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Palacosinkhole features characterise the Maltese islands, some of them
reaching relevant dimensions, especially in the Island of Gozo. They show
varied morphostructures: sub-circular bays, large depressions and rounded
buttes or mesas (due to relief inversion) are the resulting geomorphic
expressions. A detailed geological and geomorphological study of the
palaeosinkholes located in the NW sector of the Island of Gozo has been
carried out with the aim of investigating the evolution of the associated
landforms. A field survey and a mapping campaign at a 1:5000-scale, cou-
pled with aerial-photo interpretation, has been carried out and a spatial
database has been implemented within a GIS software. Existing evolution-
ary models have been critically analysed and new models proposed. Thanks
to the detailed exploration of the collapse palacosinkholes, it has been de-
ducted that at a certain stage, selective erosion has become the main factor
influencing their geomorphological evolution. Positive reliefs (rounded but-
tes or mesas) were formed where more resistant terrains were located inside
the sinkholes; conversely, depressions and sub-circular bays developed
where the sinkholes infill was surrounded by more resistant rocks. Collapse
structures do not seem to be active at present and their activity probably
ceased during the Miocene, suggesting that karst subsidence processes are
not the only responsible for the final shaping of the above-mentioned sub-
circular depressions and bays. The Gozitan rounded bays related to the
palaeosinkholes have been compared with similar sub-circular coastal land-
forms located along the southern coast of the Island of Malta. The investi-
gation showed that the latter are not caused or influenced by karst process-
es, but linked to the attitude of strata and to their different resistance to
erosion. The bays analysed in Gozo and Malta are morphologically similar
but genetically different, representing a relevant example of equifinality.
The Gorzitan sinkhole-related landforms have also been compared with
those of the Island of Malta, generally much smaller in size, which allowed
their different geomorphological evolution to be pointed out.
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INTRODUCTION

The Maltese archipelago is characterised by the pres-
ence of outstanding palaeosinkholes that may reach a few
hundreds of metres in diameter and stratigraphic throw,
being comparable in size to the largest sinkholes of the
World. They display different landforms depending on the
lithologies that crop out inside and outside the subsidence
structures. Sub-circular bays, large depressions and round-
ed buttes are the resulting geomorphic expressions. De-
spite their large size and impressive associated landforms,
these collapse palacosinkholes have never been referred to
in the specialised karst literature and have received scarce
attention from the geomorphological perspective. Previous
authors provided very detailed sedimentological studies of
the units filling the palacosinkholes and proposed a genet-
ic model (Trechman, 1938; Pedley, 1974; Illies, 1980; Ped-
ley & aliz, 2002), but they did not analyse in detail the evo-
lution of the current landforms controlled by these struc-
tures. Other papers have dealt with these morphostruc-
tures from the geomorphological point of view. Paskoff &
Sanlaville (1978), based on a study on the coasts of the
Maltese archipelago, described the rounded bays related
to palacosinkholes. Alexander (1988) focused on the tec-
tonic aspects of the Maltese palaeosinkholes and suggested
to investigate the relations between surface hydrology and
vertical tectonics to better understand their mechanism of
formation. Coratza & alii (2012) have recently analysed
the Maltese sinkholes aiming at their recognition and as-
sessment as geosites.

Within this frame, during recent surveys carried out in
the Maltese archipelago, a detailed geological and geomor-
phological study of the palaeosinkholes has been carried
out, with the aim of investigating the evolution of the asso-
ciated landforms. A preliminary analysis of the palacosink-
holes depicted in the geological map of the Maltese islands
(Oil Exploration Directorate, 1993) has been carried out
and then the western sector of the Island of Gozo has been
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selected for a detailed geological and geomorphological
study. The Gozitan palacosinkholes have also been com-
pared with other sinkhole features and similar landforms
in the Maltese archipelago.

