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Abstract: The south Adriatic shelf offshore of the predominently carbonate Apulian
coast is characterized by a peculiar rough topography interpreted as relic karst formed at
a time of lower sea level. The study area covers a surface of about 220 km?, with depths
ranging from 50 to 105 m. The most relevant and diagnostic features are circular
depressions a few tens to 150 m in diameter and 0.50 to 20 m deep thought to be dolines
at various stages of evolution. The major doline, Oyster Pit, has its top at about 50 m
water depth and is 20 m deep. It is partly filled with sediments redeposited by episodic
mass failure from the doline’s flank. Bedrock samples from the study area document that
Plio-Pleistocene calcarenites, tentatively correlated with the Calcarenite di Gravina Fm,
are a prime candidate for the carbonate rocks involved in the karstification, although the
presence of other units, such as the Peschici or Maiolica Fms, is not excluded. The area
containing this subaerial karst landscape was submerged about 12,500 years ago as a

result of the postglacial transgression over the continental shelf.

INTRODUCTION

Karst landforms resulting from subaerial dissolution of
carbonate rocks are distributed almost worldwide in
carbonate countries, at places profoundly imprinting the
landscape (Sweeting, 1973; Jennings, 1985; James and
Choquette, 1988; Palmer, 1990; Ford and Williams, 2007).
On modern continental margins, formerly subaerial car-
bonate karst features (sinkholes, dolines, fluted surfaces,
etc.) occur as relics in subaqueous locations as a result of
drowning related to continental margin tectonic evolution
or sea-level fluctuations (Collina-Girard, 1996; Suri¢, 2002;
van Hengstum et al., 2011). A field of sinkholes identified
in the Straits of Florida at depths up to 500 meters is
thought to have been formed entirely in a submarine
environment in response to the paleohydrology of the
carbonate Florida continental margin (Land et al., 1995;
Land and Paull, 2000). On the other hand, many sinkholes
reported from deep-water submerged locations have been
interpreted as collapse structures due to the solution of
underground evaporites (e.g., Biju-Duval et al., 1983;
Taviani, 1984).

The Mediterranean Sea has a number of limestone
coasts subject to karstification along its perimeter (e.g.,
Herak and Stringfield, 1972; Elhatip and Giinay, 1998;
Fleury et al., 2006; Mijatovi¢, 2007; De Waele, 2009), but
there are only a few records of drowned karst features:
emblematic examples are the southern coast of France in
the calanques Marseille region (Collina-Girard, 1996) and
the northeastern Adriatic coast (Suri¢, 2002, 2005; Suri¢
et al., 2005; Suri¢ and Juraci¢, 2010), which represents
the seaward expansion of the classical karst area in the
Croatian Dinarides (Cviji¢, 1893).

Here we report the identification of a drowned karst
landscape in the south-western Adriatic Sea in the

submarine topography just offshore the prevalently car-
bonate coast of the Gargano Promontory (Fig. 1).

MATERIALS AND METHODS

The study area was surveyed during cruise CNR002 in
March 2002 on board RV OdinFinder and cruises ARCO
and ARCADIA of RV Urania in December 2008 and
March 2010, respectively. The region containing karst
features was mapped by means of multibeam bathymetry,
and the superficial geology was imaged through a chirp-
sonar profiler and sidescan sonar. Swath-bathymetry data
were acquired using a Kongsberg Simrad EM3000 multi-
beam echo-sounder with a nominal sonar frequency of
300 kHz and angular coverage sector of 127 beams per
ping of 1.5°. Chirp-sonar profiles were obtained using a
hull-mounted sixteen-transducer source with a sweep-
modulated 2-7 kHz outgoing signal equivalent to a
3.5 kHz profiler. Sidescan sonar profiles were obtained
by a towed LG1000 EG&G 260 sidescan sonar with a
frequency of 100-500 kHz. Water-column attributes were
measured with a Conductivity/Temperature/Depth profil-
er (CTD) using a Seabird SBE 11 PLUS using the
SEASAVE V5.33 software.

