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1. INTRODUCTION 

In the framework of the European territorial cooperation FLAT project (Flood and landslide 

assistance and training), funded by the INTERREG IPA CBC Italy-Albania-Montenegro 2014/2020 

(CUP J89H17000110006 - CIG 7635933B3E), the activity A.T3.2 "Risk analysis on floods and 

landslides" provided for the elaboration of the Deliverable D.T3.2.5 which with this document is 

intended to update for the Italian part. This study was produced using the equipment provided 

by WPT2 and acquired by the City of Brindisi.  

This study is specifically aimed at defining the preliminary characterization and geological 

modeling in order to reconstruct the main lithological, stratigraphic, structural characters. 

The survey, carried out in accordance with current technical regulations, was divided into the 

following study phases: 

a. collection and consultation of existing documentation relating to studies and analyzes carried 

out in the same area or in neighboring areas; 

b. accurate collection and analysis of the area's cartography; 

c. surface surveys, carried out in order to define: 

- shapes and extension of surface structures, in particular of morphological processes and of 

current or potential instability (geomorphological survey); 

- a simplified scheme of surface and underground water circulation; 

- the areal extension and the limits of the lithotypes present in the area (Geolithological survey); 

- any fragile and ductile structures (geological - structural survey); 

- monitoring of the state of erosion of the north coast of Brindisi, through the use of a GPS Base 

system provided by the Municipality of Brindisi 

d. data processing and drafting of this technical report. 



 

 4 

2. GEOGRAPHICAL FRAMEWORK OF THE AREA OF INTEREST  

The stretch of coast in object, located north of the coast of the Municipality of Brindisi (BR), 

along via Torre Testa ex SP 41, is mapped in the second quadrant of the Sheet N° 191 of the 

Geological Map of Italy at the scale of 1:100,000 called "OSTUNI". More precisely is in the tablet, 

scale of 1:25,000, S.E. denominated "PUNTA PENNE" (Table 1 "Location on orthophoto of the 

monitored stretches" and Table 2 "Location on chorography of the monitored stretches ", 

attached at the bottom of this report). 

 

SHEET N° 191 OF THE GEOLOGICAL MAP OF ITALY AT THE SCALE 

OF 1:100,000 "OSTUNI" 

 

FIG. 2.1: Sheet N° 191 of the Geological Map of Italy at the scale of 1:100,000 "OSTUNI" 
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INTEREST 
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In particular, the monitoring activity involved four stretches of the same, as chosen below, given 

the object of the project, in relation to the accessibility features to ensure safety during the works. 

 

SHEET N° 191 OF THE GEOLOGICAL MAP OF ITALY AT THE SCALE OF 

1:100,000 "OSTUNI" 

 

 

FIG. 2.2: Sheet N° 191 of the Geological Map of Italy scale 1:100,000 "OSTUNI"- Location of the monitored stretches 

LEGEND (from Sheet N°191): 
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3. GEOLITHOLOGICAL AND MORPHOLOGICAL FRAMEWORK 

3.1 GEOLOGICAL SETTING  
The studied area is located on the border between the Murge plateau and the Salento Peninsula, 

characterized by a series of "Horst" and "Graben", of various sizes, generally oriented in the NW and SE 

direction. 

In particular, this area represents the north/north-western zone of the "Piana di Brindisi", a large 

depression of extentional tectonics origin of the Mesozoic carbonatic rocks which, from the hinterland 

around Francavilla Fontana, opens up towards the Adriatic Sea; this "stepped" depression has been filled 

by the deposits of the "Ciclo della Fossa Bradanica" and "Depositi marini terrazzati" (Ciaranfi et al, 1992). 

As shown in Fig. 3.1 and 3.2, the substrate of the examined Brindisi area is related to the carbonate 

formation known as the Calcare di Altamura (upper Cretaceous), which, displaced by faults of NW-SE and 

E-W direction, tends to slope towards the coast, where the top of the formation reaches depths greater 

than 40 meters from the average sea level (Ciaranfi et al, 1983). It is made up of mainly micritic limestone, 

sometimes detrital, dolomitic limestone and dolomite, organized in layers of variable thickness from a 

decimeter to a few meters. The depositional environment of the Calcare di Altamura corresponds to the 

internal zone of a carbonate platform (lagoon) characterized by weak hydrodynamic energy. 

 

FIG. 3.1: Geological section. Legend: 1) Calcari di Altamura (Cretaceous); 2) Calcareniti di Gravina (upper Pliocene - lower Pleistocene); 3) Argille Subappennine (Calabrian); 4) Depositi marini terrazzati (upper-

middle Pleistocene); 5) Calcarenite (upper-middle Pleistocene); 6) Surface aquifer 

 

This Cretaceous formation widely emerges in the NW of the “Piana di Brindisi”, where it presents a 

variable degree of fracturing and karstification, more intense along the main tectonic features that 

displace the examined Apulian sector. 

