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Apulia region (SE Italy) is particularly prone to karst processes,
due to the extensive presence of carbonate rocks. Karst marks
the whole region, and represents the main landscape features,
with a variety of landforms ranging from large-size dolines, to
poljes, and fluvial-karstic valleys; given the configuration of
Apulia, a great role in the presence of widespread karst features
is also played by coastal landforms. The Salento peninsula, in
southern Apulia, is characterized by very low relief and crop-
ping out of different types of carbonate rocks, ranging in age
from Cretaceous to Quaternary. Recognition of karst features
in this setting, and the likely implications for geohazards, is
quite difficult, because of the subtleness of the features, and
the facility for man to cancel or modify them. Nevertheless,
the presence of dolines is definitely a typical aspect of the area,
which also implies some consequences in terms of risk to the
built-up environment. This work focuses on the area of Bar-
barano del Capo, where two cover-collapse dolines are well
known in the geological literature as Vora Grande and Vora
Piccola. Despite the fact that morphometrical and stratigraphi-
cal features have already been investigated, few informations
are available about the hydro-geomorphological and structural
settings of the area. This article presents the results of mor-
phological and structural analyses, aimed to understand the
role of tectonics in the development of karst features, and their
evolution.
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Za pokrajino Apulijo (JV Italija) so znacilni kraski procesi,
zaradi velike raz$irjenosti karbonatnih kamnin. Kras oznacuje
celotno pokrajino in predstavlja glavne povrsinske oblike,
od velikih vrta¢, do polj in fluvialnih kraskih dolin. Glede
na polozaj Apulije imajo pomembno vlogo v prisotnosti
razsirjenih kragkih oblik tudi obalne povriinske oblike. Polo-
tok Salento v juzni Apuliji kaze znacilnosti nizkega reliefa z
izdanki razli¢nih karbonatnih kamnin krednih do kvartarnih
starosti. Doloc¢anje kraskih oblik ter povezava z naravnimi
nesreCami je tezka zaradi razdirjenosti oblik in zmozZnosti
¢loveka, da preoblikuje povrsje. Kljub temu je prisotnost vrtaé
zelo znacilna za to pokrajino. Hkrati pa to lahko povzroca
nekatere neugodne posledice pri gradnjah na tem terenu. Ta
$tudija je usmerjena na obmocje Barbarano del Capo, kjer se
nahajata dve pokriti udorni vrta¢i, v geoloski literaturi dobro
znani kot Vora Grande in Vora Piccola. Kljub temu, da so bile
morfometri¢ne in stratigrafske oblike Ze raziskane, pa je malo
dostopnega o hidro-geomorfologkih in strukturnih podatkih.
Clanek predstavlja rezultate morfoloskih in strukturnih analiz,
da bi razumeli vlogo tektonike v razvoju kragkih oblik.
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INTRODUCTION

Karst processes are the main geomorphic agents in
Apulia region (SE Italy), due to the extensive presence of
carbonate rocks, ranging from the Jurassic to the Qua-
ternary ages. Karst landforms are widespread all over
the region, and often designated with different terms. As
a matter of fact, due to historical reasons the local lan-
guage developed distinct and variable linguistic roots in
different parts of the region. Thus, even the terms used to
indicate the natural landscape greatly change through-
out Apulia. This is, for instance, the case of dolines, one
of the most common features in the Apulian landscape: a
high variety of dolines has been documented, with differ-
ent genesis, morphology and size, governed by the local
characteristics of carbonate rock masses and hydrology.
Dolines are designated with very different terms, such as
pulo, gurgo, grave, aviso, and vora, depending on the local
dialects (see Parise et al. 2003).

The Salento peninsula, hosting the southernmost
carbonate block of the region, is entirely modeled by
karst processes, and particularly susceptible to dolines,
due to favourable stratigraphic conditions: among the
other types, many examples of cover-collapse dolines
(sensu Waltham et al. 2005) can be numbered, promoted
by the presence of Tertiary and Quaternary clastic car-
bonates over the Cretaceous limestone bedrock (e.g.
Delle Rose et al. 2004, 2007; Parise 2008a; Festa et al.
2012).

