
ABSTRACT
The south-western coastal zone of Hyblean Plateau

is a flat area formed by prevailing Quaternari marine
sediments (sands, clays and calcarenites) overlaying a
thisk sequence of Miocene carbonates. The shallow and
deep confined aquifers are subject to an intensive and
uncontrolled exploitation due to the expansion of irri-
gated agriculture together with large residential and
important tourist establishments. Groundwater with-
drawn by a large number of wells is affected by high
salt content.

Periodical water levels measurements in selected
wells tapping the different aquifers and the interpreta-
tion of the water chemical analyses has allowed to
recognise that the aquifers salinisation is caused by dif-
ferent sources like as the sea water intrusion, the solu-
tion of evaporitic deposits and human activities prod-
ucts.

Key words: Coastal aquifer; Salinisation; South-
western Sicily.

INTRODUCTION
The study area lies in the coastal belt of southeast-

ern Sicily, between the town of Marina di Ragusa and
the mouth of the Ippari river. Until around 1970, the
groundwater resources present in the local shallow
aquifer were sufficient to satisfy the demands of the
sparsely populated area.

Since the early 1970s, increasing agricultural
expansion and construction of extensive residential
areas has resulted in an intensive exploitation of the
shallow coastal aquifer and consequently in a reduction
of groundwater availability. Towards the end of the
1980s, to satisfy the increased demand for water, new
wells were drilled to greater depths with the purpose of
intercepting more consistent groundwater resources.

The prolonged periods of water withdrawal, which
are concentrated during the summer season, not only
for irrigation in agricultural areas, but also to provide
drinking water, have in short time led to a deterioration
of the water quality with a notable salinisation of the
shallow aquifer, and partially also of the deep aquifer.

This is mainly the consequence of lacking groundwater
management and safeguard policies aimed at control-
ling the proliferation of wells and of modifications in
the groundwater chemistry.

In view of these conditions, 106 wells have been
monitored during the period 1996-1997, with meas-
urements of the water levels and conductivity; in some
wells samples have been taken of the water for deter-
mining the main ions. On the base of the known char-
acteristic relationships it has been ascertained that in
most cases the elevated salinity was an effect of sea
water intrusion. The areas affected by this phenomenon
have been identified and delimited.

GEOLOGICAL AND TECTONIC FRAMEWORK
From a geological point of view the area represents

the extreme southeastern margin of the Hyblean Fore-
land (figure 1), which has been affected by intense
extensional tectonics during the Alpine orogenic phase
(Ogniben, 1969; Caire, 1970; Tapponier, 1976; Di
Grande et al., 1977; Ghisetti et al., 1980). According to
many authors studying the Hyblean area (Rigo et al.,
1959; Pieri, 1967; Mascle, 1974) this area has been
affected exclusively by subvertical normal faults trend-
ing NE-SW (Scicli system) and NNE-SSW (Marina di
Ragusa system), mainly in three principal phases during
the Lower Miocene, the Middle to Upper Pliocene, and
the Plio-Pleistocene (Grasso et al., 1982). Activity at
these fault systems has led to the formation of horsts
and grabens oriented NE-SW, such as the Santa Croce
Camerina horst, which on its southern side is delimited
by the Scicli graben.

Geologically, the area is composed chiefly of Ter-
tiary and Quaternary sediments (figure 1). The oldest of
these rocks are present in outcrop over a wide area and
are represented by an early Miocene alternation of cal-
cisiltites and marly limestones that pass into calcaren-
ites and packstones of the Ragusa Formation, whose
full thickness surpasses 500 m (Schmidt, 1962). These
are conformably overlain by  marls and clayey marls of
the middle to late Miocene Tellaro Formation, with
thicknesses varying from a few tens of meters to 170 m
near the Ippari river (Rigo and Cortesine, 1959). Dicon-
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tinuous remainders of gypsum that can be referred to
the Messinian “Formazione gessoso-solfifera”
(Ogniben, 1960) occur in the northern portion of the
area, underlying calcareous marls of Pliocene age (Trubi
Formation), as has been revealed by various boreholes
drilled for water research.