Lastly, the Cretaceous carbonate succession is the site of the so-called deep aquifer that is abundantly 

exploited.  
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The lower terms of the sedimentary cycle of the “Fossa Bradanica” overlay in transgression on the 

Mesozoic carbonate formation, attributable to the Calcareniti di Gravina (Pliocene – lower Pleistocene; 

Fig. 3.1 and 3.2). 

They are formed by calcarenite and calciruditic levels with horizons of different fossil content, which 

present a variable degree of diagenesis, passing from compact and porous lithotypes, known as "tufi", to 

non-litified lithotypes locally defined as "tufine". Layers, horizontal or with a rare slope in the NNE 

direction, have thicknesses ranging from 40 cm to 2 m, sometimes separated from each other by levels 

referable to probable marine regressions.  

In continuity of sedimentation, in almost the entire investigated area (Fig. 3.3), there are non-stratified 

banks of blue-gray clays (Argille Subappennine; lower Pleistocene) characterized by intercalations of marl 

and/or calcareous sands. Increments of sand are found at the bottom and the top of this formation. The 

top of Argille Subappennine, often located above the sea level, instead reaches depths between 10 ÷ 20 

m below the sea level in the examined area and along almost the entire coastal zone around the city of 

Brindisi. In particular, in the examined territory, this geological formation constitutes the most important 

sedimentary deposit of the “Conca di Brindisi” which tends to level the basin itself. With variable 

thicknesses from point to point in the Conca di Brindisi, it reaches 45-50 meters in the Capo Bianco area 

along the coastline while it tends to reduce towards the hinterland. 

The Depositi marini terrazzati lie on the Argille Subappennine (Pleistocene; Fig. 3.1 and 3.2), defined by 

the alternation of sandy levels and organogenic limestone referable to short post-Calabrian sedimentary 

cycles following marine regression. Their thicknesses are limited, not exceeding 20 ÷ 25 m. They have sub-

horizontal and transgressive attitudes on distinct abrasion surfaces placed at different heights. These 

terracing surfaces are engraved both in the formations of the Ciclo della Fossa Bradanica and in the 

Depositi marini terrazzati themselves. In relation to the Pleistocene marine deposits, around Brindisi, two 

main facies have been distinguished in literature: the first, outcropping south of Brindisi, is consists of 

calcareous sands, sometimes clayey passing downwards to gray-blue clays, slightly cemented, with 

limestone intercalations like "bench"; the second facies, which emerges widely in the plain around the 

city of Brindisi and in the north of it, is made up of clayey sands and gray-blue clays, with limestone 

intercalations and bioclastic arenaceous banks. In particular, according to what emerged from the survey 
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carried out, the first facies is constituted by an alternation of sandy levels and organogenic limestone, 

deposited in a neritic-sublittoral environment. It is the site of a groundwater table that only locally can 

assume significant flow rates and that most of the time is very low or even as simple exudations. In the 

upper portion, these facies essentially consist of a yellowish rather coarse-grained sand, indistinctly 

stratified and incorporating heterometric arenaceous nodules. Below this sandy portion, there are 

arenaceous banks, 5 to 15 cm thick, strongly fractured with intercalations of fine, yellowish, monogranular 

sand, with an average thickness of 20-30 cm. The deposit is rather tenacious because the various 

granulometric components are linked by an abundant calcitic cement and the pelitic fraction is essentially 

made up of heavy minerals such as quartz and feldspar. The lower portion of the examined facies is 

defined by banks, slightly more powerful, of a very fine-grained, slab and anisotropically fissured 

arenaceous limestone, with variable sand content from layer to layer and absence of macrofossils. This 

arenaceous limestone is rather tenacious even if the pelitic fraction, consisting of clayey minerals, is 

greater, and the percentage of cement of calcitic origin is lower. The second facies of marine deposits is 

essentially represented by loose soils, consisting of more or less clayey silts of a predominantly brown 

colour, more or less silty sands of reddish or yellowish colour with frequent inclusions of arenaceous stone 

nodules the size of a gravel. 

Finally, on the Depositi marini terrazzati emerge, locally and with low thickness, the Depositi recenti ed 

attuali (alluvial and coastal; Fig. 3.1 and 3.2). They are made up of clayey and / or sandy, yellowish or 

blackish silts, with intercalations of organic substances that represent the filling of the lagoons and coastal 

ponds formed within the coastal strips, as well as river and dune sands. Alluvial deposits characterize the 

whole southernmost coast of the Brindisi area where, in fact, wet areas are found. 
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GEOLOGICAL MAP OF MURGE AND SALENTO 
“N. Ciaranfi – P. Pieri – G. Ricchetti” 

SCALE 1:250,000 

 

LEGEND: 

 

Complex of beach and coastal plain deposits, referable to numerous terraced lithostratigraphic units in various orders connected to different eustatic - tectonic phases: sand, conglomerates, 

calcarenites and coral limestone. UPPER-MIDDLE PLEISTOCENE.   