Fig.1: Overall view of Vora Grande (Photo: M. Parise).

Seawater along the Salento coastlines enhances hy-
perkarst processes, that are at the origin of the wide pres-
ence of coastal dolines (Delle Rose & Parise 2002, 2005;
Delle Rose et al. 2004; Parise 2008a; Bruno et al. 2008a,
b; Del Prete et al. 2010; Margiotta et al. 2012). In par-
ticular, the interplay between coastal doline activity and
sea wave erosion produces on the Ionian side of Salento
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peculiar shoreline morphologies, locally designated as
spunnulate (e.g. Bruno et al. 2008a and references there-
in; Basso et al. 2013). In addition to dolines produced
by natural karst processes, many cases of anthropogenic
sinkholes have been registered in Salento, ascribed to
intense underground quarrying (e.g. Delle Rose et al.
2007; Parise 2008a, 2010a; De Pascalis et al. 2010; Loll-
ino & Parise 2010; Parise & Lollino 2011; Lollino et al.
2013).
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Fig. 2: Vora Piccola (Photo: M. Parise).

Together with dolines, other depression-like land-
scapes are extremely important in terms of land man-
agement in the karst of Apulia: these can cover limited
areas, often hosting temporary lakes or marshlands (Lo-
pez et al. 2009; Parise 2009), or affect larger territories
as poljes (Parise 2006). Since these depressions represent
the low-altitude lands, they are often flooded in the af-
termath of heavy rainstorms, a situation which results
in continuous heavy economic losses in Salento, and the
rest of Apulia as well (Parise 2003; Andriani & Walsh
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2009; Cotecchia & Scuro 2010). The effects of the floods
are often exacerbated by land mismanagement actions,
typically carried out without having a proper knowl-
edge of the karst landforms and their hydrological
functioning (Calo & Parise 2006; Parise & Gunn 2007;
De Waele et al. 2011). Closure and clogging of swallow
holes, and extensive covering of karst with asphalt roads
and the expansion of urbanized areas obstruct the natu-
ral drainage of runoff during and after heavy rainstorms,
enhancing the consequent losses to society.

Starting from the above considerations, this work
examines the main landforms of the karst landscape in
a sample area of Salento, namely Barbarano del Capo,
where two cover-collapse dolines are well known in the
geological literature as Vora Grande (Fig. 1) and Vora
Piccola (Fig. 2), for their respective sizes. Both dolines,
few hundreds of meters apart, are included in the Re-
gional Register of Caves, managed by the Apulian Spe-
leological Federation (Giuliani 2000) and were carefully
described for the first time by a local scholar, Cosimo De
Giorgi, at the end of the XIX century (De Giorgi 1896).
Further morphological descriptions have been provided
by Beccarisi et al. (2003), Delle Rose et al. (2004) and
Parise (2008a). All these authors agree that both dolines
formed through collapse of the cavern vaults, enhanced
by local litho- stratigraphical changes in the Plio-Pleis-

tocene calcarenites. At present, they still show instabil-
ity conditions, as testified by the recent fall at the eastern
margin of Vora Grande (February 2011).

The two Vore are also interesting examples of the
interaction between man and development of dolines:
remains of quarry activity at the margin of one of
the doline might represent evidence of a likely (even
though so far not proved) anthropogenic trigger. The
abundance of quarries in this site is due to the common
employment of calcarenites for buildings in the past. An-
cient human activities in this site are also testified by car-
riage tracks of Roman age (Sammarco & Parise 2008).

The abundance and variety of karst landforms,
involving various kinds of carbonate rocks, with dif-
ferent textures and cementation degree, makes this area
suitable for geological evaluations on development of the
karst landscape. In particular, this work estimates the
possible connection between the shape of morphokarst
elements and the spatial distribution of mechanical dis-
continuities in the rock masses, as already tried in several
karst areas worldwide, including the Classical Karst (i.e.,
Sebela 1998; Cucchi et al. 2001; Sebela et al. 2005, and
references therein). Quantitative methods have been
employed for both the morphometry of karst landforms
and the structural analysis.

