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Abstract. At Cape Tindari, in North-Eastern Sicily, both right-
lateral and extensional displacements are documented, but very little is
known about the timing of the Upper Pleistocene faults. On the steep
cliffs delimiting Cape Tindari, a triangular shaped fissure opens,
named Donnavilla Cave, which contains the remains of a continental
mammal-bearing deposit plastering the walls of the fissure bored by
Lithodomus holes from 73 m up to 85 m a.s.l. New geological, pa-
lacontological and radiometric data on the Cape Tindari mammal-
bearing deposits are here exposed and they are compared with the
known terraced mammal bearing deposits in North-eastern Sicily.
The mammal-bearing deposits and the walls bored by Lithodomus
holes point to the previous existence at Cape Tindari of the inner
margin of the MIS 5.5 marine terrace and of the overlying coastal
plain deposits. A stalagmite crust previously overlying the mammal-
bearing deposits and now hanging and sloping inward into the cave,
points to an erosion phase of the inner margin of the coastal plain
younger than the stalagmite crust which is 40 + 4 ka old. At 104 m
a.s.l. an older abrasion platform and littoral deposits up to 111 m a.s.l.
have been recognised. The two coastal lines and the deeply eroded
continental deposits furnish for the first time chronological evidence
from stratigraphy and biochronology to time the Late Pleistocene
faulting previously recognised at Cape Tindari. They are probably
responsible for a lowering of Cape Tindari of about 20 m after the
MIS 5.5 substage and for cutting of part of the coastal plain deposits
after the deposit of the stalagmite crust.

Riassunto. Larea di Capo Tindari & caratterizzata da una in-
tensa attivitd tettonica genericamente datata al Plio-Pleistocene, docu-
mentata da sistemi di faglie trascorrenti destre e di faglie distensive.
Sulle ripide pendici che delimitano Capo Tindari si apre un’ampia
fessura di forma triangolare, denominata Grotta di Donnavilla, le
cui pareti, forate da Litodomi, sono tappezzate dai residui di una
breccia ossifera di ambiente continentale. In questa nota vengono
esposte nuove evidenze geologiche, paleontologiche e radiometriche
sui gia noti depositi a mammiferi fossili di Capo Tindari, che vengono
confrontati con i depositi terrazzati a mammiferi della Sicilia nord
orientale. I fori di Litodomi di Capo Tindari sono Ievidenza del

margine interno di un terrazzo marino che viene correlato al sotto-
stadio MIS 5.5 mentre i soprastanti depositi a vertebrati continentali
documentano ’esistenza del margine interno di una pianura costiera
soprastante al terrazzo marino e popolata da una fauna di mammiferi
pleistocenici. Una spessa crosta stalagmitica, che originariamente rico-
priva i depositi a vertebrati e che ne cementa 1 residui, & sospesa e
inclinata dall’esterno verso l'interno della fessura e documenta una
fase erosiva che ha interessato il margine interno della pianura costiera
posteriormente alla deposizione della crosta stalagmitica, datata a 40 +
4 ka. A sud est della fessura & stata rinvenuta una linea di costa pitt
antica rappresentata da una piattaforma di abrasione alla quota di 104
m s.l.m. e da ghiaie litorali estese fino alla quota di 111 m slm. Le
due linee di costa e il deposito continentale profondamente eroso
forniscono per la prima volta dati cronologici ricavati da evidenze
stratigrafiche e biocronologiche utili per la datazione di faglie tardo-
pleistoceniche, gia riconosciute a Capo Tindari. Queste sono proba-
bilmente responsabili di un abbassamento del Capo di circa 20 metri
successivo al sottostadio MIS 5.5 e della scomparsa, successiva a 40 + 4
ka, di parte del margine interno del terrazzo e dei soprastanti depositi
di pianura costiera.

