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SUMMARY 

In the frame of a wider research study, the relationship between 
surface, ground and sea water in southern Campidano plane, between the 
village of Sinnai and the coast, has been taken into consideration. 
The survey has aimed at determining the origin and the cause of the 
salt water intrusion phenomena into surface and deep aquifers of the 
area, The high salt content in groundwater was ascertained by a series 
of productive wells tapping both the shallow aquifers of the 
quaternary alluvial deposits and the confined or semi-confined 
multilayered aquifers occurring in the more permeable beds of the 
marly-arenaceous series of the Miocene and marginally within the 
fractured paleozoic granite bedrock. Detailed hydrogeological and 
hydrochemical observations have led to exclude the hypotesis that the 
salinization of both surface and deep aquifers inland is caused by 
present marine intrusion. On the contrary it seems that this 
salinization can be mainly attributed to the solution processes of 
both the marly miocenic rock bodies and the small evaporitic horizons 
eventually interbedded within the miocene series. 

1. INTRODUCTION 

The salinization of coastal aquifers is not always due to sea water 
intrusion exclusively, but in some cases also to other phenomena 
connected to the high salt content of the soils or rock bodies 
affected by groundwater circulation. 

In the studied area, located in a coastal zone of the southern 
Campidano facing the Gulf of Cagliari, previous studies have found the 
occurrence of aquifers with a different degree of salinization not 
always due to sea water encroachment [1]. 

The present work aims to clarify further the causes of this 
salinization by using hydrogeological and hydrochemical 
methodologies. 
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2. GENERALITIES OF THE AREA 

Situated in the south-eastern part of the Campidano plane, the 
studied area extends from the spurs of Mount Serpeddi to the coastal 
strip of the eastern Gulf of Cagliari, through the villages of Sinnai, 
Maracalagonis, Sant'Isidoro and Flumini di Quartu (F. 234, I NW and I 
SW). 

Almost flat and gently dipping towards the sea, the zone is crossed 
in the NS direction by a series of elongated hilly ridges, which 
constitute the water divide of the main rivers, Riu Foxi, Riu Corongiu 
and Riu Pispisa. Originated by late quaternary tectonics [2] [3], some 
lacustrine and marshy depressions occur in the area and surroundings, 
which, being characterized in the recent past by heavy salted waters, 
are nowadays dry or deeply modified by different kinds of human acti
vity ( Simbiritzi, San Forzoriu and su Staini). (Fig.1) 

Caracterized in the mountain sites by a typical dendritic beha
viour, the hydrographic net becomes wider and deeper, with a winding 
and meandering behaviour, as it reaches the plane facing the sea. 
Mostly fed by the mountain sides, which in some places are more than a 
thousand metres high, the rivers have a torrential regimen characteri
zed by heavy floods in late winter and spring and long droughts in 
summer and autumn. As a system of dams has been constructed in the 
higher course of the Riu Corongiu, its runoff has consequently been 
controlled minimizing the floods along the valley. 

From the geological point of view the studied area constitutes the 
last south-western margin of the Campidano oligocenic graben [4], 
locally bounded by the paleozoic granites and schists of the Sette 
Fratelli mountain chain. These rock bodies also constitute the bedrock 
of the same graben. 

The graben was locally filled up by tertiary sediments of Miocene 
age [5) which from bottom to top are the following: 

polygenic conglomerates in sandy-clay matrix (Aquitanian); 
sandstones and conglomerates with interbedded marls (Aquita
nian-Burdigalian); 
clay-silty marls with interbedded sandstones (Langhian); 
calc-alkaline tuffs (Serravallian); 
sands and sandstones (Serravallian). 

This stratigraphic sequence shows frequent transgression phases 
occurred during the whole Miocene and particularly in the Langhian. 

The Miocene, whose uppermost terms widely outcrop in the area, 
constitutes the skeleton of the hilly ridges as well as the deep 
basement of the ancient and recent river beds beneath the various 
alluvial covers (Fig.1). 