A field survey and a mapping campaign at a 1:5000-
scale has been developed, an aerial-photo interpretation
has been performed and a spatial database has been gener-
ated using a GIS software (ArcGIS 8.3®). Existing evolu-
tionary models have been critically analysed and updated,
and new models of the Gozitan morphostructures and
other similar coastal landforms have been developed.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

The Maltese archipelago is located in the Mediter-
ranean Sea, about 90 km south of Sicily and 290 km north-
east of Tunisia (fig. 1). The Archipelago is composed of
three main islands: the larger one is Malta, followed by
Gozo located to the North, and Comino, the smallest, lo-
cated in between, with a total area of 316 km’ (Magri,
2006). From a geodynamical viewpoint, it is located in the
Sicily Channel, which has been affected by continental
rifting during Neogene-Quaternary period (Finetti, 1984;
Dart & aliz, 1993; Civile & aliz, 2010). The tectonic setting
is characterised by two intersecting fault patterns: the
NW-SE-trending Pantelleria Rift and the ENE-WSW
graben system (Illies, 1981). These faults displace the Late

Oligocene (Chattian) to Late Miocene (Messinian) succes-
sion of marine sedimentary rocks, mainly limestone and
marls, which compose the Maltese archipelago (Oil Explo-
ration Directorate, 1993; Pedley & a/zz, 2002). The rock se-
quence is divided into five main lithostratigraphic units
that lie almost horizontally across the islands (fig. 2). From
the bottom to the top the units are as follows: (i) «Lower
Coralline Limestone Formation», a hard pale grey lime-
stone with abundant fossil corals and marine calcareous al-
gae forming sheer cliffs up to 140 m; (ii) «Globigerina
Limestone Formation», a softer yellowish fine-grained
limestone unit forming irregular slopes with terrace-like
steps, 20 to over 200 m-thick; (iii) «Blue Clay Formation»,
a unit composed of silty sands, marls or clays, 20 to 70 m-
thick; (iv) «Greensand Formation», a greenish glauconite-
rich sand, rarely more than one m-thick; (v) «Upper
Coralline Limestone Formation», a hard, pale grey lime-
stone unit, very similar to the Lower Coralline Limestone.

The Island of Gozo constitutes a horst within the Mal-
tese graben system. Several ENE-WSW faults in its south-
eastern coast (Illies, 1981) and other main faults located in
the western part of Gozo, generally associated with the
collapse palaecosinkholes, have controlled the development
of most of the river valleys. The Gozitan landscape is char-
acterised by the presence of many gorges, named wied by
locals, formed when the rivers downcutted the Lower
Coralline Limestone bedrock because of the uplift of the
land or the fall of the sea level (Pedley & aliz, 2002). Past
sea-level changes have indeed significantly modified the
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palacogeography of Gozo. The Mediterranean coastlines
have changed through time, the last large exposure being
during the Last Glacial Maximum, when the coastline
around Malta was some 130 m below the present sea level
(Caruso & aliz, 2011; Lambeck & a/zz, 2011; Furlani & alii,
2013; Micallef & aliz, 2013).

Apart from the structural features, the different erodi-
bility of the five rock units is the main factor controlling
the Gozitan landscape of plateaus, mesas, buttes and
gorges (fig. 2). The coralline limestone formations usually
form sheer cliffs when located along the sea (e.g., the west-
ern coast) and karst pavements inland. The Blue Clay For-
mation rarely shows at the surface, being usually covered
by soil, vegetation and fields; where erosion is more active
it forms badlands slopes capped by thin layers of Upper
Coralline Limestone. The Globigerina Limestone Forma-
tion has several conglomerate beds (hardgrounds), which
form different levels of structural scarps alternating with
smooth slopes formed by the weaker beds (e.g., the coast
located south of Xlendi).