Introduction

North-Eastern Sicily is part of the Apennine
thrust-fold belt which in this area is constituted by
the Kabilian-Peloritani-Calabrian nappe thrusting on
top of the Sicilian-Maghrebian thrust sheet. The Kabi-
lian-Peloritani-Calabrian nappe is made up of several
tectonically superimposed thrust sheets, representing
tectonic assemblages derived from different palaeogeo-
graphic units and they are the result of the convergence
of African and Eurasian plates (Amodio Morelli et al.
1976; Atzori et al. 1978; Ghisetti 1979; Lentini & Vez-
zani 1975; Lentini et al. 2000). Late Miocene and Plio-
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Fig. 1 - Location of Cape Tindari in
North Eastern Sicily and of
the sites quoted in the text.
The Tindari-Giardini line
(TGL) is redrawn from Len-
tini et al. (2000). A) sketch of
the significative elements at
Cape Tindari: a) littoral con-
glomerate at 104-111 m a.s.l;
b) Donnavilla cave; ¢) Litho-
domus holes on the north
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Pleistocene post-orogenic deposits overlie the units of
the orogenic belt.

One of the most impressive characters of North-
Eastern Sicily is represented by raised Pleistocene mar-
ine terraces occurring at different heights with respect
to the present sea level and by Holocene raised marine
notches and littoral deposits. Marine terraces cut the
different substrates and are documented by sloping mar-
ine platforms overlain by littoral deposits, while fossil
shorelines are represented by remnants of the inner
margins of the terraces, i.e. abrasion platforms, marine
notches, Lithodomus holes and/or other biological sea
level markers. The continental sedimentary cover of
some terraces is made up of vertebrate-bearing coastal
plain deposits.

In this paper the field evidence of the mammal-
bearing deposits of Donnavilla Cave, located in the
steep northern cliffs of Cape Tindari, are reconsidered,
taking into account new stratigraphical and chronologi-
cal constraints. The detailed stratigraphic reconstruc-
tion, also including the relationships with respect to
the substratum bored by Lithodomus holes, the compar-
ison with Pleistocene vertebrate-bearing terraced de-
posits of North-Eastern Sicily and the *°Th/?*U dat-
ing of a stalagmite crust overlying the fossiliferous de-
posits, provide new data and furnish a paleontological
contribution to timing tectonics which affected Cape
Tindari during the latest Pleistocene.

Geological setting

Cape Tindari is located in the northern side of the
Peloritani Mountain Belt on the northern coast of Sicily
(Fig. 1) and consists of crystalline rocks, middle to high
metamorphic grade, with prevailing felsic-Ca-silicatic
marbles. They are part of the Aspromonte Unit of Len-
tini & Vezzani (1975), the uppermost unit of the Kabilo-
Calabride Chain. The deepest Kabilo-Calabride unit
consists of epimetamorphic Variscan basement and rem-
nants of mostly carbonate sedimentary covers of Meso-
zoic-Cenozoic age (Longi-Taormina Unit: Amodio
Morelli et al. 1976) and rests directly on the Appenni-
nic-Maghrebian substratum, mostly terrigenous (Lenti-
ni et al. 2000, and references therein).

The present morphology of North-Eastern Sicily
and the outline of the coastal lines have been controlled
by the Plio-Pleistocene evolution of the area which gave
origin to Pliocene and Lower - Middle Pleistocene dia-
chronic tectono-sedimentary basins (Kezirian 1992;
Lentini et al. 2000) and to Middle and Upper Pleisto-
cene terraced deposits.

Evidence of two stages is provided by the Plio-
Pleistocene sedimentary sequences which was con-
trolled by tectonic activity (Kezirian 1992; Barrier
1995). In the first stage, beginning in the Early Pliocene,
a transgressive sequence has been deposited in the dia-
chronic tectono-sedimentary basins which includes:
Lower Pliocene calcareous marls (trubi); Lower Plio-
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cene to Lower Pleistocene calcarenites of littoral envir-
onment or redeposited by gravity flow in circalittoral or
epibathyal zones; Lower to Middle Pleistocene epi-
bathyal marls (bathymetry of deposition > 600 m) asso-
ciated with micritic limestones, including bathyal corals
(Kezirian 1992; Lentini et al. 2000; Violanti 1989, 1991).
In a second stage, probably since the late Early Pleisto-
cene, the Peloritani Range was strongly uplifted. Deltaic
marine gravels and sandy deposits (“Messina Forma-
tion”) overlie the epibathyal marls of the early Middle
Pleistocene which outcrop as high as 550 m at Rometta
(Violanti et al. 1987) and 550 m at Naso (D1 Stefano &
Caliri 1996). At Mount Scuderi, presently uplifted at the
height of 1250 m a.s.l,, Lower Pleistocene micritic lime-
stone of circalittoral environment overlies the meta-
morphic substrate (Bonfiglio 1970; Barrier 1987).