 

Calcare di Altamura: carbonate succession of internal platform characterized by repeated cyclic sequences of thin sea (tidal, lagoon), with sedimentation compensated by subsidence; algae 

micrites and dolomycrites, calcarenites with foraminifers and frequent levels with rudists. CRETACEOUS.      

 
Calcareniti di Gravina:   calcarenite and calciruditic deposits in coastal facies, with foraminifera, algae, molluscs and echinis. MIDDLE-LOWER PLEISTOCENE. 

Figura 3.2: Geological Map of investigated area (Geological Map of Murge and Salento “Ciaranfi N. –  Pieri P. – Ricchetti G.”) 
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3.2 MORPHOLOGICAL CONFIGURATION 

From the morphological point of view, the area in object is generally sub-planar, characterized by 

very slight and not very appreciable weak 0,5-1% slopes degrading towards the coastline, interrupted in 

some points of the area by slight "Morphological leaps". The coastline is defined by a cliff, with variable 

slope from 70 ÷ 90°, as described below.  

In particular, the area covered by this study represents the coast north of Brindisi belonging, as 

reported in Attachment no. 7.3.3 of the Regional Coastal Plan document "Preliminary Studies for the 

Preparation of the Coastal Dynamics Plan Excerpt" referred to Fig. 3.3 below, to the Main Physiographic 

Unit UF3 sub-unit S.U.F. 3.2. 

 

Fig. 3.3: Physiographic units of the coast under study, with the two units that concern the coastal zone of the City of Brindisi 

 

The Physiographic Unit is characterized by the seamless presence of an "erodible cliff", as defined by the 

Puglia Basin Authority (Technical Committee 29.11.2010). It rises above the sea level with altitudes 

between 1,5 ÷ 8,0 meters (“Costa Alta” ≥ 1,5 meters) and it is constituted, from a geolithological point of 

view, by both sandy-calcarenitic and silty-clayey lithotypes; this area is currently subject to a risk 

constraint from geomorphological hazard largely PG3, PG2 and PG1 by the same Authority. In fact, this 

cliff is affected in some places by collapses due to removal of the foot mostly caused by the action of the 
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wave motion that crashes during sea storms. At the methodological level, it is possible to subdivide the 

areas subject to the project interventions according to the type of coast identified by the presence and 

height of the cliff, geolithological composition and presence or not of beach at the bottom, according to 

four cases: 

1. “Type A”: high coast characterized by the presence of cliff constituted by silty-clayey sands with rare 

calcarenitic intercalations of modest thickness, having height comprised between 1,5 ÷ 4,0 mt that has 

at the foot sandy beach and in subordinate pebbly of average width between 3,0 ÷ 6,0 mt;  

2. “Type B”: low sandy coast characterized by the absence of cliff on the back, presence of sandy shore 

and beach of average width between 5,0 ÷ 10,0 mt;  

3. “Type C”: high coast characterized by the presence of cliff consisting of silty sands with intercalations 

of calcarenitic levels that usually represent the top of the same cliff, which has an height between 4,0 

÷ 8,0 mt that sees at the foot the presence of sandy beach of average width between 5,0 ÷ 10,0 mt; 

4. “Type D”: high coast characterized by the presence of cliff consituted by calcarenitic deposits with 

intercalations of silty-sandy levels and/or layers, having height between 4,0 ÷ 8,0 mt that sees at the 

foot the absence of beach. 

 

To better understand the problems affecting the stretch north of the Brindisi coast, the description of two 

borderline cases is provided below.  Although not subject to monitoring within this project, they provide 

an immediate and realistic idea of how much a careful and preventive monitoring phase can prevent and 

avoid the occurrence of dangerous conditions and therefore risk for the vulnerable elements present, in 

this case the SP41 road, difficult to manage.
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STRETCH ID TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION 

TORRE ROSSA/ 

GIANCOLA 
Type D 

  

  
                  

STRETCH ID TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION DESCRIPTION 
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TORRE ROSSA/ 

GIANCOLA 
Type D 

  

 

 

The stretch of cliff in question, identified as an HIGH 

GEOMORPHOLOGICAL HAZARD area (PG2 and PG3), is constituted 

by the alternation of calcarenitic levels of variable thickness with 

intercalations of silt-sandy levels and / or layers. 

It has an average height of about 8,00 meters which sees the 

absence of a beach at the foot or, alternatively, the presence of a 

pebbly beach with an average width of less than 2,0 meters. 

Below a small pedogenetic horizon (soil), the top is represented by 

a compact calcarenitic horizon with an average thickness between 

0,50 ÷ 1,0 m which, most of the time, is cantilevered due to the 

undermining of the base of the sandy-silty component due to the 

action of the wave motion that breaks on storm surges. 

At the foot of it, calcarenitic blocks are evident as a product of the 

collapse.  