In the flat areas and mostly along the wide high-water river beds 
the following quaternary alluvial formations occur [6) [7] [8): 

ancient terraced pebbly alluvial sediments in a muddy-clay ferre
tized matrix with calcareous concretions; 
recent reworked pebbly alluvial loose sediments; 
loose alluvial deposits along the present river beds. 
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Fig. 1 - Geological map 

HOLOCENE: 1. Talus; 2. Present alluvium. PLEISTOCENE: 3. Recent reworked al
luvium. PLIO-PLEISTOCENE: 4. Ancient terraced alluvium. MIOCENE: 5. Tuffs; 
6. Sandstones; 7. Clay-silt marls with interbedded sandstones; 8. Sandstones 
with interbedded marls; 9. Conglomerates in sandy-clay matrix. PALEOZOIC: 
10. Granites; 11. Schists. 
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In the coastal and piedmont areas marine sands and talus are 
respectively present. 

The whole study area was affected by heavy tectonic activity which 
started in the Oligocene with the fracturing and faulting of the 
paleozoic basement and consequent formation of the wide Campidano 
graben and continued in the entire Tertiary deeply involving the 
miocenic sediments. 

The area has always been dedicated to agriculture and sheep
farming, and only recently has hosted large tourist and residential 
settlements. 

3. HYDROGEOLOGY 

The complex gee-structural situation and the favourable meteo
clirnatic conditions have led to the occurrence of different types of 
aquifers characterized by the circulation of waters, qualitatively and 
quantitatively well differentiated. 

Referring to the typology, a generally phreatic surface aquifer and 
a confined or semi-confined multilayer aquifer can be distinguished. 

The phreatic aquifer occurs in the recent and present alluvial 
covers and is limited by an impervious bed often made up of the 
ancient terraced alluvials, but at times also of the rniocenic marly
clayey horizon. 

The farmers of the area have traditionally tapped this aquifer by 
large diameter dug wells of an average depth of 6-10 metres. 

The multilayer aquifer occurs prevalently in arenaceous and 
conglomeratic layers at different depths in the rniocenic sequence. 
These layers give rise to aquifers confined or serniconfined by the 
marly-clayey horizons and are generally characterized by different 
hydraulic heads. 

The individual aquifers may be locally interconnected by diffuse 
fissuring of these rock bodies. 

Since the outcropping units are prevalently formed by quite 
impervious clays, marls and terraced alluvials, the vertical feeding 
of the aquifers is very poor and practically limited to the areas 
covered by recent and present alluvials and talus. A certain degree of 
recharge by infiltration can also be guaranteed by the fracture 
patterns variously affecting the impervious cover. 

Far more important is the horizontal feeding, which in the surface 
aquifers occurs in the river beds through the filtration of the runoff 
water and for the deeper aquifers through the direct transfer from the 
fractured aquifers in the crystalline bedrock. 

The construction of darns on the higher course of the Riu Corongiu 
has significantly reduced the productivity of the shallow aquifer. The 
strong increas& in water requirements due to the development of 
irrigated farming and tourism has led to the progressive closure of 
dug wells and the drilling of plenty productive boreholes up to 100 
metres in depth tapping the multilayer aquifer. 
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Although more productive than the phreatic wells, the deeper ones 
have not always been properly constructed as far as regards their 
conditioning and cementation. This has led to the mixing of waters 
from the various aquifers and caused serious hydrochemical problems. 

As proved in previous studies [1] [10], a progressive worsening of 
the quality of the groundwater has been observed as a consequence of 
the fall in the recharge of the phreatic aquifers. This worsening is 
due to a significant increase in total salinity which caused great 
damage to some types of cultures, particularly the traditional citrus 
crops. 

4. HYDROGEOLOGICAL AND HYDROCHEMICAL INVESTIGATION 

For a better identification of the factors that caused this 
progressive salinization of the aquifers, previous studies, where the 
role of sea water intrusion had been seriously questioned [1], have 
been reconsidered in greater depth in the present paper. 

For this purpose the monitoring net of the surface and deep wells 
has been extended for a more homogeneous distribution of the 
observation points in the entire area. 

With the exception of the shallow wells, which are often completely 
dry and greatly concentrated in small areas, periodic piezometric 
measurements in all the deep wells have been carried out for one 
hydrologic year (1991-92) together with the related piezometric maps 
(Fig.Z). 

Repeated hydrochemical field and laboratory observations to measure 
the temperature, pH and TDS have been carried out on all wells, and 
from these data the salinity maps of the shallow and deep aquifers in 
the various observation periods drawn up (Fig.3). 