The rate of uplift is difficult to assess, as the exact
bathymetry of the deposits is still poorly known.

In the Middle and Late Pleistocene, numerous
marine terraces have been originated as the result of
the interaction between Pleistocene glacio-eustatic
changes of the sea level and the general, intense long-
term uplift affecting North-Eastern Sicily and the Mes-
sina Straits area.

In North Eastern Sicily, a well-developed flight of

marine terraces with numerous orders may be found
(Robillard 1975; Hugonie 1979). The elevation of the
inner margin of the raised Pleistocene marine terraces
in North Eastern Sicily has been used to evaluate the
uplift rate of the region and to infer neotectonic events
(Catalano & Di Stefano 1997; Monaco & Tortorici 2000;
Catalano & De Guidi 2003; Catalano et al. 2003; Anto-
nioli et al. 2006; Ferranti et al. 2006).
Uplift Holocene notchs at Taormina and Cape S. Ales-
sio, north of Taormina, at the height of about 5 m a.s.l.
have been described and dated by numerous authors
(see Lambeck et al. 2004 and references therein). Along
the coasts of the Milazzo peninsula also uplifted Holo-
cene notchs have been described by Rust & Kershaw
(2000). Holocene upper infralittoral gravels outcrop-
ping up to 3.50 m of altitude have been described and
dated by Gringeri et al. (2004).

In North-Eastern Sicily marine terraces cut the
different types of substrate, i.e. the metamorphic rocks
of the Peloritani Range, the carbonatic Mesozoic rocks
of the Longi-Taormina Unit, the Plio-Middle Pleisto-
cene sedimentary units and the terrigenous substratum
of the Apenninic-Maghrebian Units.

Cape Tindari and the vertebrate-bearing deposits of the
Donnavilla Cave

Cape Tindari is the most seismically active area in
North-Eastern Sicily and it is a key-site for understand-

ing present seismicity and tectonics in the Southern
Tyrrhenian Sea (Billi et al. 2006).

Both right-lateral and extensional displacements
are documented along the Tindari Fault System (TFS)
(Ghisetti 1979; Fabbri et al. 1980; Lentini et al. 1996,
2000; Billi et al. 2006). Eastern cliffs of Cape Tindari
represent the morphological expression of a segment
of the Tindari Fault System which has been named also
as Tindari — Giardini line (Atzori et al. 1978; Ghisetti
1979). At present, very little is known about the timing
of the latest Pleistocene faults and the temporal rela-
tionships between the normal and strike slip faults. Pub-
lished age constraints allow only to date the faults gen-
erically to the Plio-Pleistocene up to the Middle Plei-
stocene (Ghisetti 1979; Fabbri et al. 1980; Billi et al.
2006). According to Ghisetti (1979) and Fabbri et al.
(1980), in the Tindari area extensional faults activity is
as young as Middle-Late Pleistocene. The Neogene-
Pleistocene sediments to the East of the TFS are low-
ered and the Upper Pleistocene terraces located on the
two sides of the fault plane underwent displacements
that reach 50-60 m. According to Lentini et al. (2000)
Cape Tindari is a fault-bounded block, and the present
morphological processes of the Cape affect steep cliffs
structurally controlled by very young tectonics, which
however have not been dated. N-S and NNW-SSE
faults are recognized at Cape Tindari by Lentini et al.
(2000) and Billi et al. (2006). Billi et al. (2006) documen-
ted extensional fractures affecting the beach rocks on
the Marinello beach formations, which are as old as
120-130 years BP and lie eastward of Cape Tindari on
the hanging wall of a segment of the TFS. At the foot of
the Cape Tindari cliff raised marine cemented gravels up
to 2-4 m above the present sea level have been men-
tioned by Atzori et al. (1978) and Fabbri et al. (1980).
Northward the cliffs are incised by a well defined lat-
erally continuous marine notch at ~ + 4.00 — 6.00 m
a.s.l, not yet dated (Bonfiglio et al. 2003).