Bottom sampling was performed using 1.2 ton gravity
corer, large-volume grab, chained geological dredge, and
epibenthic hauls (Table 1). Visual inspection of the main
doline was conducted using the ROV Prometeo equipped
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Figure 1. Map showing the location of the drowned karst area offshore the Gargano Promontory in the southern Adriatic Sea
discussed in this article (red spots = dolines); inset, the Mediterranean basin with rectangle showing the same area magnified in

the figure.

with a Panasonic 1/3 in. CCD camera and ROV Pollux
(Global Electric Italiana) equipped with a Nikon D80 10-
megapixel digital camera and a SonyHDR-HC7 high-
definition camera. '*C-AMS dating of mollusk shells was
carried out at the Poznan Radiometric Laboratory,
Poland. Radiocarbon results in Table 2 are reported as
raw '*C ages given in "*C years BP, and as calendar year
estimates (cal yrs BP) after calibration; BP refers to AD
1950.

RESULTS

MorpPHOLOGY OF DROWNED KARST FEATURES

The continental shelf offshore northeast of the Gargano
Promontory is characterized by a relatively flat erosional
surface at between 45 and 60 m water depth. Landward of
this area, a mass of late Holocene deposits reaches a
thickness of 25 m and displays a clinostratified internal
geometry (Cattaneo et al., 2003). At water depths greater
than 70 m, late-Holocene muddy deposits are draped on
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the pre-existing erosional morphology of the area (Catta-
neo et al., 2003). Between the two areas of deposition, the
flat area is barren of modern muddy late-Holocene
sediment, suggesting that, in this region, the Adriatic
Coastal Current accelerating around the Gargano Prom-
ontory does not allow permanent deposition of mud, as
predicted by oceanographic models (Magaldi et al., 2010).
The barren area is characterized by the presence of shell
gravel, bioclastic sand, rhodoliths, live oyster aggregates,
and by an area of outcropping cemented rocks with a high
backscatter on sidescan sonar and a rugged topography
suggestive of differentially cemented or differentially
eroded stratified rocks.

The study area with karst morphology is located on the
Apulian continental shelf about 6 nautical miles (10 km)
offshore the Gargano Promontory (Fig. 1). The area
covers about 220 km? with water depths ranging from
approximately 50 to 105 m. The detailed bathymetric map
reveals a complex, rough sea-bottom topography, strongly
sculptured by small (1 to 5 m) grooved relief, often striking
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NE-SW and ENE-WSW, and punctuated by circular
depressions (Figs. 2, 3, 4). This topography is in our view
related to former karstification, and arguments to support
this view are discussed below.

Dolines

One of the main morphologies identified on the Apulian
shelf is circular depressions interpreted as dolines at various
stages of evolution (Figs. 2, 4; Table 3). Some dolines are
clearly aligned along a NE-SW direction (Fig. 5). This is an
indication that their formation was controlled by structural
or stratigraphic factors, as has often been documented
inland (e.g., Nisio, 2008). We counted eleven major circular
depressions ranging from 155 to 50 meters in diameter and
from about 0.5 to 20 meters in depth (Figs. 2, 4, 5; Table 3).
Only one doline is as much as 20 meters deep (Figs. 4, 5).
This most prominent doline is named Oyster Pit, as its flanks
and bottom are intensely colonized by Neopycnodonte
cochlear oyster reefs and clumps (Taviani et al., 2009).
Because Oyster Pit is by far the deepest and best-developed
doline in the study area, most of the following discussion is
focused on it.

Oyster Pit

This doline is characterized by an almost circular shape
with a diameter of 120 m, relatively steep flanks (about 25°
dip), and a rather flat bottom. Its top is at about 49 m
depth and its bottom is about 73 m deep (Figs. 4, 5).

