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Abstract 

We analyse the particular conditions of marine water intrusion into an 

originally artesian aquifer, subject to overexploitation, along the 

south-east coast of Sicily. This aquifer is included in a graben which 

was formed during the Miocene and which was subsequently filled with 

sediments of volcanic and calcareous origin and which, during the lower 

Pleistocene, was finally covered with clays. Marine waters, which cannot 

reach the aquifer normally (vertically) along the coast because of the 

clayey covering, beneath which the piezometric level forms a depression 

as low as 110 m below sea level, reach nevertheless the aquifer following 

a lateral course which by-passes the impermeable stratum along the faults 

which constitute the boundaries of the graben. In this particular case we 

analyse the increase of salinity. The study, based on the data of more 

than a decade, enables us to demonstrate the constant increase of the 

salinity with time and the recovery due to the recharge operations 

carried out during recent years. 

Marine intrusion is also facilitated by the presence of a small river 

mouth, which was dried up by the construction of a dam upstream, intended 

for industrial exploitation of the river-water. The limestones of the 

substratum outcrop along this mouth. Besides, a number of old drillings, 

carried out for watering purposes, or for industrial and civil purposes, 

and which have been subsequently abandoned because of the increasing 

salinity of the water, now have become inlets for marine waters from the 

surface to the stratum. The artificial recharge operations which have 
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been started aim at the restoration of the original artesian conditions 

in such a way as to counter the present flux directions of marine waters. 

1 Introduction 

The area which has been studied is located on the South-Eastern side of 

Sicily, along the Ionian coast, between the towns of Augusta and Priolo. 

The scientific interest arisen by this zone is due both to the phenomena 

of underground water resources overexploitation, which have been 

observed in it, and to the interventions which have been carried out in 

order to control the negative effects of such an overexploitation, in 

particular the interventions aiming at the control of marine intrusion 

phenomena and underground waters pollution. Many papers supply the 

necessary data on the local situation: Aureli (1980, 1983), on the 

general characteristics of the area; Aureli (1982), on the local aquifer 

recharge; Aureli (1982) and Aureli and Alii (1984) on the mathematical 

models which have been brought about in order to study the phenomena 

which have been observed in the area; Aureli and Alii (1985), which out

lines an attempt of threedimensional and paleographical reconstruction 

of the territory; Adorni and Alii (1985), on the water balance and the 

natural recharge of the aquifers; Aureli and Alii (1985) which analyzes 

the piezometric level variations which have taken place in the area in 

the course of time. 

This paper illustrates the hydrogeochemical aspects of the area, taking 

into account the results of many analyses, and of the checks and 

measurements carried out during a period of more than 15 years on the 

waters of numerous local wells. 

The goal of these investigations was to follow the evolution of the 

phenomenon of marine intrusion into the aquifer and to check the effect 

of the interventions carried out to oppose this phenomenon. Another 

aspect, last but not least, of this research, was the aim of identifying 

the preferential ways through which marine water gets into the aquifer, 

and the danger degree of it. 
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2 State of aquifers 

In the area there are two superposed aquifers: a phreatic one, which is 

not very big, and consisting of Messinean calcareous sandstone and of 

sands and recent alluvia, and a second one, separated from the first one 

by a clay lens, partly artesian, which consists of carbonatic rocks, of 

an age between Oligocene and inferior Pleistocene, in which there are, 

interposed, lenses of volcanic materials, underwater or underair, of 

different ages. 

In the area have settled, in the years from 1960 to 1980, quite important 

petrochemical industries. During this time, there has been an intense 

exploitation of the two aquifers, in order to win the necessary supply of 

drinkable water, and of water for agricultural and industrial purposes. 

This has lead firstly to the exhaustion of the superficial aquifer, which 

was already negligible, and then has provoked a spectacular lowering of 

the piezometric levels in the second aquifer, which in many places has 

lost its original artesian conditions. 

The lowering of the piezometric level has lead to the formation of a 

depression cone which constitutes a powerful appeal for the water present 

in the surrounding zones, and in particular it influences the direction 

of the flow coming from the coast. Owing to a lucky characteristic of 

location and geological nature, the clay lens which covers the deep 

aquifer, and which stretches even beyond the coast, constitutes a barrier 

which prevents the seawater from invading the depression which now exists 

in the aquifer. 

The clay cover however is limited, and the depression in the piezometric 

level causes an intrusion of seawater into the aquifer northward and 

southward of the protection constituted by the clay. This phenomenon is 

locally made easier by some outcrops of exceedingly permeable rocks and 

by the presence of some faults which have proved to be preferential ways 

for the access of seawater into the aquifer. This phenomenon, during the 

past, has been studied from time to time, through observations which were 

only partly systematic, whereas, from 1980 on, it has been followed with 

more attention and more checks. 

Along with the phenomenon of the marine intrusion there is also a 

phenomenon of direct pollution, still of unknown origin even though it is 

sufficiently clear where it comes from, which is demonstrated by the in-
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crease of nitrates in the waters of some wells. 

The total discharge in the years from 1960 to 1980 has been estimated at 

about 100.000.000 cubic meters of water (Aureli 1980, Aureli and Alii 

1985). 