A cave opens on the eastern side of Cape Tindari,
at the height of 73 m a.s.l. (Fig. 1, A). The cave, locally
known as “Grotta della Fata Donnavilla”, is hollowed
in the felsic-Ca-silicatic marbles of the Aspromonte
unit. According to Malatesta (1958) e to Gliozzi & Ma-
latesta (1984) a thick detrital deposit, which formerly
almost filled the cave up to the ceiling, contains irregu-
larly scattered fossil remains of mammals. The walls of
the cave underneath the breccia are bored by Lithodo-
mus holes. The mammal assemblage includes Dama car-
burangelensis, Cervus elaphus siciliae, Hippopotamus
pentlandi, Ursus cf. arctos (Caloi 1973; Caloi & Palom-
bo 1984; Gliozzi & Malatesta 1984; Abbazzi et al. 2001).
In the inner part of the cave a stalagmite layer cement-
ing scarce remains of the bone breccia is hanging and
sloping inward into the cave for about 12 m. Nearby the
cave, Malatesta (1958) recognised a littoral conglomer-
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ate at the height of 70 m a.s.l. The conglomerate and the
Lithodomus holes were correlated by him with the MIS
5.5 raised beach of Cape Milazzo, which extends be-
tween the altitudes of 85 and 50 m a.s.l. The environ-
mental significance of the mammal-bearing deposits
with reference to the present morphology of the site
was not taken into consideration in the detailed descrip-

tion of Malatesta (1958) and Gliozzi & Malatesta (1984).

New data

From new field investigations the following fea-
tures have been recognised:

The Donnavilla Cave is a triangular shaped fissure
having an height of about 20 m and a maximum width
of about 20 m (Fig. 2); it is oriented according the N-S
striking set of faults recognised in this area.

The walls delimiting the fissure are interrupted
northward by the vertical cliff of Cape Tindari. On
these walls the Lithodomus holes are densely distribu-
ted, not abraded and confined between the heights of 73
m and 85 m a.s.l. Remnants of the bone breccia are
scattered and plaster the bored walls in the outer por-
tion of the cave, while larger blocks of the breccia are
preseved at the base of the eastern wall as well as in the
inner portion of the cave (Fig. 3). The detrital elements
(up to 50 cm large), generally poorly matrix supported,
are made up of crystalline limestone and the bones ap-
pear more abundant in the inner, more protected, por-
tion of the cave (Fig. 3, a-b). A rhythmic stratification
(thickness: 10-20 c¢m) is highlighted by repeated granu-
lometric variations and by the preferential orientation
of the long axis of rock fragments parallel to the max-
imum slope angle of the beds, which are dipping to-

- The Donnavilla cave. The ar-
row shows the hanging spe-
leothem in the upper part of
the entrance.

Fig. 2

wards the inner part of the cave with angles variable
between 15° and 35°. No internal sedimentary struc-
tures and grading within the beds were observed, while
lenticular structures are sometimes found. A wedge-
shaped geometry of the detrital body may be recon-
structed, which formerly almost filled the cave up to
the ceiling, with a maximum thickness of about 10 m
in the outer portion of the cave decreasing inward the
cave (Fig. 4). In this inner and lower portion the detrital
body shows the typical toe geometry and the upper-
most horizon is made up of prevailing sandy-silty
brown matrix. Volcanic ash has been recognised in the
finest sediments.