METHODS

Given the main aim of the work (that is, to look for, and
discuss, any likely relationships between the main fea-
tures of karst landforms and the geological structures),
to perform the morphometric analysis of dolines in the
study area, a detailed hydro-geomorphological map has
been realized, based upon field surveys and interpreta-
tion of multi-temporal aerial photographs, covering the
time span from 1955 to 2001. Recognized elements have
been drawn up in a digital format using as base the topo-
graphic map at 1:5.000 scale provided by Apulia Region,
and Geographic Information System (GIS) tools have
been employed to manage the spatial data. In par-
ticular, a hierarchical distinction among the recognized
morphokarst elements has been outlined, based on vis-
ibility, extension and depth. The term doline refers in our
work to topographically depressed areas of generally
limited extent, showing a marked altitude drop. These
latter are often enclosed in wider, flatter depressions, with
boundaries more difficult to be outlined, and that show a
less appreciable difference in altitude with respect to sur-
rounding areas. Thus, dolines and depressions will be the

two categories of karst features mostly dealt with in
the following analyses and descriptions. In addition,
the main scarps bordering the Serre ridges, and the few
ephemeral streams arising from these slopes, have also
been outlined.

Cartographical data have been then employed for
the morphometric analysis, carried out separately on
the two categories of dolines and depressions. The fol-
lowing parameters, considered as the most representa-
tive for a morphometric description of the considered
karst landforms (e.g. Williams 1971; Drake & Ford
1972; Mills & Starnes 1983), have been adopted: i) Total
number; ii) Minimum and maximum area; iii) Density
(total number / total area); iv) Total area; v) Percent-
age of involved areas; vi) Ratio between major axis (a)
and minor axis (b) (elongation ratio, e.g. Bruno et al.
2008a).

Finally, the structural analysis has been undertaken.
Dip-directions of faults and joints have been measured
and statistically analyzed at the available outcrops of
the carbonate rock masses (the Cretaceous limestone

ACTA CARSOLOGICA 43/1 - 2014

103



104

PEPE M. & PARISE M.

bedrock and the Pleistocene calcarenites). Spatial distri-
bution of measurement stations provides a quite uniform
outline of structural data across the study area. A total
number of 15 measurement stations have been select-
ed, 8 of which are located along the Serre ridges (Serre
di Montesardo to the north-east and Serre Falitte to the
south-west), whilst the remaining 7 along the interven-

ing structural lowlands. At each station, a minimum
number of 40 measurements has been assumed as the
threshold of statistical significance. Results have been
then analyzed and plotted on rose diagrams and cumula-
tive curves, in order to detect the likely connections be-
tween structural data and morphometric parameters.

GEOLOGICAL AND GEOMORPHOLOGICAL SETTING

The Apulia region represents the outcropping sector of

the south-Apennines foreland, connected to the westward
subduction of the Adria Plate underneath the Apennine

Chain (Mostardini & Merlini 1986; Casero et al. 1988;
Doglioni 1991), since Late Oligocene to Early Pleis-
tocene (Boccaletti et al. 1990). Regionally the Apulian
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Fig. 3: Sketch map and
cross-section of the
study area (modified
after Ricchetti and
Ciaranfi, 2009 - sheet
536 Ugento of the New
Geological Map of
Italy, 1:50.000 scale).

Legend:

1. Eluvial-colluvial
deposits (Middle
Pleistocene -
Holocene);

2. Miggiano Synthem
(Middle Pleistocene);
3. Gravina
Calcarenites Fm.
(Lower Pleistocene);
4. Uggiano La Chiesa
Fm. (Middle-Upper
Pliocene);

5. Trubi (Lower
Pliocene);

6. Andrano
Calcarenites Fm.
(Upper Miocene);

7. Castro Limestone
Fm. (Upper
Oligocene);

8. Altamura
Limestone Fm. (Upper
Cretaceous);

NE| 9 Active sinkhole;

10. Filled sinkhole;
11. Fault;

¥r 10 —11

w9

ACTA CARSOLOGICA 43/1 - 2014

12. Uncertain fault.



STRUCTURAL CONTROL ON DEVELOPMENT OF KARST LANDSCAPE IN THE SALENTO PENINSULA (APULIA, SE ITALY)

Fig. 4: Hydro-geomo-
rphological map of the
study area, with detail
of the two Vore (inset
in the upper right
corner).