The ROV visual inspection of the entire doline provided
no obvious information on the nature of the karstified
bedrock because no bare rock is exposed anywhere. ROV
images reveal that the bottom is carpeted by intensely
bioturbated sandy sediments (Fig. 6) peppered by recent
and pre-modern shells and pebbles that often serve as host
to living epifauna (Figs. 6, 7B). The upper part of the
doline between 55 and 60 m depth is characterized by
similar deposits, at places clearly visible when entrapped by
modern oyster rims (Fig. 6C). The pre-modern shelly
component (Fig. 7B) is mostly composed of brackish/
lagoonal (Loripes lucinalis, Cerastoderma glaucum, Gas-
trana fragilis, Abra segmentum, Gibbula albida, Hydrobia cf.
acuta, Bittium reticulatum) and shallow marine (e.g., cf.
Chamelea gallina, Donax trunculus, Ensis sp., Solen
marginatus, Gibbula albida, Nassarius mutabilis, Cyclope
neritea) mollusks. Calibrated '*C-AMS dating (Table 2) of
these pre-modern shells (Fig. 7) indicates that these were of
late Pleistocene age, with Cerastoderma (Station [st.]
ARCO72, —73.4 m; Fig. 7B) and Solen marginatus (st.
ARCO71, —73.8/—52.8 m) having calibrated ages of
45,521 £ 2,189 yrs and 44,257 £ 1,451 yrs, respectively,
while Hydrobia acuta (st. ARCO71) had a calibrated age of
12,190 = 212 years and Gibbula albida (st. ARCO71)
provided a calibrated age of 12,636 = 112 yrs. Pebbles
from the doline bottom and flanks are well rounded and
often spherical, with dimensions ranging from 2 to 65 mm,
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Figure 2. Multibeam-sonar map of the study area showing the complex, rough topography punctuated by many circular
depressions interpreted as dolines. Major dolines are numbered and their characteristics are reported in Table 3; 1 is Oyster
Pit, the major doline in the area (see text); and 10 is a double doline formed by two partly coalesced depressions. Note NE-SW
alignment of circular depressions, including dolines 8 and 9. Isobath spacing is 5 m.

occurring loose or as conglomerates, lithologies, domi-
nantly limestone, and chert (Fig. 7A).

Chirp-sonar profiles provide a view of the subsurface
geological setting, documenting a relatively thin sedimen-
tary infilling. Profile AR-246 (Fig. 8) highlighted the
stratigraphy of the Oyster Pit area. Post-glacial transgres-
sive sediments characterize the seafloor outside the doline,
indicating sediment undersupply during the late Holocene.
The doline’s bottom is characterized by a chaotic seismic
signature. Two gravity cores obtained from the bottom of
Oyster Pit at 73 m depth shed light on the nature of this
sequence. Core ARCO 69 was collected at 41°59.62" N
16°15.15" E (recovery 134 cm; Fig. 9A), while core
ARCADIA A105 was collected at 41°59.62" N-16°15.13’
E (recovery 259 cm; Fig. 9B). Both cores contained a
rather similar sequence. The main motif of the most recent
infilling of Oyster Pit is a repetition of sandy to gravelly
deposits containing Pleistocene brackish/lagoonal and
shallow marine mollusks (Loripes lucinalis, Cerastoderma
glaucum, Hydrobia cf. acuta, Bittium reticulatum etc.).
These deposits alternate with fine-grained sediments. Two

Cerastoderma shells from core ARCO-69 (Fig. 9A) have
been dated at 44,422 = 1,461 yrs cal BP (core depth 22—
23 cm) and 45,882 * 3,391 yrs cal BP (core depth 95—
96 cm), respectively. Pebbles associated with the infilling
units likely originate from Mesozoic (limestone with
calcispheres and chert: Maiolica Fm; floatstone and
rudstone: Montesacro Fm or Ripe Rosse Fm) and
Neogene (Pietra Leccese or Calcareniti di Apricena Fm)
units cropping out on the adjacent Gargano Promontory.
Most probably Pleistocene brackish/lagoonal deposits were
episodically remobilized from the upper flanks and external
rim of the doline (Fig. 6C). This phenomenon is active
currently, because modern Neopycnodonte cochlear oyster
shells contribute to these sediments (Fig.9). In short,
Oyster Pit seems to be at present a moderately quiet
environment subject to occasional redeposition of material
from its flanks.

