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Abstract: Apulia (southeastern Italy) is an elongated peninsula, located between the Ionian and the Adriatic seas, 
characterized by a semi-arid climate. It is an almost entirely karst region, with very limited availability of surface 
freshwater resources. The groundwater, the only water resource of Apulia, is affected by severe pollution problems 
related to both antropogenic and seawater intrusion phenomena. This is further exacerbated by the strong tourist 
vocation of the area, with heavy pressure by touristic water demand, especially during summertime. The Apulian 
geography and related freshwater problems require a thorough knowledge about karst processes, with specific regard to 
springs and aquifers. Despite this, in recent decades the attention on regional karst water resources was quite limited, 
and there is the huge need to implement new research in this field, aimed at reaching a better understanding of the 
Apulian karst. In this work we present a review on the main Apulian karst springs, divided in the three main sub-karst 
areas (Gargano, Murge, and Salento), based upon critical revision of the existing scientific literature. The aims are to 
build a database of known karst springs, and, further, to highlight the widespread and remarkable presence of karst 
phenomena in the region. 
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INTRODUCTION: IMPORTANCE OF KARST 
GROUNDWATER 

Karst aquifers are among the main reliable sources 
of global water supply, providing drinking water to 
almost a quarter of the world’s population; this is due to 
the fact that karst lands cover about 14% of the total 
land surface on Earth, with some countries entirely 
depending upon karst as the main potable water 
source [1-4]. It is well known that the use of karst 
aquifers and springs has a long history and tradition. In 
ancient times, the 11 long aqueducts, serving the old 
city of Rome (Italy), delivered to the urban area over 13 
m3/s of spring water, from distances ranging from 16 to 
91 km [5]. Similar hydraulic works, with significant 
underground development, were widespread all over 
Italy and in the rest of the Roman Empire as well [6], 
with many of them capturing water from karst springs. 
This long tradition is still working nowadays in many 
parts of Europe: for instance, the largest karst water 
supply system in Europe supplies the city of Vienna, 
mostly by karst groundwater [7]. 

In recent decades, stress on groundwater resources 
has significantly increased [8, 9], due to a variety of 
reasons including, but not being limited to, excessive 
number of irrigated farmlands [10], pollution by 
fertilizers and pesticides [11], and other anthropogenic 
and industrial actions [12-15]. 

There is high relevance of karst water for human 
supply, and an urgent need to safeguard the future 
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karst water availability. Being extremely heterogeneous 
and anisotropic in their physics and hydraulic 
characteristics [9, 16-18], karst aquifers are very 
different from others, in terms of both evolution and 
hydrological behavior; they need specific exploration, 
monitoring techniques and modeling approaches as 
well. Among the main peculiarity of karst, the difficulty 
in delineating the areal extension of the hydrological 
catchments has to be considered [13, 19-22]: this 
results in greater complexity for hydrogeological 
studies, essentially due to lack of correspondence 
between topographic divides at the surface and the 
subterranean hydrogeological boundaries. In karst 
coastal areas, the situation is further complicated by 
the occurrence of saline intrusion problems, related to 
inland advancement of the transition area between 
brackish water and freshwater [23-28], often 
exhacerbated by anthropogenic actions such as 
overexploitation of the aquifers due to high tourist 
pressure during the summer season [29]. 

In recent years, several international efforts have 
been done to improve the knowledge about karst 
aquifers: the first was the production of the World Karst 
Aquifer Map (WOKAM), as a supplement to the existing 
map of Groundwater Resources of the World 
(WHYMAP) [30]. This map, which is the most updated 
document about karst aquifers in the world, shows the 
outcrop areas of carbonate and evaporite rocks, but 
also displays deep confined karst aquifers, large karst 
springs including thermal and mineral springs, drinking 
water abstraction sites, and selected caves [31-34]. 
Further, a collection of karst springs hydrographs and 
data (World Karst Spring hydrograph, WoKaS) 
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widespread around the world was recently published 
[35]. 

In Apulia (southeastern Italy) Cretaceous 
limestones crop out in a very high percentage of the 
regional territory. Over than 4 milions of Apulian 
inhabitants depend for water supply by nearby regions: 
the Caposele spring (discharge greater than 4 m3/sec), 
located in the Picentini Mountains (Campania) is the 
main source feeding the Acquedotto Pugliese. 

Given relevance of the issue of karst aquifers, and 
the need to have available as much information as 
possible on karst aquifers worldwide, in this work we 
present a review of the main karst springs in Apulia 
(Figure 1), providing the basic data for the different 
karst sectors of the region. 

THE APULIAN KARST 

Apulia represents the outcropping sector of the 
south Apennines Foreland, connected to the Late 
Oligocene - Early Pleistocene westward subduction of 
the Adria Plate underneath the Apennine Chain [36, 37, 
38, 39]. The Apulian Foreland corresponds to a wide 
WNW-ESE trending antiform [40, 41], produced by 
buckling of the subducting slab. The monoclinal 
structure, gently dipping to the SE, is subdivided by 
high dip, mostly NW-SE striking, faults into uplifted and 

lowered blocks [42-45]. It represents the less uplifted 
block and shows the lowest topographic relief, where 
the overall carbonate sedimentary succession of Apulia 
crops out, consisting of 3 to 5 km thick Jurassic-
Cretaceous limestones and dolostones, unconformably 
overlain by Palaeogene to Neogene calcarenites and 
calcirudites, eventually capped by Quaternary terraced 
marine calcarenites. Since the Lower Pleistocene the 
whole region was interested by a general uplifting, until 
it reached the present configuration [46]. It has to be 
pointed out that, in the present work, we deal 
exclusively with the karst sectors of Apulia, not taking 
into account the Daunia Apennine (that is, the inland 
area at the contact with the inner Southern Italian 
Apennines) and the Bradano plain, at the SW boundary 
with Basilicata Region. 