In addition to the structural landforms, gravity-indu-
ced slope landforms and processes are spread in the east-
ern coast of the Island. Recent works have dealt with the
Maltese mass movements (Dykes, 2002; Farrugia, 2008;
Magri & alii, 2008; Magri, 2009; Coratza & alzz, 2011; Sol-
dati & aliz, 2011; Devoto & aliz, 2012; Mantovani & alii,
2012). The different mechanical behaviour of the Blue
Clay and the Upper Coralline Limestone formations
favours the development of a series of landslides, in partic-
ular rock spreads, falls and topples, which widely affect
the landscape of the Island. As a result, large calcareous
blocks are observable on coastal clayey slopes. They are al-
so displaced by earth flows and earth slides affecting these
materials (Devoto & alii, 2012).

Quaternary deposits are not widespread in Gozo and
are restricted to raised-beach deposits, aeolian silts and

FIG. 2 - Section of the rock units
that compose the Maltese archi-
pelago. The profile along the NW
coast of the Island of Malta shows
the effects of the different resis-
tance to erosion of the rock units:
harder rocks correspond to steeper
slopes.

sediments deposited in river valleys, caves and lakes (Hunt,
1997; Pedley & alii, 2002).

Especially significant are karst landforms, in particular
the palaeosinkholes of the western coast of Gozo investigat-
ed in the present study. Recently a few investigations have
been carried out on the Maltese karst features (Marmara,
2004; Saliba, 2008; Calleja, 2010; Tonelli & Galve, 2011;
Coratza & aliz, 2012; Tonelli & alii, 2012). Pedley & alit
(2002) have recognised two cavern systems, one developed
in Miocene times and the other in recent times. The former
one, on the one hand, is associated to the Lower Coralline
Limestone and gave rise to a series of sea floor collapses that
have continued to subside during the Pliocene and the Pleis-
tocene forming the previously mentioned palacosinkhole
(Pedley & aliz, 2002). On the other hand, the younger cave
system developed at the contact between the Upper Co-
ralline Limestone and the Blue Clay and at least three levels
of sea caves and associated sinkholes have been described.
Submarine sinkholes have recently been recognised offshore
the eastern coast of Malta (Angeletti & a/7z, 2012; Micallef &
aliz, 2013), thus other levels of sea caves should be consid-
ered. Other karst features, such as dry and blind valleys and
the associated fluvial scarps, are common in the Island of
Gozo; karst pavements, solution pans, solution holes, sea
caves and arches are spread mainly along the coast where
the coralline limestone formations outcrop. The Globigerina
Limestone shows a very limited karstification; erosive land-
forms, such as potholes, dominate on the karst ones.

Apart from karst features, the main inland landforms
are structural and man-made scarps that form a terrace-
like landscape. The Gozitan landscape is highly influenced
by human-induced modifications. As a result, the land-
scape is mainly dominated by terraced fields (Cyffka &
Bock, 2008) and locally by urbanised areas. Other notable
man-made features are the numerous quarries carved in
the Globigerina Limestone.
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THE PALAEOSINKHOLES OF GOZO AND
ASSOCIATED MORPHOSTRUCTURES

The palaeosinkholes of the Island of Gozo were as-
cribed by Pedley (1974) to the oldest phase of karstifi-
cation developed in the Miocene. Sea-floor depressions
would have been formed in the Miocene due to submarine
cave roof collapse or, according to Illies (1980), to dissolu-
tion of evaporites and consequent subsidence of the over-
lying sediments. Then the depressions would have been in-
filled by marine sediments until the Maltese archipelago
had emerged at the end of the Miocene. Recent investiga-