Interestingly, the shelly assemblages recovered from the
bottom of Oyster Pit contain terrestrial (Truncatellina sp.,
Chondrula tridens, Xerotricha sp.) and freshwater (Lymnaea
stagnalis, Planorbis sp., Gyraulus crista, Acroloxus lacustris,
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Figure 3. A: Multibeam-sonar map of the study area showing location of bottom samples, CTD (Conductivity/Temperature/
Depth) casts, ROV, Chirp (AR246), and sidescan sonar (ARCQO66) profiles discussed in the text (see Table 1); st. 73 and st. 78
provided the Pleistocene calcarenites (see Fig. 10 and text) that are thought to form the superficial bedrock of the submerged
karst area. Inset B is the magnification of the Oyster Pit doline (marked by a rectangle) where most of the sampling took place.
Stations are: 1 = ARCO73 (heavy dredge); 2 = ARCO75 (epibenthic trawl, lost); 3= ARCQO74 (grab); 4 = ARCO77 (grab); 5
= ARCO71 (epibenthic trawl); 6 = ARCADIA106 (grab), 107 (grab); 7= ARCADIA110 (grab); 8 = ARCO67 (grab); 9 =
ARCOG68 (grab), 69 (gravity core), 72 (grab), ARCADIA105 (gravity core); 10 = ARCADIA109 (ROV); 11 = ARCO70
(ROV); 12 = ARCO76 (CTD), ARCADIA104 (grab), 108 (CTD); 13 = ARCADIA111 (grab), 112 (grab).

Theodoxus sp., etc.) gastropods (Fig. 7D), as well as
Candona ostracods and oogones of Characeae. One shell
of Lymnaea stagnalis provided a calibrated age of 12,771 =
147 yrs BP (st. ARCO71). This fossil assemblage indicates
that immediately before its postglacial flooding, the doline
may have hosted a shallow lake or pond surrounded by
xerophilic vegetation.

Calcarenites and sandstones were found in samples from
the floor of Oyster Pit, often fouled with modern epifauna
such as oysters and corals (Fig. 10). The poorly lithified
sandstones, together with co-occurring dark, muddy sands,
entrap articulated or loose brackish/lagoonal shells (Loripes
and Cerastoderma: Fig. 7TE, F) and are possibly coeval with
the older brackish/lagoonal faunas described above. Calcar-
enites are weakly cemented medium- to coarse-grained
carbonate (at times arkosic) sandstones embedding highly
decalcified sub-littoral marine mollusks of likely Pleistocene
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age (e.g., Acanthocardia sp.: st. ARCADIAI111; Turritella
sp.: st. ARCO72, Fig. 10C, D).

DiscussioNn

GEOLOGIC SETTING

The study area offshore the Gargano coast is part of the
southern Apennine foreland. The Gargano Promontory is
built mainly of carbonate rocks belonging to a large
paleogeographical domain known as Apulia Carbonate
Platform that was part of the southern margin of the
Tethys Ocean during the Mesozoic (Eberli et al., 1993). The
backbone of the Gargano Promontory consists of various
stratigraphic units, Late Jurassic to Eocene in age,
deposited in inner-platform and basin settings (Bosellini
et al., 1999), and of scattered outcrops of Oligo-Miocene
and Plio-Pleistocene sediments (Casolari et al., 2000).
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Figure 4. Reconstruction of the study area as seen as a 3-D view from the west showing the aligned dolines 8 and 9 in the
foreground and other main dolines, including the almost solitary Oyster Pit in the background (inset).