Legend:

1. Depression;

2. Doline;

3. Quarry;

4. Scarp;

5. Stream;

6. Active sinkhole;
7. Filled sinkhole;
8. Artificial cave.

Foreland corresponds to a wide WNW-ESE trending
antiform (Ricchetti 1980; Royden et al. 1987), due to
buckling of the subducting slab. The exposed sector of
the antiform is segmented by large deformation zones
in three main blocks, represented from north to south by
the Gargano, the Murge and the Salento highlands (Ric-
chetti et al. 1988; Funiciello et al. 1991; Gambini & Tozzi
1996). This latter represents the less uplifted block and
performs the lowest topographic relief.

The strong development of karst-landscape in most
of Apulia is definitely ascribable to the preponderance of
carbonate rocks, originated in different palaeo-geograph-
ical settings. From bottom to top, the overall carbonate
sedimentary succession is composed of Jurassic-Creta-
ceous limestones and dolostones of a passive margin (the
so-called Murge Limestones Group), from 3 to 5 km thick,
unconformably overlain by Palacogene to Neogene cal-
carenites and calcirudites of foreland to foredeep set-
tings, unevenly preserved only in the Gargano highland
and the Salento Peninsula, finally capped by Quaternary
terraced marine calcarenites.

Accordingly, many carbonate units are exposed
in the study area, ranging from Cretaceous to Quater-
nary ages, with lateral and vertical changes in both fa-
cies and mechanical properties (Fig. 3). Following the
new Geological Map of Italy (1:50.000 scale), the oldest
unit at the outcrop is represented by Upper Cretaceous
limestones of inner-shelf (Altamura Limestone Fm.),
unconformably overlain by Upper Miocene to Lower
Pleistocene calcarenites and calcirudites of intertidal to
neritic environments (Andrano Calcarenites, Trubi, Ug-
giano-La Chiesa and Gravina Calcarenites Fms.), finally
capped by Middle Pleistocene terraced marine calcar-

enites of intertidal setting (Miggiano Synthem). The
Altamura Limestone Fm., representing the Cretaceous
bedrock, is exposed along narrow, NW-SE-trending
ridges (the so-called Serre Salentine), whilst the over-
lying deposits are preserved in the intervening struc-
tural lowlands with the lowest stratigraphic units only
exhumed along the footslopes of the Serre margins.
The two Vore are hosted within the Miggiano Synthem,
made up of medium to coarse macro-fossiliferous cal-
carenites and calcirudites, with diffuse bioturbation,
referable to an intertidal environment (Ricchetti & Cia-
ranfi 2009 - sheet 536 “Ugento” of the Geological Map
of Italy, at the 1:50.000 scale).

The hydro-geomorphological map (Fig. 4) shows
that the morphological pattern of the study area
mainly follows the regional structures. Karst landscape
is dominated by dolines and depressions, while fluvio-
karst valleys appear to be limited to the fault scarps
bounding the Serre Salentine. The major axes of both
dolines and depressions present NW-SE and NE-SW
main trends. Along the structural lowlands intervening
between the Serre ridges, the depressions are typically
wider and more markedly elongated in a NW-SE direc-
tion. Vora Grande and Vora Piccola are located on the
same NW-SE-elongated plain, bounded by the ridges of
Falitte Serre to the south-west, and of Montesardo Serre
to the north-east. From these two lateral ridges to the
intervening plain, elevation drops about 20-30 m: this
altitude gap is sufficient to produce a variety of land-
forms, as in other inland sectors of Salento (Palmentola
1987; Parise 2008b).
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COVER-COLLAPSE DOLINES IN BARBARANO DEL CAPO: VORA GRANDE
AND VORA PICCOLA

Vora Grande and Vora Piccola are located at the eastern
periphery of Barbarano del Capo, few hundreds of meters
from the Sanctuary of Madonna del Belvedere in Leuca
Piccola, which hosts an interesting underground crypt
dug into the local calcarenites, a remarkable example of
the ability to realize man-made underground cavities in
the area (Sammarco & Parise 2008).