At the present, the cliff is not affected by the presence of water 

sources that flow into the sea from it. 

 

  

  

CALCARENITIC 
BLOCKS 



 

 14 

STRETCH ID TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION DESCRIPTION 

TORRE ROSSA/ 

GIANCOLA 
Type D 

  

 

 

 

 

 

 

SILTY SANDS WITH INTERCALATION OF CALCARENITIC LEVELS 

COMPACT CANTILEVERED CALCARENITIC BENCH 

SOIL, PEDOGENETIC HORIZON 

CALCARENITIC 
BLOCKS 

HCLIFF  @ 8,0 mt 
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Fig. 3.4: Rough schematization of the stretch in the locality of Torre Rossa / Giancola
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STRETCH ID TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION 

SBITRI Type A 
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STRETCH ID TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION DESCRIPTION 

SBITRI Type A 
  

 

The stretch of cliff in question, not identified as a geomorphological 

hazard, consists of silty-clayey sands with rare calcarenitic 

intercalations of modest thickness. 

The deposit is clearly subject to the direct action of the wave motion 

that breaks during sea storms, causing it to be undermined at the 

foot, with a consequent collapse that in this section has affected the 

quayside and lapped the roadway. 

The top is represented by a pedogenetic horizon (soil) covered by 

residual wind sands. 

It has an average height of about 3,00 mt that sees at the base the 

presence of sandy beach of variable width according to the season 

between 3,0 ÷ 6,0 mt. 

At the present, the cliff is not affected by the presence of water 

springs that flow into the sea from it. 
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ID TRATTO TYPE OF CLIFF LOCATION AND PHOTOGRAPHIC DOCUMENTATION DESCRIPTION 

SBITRI Type D 

  
 

 

 

 

 

 

 

 

LATERIZED SILTY-CLAYEY SANDS 

 
 
 

SILTY SAND 

HCLIFF  @ 3,0 mt 
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Fig. 3.5: Rough schematization of the stretch in the locality of SBITRI 
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4. HYDROGRAPHY AND HYDROGEOLOGY OF THE INVESTIGATED AREA 

4.1 REGIONAL HYDROGEOLOGICAL FEATURES 

The lithological characteristics of the different formations, their locations and the relative position 

relationships, mean that in Puglia the underground water circulation takes place through two distinct 

systems whose interaction tends to vary from place to place.  

The first, deeper, as a base or deep stratum, is represented by the karst aquifer circulating in the 

Mesozoic carbonate basement, strongly fractured and karsified; the second, which can be found in the 

deposits of the post-Cretaceous cover, is made up of a series of surface aquifers, which are found at 

reduced depths from the ground level, wherever the presence of impermeable levels constitutes a barrier 

at the base. 

 

         Fig. 4.1: Map of the permeability and of the main coastal springs of Salento 

Fresh waters of the deep aquifer, instead, are supported at the base by marine waters of 

continental invasion, from which they are separated by a transitional water belt, the diffusion zone, 

characterized by a rapid vertical increase of the salt content. Naturally, since the balance between these 

waters is linked to the hydraulic load of the fresh waters, the thickness of the latter decreases as you 

approach the coastline, until it completely disappears. Within the deep aquifer, three distinct  
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hydrogeological units can also be identified: that relative to the Gargano, to the Murge and to the 

Salento. In particular, the latter two are in lateral contiguity with each other along the Taranto-Brindisi 

alignment through which, by virtue of the different hydraulic loads, a strong spill of groundwater occurs 

from the Murgian unit into the Salento one. In the Murgian hydrogeological unit, in fact, there are always 

very high hydraulic loads, even over 50 meters, and a circulation mainly under pressure, while throughout 

the Salento there are modest loads, never exceeding 4 meters, with a circulation usually at free hair. 

4.2 HYDROGRAPHIC FEATURES OF THE INVESTIGATED AREA 

The investigated area represents the central-northern area of the "Piana di Brindisi" (also known 

as Conca di Brindisi), a wide depression of extensional tectonic origin of Mesozoic carbonate rocks. From 

the hinterland around Francavilla Fontana, it opens towards the Adriatic Sea; this "stepped" depression 

has been filled by the deposits of the "Ciclo della Fossa Bradanica" and by the "Depositi marini terrazzati" 

(Ciaranfi et al, 1992), whose stratigraphic structure and lithological characteristics affect the surface and 

underground water circulation. 

It is located in the temperate morphoclimatic system with a Mediterranean-maritime pluviometric 

regime characterized by a period of maximum rainfall between October and March (with maximums in 

November and December) and a period of low rainfall between April and September (with minimums in 

July and August). 