Table 3. Location and main characteristics of major dolines identified in the drowned karst area offshore Gargano
Promontory. Oyster Pit is number 1. See Figure 2 and text.

Location
StationNo. Lat., °N Long., °E Top, mbsl Bottom, mbsl Depth, m Diameter, m
1 41°59'36.5" 16°15'08.9” 54.4 73.8 19.3 155.0
2 42°03'08.6" 16°13'33.1” 102.2 106.5 4.3 150.0
3 42°00'53.5" 16°12'58.9” 51.7 55.0 3.3 125.0
4 42°01'18.4" 16°10'07.7" 55.7 58.5 2.8 120.0
5 42°00'52.9" 16°12'22.9” 49.6 51.3 1.8 109.0
6 42°03'04.6" 16°10'06.9” 98.4 100.6 2.2 100.0
7 42°03'06.7" 16°10'11.4" 99.0 100.0 1.0 100.0
8 42°00'58.9” 16°08'43.6” 52.8 53.9 1.1 90.0
9 42°01'01.1” 16°08'48.6" 53.3 54.0 0.7 70.0
10 42°02'09.3" 16°10'20.9” 72.4 72.8 0.4 60.0
11 42°01'46.4" 16°15'26.6" 70.7 71.7 1.0 50.0

Journal of Cave and Karst Studies, August 2012203



DROWNED KARST LANDSCAPE OFFSHORE THE APULIAN MARGIN (SOUTHERN ADRIATIC SEA, ITALY)

175m 150 125 100 75 50

25 25 50 75 100

125 150m

175m 150 125 100 75

Figure 5. Details of sidescan-sonar images of the offshore drowned karst area made during the ARCOG66 traverse shown in
Figure 3, where the locations are indicated by the thickened portions of the traverse line. (A) A field of small circular
depressions up to about 20 m in diameter, resulting in a distinct pitted seascape. (B) The Oyster Pit doline.

The geologic setting of the region containing the
submerged karst features can be reasonably constrained
by combining information provided by exploratory com-
mercial wells, reflection-seismic data, and on-shore out-
crops (see Argnani et al., 2009, for a review of the Adriatic
offshore stratigraphy). The wells closest to the study area
are Gargano Est Marine 1 (about 43 km NE), Cigno Mare
1 (about 47 km ESE), and Gondola 1bis (about 52 km SE).
The stratigraphic record intercepted by these wells docu-
ments various units deposited in a basin setting from the
Lower Jurassic at least (De Dominicis and Mazzoldi, 1987;
De Alteriis and Aiello, 1993; Argnani et al., 2009).
Evidence of shallow water is limited to times in the middle
Pliocene (Cigno Mare 1) and early Pleistocene (Gargano
Est Marine 1), marked by the deposition of few tens of
meters of skeletal limestone (Calcarenite di Gravina Fm).
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In particular, this sector of the Adriatic Sea is formed by an
uppermost sequence (130 to 200 m) of Plio-Pleistocene
clastics (Argille Azzurre Fm), followed by more than 50 m
of Plio-Pleistocene skeletal limestone (Calcarenite di
Gravina Fm), Tortonian green marls and limestones
(Bisciaro Fm), upper Oligocene marls (Scaglia Cinerea
Fm, not always present). These Tertiary units unconform-
ably cap over Upper Cretaceous (Cenomanian to Con-
iacian) chert-bearing chalky limestone (Scaglia Fm), Lower
Cretaceous marls and marly limestone (Marne a Fucoidi
Fm), chert-bearing micritic limestone (Maiolica Fm), and
older Mesozoic carbonates.

