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Abstract 

In this paper the hydrogeological characteristics~ of the Southern Apu -

lian region - ~n Italy - are described as well as the parameters of in 

fluent water and ground water flow present at great depths; in correla -

tion to the land surface, the physical and geological constitution of 

the soii, the texture, structure, porosity, consistency of the various· 

soil horizons, their thickness and their relation to the topsoil and to 

the carbonatic bed rock. 

The authors study the features of ground and sea water intrusion with 

regard to the aquifer characteristics, karst conditions and fissures of 

bed rock in the cretaceous formations of the "Murgia" and "Salentina" 

peninsulas in the South-Eastern side of the Ofanto River. 

In addition they present a hypothesis on the course of isopiestic and 

isohalinelines and delimit a probable underground water basin. 

t.This paper is concerned with an area comprising two-thirds of the ter

ritory of the Puglia Region (Southern Italy), which has a surface area 

of 2,000,000 hectares and hence is the seventh largest of the Italian 

regions in terms of territorial extensiveness (Annex II). 

Particular attention is dedicated to the territory marked off by the 

right bank of the river Ofanto in its northern part, by the Adriatic and 
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Ionian seas along the coastal perimeter and inland by the adjoining Basi 

silicata Region, marked at this point by the Bradanic Trench (Fossa Bra

danica). 

The length of the coastline, the nature of the most widely represented 

terrain types, the orthographic shape and characteristics, the particu

lar features oflandscape and climate, together with the almost complete 

absence of surface hydrography and the existence of a particular under

ground hydrology give this part of the Puglia area an individuality that 

distinguishes it from the adjoining Appenine region. The territory con

sists of two distinct well defined subregional zones known as the Murge 

Complex (Complesso delle Murge) and the Salentine Peninsula (Penisola 

Salentina) respectively. Theseareseparated by a strip of land on a line 

between Brindisi and Taranto called the Messapic Plain (Piana Messapica). 

2. The uniformity of the geology of the terrain, comprising mesozoic car 

bonatic rocks both on the surface and in depth, renders the territory a 

single platform lacking in surface watercourses but containing an im

pressive underground water circulation system, thanks to the considera

ble degree of fracturing and Karstformation. 

Examining the rocks in detail, they are found to comprise cretaceous 

formations ranging from the Barremian to the Senonian. The predominant 

lithotypes are more or less compacted detritic limestones, whitish or 

greyish, alternating with marly calcarenites and rare darkgrey dolomi

tes. The Lower Cretaceous is less well-developed and generally represen

ted by detritic limestones, dolomitics and true dolomites. 

From Otranto to S.Maria di Leuca, along a narrow coastal strip, Paleoge-

nic limestones emerge continually towards the top. These are comp~ 

rable to the above-mentioned Cretaceous limestones in terms of their hy

drogeological behaviour. 

In direct contact with the superficial limestones, though only in the S~ 

lentine Peninsula, there is the presence of neogenic terms consistings 

of marine formations of the Miocene (Leece Stone and Andrano Calcareni

tes) and of the Pliocene (Salento Calcarenites). The plio-pleistocene 

formations occupying the remaining part of the territory are more wide

ly represented: in the Messapic Plain, most of the coastal strip, the 

Bradanic Trench, the Ofanto Valley and in small depressions in the lime 
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stone tableland of the Murge. 

3. The raising of that took place at the end of the Tertiary and the 

lack of uniformity in the horogenic pressures led to fractures in the li 

thosphere and inflections in the stratified mass. 

Signs of such inflections can be recognized along the coastline, as in 

the Barletta-Monopoli stretch, where steep rock-faces can be identified 

near the sea in the terminal part which goes from Polignano a Mare to Mo 

napoli and in the Otranto-S.Maria di Leuca stretch, with its notably 

high, steep coasts which are comparable to real cliffs. 