Vora Grande (PU 114 in the Register of Natural
Caves of Apulia), actually fenced-in all along, is situated
southeast of Vora Piccola (PU 115), in turn located few
tens of meters far from the country road to the Sanc-
tuary. The two Vore respectively reach 35 m and 25 m
of depth. In plan view, Vora Grande shows an elliptical
shape, with a NS-oriented, 30 m-long major axis. Elon-
gation changes in depth, following a NW-SE orientation
(Beccarisi et al. 2003). Vora Piccola, instead, shows a
less-pronounced elliptical shape in plan view, with a
15 m-long major axis, oriented in NW-SE direction.
These two sites still show instability conditions, as an
effect of the geomechanical degradation of rock masses
and the vertical to over-hanging walls: a big volume of
rock recently (February 2011) fell from the southeastern
margin of Vora Grande, due to intense rainfalls and like-
ly favored by discharge of runoft water that is channeled
into the doline by means of pipes (Pepe and Parise 2011;
Fig. 5).

Fig. 5: Recent fall at the eastern margin of Vora Grande in Febru-
ary 2011 (Photo: M. Parise).

Both Vore affect the Middle Pleistocene deposits of
the Miggiano Synthem. The detailed litho-stratigraphic
description of the sedimentary succession exposed
along their walls is provided by Bossio et al. (1987,
1998). From bottom to top, the sedimentary succession
consists of: yellowish calcarenites and calcirudites, ar-
ranged in dm-thick beds, exposed below 20 m of depth;
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yellowish carbonate-rich sands, about 15-15.5 m thick,
with more lithified layers in the uppermost 4-5 meters;
well-lithified calcarenites, about 4.5-5 m thick. Selec-
tive erosion highlights diagenetic changes in the upper
part of the succession. Furthermore, thin karst conduits
and intrastratal caves are cut by the walls of the Vore.
Therefore, combined karst and mechanical erosion has
promoted the genesis of rock ledges overlooking inside
the caves. These ledges are locally accessible by artificial
ways, dug into the calcarenites. Wide detrital cones lay
at the bottom of the Vore, clogging any possible explo-
ration of the underground cave systems.

Assuming a basal karst level about 10-20 m below
the current bottom of the Vore, Beccarisi et al. (2003)
have worked out an evolutionary model of the two
dolines, starting with the genesis of a proto-cave, fol-
lowing with its widening under chemical and mechanical
processes, and with the upward migration of the vaults
by collapse of the cavern roofs. These processes were
probably enhanced by the involvement of more erod-
ible sandy layers. This rapid evolution easily brought to
reach the calcarenite layers on top, without any need for
further chemical processes (e.g condensation) aiding
carbonate solution, and not properly testified by mor-
phological evidences (Dunne 1990; Parise 2008a). The
final collapse of the remaining cap, resulting in doline
opening, was probably promoted by the presence of me-
chanical discontinuities in the calcarenite layers above
the underground voids.

The exact definition of the absolute time of open-
ing of the doline is still a challenge. A clue is noticeable
along the margins of Vora Piccola, where traces of quar-
ries are cut by the walls of the sinkhole. This element
provides information about relative timing, suggesting
that quarries were prior to doline opening (Delle Rose
et al. 2004; Parise 2008a). It is not excluded that quarry
activity may have triggered the collapse, but this should
require stronger evidences.

