
77 

SALINE CONTAMINATION PHENOMENA IN THE KARSTIC AND FISSURED CARBONATIC 
AQUIFER OF THE SALENTINE PENINSULA (SOUTHERN ITALY)At'ffi THEIR EVOLUTION 

* * * V. COTECCHIA - T. TADOLINI - L. TULIPANO 

ABSTRACT 

Carbonatic mesozoic rocks represent a huge aquifer where fresh waters 
flo~t on intruding land mass sea waters. As for other areas in the 
world, also in the Salentine Peninsula a continuous degradationof 
waters quality, due to the saline contamination processes, is on 
foot. For a long period, observations have been carried out onsome 
ob'servation wells drilled for scientific purposes and many other 
wells drilled for agricultural water supply. In this way it has·:been 
possible to underline the main features through which saline 
contamination takes place. In the aquifer sue~ a contaminationoccurs 
also in relation with the high degree of anisotropy, being mostly 
vertical. Among the main modes, mention should be made of the one 
causing an upward expansion of the dispersion zone betweenfresh 
water and salt water. Such a phenomenon also occurs withoutsignifi
cant piezometric levels changes. Considerations have been 'carried 
out about the influence exerted by sea water intrusionphenomenon 
and by feeding process on fresh groundwater temperature. 

INTRODUCTION 

Salentine peninsula is a region prevailingly karstic in type, almost 
lacking in surface water resources. Then underground watersaccount 
for great importance, since they are the only local water resources 
avaiable. Their use very often is limited because of sea intrusion 
phenomena occurring in the territory, being the region of coastal 
nature. The geological basament, in which underground waters move, 
is made up by limestones, dolomitic limestones and dolomities 
belonging to the Cretaceous, generally very permeable by fissuring 
and by karst phenomena. The high degree of permeability of the rocks 
outcropping along most coastal zone causes the penomena to regulate 
the discharge of underground waters into the sea by means of a 
moltitude of subaereal or 'subaqueous springs being concentrated or 
spread, generally they discharge brackish waters, with a saline 
content seldom less than 3 g/1. Moreover the same high degree of 
permeability favours the inland sea intrusion, occurring everywhere 
at the bottom of fresh groundwater. Then it is the .classical 
hydrogeological example of a coastal fissured and karstic a.quifer /1/. 
Because of the development of agricultural and industrial activities 
in the last decades there has been an ever-increasing demand of 
water supply and, while waiting the realization of artificial basins 
and water conduction works from surrounding regions, such a demand 
has been satisfied by an ever increasing groundwater drawing.Maybe, 
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as it happens everywere, such massive drawings have been carried 
out without knowing the real availability of the aquifer, 
considering the eventual saline contamination due te the variation 
of fresh water-salt water equilibrium. Nowadays a remarkable 
degradation of ground waters quality has been recorded in some large 
zones of the region so that waters have been prevented from being 
drawn for any use. An over t'en years study, about the subject, has 
aimed at the realisation of the· best investigation methodologies 
about sea water intrusion and fresh groundwater salinecontamination 
and the check of the real trend of the phenomenon also in relation 
with groundwater drawing /2, 6/. In virtue of such scientific 
investigation programs, till now in the region some observation 
wells have been drilled allowing detailed data about the trend of 
transition zone between fresh waters and salt waters. 

Hydrogeological notes 

As we have mentioned before, the aquifer is made up by acretaceous 
carbonate formation, generally very permeable by fissur.ing and by 
karst phenomena. For, such an aquifer is strongly anisotropk as for 
the special distribution of permeability features. Such ahisotropy, 
expecially vertical, relates to the paleogeographic evolution peculiar 
to coastal regions. Underground water moving base level, as at 
present, also in the past has been represented by the sea horizon. 
It is well know that the average sea level, in the run of geologi.cal 
eras has undergone even remarkable changes as to the continent. 
Karst dissolution- phenomenon took place where, from time to time, 
underground water moving happened, also considering the presence, 
in the Mesozoic formation, of levels more or less able to become 
karst in type according to their lithological nature. For such 
reasons such an aquifer is made up by a series of preferential 
water levels higly permeable by karst phenomenon and by rockylevels 
having a lower permeability only by fissuring /4/. The main hydro
geological features concerning the mentioned aquifer, generally 
show good permeability features. Almost everywhere the aquifer 
shows phreatic conditions, normally hydraulic heads are very low, 
seldom exceeding 3 m above m.s.l.; hydraulic slopes are also very 
low, about 0.25%o. Water table trend of ground water (fig. 1) 
shows how also in horizontal position the irregular distribution 
of the !eatures of permeability determines the presence of 
preferential flow lines, and since they are situated in high 
permeable zones as far as the coast, often they coincidewith salt 
water intrusion lines from the sea to inland. Since groundwater 
has low hydraulic heads, its thicknes~, above the transition zone 
which separates it from intruding sea water is not very high; in the 
innermost zones it reaches about 150 m. Underground waters, of the 
mentioned region, have been originated by the infiltration of a 
high rate of precipitation during the autumn-winter semester; 
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moreover an abundant underground waters contribution from the near 
Murgia 1 s region has been remarked. This region represents a 
hydrogeological bordering unity through having uncertain limits, 
since they are originated by quite different hydrogeological and 
morphological conditions, and not by geolithological reasons. 