2.1 Available data 

For the years from 1960 to 1968, the data concerning the chloridecontent 

of the water coming from the local wells are too uncertain and inadequate 

to allow the drawing of a systematic frame of the salt increase pheno

menon in the water bearing strata. Still, already in that period, this 

phenomenon had started to appear and had given rise to some concern of 

users of the water. In 1968 some industrial companies operating in the 

area started collecting data on the salt percentage of some wells; in the 

following years these measurements were extended to about eighty wells, 

and as a consequence some of them, in which the chloride percentage had 

proved to be too high, were closed. The undeniable spreading of the 

phenomenon, and the dangers arising from the excessive lowering of the 

piezometric level, led, in 1979-1980, to a direct intervention of the 

competent authorities. They promoted and carried out a series of works 

capable of stopping the said phenomena, and attempting to come back to 

the original situation. These interventions contained the building of an 

aqueduct which, taking the winter discharge of a nearby river, the 

Simeto, allows to supply the industries for some months. The authorities 

also imposed the suspension of the pumping activity and the use of the 

river water, previously clarified in a special plant, to carry out 

artificial recharge of the aquifer by means of injection wells; these 

operations were started in the winter 1982-83. At the same time, a 

campaign was started, aimed at knowing the characteristics of the waters 

pumped from the different wells and the evolution that such 

characteristics underwent in the course of time. 

It has proved to be rather difficult to collect water samples from all 

wells in a systemati~ way; in fact, many wells had already been closed 

during the previous years when the chloride percentage in their water 

had by and large exceeded the limit within which water can be used. 

The comparison between the data collected until 1980 and those 
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collected 

particular 

during the following 

for the areas which 

period proves 

had been more 

that, in 

polluted by marine 

intrusion, the data for the period following 1980 are more incomplete. 

We still dispose of a series of complete analyses for 86 wells, and of 

systematic observations, as for the chloride percentage, for many of 

them. 

In Table 1 we have the data collected during a systematic campaign of 

analysis of the well waters, carried out in 1981. The results of these 

analyses are also illustrated in a series of joined maps. 

In the years following 1981, the aquifer has been kept under control by 

periodically measuring the variations of the piezometric level and of 

the chloride percentage, in a sufficiently high number of the available 

wells. Thus, it has been possible to follow the evolution of the two 

phenomena, and to observe the results achieved by the competent 

authorities through their interventions: the winter suspension of the 

pumping activity (although only partial, for necessity reasons), and the 

artificial recharge of the aquifers. 

On the observed piezometric variations and on their interpretation, 

there is already a paper, Aureli and Alii (1985). 

3.2 Pollution state 

Given the number of wells existing in the area, and the quantity of 

water that, through these wells, has been withdrawn from the aquifers, 

it is easy to understand why the balance conditions of the water 

contained in the deep aquifer have changed; the original quality of 

stocked waters has firstly been influenced and then gravely damaged. 

Even though we are in presence of remarkable flow conditions in 

carbonatic rocks, partly Karstified and anyhow densely cracked, with 

exchange and continuous or frequent recharge during the year, we have 

observed pollution phenomena owing to persistent chlorides, the 

percentages of which show a tendency to increase, even though we could 

record positive and negative variations, sometimes even remarkable 

variations, both between two periods of the same year and between the 

same period of different years. 

To analyse these phenomena we have drawn a series of maps which we now 
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discuss: 

1) Map no. 1: Isochlorine 100 ppm line variations from 1973 to 1984. In 

1973, the isochlorine 100 ppm line reaches two sectors: 

- one to the North, from the Mulinello river mouth towards the in

land, like a wedge pointing at no. 8, 12 and 16 wells; 

- one to the South from Punta Girotta, always like a wedge, up to 

the wells no. 64, 67 and 73, which stretches along the coast 

influencing also the wells no. 80, 81 and 83. 

In the following years we have observed a constant withdrawal of the 

contour with a wider variation in the northern sector; the area 

concerned reaches its maximum in 1981. A limited, partial recovery is 

observed in 1984, with a withdrawal of the isochlorine line. 

2) Map no. 2: Isochlorine 200 ppm line variations from 1973 to 1984. 

The isochlorine 200 ppm line follows, roughly, the shape of the 

isochlorine 100 ppm one, moving very little away from it and proving 

how much the intrusion front is important and how much the 

quantities of seawater involved are conspicuous. 

3) Map no. 3: Variations, from 1968 to 1984, of NaCl top values 

observed in the different years. Since we lack a continuous checking 

on many wells, in particular some wells which had shown very high 

values, it is not possible to follow with accuracy the evolution of 

the marine intrusion. In some wells we have observed values 

exceeding 20.000 ppm, followed by remarkable salinity decreases. In 

other wells the variations alternate, showing increases of salinity 

as time goes on. The most affected are certainly the southern ones, 

within Punta Girotta, where in different cases 10.000 ppm have been 

exceeded, whereas in the northern sector these values are only 

exceeded in one well. Since it is not possible to draw meaningful 

isochlorine lines, we have on the map indicated the top values 

attained in different years, and in different wells, by special 

arrows. 