Apart from Vora Grande and Vora Piccola, the anal-
ysis of multi-year air-photos has revealed the presence
in the study area of at least four more collapse dolines,
filled after the 70s and now part of the inhabited area.
A strong drop in floor is still recognizable at these places
(Fig. 6). Despite the number of samples it is insufficient
for any statistical statement, anyway some general fea-
tures of these collapse dolines can be outlined. In plan
view, they mainly show sub-circular shapes, with di-
ameters in the order of few tens of meters. When slight
elongation occurs, the major axes follow NNW-SSE
trends. As regards position, all collapse dolines are lo-
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cated in the plain intervening between the Serre Falitte
and the Serre di Montesardo, nearby the lowermost topo-
graphical sectors of wider depressions. However, not all
collapse dolines involve Middle Pleistocene calcarenites

r 2 i e i

Fig. 6: Evidence of an ancient sinkhole, today partly filled and
included in the anthropogenic setting (Photo: M. Pepe).

of the Miggiano Synthem: one of them, in fact, is hosted
within the Cretaceous limestones of the Altamura Lime-
stone Fm (Fig. 3), with no sedimentary cover involved,
unless eroded. In this case, the vicinity of the Serre di
Montesardo fault scarp (Fig. 4) may be liable for a belt of
mechanical weakness, where karst processes have been
enhanced.

Apart from the aforementioned collapse dolines, a
number of solution dolines have also been detected, scat-
tered along the main morpho-structural plains. At first
glance, these landforms seem to be randomly shaped. A
more careful insight reveals that smaller dolines mainly
perform circular shapes; larger dolines tend to elliptical,
or anyway elongated, shapes. As observed by Bruno et al.
(2008a) in other karst areas of Apulia region, this feature
can be ascribed to coalescence of neighbouring dolines,
where elongation is controlled by alignment of incipi-
ent dolines. However, elongation of dolines not always
coincides with that of the depressions where they are in-
cluded (Fig. 4).

RESULTS

MORPHOMETRIC ANALYSIS
The morphometric analysis of the karst landforms per-
forms different values of all parameters, whether consid-
ering dolines or depressions (Tab. 1). The total number of
depressions is 274, corresponding to a density of 11.87 in
the total area of study (20 km?). As concerns dolines, the
density value drops to 8.10, with 86 features identified. In
terms of total extent, the considered landforms diverge
one order of magnitude: the total surface coverage of de-
pressions is 2.93 km?, against the 0.25 km? of dolines. Ac-
cordingly, in terms of percentage, depressions represent
14.63% of the total area, and dolines only 1.26%. Depres-
sions and dolines show also different values of the mean

major axis / minor axis ratio (a/b), indicating a higher
elongation in the former. The parameter elongation is de-
fined as the ratio of the equivalent circular diameter to
the major axis length (Schumm 1956). It indicates that
the most elongated among depressions concentrate in the
range 80-100° of the azimuth values, while dolines are
elongated in the range of 0-20° (Fig. 7).

Taking into account the azimuth values of the major
axes of both the categories of landforms, the outcomes
reveal that dolines and depressions show similar orienta-
tions, both following Apenninic trends. In particular, the
maximum peak for dolines (25%) is at 100-120°, whilst
for depressions (30%) it is at 120-140° (Fig. 8). Being

Tab. 1: General morphometric features of dolines and depressions in the study area.

Area of survey 20 km?

DEPRESSIONS DOLINES
Number of elements 274 86
Minimum area 0.00027769 km’ 0.00019109 km?
Maximum area 0.16924151 km? 0.02274375 km?
Density 11.87 Depressions/km? 8.10 Dolines/km?
Total area 2.93 km? 0.25 km?
Percentage 14.63% 1.26 %
Major axis (a) / minor axis (b) ratio 217 1.88
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AREALDISTRIBUTION OF OUTCROPPING
LITHOLOGIES

m Eluvisl-ealluvial deposits (Middle
Pleistocene-Holocene)

Miggiano Synthem [Middle
Pleistocene]