The stratigraphic succession cropping out in the eastern
corner of the Gargano Promontory between Vieste and
Peschici (Bosellini and Morsilli, 2001) exposes only four
main litostratigraphic units, i.e., the Maiolica Fm, the
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Figure 6. Views of the Oyster Pit doline. (A) Sandy bottom, depth about 70 m, with sparse living epifauna, pebbles (p), and
valves of older lagoonal shells (c). (B) Sandy bottom with sparse epifauna (b). (C) Flank of the doline, about 55 m. Note fringe
of living oysters and other epifauna damming older lagoonal shells (c). (D) Bioturbated sandy bottom with clusters of oysters,
sponges, and hydroids; note parallel small bedforms. All photographs taken by S. Canese and L. Rossi during cruise

ARCADIA using the ISPRA ROV Pollux.

Marne a Fucoidi Fm, the Scaglia Fm, and the Peschici Fm
(thin- to thick-bedded lime mudstone, with calcarenite and
breccia intervals). That last, middle Eocene unit crops out
extensively inland and is also found in the Tremiti and
Pianosa Islands, some tens of kilometers toward the NNW,
but was not recorded in the offshore wells. The areal
distribution of the unit (De Dominicis and Mazzoldi, 1987)
suggests a possible extension of this formation to the study
area offshore.

Apulian Karst

The dominantly carbonate Apulian landscape is pro-
foundly imprinted by karst features (Parise, 2008a). Most of
the Gargano Promontory shows surface and subsurface
karst landforms related to dissolution processes of variable
intensity. These are dominantly dolines, locally accompa-
nied by poljes, and by a remarkable number of underground
karst systems, with more than 700 caves charted so far

(Fusilli, 2007). Dolines range from solution dolines to
collapse features, representing almost the whole spectrum of
types described by Waltham et al. (2005). This is the case, for
instance, in the so-called Chiancate area, where the density
of dolines reaches its maximum, over 100 per km? (Baboci et
al., 1991). Most dolines developed in the Jurassic and
Cretaceous limestones are solutional in origin and create
circular depressions with slightly inclined margins, have a
flat bottom a few tens of meters wide, and are up to 20 meters
deep. Collapse dolines are also present, showing features
significantly sharper, usually represented by steeply inclined
to subvertical walls; the best example in Gargano is the
Dolina Pozzatina, 600 m wide and 130 m deep (Castiglioni
and Sauro, 2000; Parise, 2008b).

Analogous features can be observed farther south, in
the Murge plateau (Fig. 11), and represent the most
renowned examples of the Apulian karst landscape (Parise,
2008b, 2011). All such landforms affect the Mesozoic
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E 2cm F