4) Map no. 4: Map of NaCl isovariations percentage in the period from 

May 1981 to May 1983. This map has been drawn in order to estimate 

the results which have been obtained by the suspension of the 

pumping activity and by the artificial recharge during the winter 

season 1982-1983. 

This map clearly shows the sectors in which the NaCl values have 
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shown a big diminution and the sectors in which salinity has still 

increased. 

The map also allows to identify the flow directions of the fresh 

water coming from the recharge area and the directions followed by 

saline seawater to get into the aquifer. 

This interpretations aspect given by the map proves to be very 

interesting. 

The flow lines from the natural recharge from the basin towards the 

zone with a maximum depression in the piezometric level, identified 

by the negative variations of the chloride contents in the well 

waters seem to be four, and all of them coincide - or are easily 

associated - with well known tectonic discontinuities. This fact is 

rather banal in itself, since it has been always well known that the 

cracking lines, in particular in carbonate terrains, become often 

preferential ways for the underground watercirculation: but to 

obtain such an evident confirmation also in this area, is 

interesting enough. By the way, it has been known for some time, 

Aureli and Alii (1983), that in the area there are remarkable karst 

phenomena (Grotta di Villasmundo) and swallowers in the river-bed of 

the rivers: Anapo, Marcellino and Mulinello. 

The flow lines showing the preferential ways followed by the sea

water to get into the aquifer reveal as well interesting aspects of 

local hydrogeology. Also in this case two of the three identified 

flow lines coincide with tectonic discontinuities; the first one 

coincides with a fault, which can be observed on the surface, and 

which starts not far from Punta Girotta, the second one, which can

not be seen on the surface, has been identified by means of the 

threedimensional reconstruction and of geophysical borings carried 

out by the S.E.V. method; both of them converge near the Megara 

Giannalena railway station. The third flow line of saline water into 

the aquifer reveals a more interesting aspect; the flow line seems 

to originate from the inland where there are outcrops of inferior 

Pleistocene calcareous sandstone, apparently without any relation

ship with the sea. But it has been observed that, going up the 

depressed river-bed of the Mulinello river, which is constantly 

deprived of fresh water supplies from upstream, the water of the sea 

reaches the calcareous sandstone outcrop and is absorbed by a 
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swallower the location of which coincides with the line of a presumed 

tectonic discontinuity. 

5) Map no. 5. Map of total water hardness. The total water hardness map 

clearly shows an increase of water hardness along certain precise 

directions which partly coincide with the ones shown by map no. 4. 

The marine intrusion flow lines originate not far from the Megara 

Giannalena railway station Punta Girotta and Torre del Fico. The 

flow lines showing the fresh water supplies from the recharge area 

towards the depression coincide with the ones shown by map no. 4. 

6) Map no. 7: Nitrate map. This map has been drawn on even more 

incomplete data than the foregoing one. The analysed places are 

less numerous. 

From this map one could gather the evidence of polluting sources of 

unknown origin which coincide with the wells no. 58 and 31, or which 

are not far from them. Only prolonged research will allow us to 

understand the reasons of this phenomenon, which we now simply 

observe. 

7) Map no. 8: Map of the chlorine sulphate relationship. In this map 

there are evidently two zones in which the value of the Cl S04 

relationship lies within quite different magnitude. In fact, the 

northern part of the observed area shows Cl S04 values largely 

inferior to the ones observed to the South. 

4. 

Since an increase of the Cl S04 value relationship points at an 

increase of the pollution percentage owing to marine intrusion, this 

map too shows a bigger development of the phenomenon in the southern 

area. 

Conclusions 

A research on chemical characteristics of water, even though limited 

both in the number of analyses and in the continuity of observations, 

has allowed us to identify some very interesting characteristics of the 

marine intrusion phenomena and of the flow from the recharge area 

towards the depression originated by uncontrolled exploitations. 

The variety of the data which have been used for this research and the 

even more remarkable variety of the sources from which the same 
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information comes, convince us that the results are objective, as they 

are not submitted to mutual influence. 

The coincidence of indications, as supplied by the maps which have been 

drawn, clearly shows the importance an accurate hydrogeochemical analysis 

can have in hydrogeological studies, not only in order to give general 

indications, but also in order to give rational indications on phenomena 

which otherwise could hardly be observed. The investigations which have 

been started by the Istituto di Scienze della Terra tend to amplify the 

use of this method in order to be able to check more accurately the 

results of a wider research on artificial recharge. As the observation 

of hydrogeochemical data in the area is more and more intensified, for 

the number of spots where samples are collected as well as for the 

frequency of this collection, we hope we will soon have much more 

detailed data which will allow us to interprete clearly the phenomena 

on which at present we only have indications. 
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-- .. ---
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---·-
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-- .. _ 
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-------
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~ap 2. Isochlorine 200 ppm line variations from 1973 to 1984 

113 



Map 3. Variations, from 1968 to 1984, of NaCl top values observed 

in the different years 
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Map 4. NaCl isovariations percentage along the period from 

May 1981 to May 1983 
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Map 8. Map of the chlorine sulphate relationship 
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