The most recent units are represented by fossilife-
rous Pleistocene calcarenites and sands, whose thick-
ness does not exceed 30 m, and by marine terraces of
various orders along the entire coastal belt, which tes-
tify to several eustatic variations that have occurred
during the Pleistocene. These latest deposits, with
thicknesses of 15-30 m, consist of sands and conglo-
merates, with subordinate organogenic calcarenites;
these rest unconformably upon both the Ragusa and
Tellaro Formations. Among the most recent deposits
there are furthermore the coastal sands, up to 20 m
thick, and recent alluvial deposits of the Biddemi and
Ippari rivers.

HYDROGEOLOGICAL FEATURES
Based on the permeability properties of the various

rock units of the stratigraphic succession described in

the previous paragraph, different aquifers can be re-
cognized in the area:

1) A shallow aquifer costituted by the Pleistocene
sands and calcarenites, the marine terraces and
coastal dunes. This consists of a water table
aquifer, which rests upon impermeable clayey
marls of the Tellaro Formation and, further
northwards, upon semipermeable calcareous
marls of the Trubi Formation. This aquifer is clear-
ly anisotropic due to the presence of unconsoli-
dated, and highly permeable sediments that
contain intercalations of less permeable, consol-
idated levels. It can be defined as a monostratum
aquifer, which shows continuous water circula-
tion over its whole thickness, nonwithstanding
the differences in permeability between the va-
rious rock units. It furthermore shows a modest
water yield but has played an important role in
the economic development of the area through
the 1980s, constituting the main water source
that could be easily exploited due to its relative-
ly shallow depth below the surface. However,
extensive extraction has led to a deterioration of
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Figure 1. 1 Coastal dunes (Holocene); 2 Alluvial deposits (Holocene); 3 Swamp deposits (Upper Pleistocene); 4 Alluvial terraces
(Pleistocene - Holocene); 5 Calcarenites (Early Pleistocene); 6 Gypsum (Messinian); 7 Trubi (Early Pliocene); 8 Tellaro Formation
(Upper Miocene); 9 Ragusa Formation (Early-Middle Miocene); 10 Normal fault.



the groundwater, both by seawater intrusion and
by agricultural and urban pollution, as has
become evident from the hydrochemical data
that will be presented below.

2) A deep aquifer, constituted by the carbonate
sediments of the Ragusa Formation that shows
an elevated permeability due to fracturation and
karstification (Barbagallo et al., 1985) and is
confined by marly-clayey horizons of the Tellaro
Formation and the Trubi Formation. Due to its
high productivity it represents the most impor-
tant source of water supply of the entire area,
serving tourist facilities and residential areas and
being used for agricultural purposes.

The intake area is represented by carbonatic out-
crops which constitute the nearby hills. Piezometric con-
tour lines show that the main flow directions are con-
trolled by tectonics; these are oriented mainly NE-SW
and coincide with the principal tectonic dislocations.

The groundwater flow is directed towards the
coast, where some time ago, between Marina di
Ragusa and Punta Braccetto, they gave origin to con-
spicuous submarine springs with varying discharge,
which, however, was nearly always superior to 10 l/s
(Aureli, 1992).With regard to the different conditions of
confining recovery of the water levels by about 3 m has
been measured in the northern zone and of 12 m

towards south, near Marina di Ragusa.
Sampling of water from the two aquifers has been

out numerous wells that are homogeneously distributed
over the territory. Out of a total of 106 wells studied in
the present work, 72 reach the shallow aquifer, the
other arrive at the deep aquifer (figure 2). These wells
have has depths ranging from 10 to more than 100 m,
with pumping rates varying from a minimum of 3 l/s to
a maximum of 20 l/s; these are mainly used for agricul-
tural and to a lesser degree domestic purposes. In a few
cases water exploitation is continuous all over the year,
since the water is used for greenhouse cultivations,
which represent the main source of income of the zone.
During the summer water consumption rises consider-
ably especially in the touristic and residential areas.

Monitoring was initiated during October 1996 and
continued until march 1997, with measurements of the
piezometric level and of water conductivity in all 106
wells; from 28 of these water samples have been taken
for laboratory analysis of the major ions (figure 2).

In the shallow aquifer, ground water flow is directed
towards the Ippari river valley, in the northern sector, and
towards the Biddemi river in the southern sector, while in
the central zone the flow direction is roughly orthogonal
to the coastline, with limited variations determined by
the morphology impermeable substratum (figure 3). The
hydraulic gradient ranges from 1% to 3%.
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Figure 2. Location of sampled waters (filled circles indicate shallow aquifer; empty circles indicate deep aquifer).