The kars phenomenon, the characteristics of permeability of the present formations as well as 

those of the meteoric precipitations do not favour the regular runoff of water of meteoric origin towards 

the sea by surface. This leads to a modest development of the hydrographic network characterized in the 

investigated area, as in Table 3 "Hydrogeomorphological Map of Apulia" extracted from the Basin 

Authority of Apulia website http://www.adb.puglia.it and attached below, by the presence of the Canali 

Giancola and a minor channel that we will identify as Canale Sbitri. 

4.3 HYDROGEOLOGICAL FEATURES OF THE INVESTIGATED AREA 

The characteristics of the underground water circulation present in the “Piana di Brindisi” are the direct 

consequence of the geological - structural and lithological structure, illustrated in the previous chapter.  
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In relation to the lithology and therefore according to their characteristics of permeability, the deposits 

affecting the studied area are divided into three groups: 

 

a. Impermeable to which belong the outcropping soils consisting of lays and silt, present even if up to 

modest depths, in an almost homogenous way throughout the municipal territory and in particular 

in the investigated one (permeability coefficient between 10-7 ÷ 10-9 cm/s); 

b. Permeable by porosity to which belong the most superficial soils such as sand, silt and calcarenitic 

deposits, whose degree of permeability increases with the rise of the sandy component constituting 

the deposit and represent the deposits used for the disposal of rainwater (permeability coefficient 

between 1*10-4 ÷ 1*10-6 cm/s); 

c. Permeable by cracking, to which the permeable rocks of the carbonate complex belong, the 

Mesozoic calcareous formation that, constituting the underground aquifer, is characterized by 

fractures, stratification planes and karst pipes due to the enlargement of fractures and joints. They 

give the deposit in object a high permeability that varies both vertically and laterally to the variation 

of the lithological nature and the relative degree of carnification (permeability coefficient between 

10-1 ÷ 10-2 cm/sec). 

Below are illustrated the fundamental characteristics of the water circulation having part in the 

Cretaceous limestones (hereinafter "Deep Aquifer") and in the terraced marine deposits of the upper-

middle Pleistocene (hereinafter "Surface Aquifer").  

 
Fig. 4.2: Sketch showing the situation of shallow and deep aquifers 

1 - More or less silty sands, sometimes weakly cemented; 2 - Bench-type whitish calcarenitics; 3 - Limestones and dolomites permeable by cracking and karst; 4 - Trace of the surface of the shallow and deep 

water table; 5 - Average sea level 
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By reason of the geological-structural and lithostratigraphic characteristics, the studied area hosts two 

distinct hydrogeological environments separated from each other by an impermeable horizon (Calabrian 

clayey formation otherwise called Argille Subappennine). 

A first one is present in the calcarenitic-sand sandy "Depositi marini terrazzati " in which there is a water 

table, locally indicated as a surface aquifer not always found, and a second one of more consistent flow 

located in the calcareous deposits that floats, for lower density, on the salt water of marine intrusion. 

4.3.1 Characterization of the deep aquifer 

The deep aquifer is present in the Mesozoic calcareous basement, permeable by cracking and karst. In 

cases where the overlying Calcareniti di Gravina formation is permeable, the water circulation is 

continuous in both formations, with calcarenitic deposits generally with reduced permeability compared 

to base limestones. The underground water runoff of the deep aquifer, coming from the contiguous 

Murgia, has mainly NW-SE direction, with piezometric falling generally less than 1‰ (Fig. 4.3). 
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     Legend 

 

Fig. 4.3: Abstract Table 6.2 "Average distribution of piezometric loads of the karstic aquifers of the Murgia and Salento" of the Apulia Region Water Protection Plan - Isofreatic water of deep aquifers 

 

STUDIED  
AREA 

 

isopiezometric (m a.s.l.) 
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The characteristics of the deep underground water circulation in the area of interest are closely related 

to the top height of the carbonate formation. Where we find the Cretaceous limestones at altitudes higher 

than sea level, the water table is generally groundwater, except for some cases where it is confined due 

to the presence of compact rock banks within the same carbonate formation. This occurs within the land, 

at considerable distance from the coast, and near the coast only north of Torre Guaceto, a few kilometers 

away from the intervention area, where there are carbonate outcrops. In the stretch of Brindisi coast 

south of Torre Guaceto, where the area of intervention is located, the top of the Cretaceous formation is 

present at lower altitudes than the average sea level and the deep underground water circulation is 

confined everywhere (Fig. 4.4).  