Overall, Apulia is a NW-SE elongated peninsula, 
and includes three main karst sub-areas (Figure 1): 
from N to S, the Gargano promontory (where the 
highest elevations, over 1000 m a.s.l., are reached), 
the Murge plateau, and Salento.  

Morphology of the Gargano Promontory is mostly 
controlled by E-W and NW-SE-trending faults [43, 45, 
47]. Karst is well-developed over the entire area, with a 
multitude of sinkholes, reaching a maximum density of 
up to 100 per square kilometer [48-50]. Due to 
widespread outcroppings of soluble rocks [51], surface 

 

Figure 1: Location map of Apulia, with indication of the karst springs. 
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hydrography is limited to a few, short, ephemeral 
drainages along the slopes bounding the elevated 
central plateau and to minor drainages in the alluvial 
and coastal plains surrounding the promontory. 

The Lesina and Varano coastal lakes separate the 
northern side of the promontory from the sea. In the 
Gargano sub-karst area, elevation ranges from sea 
level to 1056 m a.s.l. with a mean value of about 400 
m, and morphology is controlled by E–W and NW–SE-
trending faults [43, 47]. The promontory hosts the 
Gargano National Park and towns and villages that 
collectively represent an important touristic area and a 
significant economic resource. 

Murge is the main karst area in central Apulia, 
extending some tens of kilometers inland from the 
Adriatic coastline, and is typically subdivided into High 
Murge, and Low Murge. The first one is the upper 
portion of the plateau, at elevations between 400 and 
679 m a.s.l., limited by clear step-like scarps on the SW 
edge. This plateau was an island in the Plio-
Pleistocene sea, which experienced multi-stage karst 
processes that led to development of polygonal karst 
landscape [49, 52], showing remnants of fluvio-karst 
landforms and features such as valleys of different 
sizes and development, dolines, endhoreic basins, and 
caves. Dolines are often concentrated in doline fields, 
or they coalesce into a single landform, thus indicating 
their likely genesis in a low relief cockpit karst [52]. 
Over such landscape, developed in Upper Tertiary, a 
hydrographic pattern was superimposed, that partly 
opened some of the depressions, also dismantling 
sectors of the karst relief and producing talus deposits 
[53]. As in the other sectors of Apulian karst, the spatial 
distribution of dolines is clearly controlled by the pattern 
of the main tectonic discontinuities [54, 55]. The largest 
dolines belong to the collapse or cover-collapse type 
(see [56, 57]): these include, among the others, the 
Altamura Pulo and the Gravina Pulicchio (Pulo and 
Pulicchio are local terms to descrive deep karst 
depressions; [58]).  

Moving toward the sea, the karst morphology 
becomes smoother in the Low Murge, where, however, 
some remarkable features are present, as the 12 km-
long Canale di Pirro polje: this is the site where the 
deepest cave of Apulia was recently discovered, 
reaching the water table at depth of -264 m from the 
topographic surface [59, 60]. Even though the 
possibility of water accumulation at the surface is 
extremely remote in this setting, perennial or temporary 
lakes can be identified in Low Murge, typically hosted 
at the bottom of dolines and slight depressions, where 
silty clays to silty sands infillings are present [61, 62].  

The Salento peninsula, hosting the southernmost 
carbonate block of the region, is entirely modeled by 
karst processes, and strongly affected by doline 
development, involving not only the Cretaceous 
limestone bedrock, but also the overlying Tertiary and 
Quaternary clastic carbonates [54, 63-66]. Starting 
from the Early Triassic, the area was part of the 
Apulian carbonate platform, characterized by shallow-
water carbonate sedimentation [36]. Since Cretaceous 
times, it experienced a number of transgression–
regression phases, giving rise to a succession 
constituted by multiple unconformities. Eventually, 
during the Middle Pleistocene, the area underwent a 
severe regional uplift [46]. Salento is characterized by 
the presence of wide marshlands in proximity of the 
coasts [67], diffuse coastal springs and caves, and a 
large number of swallow holes, that are sites where 
rapid infiltration of rainwater occurs undergound, 
recharging the karst aquifers. Because of the 
geological configuration, low topography, and due to 
overexploitation of the underground water resource for 
agricultural purposes, the Salento peninsula is 
definitely the sector most strongly affected by seawater 
intrusion phenomena, making brackish a wide sector 
extending inland for some kilometers [28, 29, 68-73]. 

KARST SPRINGS IN APULIA 

Overall, Apulian karst springs have a total discharge 
of some 20 m3/s (6 m3/s in Gargano, 8 m3/s in Murgia, 
the Brindisi Plain and the Ionian Arc, and 6 m3/s in 
Salento) [28]. This total discharge corresponds to about 
1/5 of the estimated recharge to Apulian water tables, 
which highlights the presence of a significant amount, 
not yet quantified, of water coming out along the 
coasts. Discharge to the sea typically occurs in diffuse 
way along wide stretches of the coastlines, through 
karst conduits showing also significant differences (in 
terms of conductivity, T, etc.) in the main hydrological 
parameters of the emerging waters [74, 75]. While 
submarine springs can be identified at variable 
distance from the shoreline, estavelle are located in its 
proximity, as a function of the morphology of both coast 
and tides, that determine alternating behaviour in 
functioning as springs or swallow holes. 

Apulian coastal springs derive from emergence of 
the water table hosted within the karstified Mesozoic 
carbonate rocks; contribution from infiltrating water is 
only partial. Further, they are strongly exposed to 
seawater intrusion phenomena [69, 73, 74]. The high 
diffusion of submarine springs in Apulia was the main 
outcome of multi-spectral aerial surveys (visible, 
infrared and thermal infrared), carried out in the 1970’s 
[28, 76] along 390 km of the coastlines. 245 thermal 
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anomalies were detected, due to differences in 
temperatures between spring water and seawater. 
Among these, 170 were attributed to springs, while the 
remaining were likely linked to water courses or 
anthropogenic discharges.  