Figure 7. Examples of rocks and fossil fauna recovered from the bottom of Oyster Pit. (A) Pebble assemblage after washing
of sandy matrix and removal of bioclastic particles. Notice the high roundness and sphericity and low diversity of the pebbles
composed of Mesozoic chert and limestones (ARCADIA104). (B) Old brackish/lagoonal shells (left, Cerastoderma, ARCQO72,
dated at about 45.5 ky BP, see text) and pebbles (right, ARCO68) serve as substrate for living Neopycnodonte oysters. (C)
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Figure 8. High-resolution chirp-sonar profile AR-246 (cruise ARCADIA; see Fig. 3 for its location) highlighting the stratigraphy
of the Oyster Pit doline. Outside the doline, the area is characterized by about 3 meters of transgressive deposits, covering the ES1
erosional surface connected to the last sea-level lowstand (Ridente and Trincardi, 2005). The seismic profile shows that the doline is
filled by a few meters of chaotic deposits at least, and, possibly, blocks (arrow) connected to mass gravity processes.
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Fresh-water gastropod shells. Large shell on left, Lymnaea, (ARCO71, dated at about 12.5 ky BP, see text); Theodoxus and
Planorbidae (ARCO67). (D) Shells of terrestrial pulmonate gastropods (Chondrula, large shell on the left, Truncatellina,
upper left, and Xerotricha) ARCOG67. (E) Concretioned sandstone embedding paired and disarticulated shells of the brackish/
lagoonal bivalves Loripes and Cerastoderma (upper right), from ARCQO72. (F) Large articulated shell of the brackish/lagoonal
bivalve Cerastoderma infilled with Loripes-bearing sandstone (ARCADIA104).
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Figure 9. Photographic (left) and interpreted (right) logs of cores from Oyster Pit. Multiple mass gravity deposits are evident,
involving old (pebbles, brackish/lagoonal loose shells and sandstones) and modern (e.g., Neopycnodonte cochlear) components.
(A) core ARCOG69, recovered from the bottom of Oyster Pit at 73.6 m depth. Sectioned pebbles within the core are shown and
their source formation based on thin section reported. Key: 1. Limestone with calcisphere and rare planktonic forams (Maiolica
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limestones, while farther south, in the Salento Peninsula,
different types of dolines, both inland and along the
coastline, are developed in younger rocks (Delle Rose and
Parise, 2002; Bruno et al., 2008; Del Prete et al., 2010). In
particular, the Plio-Pleistocene Calcareniti di Gravina Fm
is mostly affected by dolines related to the solution,
suffusion, and dropout types (Waltham et al., 2005),
showing subtle morphology and reduced sizes, on average
up to 10 m wide and 4 m deep. Nevertheless, the same
rocks may be locally involved in collapses related to the
presence of underground caves, whose evolution may result
in upward stoping of the cave ceilings until it reaches the
ground surface and produces the final collapse. Some
dolines display morphological features similar to Oyster
Pit, such as a well-defined circular shape, steep walls (often
subjected to further minor failures due to tensional release),
and breakdown material at the bottom. The bottom may
be partially or totally covered by debris or alluvial
sediments, so that nowadays the doline’s bottom appears
flat or smooth. The size of these collapse dolines is between
5 and 30 meters in width and 3 and 15 meters in depth
(Parise, 2008a, b).

Drowned Offshore Karst

In the investigated area, Mesozoic rocks only occur
as highly rounded pebbles in coastal deposits. On the
contrary, Pleistocene calcarenites were found in onshore
and offshore wells. Moreover, sampling inside the dolines
(Fig. 10) and on the topographically rough area on the
erosional surface (Fig. 10) provided marine calcarenites
that could be correlated to the Calcareniti di Gravina
Fm. Therefore, at the present state of knowledge, we
hypothesize that the karst landscape identified offshore of
the Gargano Promontory formed on or at least likely
involved this unit at a time of lowered sea level during the
late Pleistocene. This hypothesis is supported by the well-
developed karst features observed on Plio-Pleistocene
calcarenites in different coastal settings of the Mediter-
ranean Basin (De Waele et al., 2011). Although lipoclas-
tic, and therefore not as pure as a typical Mesozoic
limestone, these Plio-Pleistocene deposits have been
intensely affected by karst processes, as pointed out by
the widespread occurrence of dolines, often related to
underground caves and other macro- and micro-karst
landforms dotting their outcropping areas. Thus, the
landscape described in this paper seems to resemble the
analogous features that were observed in different
locations of Apulia.

On the other hand, we cannot exclude the possibility
that other units, such as the Peschici or Maiolica Fms, were
karstified in this offshore portion of the margin, but
available data do not provide any robust supporting
evidence.

We hypothesize that any active karstification in the area
had to stop due to the postglacial inundation approxi-
mately 12 ky BP that brought on the shelf brackish/
lagoonal and then fully marine conditions when sea level
reached —50 m in Marine Isotope Stage 1 (Siddall et al.,
2003). However, the presence of older brackish/lagoonal
marine fauna (Cerastoderma) at Oyster Pit older than 40 ky
may well indicate that a depression existed already at that
time, thus perhaps moving back the time of karstification
to MIS4. The area would have been inundated during the
relative high-stand MIS3 (Simms et al., 2009), re-exposed
during the MIS2 sea-level drop, and definitely submerged
again at 12 ky BP.