 

Fig. 4.4: Identification of the areas where the top of the deep carbonate 

formation is located below sea level, with indication of the main coastal 

outflows and the hydrographic grid (mod. Cotecchia, 1958). 
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The top of the aquifer is therefore constituted by Pleistocene clays or Calcareniti di Gravina, when same 

ones are impermeable (Fig. 4.5) 

 
Fig. 4.5: Schematic hydrogeological section of the Brindisi Plain 

 

The base of the deep aquifer everywhere consisting of continental intrusion seawater. In fact, the 

permeability of rock formations near the coast allows the intrusion of seawater into the content, which is 

located at the base of the freshwater aquifer. In particular, the freshwater aquifer and the underlying 

seawater are separated by a transition zone, where the saline concentration of the water undergoes a 

progressive increase, proceeding from the top downwards, starting from the typical values of the 

freshwater aquifer until it reaches the values of the seawater. The transition zone can be assimilated, in 

the first approximation, to a distinct interface, which then separates the two liquids (fresh water and 

seawater). Under this approximation, and considering a hydrostatic distribution of pressure with depth, 

it is possible to calculate the depth of the interface under sea level "h", using the well-known Ghyben-

Herzberg relationship (Fig. 4.6) 

 
Fig. 4.6: Hydrostatic equilibrium conditions between a groundwater freshwater aquifer and continental intrusion seawater. 
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h = ρd/(ρs - ρd) t 

where ρd e ρs, are, respectively, the density of fresh groundwater and seawater and t is the piezometric 

height of the groundwater measured in relation to sea level. 

For the Adriatic Sea, we assume ρs = 1029.9 g/l. Taking in first approximation for groundwater ρd = 1000 

g/l you get: 

h ≈ 33t 

In relation to the actual saline stratification of the aquifer and to the actual distribution of piezometric 

loads near the coast, generally involving a significant deviation of the pressure trend with the depth with 

respect to the hydrostatic one, it is possible to have values of "h" significantly higher than those inferred 

from equation 2), as often verified in the Apulian karstic aquifers.  

It is therefore clear that in the area of intervention the geometry of the deep aquifer is determined by the 

ratio between the piezometric height of the aquifer and the depth of the deep aquifer top. Where the 

depth, measured respect the sea level, is less than about 33t, the aquifer is totally invaded by seawater 

or however strongly salty (Fig. 4.4). In fact, in these conditions, it is not possible the existence of the 

interface at the heights where the aquifer is present.   

This occurs north of Punta Penne. South of Torre Guaceto, although the Cretaceous limestones are located 

below sea level, they are generally subject to a fresh water circulation, due to the shallower depth of the 

top. The coastal outflows in this area, however, generally occur under pressure and beyond the coastline 

(Fig. 4.4 and 4.7). 

 

The supply of the deep aquifer comes from North-West of Brindisi, in correspondence of the Murgia 

plateau. In fact, in the Brindisi Plain, the direct contribution of meteoric precipitation is almost zero, 

except for a small area where the limestone outcrops east of the Canale Reale (see the 

Hydrogeomorphological Map of Puglia), and this because below the terraced marine deposits is 

continually present the Argille Subappennine formation, to be considered almost impermeable. Only in 

the presence of discontinuity of the clayey level can occur modest water supplies in the deep water table, 

coming from the surface layer present in the ‘Depositi marini terrazzati’, which will be discussed later.  
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Fig. 4.7: Efflux of the deep aquifer beyond the coastline determined by the presence of impermeable barriers (mod. Cotecchia, 1955) 

This aquifer, because of its depth of subjection and because it is confined, does not affect in any way the 

areas in question. 

4.3.2 Characterization of the surface aquifer 

The ‘Depositi marini terrazzati’, largely outcropping in the area of intervention, host the superficial 

aquifer, generally groundwater and supported at the base by the formation of Argille Subappennine. The 

surface aquifer, permeable by porosity, presents a low transmissivity, deriving both from the reduced 

values of thickness of the saturated medium (5 ÷ 10 m) and from the reduced values of the permeability 

coefficient (10-2 ÷ 10-6 cm/s). The last one is variable mainly depending on the silt/clay content of the 

sandy-calcarenitic soil. Because of the low transmissivity, filtration rates are low (0.1 ÷ 0.5 m/g).  

Since it is a groundwater aquifer, storage is linked to effective porosity, generally modest. The low 

permeability and porosity therefore determines a long duration of the transitional regime resulting from 

rainfall events. As a result, the groundwater surface undergoes a significant uplift, which may remain for 

long periods, before the restoration of stationary filtration conditions. In the occurrence of depressed 

areas, where the subsoil is low, there may therefore be hydrogeological risk conditions related to flooding. 

The reconstruction of the isofreatic aquifers carried out on the scale of the entire plain (Fig. 4.8) shows 

that the runoff of the surface water table is directed toward the sea, with piezometric falling average 

between some units per thousand to some units per percent. Locally the runoff is strongly influenced by 

the drainage action operated by the hydrographic network. 
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From the surface surveys, it can be seen that the monitored areas and in particular the slope of the 

overlooking cliff is not affected by the evidence of the surface water table.  

 
Fig. 4.8: Isopiezic surface aquifer lines of the Brindisi Plain (Lopez et alii, 2005) 

Groundwater in surface aquifers often has high salinity. In coastal areas, when the top of Argille 

Subappennine presents lower altitudes than the sea level (Fig. 4.9), this circumstance is due to the 

phenomenon of marine intrusion. High saline concentration can also be due to anthropic pollution (use 

of fertilizers and agricultural manures), marine spray, evapotranspiration and high residence time of the 

water in the aquifer. 