tions by Tonelli & /i (2012) showed that the dissolution-
induced subsidence is recorded by collapse structures up
to 600 m in diameter, circular to elliptical in plan view and
with an average area of 56,000 m”. These palaeosinkholes
are limited by annular dip-slip faults; several stretches of
internal annular faults have also been recognised. The sub-
sidence structures can be classified as caprock collapse
palaeosinkholes, according to the classification proposed
by Gutiérrez & aliz (2008), because the upward propa-
gation of cavity rock roofs migrates through non-karstic
lithologies. The foundered cylindrical blocks generally
show limited internal deformation, typically restricted to
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basin structures with inward dips. Cumulative subsidence
in the largest palacosinkholes reaches more than 120 m.
The detailed geomorphological surveys carried out in
the present study (fig. 3) outlined how the Gozitan pa-
laeosinkholes have controlled the evolution of the shore-
line stretch in the western coast of the Island; high cliffs
formed by massive limestone are here interrupted by
rounded bays set within pre-existent sub-circular col-
lapse structures of large dimensions, such as Dwejra Bay
and Dwejra North (fig. 4). These bays seem to have been
formed by selective erosion driven initially by fluvial
processes and finally by the sea; the sea would have en-
tered the outer barrier of country rock (Lower Coralline
Limestone Formation) enlarging fractures or karst con-
duits or caves and would have removed the weaker mate-
rial of the infill (Globigerina Limestone and Blue Clay).
The available information about sea level change in SW
Calabria-NE Sicily (Lambeck & a/iz, 2011) indicates that
the sub-circular depressions may have been flooded by

the sea between 7000 and 5000 years ago. Dwejra Bay
still shows part of the outer barrier, which makes up a
small island, called Fungus Rock (fig. 3, 4A), while in the
bay of Dwejra North, which is located north of Dwejra
Bay, the outer barrier has been completely removed and
only a partially submerged isolated block has been pre-
served (fig. 4B). The palacosinkhole of Qawra (fig. 5A),
a large depression located inward, may be ascribed to a
previous stage of such a rounded bay formation; a nar-
row cave developed in its western calcareous cliff allow-
ed the sea to enter the depression, an «inland sea» was
formed and the infill sediments were partially removed
by erosion.

The sub-circular depressions formed within the Mio-
cene palaeosinkholes, such as Qawra and Tal Harrax (fig.
5A, 5C), show evidence supporting the hypothesis that
these subsidence structures are not active at present. In
Qawra, the Quaternary alluvial deposits located at the con-
tact (sinkhole annular fault) between the country rock

FIG. 4 - Rounded bays related to

palaeosinkholes located along the

NW coast of Gozo. A: Dwejra
Bay. B: Dwejra North bay.

FIG. 5 - Morphostructures related

to palaeosinkholes located in the

NW of Gozo. A: Qawra depres-

sion. B: Ghajn Abdul mesa. C:

Tal Harrax depression. D: War-
dija Point butte.
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(Lower Coralline Limestone) and the Blue Clay infill are
undeformed. In Tal Harrax structure seems that the sub-
sidence ceased in the Miocene. The outcrops of the west-
ern outer limit of the structure suggest that Burdigalian
sediments (Middle Globigerina Fm.) truncate the exter-
nal annular fault. Moreover there is no evidence of activi-
ty in the internal collapse structure that have lowered a
block of Blue Clay within the Globigerina Limestone in-
fill. Both Qawra and Tal Harrax have formed by differ-
ential erosion of marls (Blue Clay Formation) and more
erodible limestone (Globigerina Limestone) collapsed in-
to more resistant limestone formations (Lower Coralline
Limestone).

The present study also focuses on some palaeosink-
holes located inland that, due to their geomorphologic-
al evolution, have generated reliefs, such as the Ghajn
Abdul mesa and the Wardija Point butte (fig. 5B, 5D).
The rock mass downthrown within the collapse struc-
ture was capped by a layer of Upper Coralline Lime-
stone Formation and the surrounding rock was com-
posed respectively of Blue Clay and Globigerina Lime-
stone, both weaker than the coralline limestone. As a re-
sult, relief inversion due to differential erosion occurred,
giving rise to a butte located in an area once forming a
submarine karstic depression. In the case of Ghajn Ab-
dul the stratigraphic throw has been estimated in 40 m,
and the morphostructure now forms a 60 m-high hill. At
Wardija Point, the contact between the downthrown
block and the surrounding rock is evident while in Gha-
jn Abdul the annular dip-slip fault is only inferred be-
cause it is not visible in the altered marls of the Blue
Clay Formation.