In Apulia, inland karst springs are very rare, and 
show limited discharge. They are generally linked to 
Quaternary deposits with low permeability layers 
covering the bedrock, a situation locally resulting in 
small perched water tables, that contributed to 
foundation of some urban centers.  

As concerns the main karst spring classification [1, 
77-79] Apulian emergences can be subdivided into the 
following categories: 

• Free draining springs: groundwater is drained in 
free conditions through springs coming out at 
sea level, or along the bedding planes and joints 
within the outcropping carbonate rock mass. In 
some cases, close to the coastline, the high 
degree of limestone fracturing forces the water 
table to reach the sea level before the shoreline, 
and springs emerge inland, again in free draining 
conditions.  

• Dammed springs: the flow toward the sea does 
not occur in free draining conditions but is rather 
controlled by presence, near the coastline, of 
massive carbonates and/or low-permeability 

Quaternary deposits, overlying the permeable 
carbonate rock mass. 

• Submarine springs: situation similar to the 
previous one; in this case, however, the 
impermeable cover has not significant thickness, 
so that the water table keeps moving toward the 
sea, beyond the coastline, and comes out along 
discontinuities in the impervious cover (this type 
of spring is locally known as citro, and is 
characterized by ascending column of water, 
producing at the surface a sub-rounded shape 
turbulence).  

The main regional karst springs have a quite stable 
regime, with moderate variation in discharge, despite 
the irregularities in the pluviometric regime. This is due 
to both large size of the catchments and storage 
capacity of the aquifer. They typically show brackish 
water, and a typical chemistry of the mixing of seawater 
and a chlorine-alcaline facies, accompanied by clear 
prevalence of Mg and solphates over Ca and 
bicarbonates. Large part of the springs show 
temperatures in the range 16 - 20°C; only locally, lower 
temperatures are recorded (for instance, at some 
springs in Gargano), probably related to lack of thermal 
influence of the seawater on the overlying freshwater. 
Higher temperatures, on the other hand, are registered 
at S. Nazario spring in Gargano and at Santa Cesarea 
Terme springs in Salento. 

 

Figure 2: Karst springs of Gargano. Spring labels refer to Table 1. 
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SPRING DISTRIBUTION AND FEATURES 

Gargano Sub-Karst Area 

Gargano karst springs (Figure 2, Table 1) are 
located along the SE rims of the two lakes Lesina 
(average total discharge: about 2.000 l/s) and Varano 

(1.500 l/s), between Vieste and Testa del Gargano 
(1.500 l/s) and at Manfredonia – Siponto (1.000 l/s). As 
concerns typology, several types of springs are 
present, mainly belonging to the dammed (confined) 
type, but also including free draining and submarine 
springs as well. In the confined type, the dam is 
typically represented by low permeability Quaternary 
deposits.  

The highest discharge springs are located at some 
distance from the coastline, and at few meters of 
elevation above the sea level: S. Nazario (2,1 km, 250 
l/s), Lauro (1,75 km, 450 l/s), Centrone (0,7 km, 150 
l/s). All these springs have saline concentration of 
about 2÷3g/l. 

At the free draining springs between Vieste and 
Testa del Gargano, water rises mostly from the 
bedding planes of the rock mass, while at the Varano 
Lake borders, and at Manfredonia–Siponto, it comes 
out from sub-vertical fractures within the carbonates 
[80]. Saline contents are typically high, greater than 3 
g/l, and up to 8÷9 g/l. Frequently, the freshwater comes 
out at sea, even at some distance from the coast, due 
to presence of impermeable or low-permeability 
deposits overlying the carbonate rock mass; this can 
be observed at the Varano lake, below which a 
freshwater circulation can be identified, and that is 
bounded by several ascending submarine springs. 

Near Siponto, small subaerial springs come out 
close to the sea level, forming small surface channels 
going to the sea after crossing the beaches. They show 
a limited discharge, the most significant being 
Conchiglia and Foce Canale (100-130 l/s). Even at 
great distance from the shoreline, ascending 
submarine springs with high discharge are located S of 
Testa del Gargano, near Manfredonia, at the SE 
margins of Lesina Lake, and SW from Siponto 
(Mascherone km 1,3, 100 l/s; Caldoli km 1,28, 200 l/s; 
Mascolo km 1,0, 150 l/s; Milena km 0,8); the saline 
content is 2÷5 g/l. 

At higher elevations, springs are present at Vico 
Ischitella (Asciatizza I and II, Canneto, Montenero I and 
II), showing a total discharge of about 150 l/s, very low 
saline content 0.3-0.4 g/l, and total lack of seawater 
influence [81]. This is a unique situation in Apulia, the 
aquifer showing an impervious surface at the base, 
constituted by the Cretaceous Scaglia Formation: this 
water table shows a chemistry derived only by 
circulation within the carbonates, without any contact 
with the intruding seawater. 