 
Fig. 4.9: Isobaths of the top of the Argille Subappennine (Lopez et alii, 2005) 
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5. GEOLOGICAL HAZARD, HYDROGEOLOGICAL AND HYDROGRAPHIC SETTING 

With resolution of the institutional committee no. 39 of 30 November 2005, the Apulia Region adopted 

the Basin Plan for the Hydrogeological Asset of the Apulia Basin Authority (PAI), aimed at improving the 

hydraulic regime conditions and geomorphological stability, necessary to reduce the current levels of 

hazard and to allow a sustainable development of the territory respecting the natural assets, their 

evolutionary tendency and the potential of use. 

PAI constitutes the Plan Extract of the Basin Plan, pursuant to Article 17 paragraph 6 ter of the Law of 18 

May 1989, no. 183, and is the cognitive, regulatory and technical-operational tool by which the actions 

and rules of use aimed at the conservation, defence and valorisation of the soil falling within the area of 

competence of the Apulia Basin Authority are planned and programmed. 

The purposes of the Plan are: 

a) definition of the hydrogeological hazard picture in relation to flooding and slope instability phenomena; 

b) definition of interventions for the discipline, control, protection, regularization of watercourses and the 

arrangement of slopes and unstable areas to protect settlements and infrastructures, directing the use of 

intervention methods that privilege the enhancement and recovery of the natural characteristics of the 

territory; 

c) identification, protection and enhancement of river areas; 

d) maintenance, completion and integration of existing protection systems; 

e) definition of interventions for the protection and regulation of watercourses; 

f) definition of new hydrogeological protection and defense systems, to supplement the existing ones, 

with functions of controlling the evolution of instability and flooding phenomena, in relation to the level 

of risk reduction to be achieved. 

As reported in Art. 1, paragraph 6 of the Plan, in the forecasting and prevention programs and emergency 

plans for the defense of populations and their territory pursuant to Law No. 225 of 24 February 1992, the 

areas with hydraulic and geomorphological hazard considered respectively in Titles II and III of this Plan 

shall be taken into account. 
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Given the above, in order to make an overall assessment of the geomorphological, hydraulic and risk 

hazard, interesting the area covered by the project, has been carried out:  

a. the analysis of the cartography attached to the Hydrogeological Structure Disposal Basin Plan (P.A.I.) 

of the Apulia Region in which the Basin Authority has identified the areas exposed to geomorphological 

and hydraulic hazard and therefore at risk; 

b. the analysis of the Hydrogeomorphological Map of the Apulia Region attached to the Plan of the Basin 

of the Apulia Region (P.A.I.) in which the Basin Authority, in order to safeguard the watercourses, to limit 

the hydraulic risk and to allow the free flow of water, has identified the hydrographic network in the whole 

territory of competence, as well as all the riverbeds in active modelling and the floodplain areas, where 

there is an absolute prohibition of building; 

of which in Table 3 "Map of hydrogeomorphological elements of the project area", Table 4, 4.1 and 4.2 

"Map of Hydraulic and Geomorphological Hazard Areas taken from the WebGis of AdB Puglia 

http://www.adb.puglia.it and attached at the bottom of this report. 

From the analysis mentioned in the previous points, it is clear how all the monitored stretches: 

a. do not even partially fall in identified and perimetrated areas of hydraulic hazard or in identified 

and perimetrated areas at risk, 

b. do not fall within 75 meters from stretches of hydrographic network, in riverbed with active 

modelling; 

c. do not fall within 150 meters of stretches of the hydrographic network, in floodplain areas that 

are not easily identifiable 

d. since these are coastal stretches that can be classified by lithological units as erodible with an 

average height greater than 1,5 meters and therefore defined as "Costa Alta", with the 

simultaneous presence of: 

- direct action of the sea on the base of the cliff, 

- in some cases, cantilevered geometry of the cliff frontage,  

- recognized instability, 

-  
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- presence at the base of blocks coming from the detachment of the cliff,  

- hystorically known retreat of the cliff, 

- presence of fissurative systems, is identified as an area of high geomorphological hazard 

(PG 2 – PG3). 

6. MONITORING ACTIVITIES OF THE STATE OF EVOLUTION  
Within the current project, therefore, the monitoring of the state of evolution over time (in this case 

erosion) of No. 4 sections of the north coast of Brindisi was carried out on 18 February 2020, preceded by 

several training sessions in the field on the use of the detection tool used and purchased within the same 

project.  

The four stretches have been selected, given the object of the existing project, in relation to the 

accessibility characteristics, in order to ensure the safety of operators during the survey work. 