The palaeosinkholes of Gozo have controlled the de-
velopment of sub-circular depressions or rounded buttes
and mesas, depending on the relative resistance to erosion
of the outcropping rock types inside and outside the subsi-
dence structures. Where the rocks capping the down-
thrown block are more resistant than the country rock, a
prominent sub-circular relief is created. Conversely, large
round depressions bounded by steep scarps have formed
where the downthrown rocks are more erodible than the
surrounding terrains.

OTHER SINKHOLE FEATURES IN THE MALTESE
ARCHIPELAGO AND SIMILAR LANDFORMS

The geomorphological features associated with the
palaeosinkholes of Gozo have been compared with those
of sinkholes located in the Island of Malta as well as with
other similar landforms.

The sinkholes of the Island of Malta are sub-circular
depressions formed by collapse of underlying karst caves
or by sinking of the terrain due to solution processes. They
are bounded by well-defined vertical walls or covered by
soil, respectively. Recent studies on the spatial and mor-
phometric characteristics of the Maltese karst features
(Tonelli & aliz, 2012) pointed out that the Gozitan sink-
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holes reach larger size and volume with respect to those lo-
cated in the Island of Malta, and have greater vertical dis-
placement. The latter have a more random distribution
and are mainly spread in the NW part of Malta, where the
Upper Coralline Limestone outcrops. The sinkholes iden-
tified in the Island of Malta are supposed to be mainly re-
lated to a more recent, post-Miocene, karst system (Ped-
ley, 1974). Moreover the Maltese sinkholes may be merely
described as related to solution or collapse without any
significant later evolution related to erosive processes. The
outputs of the present study, together with new onshore
and offshore surveys that are ongoing, will hopefully
enable us to understand why palacosinkholes are located
only in the Island of Gozo.

Rounded landforms located along the south-eastern
coast of Malta, which were not ascribed to sinkholes by
previous authors though they show very similar shapes,
were also investigated to define their origin. These features
correspond to two rounded bays located near Marsaxlokk
(Hofra II-Kbira Bay and Il-Hofra z-Zghir Bay; fig. 6, 7B).
In this stretch of coast, different members of the Globige-
rina Limestone Formation outcrop and the coastline is
composed of promontories alternating with coves, the for-
mer ending with shore platforms showing karren features
and the latter with few slope deposits at the foot of the
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cliff. Truncated valleys flow into most of the coves. Man-
made scarps dominate the inland terrace-like landscape.
Detailed geomorphological surveys allowed the interpreta-
tion of these rounded bays as linked to selective erosion
due to the presence of lithological units of different me-
chanical properties. This confirmed that there is no rela-
tionship with possible pre-existent large subsidence struc-
tures. Strata dipping seawards cause a setting where the
more resistant lithology, the Upper Globigerina Limestone
member, reaches the sea bounding the weaker one land-
ward, the Middle Globigerina Limestone member (fig.
7A). Thus, rounded bays were created due to the removal
of the weaker formation where the outer barrier was local-
ly eroded by the sea. In particular, sea erosion is likely
to have taken place preferentially where stream valleys
reached the sea. At present, truncated valleys can be ob-
served in the inner part of these rounded bays indicating
that they may have been formed in locations correspond-
ing to ancient drainage lines. The first evolutionary phase
proposed here implies that retrogressive erosion started to
affect the hard rock barrier at the stream mouth (fig. 8A,
8B). As soon as the sea reached the weak formation, re-
fractive wave energy started widening the cove (fig. 8C,
8D). The bays of Hofra II-Kbira and II-Hofra z-Zghir
show the final stage of evolution (fig. 8E), but other bays
located southward display previous phases of development
(fig. 7C).

Rounded bays due to selective erosion of rocks with
different resistance are spread worldwide and relevant
examples are located in the South coast of England (e.g.,
Lulworth Cove; Bird, 2008) and northern Spain (e.g., Por-
tio Bay; Bruschi, 2007).