Table 1: Springs of Gargano Sub-Karst Area (Location 
shown in Figure 2) 

ID Spring Name ID Spring Name 

G1 Caldoli G35 Acqua del moroso 

G2 San Nazario G36 San Nicola I, II 

G3 Mascolo G37 Colaciocco 

G4 Zanella G38 Carnevale 

G5 Mascione G39 Montenero I 

G6 Lauro G40 Montenero II 

G7 Canale alto G41 Asciatizza I, II, III 

G8 Milena G42 Canneto 

G9 Mileto G43 Acqua D'Antra 

G10 Calarossa G44 Chirce 

G11 Baresella G45 Vasto 

G12 San Nicola Varano 1 G46 San Giacomo 

G13 San Nicola Varano 2 G47 La salata 

G14 San Nicola Varano 3 G48 Molinello 

G15 Fascia G49 Scialara 

G16 Valle Sant'Angelo G50 Torre del ponte 

G17 Costa del Pozzone G51 Calcari 

G18 Bagno G52 Caruso 

G19 Arancio - Orti di Tullio G53 Lago Santa Chiara 

G20 Fiumicello G54 Torre porto - Nuovo 

G21 Irchio G55 Cala San Felice 

G22 Santa Lucia G56 Convento 

G23 Santa Barbara G57 Acque di Cristo 

G24 Pincio G58 San Pietro - Castello 

G25 Ciccotonno G59 Porto 

G26 Mortero G60 Molo - Orto delle brecce 

G27 Soriense G61 Conchiglia 

G28 Galluccio G62 Papa Orsini 

G29 Fontana di Ischitella G63 Foce canale 

G30 San Francato G64 Centrone 

G31 Acque di Vezzaro G65 Capparella 

G32 Acqua del confine G66 Gruppo S. ve - Siponto 

G33 Acqua del prete G67 Mascherone 

G34 Maddalena   

 



68     Journal of Environmental Science and Engineering Technology, 2020, Vol. 8 Liso and Parise 

In the following, we provide some details about the 
most significant karst springs of Gargano. 

San Nazario 

San Nazario is a dammed spring in the territory of 
Sannicandro Garganico, about 2 km from the Lesina 
Lake, at the contact between limestones and alluvial 
deposits, along an area of about 1000 m2 (Figure 3). 
After coming at the surface the water flow in a channel, 
before reaching the Lesina Lake. The saline 
concentration is greater than 2 g/l, due to mixing with 
seawater, and high temperatures (26-27°C) are 
registered in all seasons [82]. Actually, the different 
campaigns provided variable results: the discharge 
changes from some tens of litres per second to values 
higher than 300 l/s, with dry weight at 180°C between 2 
and 4,3 g/l.  

 

Figure 3: Sketch of the San Nazario spring in Gargano 
(modified after [129]).  

Lauro 

The Lauro spring (again at Sannicandro Garganico, 
1,75 km far from the Lesina Lake) flows in the lake 
through a channel. It is fed by water emerging from 
fractures in the Cretaceous limestones at the contact 
with the overlying low-permeability Quaternary 
deposits. Discharge is about 450 l/s, but the last 
surveys indicate dispersion in the data. Salinity is high, 
about 3-5 g/l, due to marine intrusion, temperature is 
16,8° C (March 2011 measurement [28]). 

Irchio and Bagno 

These are two free draining springs from the 
Mesozozic limestones around the Varano Lake, along 
a 1 km-long strip, at elevation not higher than 0,5 m 
a.s.l. Due to this low elevation, both springs 
significantly show high saline contents, in particular 2 
g/l at Bagno, 4 g/l at Irchio, with water temperature at 

14,1°C and 14,5°C, respectively. Close to the lake, the 
limestones dip below the impervious Quaternary 
calcarenite and alluvial deposits, which act as a dam. 
There are differences between the emergence 
conditions at the two springs: at Irchio, water comes 
out from joints in the Cretaceous limestone, whilst at 
Bagno it emerges from the few fractures affecting the 
Miocene calcareous sandstones, in turn taking water 
from the underlying Cretaceous aquifer. The most 
recent measurements point out to a decrease in 
discharge at Irchio, accompanied by a sensible salinity 
increase. Small tapping works have been realized at 
both the springs. 

Caruso 

Caruso spring consists of many small emergences 
about 5 km S of Vieste, at the foothills of two mountain 
ridges transversal to the beach. Water flows inside two 
channels, bounding the rock ridges, that merge in a 
single channel near the tip of the southern ridge. A 
significant difference in salinity content is observed in 
the channels: 7 g/l (T=18,6°C) in the first one, and 8,4 
g/l (T=19,8°C) in the second, to testify a higher degree 
of mixing with seawater. Discharge sensibly decreased 
from values higher than 250 l/s in the 1950s, to lower 
than 50 l/s in the last years. It seems the spring is 
disappearing, which is also confirmed by values of dry 
weight and the Schoeller chart, showing an increasing 
effect of seawater intrusion [28].  

Murge Sub-Karst Area 

Table 2: Springs of Murge Sub-Karst Area (Location 
Shown in Figure 4) 

ID Spring Name 

M1 Collettore sinistro Trani 

M2 Collettore destro Trani 

M3 Vasca di Trani 

M4 Corratoio 

M5 Fiume Grande 

M6 Fiume Piccolo 

M7 Fiume Morello 

M8 Cervarolo 

M9 Chiaradonna and Gruppo sorgivo Stornara 

M10 Follerato 

M11 Speziale 

M12 Matrice 

M13 Fontana calza 

M14 Chiatona 
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M15 Patemisco 

M16 Tara 

M17 Galeso (citro) 

M18 Galese 

M19 Marangio 

M20 Lavandaia 

M21 Battentieri 

M22 Riso 

 
Along the Adriatic side of the Murge plateau, the 

geological conditions show wide stretches of 
outcropping limestones, hosting the main freshwater 
table, and characterized by diffuse fracturing in the rock 
mass, thus allowing the occurrence of several free 
draining springs. Locally, occurrence of concentrated, 
significant, springs may be encountered too, due to 
particular geo-structural conditions. As before 
mentioned, it must be stressed that many submarine 
springs, still unknown, are present along the coastlines. 
Three main zones of interest can be identified for karst 
springs (Figure 4; Table 2), the first one being located 
N of Bari, at Trani, the second in the Fasano area 
between Bari and Brindisi, and the third near the Gulf 
of Taranto. 