The results, suitably processed, have been reported on the WebGis of the municipality of Brindisi through 

the link at the top right of the home page 

(http://www.brindisiwebgis.it:8010/connect/analyst/mobile/#/main?mapcfg=FLAT). 
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6.1 INTRUMENTATION USED 

The topographic survey was performed using a Leica GS18 GNSS (Global Navigation Satellite Systems) 

station with an inertial system for the correction of the tilted rod; this last function allowed the precise 

detection of points of difficult access without the operator running any risk for safety.  

  

  

 

Fig. 6.1 Leica GNSS Station model GS18 

Photographic documentation and results of the surveys carried out are reported below. 
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6.2 PERFORMED SURVEYS 

Within each stretch three types of detection have been performed as described below: 

1. limit of the emerged beach (or limit of the tide line) at the monitored date and time 

2. limit of the base or foot of the cliff 

3. limit of the crest of the cliff 

Not being able to carry out more monitoring over time, in order to be able to appreciate the evolution 

over time of the sections concerned, the following is an overlap of the points detected on orthophotos 

taken in the years 2018, 2015 and 2010 and on 2018 orthophotos showing the shore lines (in blue) 

detected in the years 1992 and 2005.  

It is important to point out that at the turn of 2016-2017, sections II, III and IV were the subject of a safety 

intervention following a call for tenders CIG CODE: 5365617737 for the "Final design, executive and 

execution of the safety works of the coast north of the town of Brindisi".  

The safety works carried out by the company assigned the call for tenders essentially consisted of a dual 

intervention of: 

- reduction of the inclination angle of the slope of the cliff from the original 90° to the current 45°, 

with the aim of eliminating the overhanging geometry of the cliff front  

- protection at the foot of the cliff through the installation of limestone blocks with the aim of 

removing the direct action of the sea on the foot of the cliff itself. 

As a result, the overlapping of the points detected on the orthophoto of the year 2018 gave the possibility 

to verify, as far as possible, the quality of the safety measures carried out. 
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6.2.1 STRETCH I  

6.2.1.1 Photographic documentation 
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6.2.1.2 Overlay on orthophoto years 2018 - 2015 - 2010  

 
Fig. 6.2.1 Points detected (numbered red triangle) on orthophoto year 2018 
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Fig. 6.2.2 Points detected (numbered red triangle) on orthophoto year 2015 
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Fig. 6.2.3 Points detected (numbered red triangle) on orthophoto year 2010 
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            Fig. 6.2.4 Points detected (red triangle numbered) on orthophoto year 2018 showing the shore lines (in blue) detected in the years 1992 and 2005

Shore line year 1992 

Shore line year 2005 
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6.2.2 STRETCH II 

6.2.2.1 Photographic documentation 
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6.2.2.2 Overlay on orthophoto years 2018 - 2015 - 2010 

 
            Fig. 6.2.5 Points detected (numbered red triangle) on orthophoto year 2018 
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        Fig. 6.2.6 Points detected (numbered red triangle) on orthophoto year 2015 
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Fig. 6.2.7 Points detected (numbered red triangle) on orthophoto year 2010 



 

 44 

 
           Fig. 6.2.8 Points detected (red triangle numbered) on orthophoto year 2018 showing the shore lines (in blue) detected in the years 1992 and 2005 

Shore line year 1992 
 

Shore line year 2005 
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6.2.3 STRETCH III 

6.2.3.1 Photographic documentation 
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6.2.3.2 Overlay on orthophoto years 2018 - 2015 - 2010 

 
Fig. 6.2.9 Points detected (numbered red triangle) on orthophoto year 2018 
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Fig. 6.2.10 Points detected (numbered red triangle) on orthophoto year 2015 
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Fig. 6.2.11 Points detected (numbered red triangle) on orthophoto year 2010 
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Fig. 6.2.12 Points detected (red triangle numbered) on orthophoto year 2018 showing the shore lines (in blue) detected in the years 1992 and 2005

Shore line year 1992 

Shore line year 2005 
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6.2.4 STRETCH IV 

6.2.4.1 Photographic documentation 
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6.2.4.2 Overlay on orthophoto years 2018 - 2015 - 2010 

 
              Fig. 6.2.13 Points detected (numbered red triangle) on orthophoto year 2018 



 

 53 

 
         Fig. 6.2.14 Points detected (numbered red triangle) on orthophoto year 2015 
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                  Fig. 6.2.15 Points detected (numbered red triangle) on orthophoto year 2010 
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Fig. 6.2.16 Points detected (red triangle numbered) on orthophoto year 2018 showing the shore lines (in blue) detected in the years 1992 and 2005

Shore line year 1992 

Shore line year 2005 
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7. CONCLUSION 
 

From the analysis of the images referred to in paragraphs 6.2.1 ÷ 6.2.4 above, it is evident how in the last 

decades the detected coast stretches have undergone an important setback of the shoreline with 

consequent erosion of the overlooking cliff face, essentially due to the foot undermining processes caused 

mostly by the action of the wave motion that breaks during sea storms. 

 

 

 

 