FIG. 7 - Morphological features
along the SE coast of Malta. A:
Cliff profile showing the contact
between the Middle Globigerina
Limestone Member (mg) and the
Lower Globigerina Limestone Mem-
ber (lg). B: Hofra II-Kbira rounded
bay. C: Bay located south of Il-Hofra
z-Zghir.

DISCUSSION

A detailed geomorphological survey was carried out on
the collapse palaeosinkholes located in the NW sector of
the Island of Gozo (Malta). Based on field observation and
aerial photo interpretation, it was possible to define a
model (fig. 9) for the genesis and evolution of the mor-
phostructures related to palacosinkholes and interpret
their influence on littoral dynamics. The model updates
that of Pedley (1974). The first stage, in agreement with
Pedley & alii (2002), would correspond to Miocene sub-
marine collapses due to karst dissolution of the Lower
Coralline Limestone Formation or salt dissolution of (pos-
sible) underlying evaporites (fig. 9A). Taking into consid-
eration similar sinkholes features in other parts of the
World (Whaltam & aliZ, 2005; Ford & Williams, 2007),
the latter hypothesis would be more likely. Radial and
annular fault pattern within the country rock and infill,
synsedimentary deformation structures and low or inexis-
tent breccification of the infill are characteristics not de-
scribed in collapse sinkholes with more than 400 m in di-
ameter formed on carbonate karst. However, the available
stratigraphic data of a borehole drilled onshore the Island
of Malta at Naxxar (Pedley & a/zz, 2002) show only a thick
sequence of dolomites beneath the Maltese Lower Coral-
line Limestone and no significant evaporite beds; thus
more data on sub-surface geology, currently not accessible,
would be needed to validate the second hypothesis. The
submarine collapse would have generated a sea-floor
depression then filled by marine sediments (Globigerina
Limestone Formation; Pedley, 1974; Pedley & Bennet,
1985). Once the Miocene rocks emerged, selective erosion

FIG. 8 - Evolutionary phases of the rounded bays located along the SE coastline of the Island of Malta (see text for explanation).

195



Bl T T T e P P Py P Wy P Py R W P W Wy 2l

~t-tt Sea level

Z Upper Coralline Limestone Formation
E Blue Clay Formation

: | l | [ ! Globigerina Limestone Formation

I | | |
- _|_ =1 1 | T E Lower Coralline Limestone Formation
=t = : l T e e T i ! T T

1] e 0] | [:::] I s wa j

[ S R [ A ]

HHHE e B EEE e B [ T
Bl i __,_\_'_ | EleE] T | I T T [ |rrrriedg [
| | | 1 ] : [ ] - B | ~ 1T | T | [ i I | ] | |
A = =~ IB — | —Ic — T =D o T
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became the main factor influencing the geomorphological
evolution of the areas affected by the collapse sinkholes,
giving rise to reliefs where more resistant terrains (z.¢., the
collapsed block of Upper Coralline Limestone) occurred
inside the sinkholes (e.g., at Wardija Point; fig. 5D, fig.
9B). Where the erosion continued, reaching the underly-
ing Blue Clay of the downthrown block, selective erosion
took place again determining a depression surrounded by
the more resistant Globigerina Limestone (e.g., Tal Harrax
depression; fig. 5C, 9C). Where the depression was locat-
ed near the coastline, the evolution may have further con-
tinued: in these conditions, the sea would have been able
to reach the Blue Clay through karst conduits or fractures
and start eroding them (e.g., Qawra depression; fig. 5A).
In some cases, the erosion would have continued until the
outer barrier (toward the sea) was removed and a rounded
bay formed (e.g., Dwejra North bay; fig. 4B, 9D).