Between Barletta and Trani, the springs, named 
Right and Left Collector of the Trani Reclamation, 
come out in an area originally known as “The 
Marshes”, since emergence of the water table formed 

wide marshlands (a situation very common along many 
sectors of Apulian coastlines; see [67]). A system of 
channels, built following the natural slopes, was 
therefore realized to reclaim the site. Available 
discharge measurements for the Right Collector spring 
indicate a constant discharge of around 500 l/s. 
However, recent surveys highlighted very different 
values, with maximum greater than 2.000 l/s, and 
saline content in the order of 3÷5 g/l (that is, with 
significant influence of marine ingression). 

Not far from these springs, the Vasca di Trani 
originates from the water of many emergences in a 
wide depression close to the sea, partly occupied by 
marsh vegetation. The water flows as small courses, 
then merging into a natural channel, reaching the sea 
after 150 m. Discharge is in the range 150÷200 l/s 
(maximum greater than 300 l/s, minimum about 100 
l/s). The dry weight at 180°C, in the order of 4 g/l, 
indicates a significant marine influence. 

In the Fasano area, along a 1 km-long stretch of 
coastline, three main springs are present.  

Morello River (Figure 5) and Piccolo River are two 
dammed springs, originated by fossil dunes deposited 
over the Cretaceous limestones during the last post-
glacial transgression, and partially covered by the 
present dunes (Figures 6 and 7). Such line, obstructing 
the natural groundwater flow to the sea, causes the 
water to emerge along a trend parallel to the coastline. 

 

Figure 4: Karst springs of Murge. Spring labels refer to Table 2. 
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The discharges are about similar at both the springs (in 
average 300÷400 l/s), even though available data are 
quite variable, and a significant reduction was recently 
observed at Morello River. Both springs show a very 
high saline contamination, with salinity content up to 20 
g/l. 

The third spring is Grande River. Notwithstanding 
the proximity to the previous two, it shows very different 
ways of outflow. In this case, stretches of Cretaceous 
limestones, covered by paleosoils and present beach 
deposits, crop out along the coast. High fracturing in 
the rock mass allows a strong concentration of the 

outflows, thus causing the lowering of water table to the 
sea level before reaching the coastline. Spring water, 
once emerged at the surface, go to the sea through a 
man-made channel. Discharge is here greater, 
averaging 600 l/s, with maximum peaks slightly lower 
than 1.200 l/s. The chemical features are strongly 
influenced by marine intrusion. A progressive reduction 
in the water quality at the spring has been recorded at 
least for the last 30 years. 

The other sector of high hydrogeological interest, in 
the sub-karst area of Murge, is its southwestern part, 
degrading toward the Gulf of Taranto (Figure 8). As a 

 

Figure 5: Bird’s eye view of the Morello River (after [130]). 

 

Figure 6: Pictures along the coastal area of emergence of the Morello River. 
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matter of fact, in the Ionian Arc the carbonate rock 
mass dips to the SW with a block structure, and is 
overlain by impervious calcarenites and clays of 
Calabrian age. When the thickness of the latter 
deposits below sea level becomes significant, there is 
the occurrence of subaerial dammed springs (Tara, 
Galese, Battentieri, Riso, Lavandaia, Marangio, 
Patemisco). In case of limited thickness, on the other 
hand, water keeps flowing and, due to the high 
hydraulic heads, ascending submarine springs are 
produced (they are locally named citri, and are typical 
of the Mar Piccolo, close to Taranto). Piezometric data 
(Figure 8) clearly indicate the existence of a N-S 
subterranean hydrogeological divide, separating the 
water feeding the Tara spring (from the carbonate rock 
mass W of the divide) from the subaerial and 
submarine springs in the Mar Piccolo, mainly fed by the 
carbonates located to the E [82-84].  

Galese 

Galese is a dammed spring in a wide depression 
between a province road and the railway, about 1 km N 
from Mar Piccolo. The main emergences form a small 
lake, which water slowly flows toward Mar Piccolo. The 
spring originates from the water table in the Cretaceous 
limestones that, dammed in their flow by the overlying 
clays, come out from the discontinuities in the rock 
mass, until elevation of 1.6 m above sea level. 
Discharge is about 400÷600 l/s, with the last 
measurements indicating much higher values (up to 
1.400 l/s); this was also observed for the dry weight at 
180°C; in the 1950s it was about 1,7 g/l, whilst later it 
reached values of 3÷3,5 g/l.  

Tara 

Within the Taranto area, the most important spring 
is definitely Tara. It is located about 7 km NW from the 

 

Figure 7: Pictures of the main spring area at Piccolo River, near Fasano. 

 

Figure 8: Piezometric lines around the Gulf of Taranto, showing the groundwater watershed separating the flow emerging at 
Tara spring from that to the east (redrawn and modified after [82]).  
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city, and consists of many freshwater spill points, 
locally named polle, fed from the Cretaceous aquifer, 
then flowing in a natural perennial water course (Tara 
river), reaching the Ionian Sea after a winding route of 
some 3 km. Tara maximum discharge is > 4.000 l/s, 
with values of saline concentration of 2 g/l [84-87]. 
Given the good quality (small salt concentration) of this 
water spring, it has been used, since the 1950s, for 
agricultural and industrial purposes. Hydraulic works on 
the Tara River and a derivation channel were built to 
bring the spring water to a rising plant, and from here to 
a distribution site. This plant started to work in 1951 
[87], and today provides water for a maximum 
discharge of 2.000 l/s.  