Mechanism of groundwater saline contamination 

By means of periodic measurements of saline and thermal stratifica
tion along the water column of observation wells, a lack of 
balance, more or less marked, between intruding sea water andfresh 
groundwater, has been recorded /5/. Such a phenomenon is evident 
in· some areas subject to massive groundwater drawings. Particularly 
it has been observed that the relationship between hydraulichead 
and the level of the top and the bottom parts of transition zone 
are not in agreement with the vertical distribution of saline 
content and then with the real trend of water density with the 
depth /5/. According to the real trend of waters density for a 
given real hydraulic head measured in the observation well, 
intruding sea water should be at a level higher than the one at 
which generally it is found /6/. Near to the part characterized 
by a lack of balance, detectable both a lack of head and by the 
difference between the theorectic level and the real one of 
intruding sea water, one observed how transition zone presentsthe 
greatest thicknesses; this implies that for an aquifer, as the 
one in question, massive water drawings do not cause reductions 
of the piezometric head, but a progressive saltine process from 
the transition zone to upwards, viz fresh groundwater thickness 
narrows causing an expansion of the brackish zone. Evidentlythis 
salting process takes place by a mobilisation of intruding sea 
water which surely tur~ out to be favoured in those areas 
characterized by a higher degree of permeability or, better, bya 
higher communicability with the sea. That is proved by the 
distribution of saline content in groundwaters of the whole region 
in question (fig. 2). The deep inland deflections shown by 
isohalines in some areas, surely coincide with the areas having a 
high degree of permeability as it can be deduced by the trend of 
groundwater counturs in the same zones (fig. 1). In other words 
the replacement of that part of sea water, saltingthe groundwater 
by an increasing of diffusion zone thickness, takes place more 
easily along the same lines of preferential discharge peculiarto 
the zones with a higher permeability. 

Underground waters temperature as environmental tracer withreference 
to the sea water intrusion phenomenon 

What we have been saying up to now shows the importance, in the 
study of fresh water-salt water equilibriums, of knowing withenough 
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precision the features of underground water moving, from thefeeding 
process to the discharge of groundwaters into the sea. Besidesall 
investigations depending on traditional and advanced methodologies, 
the use of underground waters temperature have been of great help. 
It is know that the distribution of underground waters temperature 
in a coastal region is the resultant of several factors among which, 
the average temperature of feeding waters, the residence time of 
underground waters and the thermal influence exerted by intruding 
sea waters on groundwaters, are the most important /3/. Theaverage 
temperature of feeding waters of the region in question is about 
l2°C since the feeding phase occurs only in the autumn-winter 
semester /3/. Underground waters residence time depends on many 
fa'ctors, the permeability first of all. As for thermal influence 
exerted by intruding sea waters, it is worthy to point out that 
since they have a low degree of mobility, or even being motionless 
in the innermost parts of the peninsula, they reach the equilibrium 
with the geothermal gradient; then starting from temperatures of 
about 17,5°C peculiar to the top of intruding sea water surely 
there will be an increasing of temperature of the same waterswith 
the depth. The figure 3 shows the distribution of grounwater 
temperature on a horizontal section drawn 10 m under mean sea level. 
Considering what has been above-mentioned, and particularly the 
relationship between the degree of·.·underground waters mobility and 
their temperature, from that figure one can observe the effects of 
local feeding marked by temperatures of about 15-16°C. From those 
areas to the zones in which the discharge of groundwater takes 
place, the temperature will increase with horizontal gradients as 
lower as higher is the permeability of the aquifer. The area 
surrounqedbyl8°C isotherm near to Leece's town, turns out to be 
particularly singular. The temperature relatively high of 
underground waters in such a. zone, can be explained by watching 
the trend of vertical thermal gradients which are negative in the 
same zone, since the temperature decreases with the depth. This 
case is an example of the superposition of different water 
circulations. For, the upper part of the aquifer has copious 
underground water contribution coming from the near Murgia 1 sregion 
beneath such waters, those originated by the infiltration of 
meteoric waters, through the near areas, are found. Thisphenomenon 
will be better classified by means of isotopic analysis in progress, 
since in this particular zone, it is quite sure that there is an 
inversion of ages along the vertical of the aquifer. As for the 
information available from the distribution of temperature about 
intruding sea water influence on groundwaters, one can note how 
same zones remarkably concerned with saline contamination, are 
characterized by an increase of temperature of undergroundwaters; 
this relationship is particularly evident along the Ioniccoastal 
zone of the central part of the peninsula. In some cases onecould 
assert that thermal influence caused by sea water intrusion happens 
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in advance as to the salting process of groundwaters. 
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ADRIATIC 9 E A 

ADRIATIC S E A 

Fig. 
Water table contours 

Fig. 2 
Salt content distri
bution 

Fig. 3 
Groundwater temperature 
measured 1 0 m below m. s . J 