Therefore rounded bays described by Paskoff & San-
laville (1978) as mere submersion of karst depressions,
have been here recognised as ultimately related to selective
erosion rather than subsidence. Thus the Gozitan rounded
bays cannot be assimilated to the sub-circular sinkhole-re-
lated embayments which are a common feature along kars-
tified coastlines, e.g. in Croatia, where pre-existent karst
depressions were drowned by the sea without any signifi-
cant erosive process. To our knowledge, morphostructures
deriving from evolutionary processes, such as those which
affected the NW coast of Gozo, have not been described
anywhere else in the World. On the other hand, positive
reliefs formed from the evolution of sinkhole features sim-
ilar to those of Gozo (Ghajn Abdul and Wardija Point)
have been documented in the Delaware Basin (West Texas
and New Mexico, USA). In this basin, cemented breccia
pipes related to interstratal evaporite dissolution have
been shaped by selective erosion giving rise to prominent
reliefs (Stafford & al:z, 2008).

Regarding the interpretation of other rounded coastal
features located north of Dwejra North, Paskoff & Sanlav-
ille (1978) suggest that they are karst depressions coales-
cent to the Qawra sinkhole at an advanced stage of sub-
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mersion. Through the analysis of the available bathymetric
data, a shallow sea floor appears inside Dwejra Bay and
Dwejra North whereas an abrupt deepening is shown out-
side the bays. This submerged platform may be the rem-
nant of a harder layer of the block lowered during the col-
lapse event. In the rounded features located to the north,
the sea floor is very deep right at the foot of the cliff and
no evidence of the downthrown block is shown. Thus
their interpretation as palaeosinkholes is quite difficult
and more detailed bathymetric data would be required to
verify the hypothesis.

Submarine sinkholes have been recognised offshore the
eastern coast of Malta by Angeletti & a/z7 (2012) and Mi-
callef & aliz (2013). Based on the morphometric parame-
ters, these are similar to those observed in the Island of
Malta and possibly related to the same recent karst phase.
However, a more extensive bathymetric survey would be
needed to check whether larger sinkholes are present off-
shore the Island of Malta.

CONCLUSIONS

The detailed geomorphological survey carried out in
the Maltese archipelago showed relevant examples of
morphostructures related to palaeosinkholes showing dif-
ferent phases of evolution. Attention was focused on some
features in the NW sector of the Island of Gozo aiming
at defining their genesis and evolution. The evolution of
the Gozitan sub-circular embayments proposed by previ-
ous authors (Paskoff & Sanlaville, 1978; Bird, 2008) was
reconsidered. A model was outlined, which attributes a
main role to differential erosion after a phase of sinkhole
collapse.

The research also showed that there are no similar
morphostructures in the Island of Malta; the Maltese karst
depressions and other offshore karst-related landforms
(Angeletti & aliz, 2012; Micallef & aliz, 2013) are smaller
than the Gozitan ones and are due to mere collapse or so-
lution sinkholes without any significant erosive evolution.



Two rounded bays comparable in shape and size to those
related to the Gozitan palacosinkholes have been investi-
gated in the SE coast of Malta and their evolution has
been analysed. These rounded bays appear to be mostly
linked to the geological structure, namely to the attitude of
strata and to their different resistance to erosion; no rela-
tionship with sinkhole collapse was found. It should there-
fore be emphasised that the rounded bays analysed in the
Maltese archipelago (in Gozo and south-eastern Malta)
represent a significant case of equifinality. The bays are, in
fact, morphologically similar, but genetically different.

Deep drill data would be needed to better define the
origin of the palacosinkholes, hypothesised as related to
karst cave roof collapse or evaporite dissolution and con-
sequent subsidence of the overlying rocks (Pedley, 1974;
Tllies, 1980; Pedley & aliz, 2002). However, the outputs of
ongoing marine surveys may provide useful information to
improve the proposed model and to correlate the morpho-
metric characteristics of the sinkholes with their period
and cause of formation.

Finally, it should be noted that the Maltese archipelago
offers the possibility to investigate different stages of the
same evolutionary process allowing the development of
models verifiable in the field.
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