The area of the Tara spring is characterized by 
SSW-dipping Cretaceous limestones, unconformably 
overlain by Calabrian marine sedimentary deposits of 
the Bradanic Trough, and by Pleistocene and recent 
transgressive deposits: Gravina Calcarenite, in 
thickness < 10 m; 3-4 m thick clay marls passing to 
silts with sands (Subapennine Clays); calcarenites, 
sands, and gravel sands (post-Calabrian terraced 
marine deposits); recent terrains (marsh and alluvial 
deposits, dunes and actual beaches) [84, 87, 88]. Due 
to the overall structural setting, the roof of the 
carbonate, progressively deepening toward the coast, 
is covered by an increasing thickness of Subapennine 
Clays, in turn covered by the most recent deposits. 

From a morphological standpoint, the area 
corresponds to a surface slightly inclined toward the 
Ionian Sea, degrading from inland elevations of about 
70 m a.s.l. through a series of flat-lying surfaces 
connected by small winding scarps, with trend about 
parallel to the coastline. 

The Cretaceous limestones host the groundwater 
that flows from the SW sectors of Murge toward the 
Ionian Arc. In the area of Tara spring, a topographic 
depression marks the sector where the Subapennine 
Clays have limited thickness or are not present. Being 
under pressure, water comes out in two groups, at 
elevations ranging from 3,5 - 1,5 m a.s.l. [88]. The first 
group is within the main spring area, extending about 1 
km2 and corresponding to a deep incision; the second 
group is in the NW area, from where the spring water 
reaches the Patemisco channel, flowing in the Ionian 
Sea, about 5 km W from the outlet of the Tara River. It 
has a discharge ranging from few tens of liters per 
second to about 250 l/s [84]. Discharge changes as a 
function of both the hydrogeological conditions of the 
water table and the tides (these latter working on both 
the piezometric values of water table and river levels). 

Further, a slight subterranean circulation is present in 
the area, substained at the base by the Subapennine 
Clays, and contained within the deposits permeable for 
porosity. The Cretaceous aquifer is affected by marine 
intrusion, with freshwater, feeding the Tara spring, 
floating over the seawater. Mixing between the twos is 
responsible of the significant saline concentration of the 
springs.  

The first monitoring actions at Tara were performed 
in the period 1926÷1954 [82, 85, 87], resulting in 
minimum discharge of about 2.500 l/s and maximum of 
4.300 l/s. It has to be pointed out that, being the Tara 
River a tide channel, its discharge variations cannot 
always be related to the rainfalls [85]. Significant 
differences have been appreciated between the 
discharge at different sites, meaning that the water 
extracted from the uprising plant only partly comes 
from the Tara and that the derivation channel collects, 
along its path, further significant water contributions. 
The overall hydraulic system is of high complexity, as 
demonstrated by the reversal in the water flow 
direction, in function of the amount of water extracted 
by the uprising plant. 

The chemical-physical parameters of the Tara 
spring water is in agreement with those of the water 
table: the saline concentration shows variations 
between 1,5÷3 g/l, to be linked to modifications in the 
balance between freshwater and the underlying 
seawater. Chemistry is highly variable: the first 
available measure of dry weight, dating back to 1952, 
gave value of 1,7 g/l, whilst the last (2007÷2010) 
provided higher values, between 2,42÷2,95 g/l. Salinity 
measurements at the derivation channel in the period 
1968÷1978 resulted in significant variability, in the 
range 1,7÷2,2 g/l [84, 89]. It appears extremely difficult 
to interpret the data, due to their discontinuity in time; 
further, in some cases the precise location of the 
measurements is unknown. Nevertheless, based upon 
comparison among salinometric logs and piezometric 
monitoring in the period 1995-2007, an aquifer 
overexploitation seems to have occurred. This might be 
due to the presence of a very high number of drilled 
wells (10 to 100 wells per km2, for which it is not 
possible to estimate the overall amount of withdrawn 
water) in the area upstream from the spring [84].  

Citro Galeso 

As before mentioned, the word citro is locally used 
to indicate submarine springs, typically concentrated in 
the Taranto Gulf (Figure 9). The use of terms derived 
from the local dialect is very common in Apulian karst, 
with a variety of terms, often changing from area to 
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area in function of the linguistic differences among the 
spoken dialects [58]. The Citro Galeso is located in Mar 
Piccolo, about 250 m from the shoreline, at 18 m below 
sea level, and has discharge of 800 l/s. It is visible at 
the surface due to the ascending column of water. The 

submarine spring consists of a main opening with high 
discharge, and of several other minor karst water spills, 
distributed along the flanks and bottom of a wide 
funnel-shaped depression, about 18-20 m-wide. 

 

Figure 9: Springs in the Mar Piccolo of Taranto: to the left, the emergence of one of the main citri; to the right, a channel 
collecting water emerging from several springs. 

 

Figure 10: The Battendieri spring, along the shore of the Taranto Gulf: above, a general view of the area, showing the buildings 
used for wool manufacture; below, the channel linking the area of water emergencies to the sea (left) and inner view of the tank 
for wool manufacture (right). 
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Water flux velocity measurements, at the main 
opening, provided average values in the range 0,85 - 
0,95 m/s. It represents an important resource, quite 
brackish, nowadays not used but with sure potential, 
giving water with saline concentration on the order of 
4,0 g/l [90]. 

Battentieri 

The Battentieri spring opens along the eastern 
margin of Mar Piccolo, in a small depression some 
hundreds of meters from the shore (Figure 10). It 
consists of several karst water emergences widespread 
over a large area. The spring water presents high 
salinity values, and for this reason it is not usable for 
human purposes. The discharge is highly variable, with 
maximum value of 300 l/s. 