The deep aquifer shows two main drainage direc-
tions, one at a short distance from, and more or less
parallel to, the Ippari river, while the other coincides
with the course of the Biddemi river. This confirms the
existence of tectonic structures that affect the entire
stratigraphic successsion. The piezometric surface in the
central and southern sectors lies a few tens of meters
above the sea level and the flow direction is oriented
towards the coast, with hydraulic gradient values rang-
ing between 0.6% and 3%. In the northern sector a
wide depression of the piezometric surface is observed,
which is determined by the continous pumping of some
wells utilized for agricoltural and touristic purposes.

HYDROCHEMICAL STUDY
During the period of water sampling between

October 1996 and March 1997 we have measured
water temperatures, pH and conductivity. Temperatures
vary from 16° to 23°, with the lower values occurring in

the deep aquifer, and no significant temperature varia-
tions being observed during the period of measure-
ments.

The water pH is constant in time and does not
show any appreciable difference from one aquifer to
the other; the values lie between 6.7 and 7.4, indicative
of a slight tendency of the waters toward basic compo-
sitions.

Conductivity values were measured from October
to December 1996 and, in contrast to the temperature
and pH values, are different in the two aquifers, espe-
cially in the wells located close to the coast. Conductiv-
ity in the shallow aquifer reaches values of more than
20,000 mS/cm near Punta Braccetto, while in the deep
aquifer the maximum value is only 3900 mS/cm. The
largest variations, however, are seen in the deep
aquifer, with differences of more than 500 mS/cm
between October and December (figure 4).

The values of dissolved solids by conductivity (Rodi-
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Figure 3. Piezometric contour lines (October 1996). a Shallow aquifer; b Deep aquifer.

Figure 4. Conductivity (µS/cm) variations observed between October and December 1996.a Shallow aquifer; b Deep aquifer.



er, 1975) are always higher than 400 mg/L, with peaks
of 7100 mg/L at Punta Braccetto.

On the base of the major ion contents, the waters
in both aquifers can be classified as bicarbonate- earth
alkaline and sulfate-chloride-earth alkaline, as shown in
the Piper diagram (figure 5). This indicates the existence
of water mixing between the two aquifers due to the
characteristics of well casing.

Nearly all samples have shown a clear predomi-
nance of Ca2+, which is always superior to 128 mg/L
and reaches a maximum of 462 mg/L in the northwest-
ern portion of the study area, with a strong alkaline ten-
dency. The highest Mg2+ values were observed near the
coast (184 mg/L), which underline the control of the

distance from the sea. This control is evident also in the
case of water hardness derived from the Ca2+ and Mg2+

contents expressed as CaCO3.The values are distributed
evenly in the two aquifers and vary from a minimum of
35°F in the more internal areas of the northeastern sec-
tor, to a maximum of 160°F near Punta Braccetto.

The high values of conductibility, TDS and ionic con-
tents that have been observed consistently in the areas
nearer to the coast suggest a significant deterioration
of the water quality due, in most cases, to intrusion of
sea water. This is confirmed by the distribution of chlo-
ride values, which are always higher than 100 mg/L and
at times are as high as 1000 mg/L (figure 6). A fairly
strong relationship between conductibility and chlo-
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Figure 5. Piper diagram (filled circles indicate shallow aquifer; empty circles indicate deep aquifer).

Figure 6 Relationship between Cl–/Conductivity (filled circles indicate shallow aquifer; filled triangles indicate deep aquifer)



rides is evident, while the sulfate contents are quite
irregular, but tend to increase towards the coast, from
32 mg/L to more than 600 mg/L, concomitant with the
increase in conductibility (figure 6). The highest sulfate
values near the Ippari river are probably due to the
presence of gypsum, but their distribution furthermore
indicates the influence of pollution caused by the use of
fertilizers in agriculture.

The HCO3
-/Cl- ratios are significant in the light of

the nearly constant bicarbonate contents, given the
type of aquifers, and thus the observed variations in
these ratios can be attributed to marine intrusion. In the
groundwater the HCO3

-/Cl- ratios generally range from
0.2 to 2.0, while in the area closer to the coast values
intermediate between those of fresh water and of sea
water are observed (figure 7).

In areas farther away from the coast the SO4
2-/Cl-

ratio is always above 1, with values generally lying
between 2 and 7 (figure 9). However, close to the coast
this ratio is inverted with values falling between 0 and
1, which is evidence for marine intrusion in a wide area
(figure 8).