A long fault line parallell to the Adriatic coast marks the obvious escarpment 

that begins at N6icattaro and continues as far a.s Carovigno, reve~ 

ling vertical rock-faces that tower sometimes as much as 200 metres over 

the underlying plain in the terminal part. 

The cretaceous outcroppings of the Salentine Peninsula represent struct~ 

ral high points. Here the strata always plunge towards the outside, gi

ving rise to more or less broad anticlines along a NW-SE axis. These con 

stitute three series of hills known as "Serre Salentine" and may toge

ther be considered as an extended Horst bordered by faults towards NE. 

As regards the Murge complex, it may be stated that this formation is 

subject to small folds on a large scale and limited-displacement faults; 

the directrices are predominantly oriented in a WNW-ESE direction and 

the progression of the structures is somewhat irregular in detail. The 

most important tecton,ic theme is a general monoclinal dip of mesozoic 

carbonatic rocks in the direction of the Bradanic Trench, a dip which 

leads to outcropping of the deepest terms in the north-eastern part and 

the more recent ones in the south-western strip. 

Other faults, in an Appennine or Antiappennine direction, with considera 

ble displacement, together with others masked by a plio-pleistocene cov~ 

ring, have given rise to a stepped structure in the Taranto Ionian arch, 

the Bradanic Trench and the Ofanto Valley. 

4. The morphological appearance of the territory, together with the geo

logical-tectonic motives cited below, takes on an individual character 

which distinguishes it from the neighbouring Appennine relief in there-
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stricted elevation of the highlands. The maximum heights reached are 686 

m. at Torre Disperata in the Murge and 201 m. at Serra di Cianci in the 

Salentine Peninsula respectively. 

In the NW the Murge shows a greater elevation with a steep escarpment 

facing the Bradanic Trench and a gradual slope with differing uneven but 

generally terraced landforms towards the Adriatic Sea. In the south-east 

the greatest elevations face the Adriatic and the-final undulations deve

lop into broad folds, dying out towards Brindisi and the Messapic Plain, 

to reemerge along the coastal arch to the east of Taranto, forming the 

so-called Taranto Murge. To the west of Taranto rises the tectonic pil

lar of the Matera, Laterza and Ginosa Murge, detached from the limesto

ne block of the Murge. 

Finally, ~n the Salentine Peninsula the series of low hills known as the 

"Serre Salentine" stretch towards the Cape of S.Maria di Leuca in three 

converging elevations separated by slight depressions covered with post

cretaceous sediments, which taken together, represent the environmental 

characteristics of a plain, more extensive in this area than in the o

ther parts of the territory. 

5. Due to the fractured condition of the rock, the meteoric water that 

does not evaporate or flow away on the surface infiltrates into the subsoil. 

This water movement can be broken down into vertical movements directly 

connected with the infiltration and horizontal flow dependent on 

the network of strata. 

Among the parameters governing the above types of movement, the most 

important concern the evolutionary characteristics of the water-bearing 

channel. These depend essentially on the chemical attack by the acidu

lous water, and the mechanical erosion,which in favourable conditions 

follows or is superimposed on the chemical attack. 

In connection with the fractured state of the rocks of the Apulia plat

form and the local presence of lithotypes with different degrees of so

lubility (dolomite is approximately 20 times less soluble than calcite 

in carbonatic waters), the Karst phenomenon has developed in different 

ways both f~om one area to another, and within the same area at diffe

rent depths. 

There is therefore a marked anisotropy in the horizontal and vertical 

248 



distribution of the epi and hypogeal Karst apparati. 

The preferential development direction lines of underground Karst chan

nelling, which proceed horizontally and subhorizontally, coincide with 

the most significant tectonic features in the region. 

Another significant elementwhich has been established in connection with 

Karst evolution is that Karst systems are to be found both above and be

low the present sea level. These are found also within restricted areas, 

developed both in horizontal and vertical direction, at differing evolu 

tionary stages and therefore with differing drainage capacities. 