Riso 

The Riso spring is located E of Mar Piccolo. The 
emergences feeding the springs are grouped in a wide 
area of about 1500 m2. Discharge values are variable 
in time: from 30÷100 l/s in the 1920s, to 100÷120 l/s in 
the 1930s, to lower values again in the 1940s÷50s. 
Even recently, discharge measurements changed from 
about 0 to 130 l/s. These variations are not easy to be 
interpreted, also because the salinity seems to have 
increased during the last 20 years. 

Salento sub-karst area 

Table 3: Springs of Salento Sub-Karst Area (Location 
Shown in Figure 11) 

ID Spring Name 

S1 Pozzella 

S2 Lapani 

S3 Siedi 

S4 Idume 

S5 Giammateo 

S6 Acquatina 

S7 Santa Cesarea Terme 

S8 Chidro 

S9 Boraco 

 
In the Salento peninsula, the southern sub-karst 

area of Apulia, the karst springs are mostly located 
along the Adriatic coast (Figure 11, Table 3), the only 
exceptions being represented by the Santa Cesarea 
Terme springs (isolated along the southeastern sector 
of the peninsula) and the Chidro and Boraco on the 
Ionian side. 

Salento is a remarkable area as concerns 
biodiversity in cave water environment, hosting many 
peculiar species and stygofauna that is of high interest 

 

Figure 11: Karst springs of Salento. Spring labels refer to Table 3. 
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for scientists [91]. Studying the stygofauna from wells 
and caves in Salento is providing very useful 
information about biodiversity and quality of water in 
karst aquifers because many species are markers of 
unpolluted environment [92-95].  

Idume 

At the Adriatic coastline of Salento, about 12,5 km N 
from Lecce, the Idume spring (Figure 13) consists of 
several water emergences, flowing toward the Adriatic 
Sea, with a discharge of 1000 l/s and high saline 

 

Figure 12: Sketch of the Chidro spring (modified after [127]). 

 

Figure 13: View to the north of the Idume River, along the Adriatic coast NE of Lecce, in Salento: from left to right, the 
emergences area and the sand beach. 
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content, variable in function of the sea level 
oscillations. For a long time, spring water occupied a 
wide marshland, as typical along this stretch of coast 
(see also the Acquatina area; Figure 14) which was 
reclaimed and collected in the channels Rauccio, 
Fetida and Gelsi, then merging in a single channel, 
about 300 m-long, called Idume River [67, 96]. From a 
hydrogeological standpoint, the area was object of 
many survey campaigns, the first measurements going 
back to 1920s, showing a discharge in the range 
750÷1650 l/s. Higher values were recorded in the 
period 1946÷1952, with maximum greater than 2000 
l/s, while the most recent measurements indicate 
definitely lower values, below 1200 l/s. Dry weight at 
180°C is highly variable, ranging from 2,5 and 11-12 
g/l. There is a clear influence of marine intrusion, 
causing a chlorine-alkaline facies. 

Groundwater circulation in this stretch of the Apulian 
coast is very complex, due to presence of two distinct 
water tables: the first is contained within the 
Cretaceous calcareous and calcareous-dolomitic rock 
masses; whilst the other, closer to the surface, is within 
the permeable post-Cretaceous rocks. The twos are 
separated by a thick, practically impervious, Miocene 
calcarenite-marly level, sustaining the superficial water 
table at the bottom; the deeper water table floats over 
the seawater of continental intrusion [68, 97, 98]. 
Idume spring apparently drains the water of the 
superficial water table, but the high and variable 
salinity, together with the high discharges, let to 
hypothesize a significant contribution from deeper 
sectors as well.  

The draining capacity of the channels is strictly 
linked to the periodic and aperiodic variations of the 
sea level, causing changes in the hydraulic heads at 

the emergences, and conditioning the free outflow to 
the sea (Figure 15). The maximum discharge 
measured in low tide condition is 1.180 l/s at the 
outflow channel (the other channels had in the same 
period discharges of 1.068 and 127 l/s); in high tide the 
discharges were slightly lower: 1.039 l/s at the outflow, 
1.008 l/s at Rauccio and 76 l/s at Grande.  

All groundwaters are affected by seawater 
contamination, with particular regard to the Idume 
spring. Saline content, measured in some boreholes, 
revealed a saline stratification also for the superficial 
water table, with salinity values ranging from 0,3 to 2 
g/l. The direct ingression of seawater in the permeable 
post-Cretaceous rocks reaches a maximum distance of 
about 500 m from the coast. As concerns the deeper 
water table, salinity measures in boreholes reaching 
the Cretaceous limestones show that thickness of the 
water table, measured from the phreatic surface to the 
roof of the transition zone (this latter being about 30 m-
thick), decreases gradually from 64 m, until becoming 
null at a distance of 1,5 km from the sea; at shorter 
distances, the Cretaceous aquifer contains only 
seawater. 

Santa Cesarea Terme 

The sulfur-rich caves at Santa Cesarea Terme 
(SCT), in southeastern Apulia, are hosted in upper 
Cretaceous micritic limestones and dolostones, resting 
above Late Triassic evaporites and unconformably 
overlain by Cenozoic calcareous successions [42, 51, 
99, 100]. The system consists of four caves, developed 
along a 500 m-long stretch of the Adriatic coastline 
[101, 102]. As concerns the geological-structural 
setting, the SCT area shows extensional and trans-
tensional structures, with related pull-apart features: 
the NW–SE trans-tensional faults are the most diffuse 

 

Figure 14: The basin at Acquatina, along the Adriatic coast. 
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and appear to be the youngest system [103], that 
controlled the development of the main surface and 
subsurface karst landforms in the area [55, 104].  