The occurrence of base exchange is evident from
the Ca2+/Cl- ratio as compared with the representative

level of mixing of calcium bicarbonate fresh water and
sea water (Gimenez et al., 1995). It is in fact noted that
all representative sample points fall into the upper field
and thus further confirm the occurrence of marine intru-
sion (figure 9).

Salty water produces the release of calcium which
is substituded by sodium, and thus the chemistry varies
according to the formula NaCl →CaCl (Appelo et al.,
1993).

CONCLUSION
From the results of this study it is evident that

along the coastal belt between Marina di Ragusa and
the Ippari river, water circulation in the shallow and
deep aquifers is strongly conditioned by the regional
structural setting, which is characterized by the pres-
ence of the Marina di Ragusa (NNE-SSW) and Scicli
(NW-SW) fault systems.

The aquifer system consists of a shallow aquifer
constituted by sediments whose age ranges from
Pliocene to Recent (calcarenites, marine terraces, and
coastal sands), and a confined or semi-confined deep
aquifer, constituted by fractured and karstified carbon-
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Figure 7. Relationship between rHCO3
–/rCl -.



atic rocks. The groundwater flows towards the coast,
with flow directions being influenced mainly by the tec-
tonic structures, and, in part, by the morphology of the
impervious substratum.

The isopiezometric curves bear evidence for a
strongly expressed depression in the deep aquifer in the
northern portion of the study area, where a number of
wells is continuously used for the withdrawal of consis-
tent volumes of water.

The two aquifers show different water yield. The
more superficial of them is intensely exploited and its
water quality is low, also for agricultural purposes, as
demonstrated by the conductibility values that reach
peaks of more than 20,000 µS/cm. In the deeper

aquifer, which shows a major water yield, the distribu-
tion of the values of conductibility indicates a partial
deterioration in water quality that increases from the
inland areas towards the coast; these are often on the
order of 1000 µS/cm but locally reach up to 5000
µS/cm, as is the case near Punta Braccetto. These con-
ditions can be attributed to marine intrusion, mixing of
waters between the two aquifers within the wells, and
influx of chemical substances used in agriculture.

The variations in conductibility (figure 4) during the
monitoring period were observed to be higher in the
deep aquifer, with maximum values of 700 µS/cm, prob-
ably caused by the less rapid exchange with fresh water
supplied from more elevated areas inland.
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Figure 8. Relationship between rSO4 2-/rCl -. a Shallow aquifer; b Deep aquifer.

Figure 9. Relationship between Ca 2+/Cl- (filled circles indicate shallow aquifer; filled triangles indicate deep aquifer.



By means of the characteristic ratios between the
major ions the predominant influence of the marine
intrusion on the quality of the groundwater has been
shown. The most significant data concern the HCO3

-/Cl-

ratio, which is always below 0.0010 (figure 7), and also
that between SO4

2- and Cl-, which is consistently lower
than 1 along the coastal belt, both in the shallow and
in the deep aquifers (figure 8).

Evidence for pollution has been found in the distri-
bution patterns of sulfates and nitrates. These latter
show elevated values in wide areas and can be attrib-
uted to the influence of agricultural activity (figure 10).

From the resulting framework it appears evident
that marine intrusion is more strongly expressed in the
shallow aquifer, while in the deep aquifer it is limited to
some areas where mixing of the waters of both aquifers
occurs along the openings of the well casings.

The areas where seawater intrusion is strongest are

those around Punta Braccetto and the Biddemi river
(figure 11), where it actually extends for several kilo-
meters inland, indicating that this phenomenon is in an
advanced phase. This is mainly a consequence of the
large number of wells that have been drilled over the
years as agricultural activity and expansion of touristic
and residential areas progressed, while there has been
a continued absence of control and safeguarding of the
groundwater resources. It is easy to foresee, provided
that the uncontrolled exploitation of these aquifer con-
tinues, a complete salinisation in the near future even
of the deep aquifer, which represents the main available
groundwater resource in the area. Even though the
regional economic development depends essentially on
the available groundwater resources, it is fundamental
that these maintain the appropriate quality necessary
for the use that is made of them.
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Figure 10. Nitrate distribution (mg/L).
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Figure 11. Outline of the areas affected by marine intrusion.