In some places samples for the determination of the rBr/rCl and 
rSr/rCl ion ratios have been collected and confronted with those 
relating to the sea water nearby. Consolidated studies [11] have 
proved that ion ratios are very reliable indicators of the sea water 
intrusion since they are practically constant within short 
ranges (1.5-1.7 E-3 and 5.5 E-5 respectively) only in marine water. 

Five water samples with different salinity have also been analyzed 
to determine the isotopic content in 0-18 and D. These isotopes are 
important tools for studying the relationship between continental and 
sea water. 

5. COMMENTS AND CONCLUSIONS 

An examination of the monthly isopiezometric maps of the multilayer 
aquifer has confirmed the occurrence of a rather high hydraulic head 
constantly dipping towards the sea even in late summer when the 
reclaiming of the water for drinking and irrigation purposes reaches 
maximum levels. This rules out the possibility of the multilayer 
aquifer being affected by sea water intrusion that could at the most 
be occasional and restricted to a narrow costal strip. 

From the lack of continuous and reliable piezometric measurement in 
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Fig 2. - Piezometric contour lines of the deeper aquifer 
January 1992 
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Fig. 3 - TDS contour lines - January 1992 

Sampling points: 
a TDS 
• Br, Sr, Cl 
"' •eo, D 
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the shallow aquifer, it cannot be excluded on the basis of 
hydrogeological considerations alone, that the aquifer should in some 
way be polluted. 

The isosalinity maps show a leopard spot distribution of the salt 
content for both aquifers, in sharp contrast with the typical 
distribution of areas polluted by sea water encroachment which 
presents an increasing gradient towards the sea. 

Though apparently in random distribution, the maximum salinity 
values of the two aquifers coincide and correspond to the areas of 
maximum thickness of the miocenic stratigraphic sequence. Conversely 
the salt content of the groundwater tends to the normal range (0,5-1,0 
g/1) as it approaches the piedmont area, where due to the reduced 
thickness of this sequence the aquifers are more directly recharged by 
the paleozoic units. 

Moreover the occurrence of high salt concentrations in the shallow 
aquifer, even at a considerable distance from the coast, where its 
impervious bed is substantially elevated above sea level, cannot be 
definitely referred to sea water intrusion. 

The comparison between both rBr/rCl and rSr/rCl ion ratios in some 
deep and shallow wells and those in the sea near the coast rules out 
sea water intrusion also in this case, since the ion ratios of the 
aquifers are always considerably different from those found in the sea 
(Fig.4 a,b), 

Fig.4 c, which shows D vs 0-18 for the available samples, high
lights a slight shift of the waters with respect to the world meteoric 
stright line. This trend, however, does not seem to be due to a mixing 
process between grondwater and lbcal sea water, considering the reati
ve low Cl concentration of the water points, The different isotopic 
content of the waters could indicate either the occurrence of various 
water components with different recharge areas or a mixing between the 
diluted river water and a deeper more saline water that infiltrated 
at higher elevation. The paucity of data does not allow us to make a 
more detailed interpretation. 

In conclusion from the results so far obtained it can be stated 
that the salinization of the aquifers of the studied area is 
definitely not due to sea water intrusion, with the only exception of 
that of the phreatic aquifer along a very narrow strip of coast. 

Since the high salt concentration of the groundwater seems to be 
strictly connected with the occurrence and thickness of the marly 
miocenic sequences, it can be hypothesized that this pollution is due 
to the lixiviation of the same marls or of thin presumably interbedded 
evaporitic lenses, even though not found in the drilling operations 
carried out in the area. 

In this light the salinization of the shallow aquifer, not in 
direct contact with the miocenic formation unless along its own bed, 
can be coherently explained by the connection of the same aquifer with 
the multilayer aquifer by means of the numerous deep wells that are 
never well conditioned and cemented. This is also confirmed by fact 
that the initially fresh water has been progressively polluted only in 
recent times subsequently to the uncontrolled construction of deep 
productive wells. 
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Fig. 4 - Hydrochemical markers of sea water intrusion 

293 



294 CHEMICAL ASPECTS 

A further hypothesis to verify is the theory that salinization 
could be caused by late quaternary salt waters of marine origin 
trapped within the tectonic depression occurring in the area - a 
hypothesis that seems to be documented by the occurrence of the 
already mentioned dried salt ponds. 
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