Known and described by several scholars since 
1800 [105-108], and used as spa since the 1930s 
[109], the set of caves at SCT represents a significant 
tourist attraction in this sector of Apulia, and an 
important source of income for the local economy. In 
these environments, mixing of sulfuric acid and 
seawater occurs, producing sulfuric acid speleogenesis 
morphologies, and making this set among the best 
examples of caves of hypogenic origin (sensu [110-
114]) in southern Italy [101, 115]. Saltwater strongly 
interacts with the freshwater not only along the 
halocline, but also inland, thus creating saltwater 
intrusion problems due to intense water withdrawal for 
agriculture and human settlements [116]. 

Water mixing [101, 117] is highlighted at the sea 
surface, in particular conditions of sea currents and 
winds, by white plumes coming out from the caves 
(Figure 16). In the innermost part of the caves, sulfur-
rich thermal water enters the caves from below. The 
cave enlargement occurred downstream of the sulfur 
springs, where the oxidation of hydrogen sulfide 
produces sulfuric acid that immediately reacts with the 
host rock replacing calcite with gypsum. This process 
appears to be active essentially above the water level, 
on the wet walls and ceiling. Dissolution rates, being 

monitored in recent years (October 2015 – present), 
indicate that dissolution at the water–air interface is 
faster in the median cave sector (where mixing 
between sea and deep water occurs), while dissolution 
in air is higher in the deeper part of the cave, where 
H2S degassing is more abundant [101, 115, 118]. 

The SCT thermal water is distributed in the Na–Cl–
SO4 quadrant of the Ludwig–Langelier diagram, with 
pH ranging from 6.9 (when dominated by deep water) 
to 7.3 (mainly influenced by seawater–deep water 
mixing). Chemical–physical properties of water (ion 
chloride content, hydrogen, temperature, etc.) change 
essentially in function of the tides [119]. The deep 
water presents a very high salt concentration (58 g/L) 
and temperature of 22–33 °C. The high lithium content 
and the tritium concentration, ranging from 0.46 to 0.33 
TU (lower than the present seawater, 2.2 TU) are clear 
indicators of very long residence time of groundwater in 
the aquifer [120]. This evidence, together with data 
from stable isotope analyses, suggests that the thermal 
springs appear to be at least partially fed by 
groundwater connected to a deep circulation system 
[103, 121]. 

So far, no accordance exists about origin of the 
springs, and several hypotheses have been presented 
[122-124]. The temperature values, several degrees 
higher than those of water coming from shallow 
sources, are probably due to the exothermic reaction of 

 

Figure 15: The River Idume flowing to the Adriatic Sea. 
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sulfate contained in the seawater interacting with 
organic matter in the Miocene calcarenite layers [122, 
123]. 

Sulfur-rich thermal water in Salento sub-karst area 
is not limited only to the SCT area, but it has been 
identified also at other sites, as on the Ionian coast 
near Ugento, where a well showed presence of sulfur 
water below a thick layer of Lower Pleistocene clays 
[125]. 

Chidro 

After Tara, Chidro is the largest karst spring in 
Apulia. Located SE of Manduria, along the Ionian 
coast, it has an average discharge of 2600 l/s (reduced 
to 1000 l/s due to water table overexploitation). It 
consists of several sites where the water comes up to 
the surface, as subaerial springs, but also emerges 
below the water level in channels and tanks 
(subaqueous springs in Figure 12) and at sea (Figure 
12). Among the different springs, there is great 
variability in salinity and discharge related to the tides 
[126-128]. Overall, a significant decrease in discharge 
has been observed over the years [28]. The water table 
is contained in the Cretacous limestone bedrock, that is 
overlain by a succession made of Pleistocene 
calcarenites and clays, eventually capped by recent 
calcarenites (Figure 12). As in the nearby Boraco 
spring, location of the emergences is related to limited 
thickness along the coastline of the clay deposits, that 
were eventually broken by water in pressure coming 

from the underlying limestones (likely, also with the 
contribution of surface erosion, in turn producing 
lowering of the clay layer).  

Boraco 

Only 4 km away from Chidro, Boraco spring shows 
similar characteristics, both for modality of emergence, 
and hydrologic regime. Boraco is formed by two 
depressions, about 100 m apart, collecting the water of 
several emergences from the bottom, and transported 
to the sea by means of a channel [126, 127]. As 
concerns the discharge, there is a strong dispersion of 
data, which does not show the fall in discharge 
observed at Chidro [128]. On the contrary, an increase 
in discharge was observed in the period 2007÷2010, 
but the last surveys highlight a qualitative deterioration 
of the water [28]. 

FUTURE PERSPECTIVES 

Apulia is worldwide known as a remarkable area for 
karst research, since its land is almost entirely karstic, 
and presents a significant number of karst caves, 
where many scientific activities have been carried out 
in the last years, with many others still ongoing. 
Nevertheless, knowledge about Apulian karst, with 
particular regard to karst aquifers and springs, 
definitely needs to be improved, especially as concerns 
continuous data monitoring, in order to better 
understand the recharge mode, transport and outflow 
in the different sectors of the region. It is worth to be 

 

Figure 16: White plumes of sulfur-rich water coming out of the thermal sulfuric acid speleogenesis caves at Santa Cesarea 
Terme. 
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noted that, after a systematic survey campaign, started 
in 1995÷1996, to assess the Apulian water springs 
quality, in the framework of the monitoring network of 
underground water ([28], and references therein), no 
other action was continuousely conducted to collect 
availabile data on which to build a sound 
comprehension of the karst aquifers. Actually, this 
monitoring was later on abandoned by Apulia Region 
authorities, thus testifying the lack of attention paid by 
the administrators and decision-makers toward this 
really important issue. Given the climatic condition of 
the area, which often suffers from lack of superficial 
water resource and a limited amount of rainfall (thus 
resulting in limited karst groundwater natural recharge), 
it would be extremely important to facilitate further 
studies and research dedicated to data collection and 
analysis, aimed at promoting the development of good 
practices for protection and a sustainable use of the 
Apulian water resources. 
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