At present, there are no signs indicating any on-going
karst activity, such as karst springs like those seen in
similar contexts in other parts of the Mediterranean Sea
(e.g., Cossu et al., 2007; Mijatovi¢, 2007; De Waele, 2009).
Hydrologic data acquired from inside the best developed
doline, Oyster Pit, support this presumption since there is
no anomaly with respect to the surrounding marine water
mass (Fig. 12). In our view, therefore, the submerged karst
topography is a drowned relic.

CONCLUSIONS

The scenario proposed here to account for the
submerged topography recognized off the shore of the
Gargano Promontory calls for a subaerially formed karst
landscape submerged by the sea. Our main lines of
reasoning are:

I.  The morphology of some key features, namely the
almost perfectly circular shape and vertical profile of
depressions punctuating the seafloor reminiscent of
dolines on shore.

II. The carbonate nature of the superficial bedrock of
this terrigenous-starved sector of the Apulian Adria-
tic, identified tentatively as Plio-Pleistocene calcar-
enites, likely the Calcarenite di Gravina Fm, prone to
karstification and well documented in outcrop and
offshore wells in this region; however, the possible
involvement of other carbonate units (Peschici or
Maiolica Fms) is not fully discarded, but at present

<«

Fm). 2. Chert with intraclasts (cf. Maiolica Fm). 3. Bioclastic rudstone (Ripe Rosse Fm). 4, 5. Packstone with planktonic
forams and bioclasts (cf. Pietra leccese Fm or Calcareniti di Apricena Fm). 6. Polymictic arkosic sandstone. The 4c.AMS
ages relate to brackish-lagoonal mollusks (Cerastoderma) remobilized together with pebbles from the upper part of the doline.
(B) Core ARCADIA105, recovered from the bottom of Oyster Pit at 73.4 depth.
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Figure 10. Examples of calcarenites recovered from the drowned karst area and tentatively attributed to the Calcarenite di
Gravina Fm. (A) Slab of coarse-grained, porous calcarenite dredged from the bedrock in the rough-topography zone at
42°01.23' N and 16°11.23" E, 48 m water depth (ARCQ73). Notice parallel grooves, possibly karren (dissolution micro-karst
features), and the surface fouled by modern oysters (Neopycnodonte cochlear) (o), serpulids (s), and bryozoans (b). (B) Flat
slab of well-lithified (hardground) calcarenite from the rough-topography zone at 42°00.88' N and 16°13.03’ E, 52 m water
depth (ARCO77). Observe that the surface is fouled by modern oysters (o), serpulids (s), and bryozoans (b) and stained by
oxides, an indication of prolonged exposure on the seabottom. (C) Piece of fossiliferous calcarenite from inside Oyster Pit
(ARCADIAL111, 71 m) embedding a decalcified marine bivalve (Acanthocardia sp.) and exploited as an attachment base by
modern oysters (N. cochlear, arrows). (D) Piece of fossiliferous calcarenite from inside Oyster Pit (ARCO72, 73 m). Notice
the mold (arrow) of a marine gastropod (Zurritella sp.).
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Figure 11. Example of karst landscape on Apulia resem-
bling the submerged features off of the Gargano Promontory.
(A) Karst landscape from inland Gargano Promontory near
San Giovanni Rotondo (photo downloaded from Google,
2010). (B) Small doline (sinkhole) on the coastline near
Lecce at Casalabate, March 2010).

we lack seismic data suitable to image the deeper
structure of the dolines to explore this option further.
ITI. The late Pleistocene sea-level history of the margin,
which was repeatedly subaerially exposed during the
last glacial cycle, including the major drop at the Last
Glacial Maximum, Marine Isotope Stage 2, thus

permitting the action of karstification on its carbon-
ate rocks.
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