= Calcarenite di Gravina Fm. (Lower
Pleistocene)
Uggiano-La Chiesa Fm. [Middle-
Upper Pliocene)
Calcareniti di Andrano Fm. (Upper
Miocene)

o Calcare di Altamura Fm. (Upper
Cretaceous)

Fig. 9: Areal distribution of outcropping lithologies.
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the study area geologically characterized by a high va-
riety of carbonate rocks at the outcrop (Fig. 9), a further
analysis of the morphometric data seems necessary, as
a function of lithologies. In this analysis, the Holocene
eluvial-colluvial deposits have not been taken into ac-
count. Computation of the areal percentages of dolines
and depressions, depending on the lithologies involved
(Fig. 10), has highlighted that the most karstified unit is
the youngest one, the Miggiano Synthem, with 23% of its
area involved in depressions. The Andrano Calcarenites
follow very close (22% areal coverage for depressions)
whilst significantly low is the area affected by depres-
sion for Uggiano la Chiesa Fm. Minor differences can be
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% DOLINES/DEPRESSIONS vs LITHOLOGY

Fig. 10: Areal percentages of
dolines and depressions, as a
function of lithologies
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Tab. 2: Summary of prevailing major axes orientations of karst
landforms according to the different lithologies.

observed among the various lithologies when analyzing
dolines: in this case, all the rock types show similar val-
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Fig. 11: Azimuth values of major axes of dolines and depressions, as a function of lithology. Relative areas refer to the total area of do-

lines in individual lithological unit.
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Fig. 12: Results of the structural measurements on the Cretaceous limestones (blue rose diagrams) and on the Miocene-Pleistocene
calcarenites (orange rose diagrams). The forms in light and dark green are, respectively, depressions and dolines, as represented in the

hydro-geomorphological map in fig. 4.

values appear to be more scattered, even though the peaks
are still within the main Apenninic trend (Fig. 11, Tab. 2).

TECTONIC AND/OR STRATIGRAPHIC CONTROL
IN DEVELOPMENT OF KARST

The structural setting of the study area, and more in gen-

eral that of the whole Salento Peninsula, is characterized

by gentle bending and high-angle, mainly normal faults,

strongly affecting the regional-scale morphology.
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The most important fault systems are represented
by normal, NW-SE and NNW-SSE-trending faults (Ap-
enninic faults), affecting the Cretaceous and Eocene-
Miocene units. These fault systems, showing evidences
of strike-slip movement (Tozzi 1993; Gambini & Tozzi
1996), dissect the wide Salento horst into uplifted and
lowered blocks, resulting in alternating morpho-struc-
tural ridges (the Serre Salentine ridges) and elongated
depressions. Apenninic faults are also responsible for

Fig. 13: Trends of regional faults in the Southern Murge and
the Salento Peninsula (after Tozzi 1993). Legend: 1. NNW-SSE
trending faults (sub-vertical, strike-slip and dip-slip normal
faults, best represented by the morpho-tectonic scarps border-
ing the Serre highlands in the Salento area), connected with the
post-orogenic extension in the Apulian foreland (Miocene-post
Pliocene); 2. NW-SE trending faults (dip-slip normal and sub-
vertical faults, best developed in the Murge highland, producing
a horst-and-graben setting), connected with the post-orogenic
extension in the Apulian foreland (Miocene); 3. E-W trending
faults (sub-vertical, dip-slip normal faults), characterizing the
boundary between the Murge highland and the Salento area (Eo-
cene-Oligocene); 4. NE-SW trending faults (sub-vertical, dip-slip
normal faults; Plio- Pleistocene).
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the main slopes bordering both the Adriatic and the Io-
nian sides of the peninsula (e.g. Neboit 1975; Baldassarre
et al. 1978; Delle Rose & Parise 2003); some authors,
instead, interpreted the Adriatic slopes as the original
edge of the Mesozoic carbonate platform (Bosellini et al.
1999). Both NW-SE and NNW-SSE-trending fault sys-
tems first activated in Eocene-Oligocene, together with
open to gentle folds (Festa et al. 2012), at the onset of
Apennines orogenesis. However, Apenninic faults show
evidences of reactivation in Pliocene and Pleistocene
times (e.g. Tozzi 1993; Pieri et al. 1997; Delle Rose 2001;
Festa et al. 2012), possibly related to the post-orogenic
extension in the Apulian foreland (Tozzi 1993). A sec-
ondary fault system is represented by normal, NE-SW-
trending faults (anti-Apenninic faults), which become
preponderant just in local reliefs of the peninsula, such
as near Otranto town (Tozzi 1993). Recent meso-struc-
tural analyses by Di Bucci et al. (2009) ascribe both Ap-
enninic and Anti-Apenninic faults to middle and late
Pleistocene extensional tectonics. Finally, normal, EW-
trending faults mark the boundary between the Murge
and the Salento highlands, producing a series of slopes,
best represented by the Soglia Messapica line, and pro-
gressively loosing significance far from this belt.

