface intrusion of seawater in the rear dune ponds
seawater intrusion, normally ensuing alluvial aquifer overexploitation
salt diffusion from interstitial water of the overconsolidated marine blue clays (n.b.: many wells by
mistake or to constitute a small capacity reservoir have been drilled deep in the blue clays) or by
solution of sulphates and evaporite deposits
salt concentration from the water seasonally used for irrigation
mixed type among previous types.
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Figure 8 Temperature (- - - - ) and conductivity ( _____ ) logs in some boreholes of the 2001 campaign

The general situation monitored by means of conductivity logs is presented. Four classes of
conductivity have been selected, ranging from about 270 to 57.400 µS/cm. Some conductivity logs are
shown in Figure 8 and in Figure 9a the max value of conductivity in each well is reported on the
geologic map. Finally, the simplified conductivity logs are shown in Figure 9 b.
As shown in Figure 9a the aquifer of the old marine terraces and the upper part of the alluvial aquifer
are in good conditions, well beneath the threshold of 3000 µS/cm.
The strong artificial recharge of the aquifer of the coastal plane normally preserves it from salinization;
nevertheless some wells show conductivity values in the second and third class.
The most complex contamination has been revealed in the deep estuarine deposits, where very strong
salinization coexists with fresh water. This is possible for the presence of clay layers, continuous along
the river direction, but not transversally, that separates the flow of the water towards the sea and
allows different hydraulic heads in the different permeable layers in the final part of the aquifer.
The salinization type of this kind of aquifer may be well explained by sea intrusion. This happens,
moreover, where max recent coastline withdrawal has been detected, with about 500 m at the Sinni
river mouth and over 100 m at the Bradano river mouth (Spilotro et Al, 1997).
In a few wells in the Bradano river mouth it has been verified that conductivity measured during water
pumping is very near to the max value of the conductivity log.
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Figure 9 Status of the saline contamination as detected in the wells of the different aquifer systems.
a) Planimetric view of the saline contamination. Symbols are related to the max conductivity value.
b) Simplified conductivity logs. NB: white colour means “not available information”.

The model reconstructed by means of stratigraphic, piezometric and conductivity data is, however, too
simple. The salt concentration in a well near the Agri River mouth is downright greater (46 g/l) than
that of the present sea (about 40 g/l). Chemical analysis, which will be completely discussed in a
future work, confirm the complexity of the water salinization, always of mixed type. Moreover they
seems to show, between Cavone and Sinni river, the presence of diluted brines, whereas on the
Basento and Bradano aquifers effects of ionic diffusion from clays seem to be relevant.
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