The main factor which has determined the distribution of the Karst net

work vertically and the evolution of each individual Karst:system or ho

rizon is to be sought in the repeated height variations in the base le

vel of Karst activity, corresponding to the level of the sea. 

Such variation was produced by the relative movement between sea and con 

tinent that have taken place since the Cretaceous Era. 

The Flandrian transgression, the latest movement which ~s still under 

way, is the one responsible for the present-day geometric configurations 

and the hydrogeological characteristics of the aquifer. To date it has 

provoked a rise of about 120 m. in the sea level and hence has forced the 

underground water circulation to shift once more upward. In the Murge 

this involves an aquifer bounded at the top by a rocky horizon containing 

few discontinuous fissures and limited Karst evolution; while in the Sa 

lentine Peninsula the water system has reduced to less than half of the 

water volume transported 14,000 years ago. 

Finally, the drainage capacity of the present aquifer has been reduced 

greatly with respect to the past, due to the blocking of fissures by 

the red earth(terre rosse) produced in the carbonatic rocks by current 

Karst activity. 

6. The differing horizontal and stratigraphic distribution of the sedi

mentary terms, which in turn are more or less subject to Karst action, 

and the state of fracturing of the aquifer are the principal factors 

that influence the underground water circulation and flowdown throughout 

the territory under consideration. The circulation occurs essen

tially in a diffuse vascular net-work; the flowdown takes place ~n m~

xed form: diffuse and concentrated. 
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Because of the natural barrier formed by the great thicknesses of imper

meable clay to the left of the Ofanto and towards the Bradanic Trench as 

far as south of Castellaneta, the £lowdown is directed towards the A

driatic and Ionian coast and along the Torre Rinalda - Porto Cesareo a

lignment, the compliuvum of the two hydrogeological complexes. 

Where the £lowdown is present in mixed form, the groundwater presents a 

very low hydrostatic charge and the fresh waters float in equilibrium on 

top of the sea water invading the continent. The characteristics of the 

phenomenon of dynamic equilibrium between fresh groundwater and under

lying sea water vary from zone to zone and depend on the permeability of 

the water-bearing massesc; the underground outflow conditions and the den 

sity of the waters that make up the masses in~uilibrium. 

In order to flow down towards the emergence points, the stratum waters 

distribute themselves at a height above the marine horizon that ~s a 

function of the resistance offered by the rock masses to the passage of 

the water (Annex III). 

The height is greater the farther away the outflow points; hence the pie

zometric surface of the water-bearing stratus assumes a slope with re

spect to sea-level that varies in function to the permeability characte

ristics of the rock. 

In the Murge complex, the lithological discontinuity and the relatively 

low overall permeability of the rock masses force the groundwater to mo

ve under pressure, with high piezometric charge values, and to flow 

dowh toward the sea with piezometric drops of thenorder of 4-5 0/00, 

sometimes reaching as much as 7-8 0/00. 

On the coastal strip the limestone base, being more subject to fractures 

and dissolution phenomena at the level of the aquifer, presents a grea

ter permeability, a low hydrostatic charge value and a drop equal to or 

less than 0.5 0/00, meaning that the groundwater nearly always flows down 

freely and is more susceptible to the influence of the sea. 

In the Salentine Peninsula, the eustatic and isostatic movements have 

been shown to be of little relevance. Hence the upward or downward shif

ting of the aquifer remains limited to a restricted interval. The disso

lution phenomena which have beenrepeated in the varying phases have a

lways involved the same stretch of aquifer, provoking greater vasculari

zation in the cretaceous complex and consequently a greater risk of in

vasion by sea-water. 
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In this environment, the depth of the perforations below sea level and 

the water pumping mechanisms assume a particular importance, since exce

ding the limits imposed by the law governing the equilibrium of liquids 

at different densities leads irremediably to the salinization of the 

fresh water by salt water drawn up from the lower depths. 

Another element that may have a negative influence on the state of equi

librium is the way in which the groundwater is introduced. 