Structural data obtained by field measurements in
the 15 selected stations (Fig. 12) indicate some slight dif-
ferences depending on lithologies (Fig. 12). In the Cre-
taceous limestones exposed along the Serre Salentine
ridges, joints often perform preferential orientations. In
particular, in six measurement stations out of nine (sta-
tions 1, 2, 3, 4, 11 and 12 in Fig. 12) a net preponderance
of Apenninic faults, striking N100 to N160 has been ob-
served. In two stations (stations 5 and 10 in Fig. 12)
Anti-Apenninic faults prevail, while no preferential ori-
entation characterizes the joints at station 13 (Fig. 12). In
the Miocene to Pleistocene calcarenites, instead, strong
lateral changes are observed, with joints orientations fol-
lowing either Apenninic (stations 14 and 15 in Fig. 12)
or anti-Apenninic (stations 8 and 9 in Fig. 12) trends,
or none of them (stations 6 and 7 in Fig. 12).

The collected structural data show a good agree-
ment between the local joint distribution and the re-
gional tectonic lineations (Fig. 13). The comparison
between the cumulative curves of the major axes
for the analyzed karst features shows that the maximum
peak for both depressions and dolines is for the Apen-
ninic elongation. Furthermore, relative peaks observed
in cumulative curves of dolines and of depressions per-
form a good fit.

DISCUSSION AND CONCLUSION

Identification and mapping of karst landforms in the
Barbarano del Capo area allowed to sketch the main
morphokarst features of this sector of Salento Peninsula,
and to connect them to the general geological- structural
setting. The morphometric analysis carried out sepa-
rately on dolines and depressions highlights that density
values, total areas and mean major axis / minor axis ratio
and elongation are higher for depressions.

Furthermore, the evident preponderance of Apen-
nines orientation of major axes, irrespective of age and
mechanical properties of lithologies involved, suggests
a primary control of post-orogenic structures on karst
development. This represents an important outcome,
which highlights the possibility that some of the karst
landforms observed in the more recent deposits might
be the surficial effect of relict and/or buried similar land-
forms in the underlying carbonate bedrock. In terms
of consequences for the evaluation of geological haz-
ards in karst (i.e., opening of sinkholes; Parise, 2010b)
this has to be taken into the due account.

The structural analysis carried out on local joints,
and the comparison with regional lineaments, allowed to

present some considerations on the geological-tectonic
control on karst landforms: despite the fact that ma-
jor axes of karst depressions generally follow the main
structures, some differences can be pointed out between
the main parameters of dolines and depressions, which
are mostly a function of the affected lithologies.

The main tectonic lineaments of the Salento pen-
insula have been the object of several specific studies
(Bossio et al. 1987; Ciaranfi et al. 1988; Tozzi 1993), but
still little is known about their control over development
of karst landforms (Gil et al. 2013). The interest of this
topic, which has also significant hydrogeological im-
plications, should require additional data, covering the
whole Salento Peninsula. The integration of the geomor-
phological karst data with those deriving from direct
surveys and analysis in caves (Iurilli et al. 2009) should
be in particular appropriate, in order to achieve a deeper
knowledge of the water circulation pattern.
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