In order to be harmless from the point of view of stability, it must re

produce the model for infiltration of meteoric water into the limestone 

mass. If on the other hand it takes place in an irrational manner, there 

may be an inverse upward flow of deep water and a consequent mixing of 

sea water with the fLesh water above. 

7. The data regardi~hydrostatic levels obtained from numerous drillings 

and the results of chemical analyses of water obtained from these wells 

enable us to carry out a reconstruction of the progress of the surface 

of the underground water layer. Throughout the territory, four bands of 

distinct saline concentrations may be identified and distinguished. These 

features are to be found on the adjoining map (Annex IV). 

As regards the development of the isopiestics, very lm.r hydraulic charge 

values are to befound throughout the Salentina Peninsula and in a restri 

cted coastal strip, with points slightly in excess of 3 metres, and hi

gher in the Murge, where there are points of over 100 metres. 

The configuration of the development of the isopiestics leads to that 

there ~s a single deep water-bearing layer that covers the entire terri

tory. It should also be mentioned that, while in the Salentine Peninsula 

some of the wells due in zones where the stratum reveals primary salini

ty reached and showed samples of authentic seawater, as may be expected 

from the precepts that govern such phenomena; yet in the Murge water 

samples taken from as deep as se J,?.ral hundreds of metres below sea level 

showed no trace of marine contamination. This may be due to the marked ani

sotropy and low permeability that characterize the water-bearing stra'"n 

turn. 

One perforation carried out in the north-western Murge went beyond 5000 

metres in depth below sea level and found only uncontaminated groundwater. 
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The situation of the freatimetry and the marine contamination are in pe£ 

feet agreement: a low piezometric drop value corresponds to a greater 

salt concentration, which gradually diminishes inland from the coastli

ne. In the Murgia intrusion by the sea takes place-only by lateral adsor 

ption through radial fracture lines on the edge of the compleK and not 

from the bottom as usually happens in zones where the groundwater is in 

equilibrium with the sea-water invading the continent. 

The Messapic Plain, which represents the juncture zone between the Murge 

and Salento complexes, finds itself in a particular hydrogeological si

tuation of its own by virtue of the marine contamination that appears 

diffusely throughout the area. 

The causes of this are most probably to be attributed to the. presence of 

two large springs situated near the coastline on opposite sides: the 

"Chidro""on the Ionian side and the "Idume" on the Adriatic. While these 

spiillngs pour much of the groundwater drained from the Murge and the Sa

lento through long fracture lines into the sea, they also provide pref~ 

rential channels for intrusion by the sea. 

Ir' thiE. zone the state. of contamination of the stratum shows continuity 

from one coast to the other. On the underground watershed in this zone, 

parallel to the two seas, the National Research Council (C.N.R.) has de

monstrated the underground communicability between the Adriatic and the 

Ionian Seas by means of a series of hydrometrographic and mareographic 

observations and thermo-salinometric stratigraphs; 

The map shows clearly how greater underground water salinity ~s to be 

found along the coast wi1ere the hydraulic charge is very low and the 

highly fractured aquifer is overlain by impermeable rocks which exceed 

certain depth limits below sea level. This phenomenon is very common all 

along the coastal perimeter, particulary to the south-east and to the 

west of the town of Taranto, where the limestone substratum extends as 

deep as several hundred metres below sea level. 

West of Taranto, situated at a crossing of fracture lines not far 

from the coast, the Tara spring emerges, draining over 4000 1/sec. of wa 

ter into the sea. Unlike the Chidro and Idume springs, the waters of 

this spring have a lower salinity, most probably due to the higher posi~ 

tion of the spring threshold with respect to the sea level., compared to 

the other two. 

Together with the map, there ~s a diagram of the stratigraphic section 
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of a well bored in the Lago Rosso locality, at about 7 km. from the vil

lage of Galatina. The diagram shows the vertical development of the sali 

nity bands, from the hydrostatic level to the bottom of the well 

(Annex IV). 
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