The superior surface of the detrital body is eroded
and shows in the inner and lower portions a symmetric
channel with gentle walls (width: 2-3 m; height: up to
1.40 m), cut into the bone breccia (Figs. 3, 5). The
eroded surface, including the channel, is covered by
the stalagmite crust, thick up to 20-25 cm, made up of
clean prismatic calcite layers (about 2 cm thick) alter-
nating with thin laminae of microcrystalline calcite
mixed with terrigenous silt. The structure of the stalag-
mite crust is typically mammillary and the superior sur-
face shows small drops directed to the inner portion of
the cave. The provenance of the running waters is not
from the cave as the walls of the cave crossing the spe-
leothem are not covered by concretionary calcium car-
bonate.

The channel is filled with brown, very fine and
dense sands and silts containing volcanic ash also. In
this uppermost unit the chromatic variations and the
preferential orientation of the long axis of the rare rock
fragments and bones highlight the soft and dense stra-



Fig. 3

tification, which is substantially parallel to the maxi-
mum slope angle of the underlying stalagmite crust
and is directed to the inner part of the cave.

Fig. 4
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- Stratigraphic sequence of the
eastern wall of the Donnavil-
la Cave. 1) substrate of felsic-
Ca-silicatic marbles; 2) bone
breccia; 3) very fine sands
filling the channel and over-
lying the speleothem; st) sta-
lagmite crust; circles Litho-
domus holes; a) cranial re-
mains of Hippopotamus pen-
tlandi in the bone breccia; b)
fossil bones in the uppermost
sandy-silty brown portion of
the bone breccia.

- The hanging speleothem
overlying the eroded bone
breccia in the inner portion
of the Donnavilla Cave.

South of the cave, between the height of 104 m
and 111 m a.sl. (see a in Fig. 1, A), a seaward gently
dipping conglomerate extends, consisting of wedge-




108 Bonfiglio L., Mangano G. & Pino P.

shaped multilayer of well cemented crystalline boulders
and well rounded cobbles. The clasts are set in a mas-

sive, not graded and clast-supported deposit with scarce
massive arenite matrix (Fig. 6). Rare, fragmented and
not identifiable mollusc shells are present. In the neigh-
bouring of the conglomerate we found a small abrasion
platform at the height of 104 m a.s.l. The abrasion plat-
form is a triangular shaped prominent ramp cutting
across sub-vertical crystalline beds and abruptly inter-
rupting the morphological profile of the eastern slope of
the Cape.

Finally we observed that the flat surfaces of very
large prismatic boulders (about 8x5 m large) fallen from
the eastern slopes of the Cape and accumulated at the
present sea level show well preserved kinematic indica-
tors (lineations). This appears an evidence that recent

Fig. 6

- The Cape Tindari littoral conglomerate located at 104-111
m as.l

Fig. 5 - The channel overlying the

speleothem, filled with very
fine brown sands and silts.
Lithodomus holes on the
walls of cave are seen in
the back; sa) fine sands and
silts; st) stalagmite crust.

coastal erosion of the retreating eastern sea-cliff is shap-
ing fault cliffs structurally controlled by very young
tectonics.

U/Th dating of the stalagmite crust

The portion of the flowstone directly in contact
with the fossil remains was dated using the *°Th/**U
method. This method is based on the different chemical
behaviour that uranium and thorium display in the hy-
drosphere. When authigenic calcite is formed, it tends to
contain appreciable uranium concentrations, because
highly soluble, but negligible thorium. This leads to a
situation where *°Th is strongly deficient relative to its
parent 2*U. The subsequent regeneration of ?*°Th, di-
rectly produced by decay of its parent 2**U, can then be
used as a dating tool. The age of the deposit can be
determined by measuring the growth of the daughter
up to the point when its abundance is within error of
secular equilibrium (about 350 ka; Dickin 1995). Three
main requirements are needed: 1) calcite speleothem
must contain sufficient uranium; 2) the system must
be closed after coprecipitation of uranium in calcite;
3) no »°Th must be deposited in calcite. Where the
activity ratio between 2*°Th and ***Th (the isotope of
thorium enriched in the detrital fraction) is higher than
20, it is presumed that radiogenic »°Th completely pre-
dominates and contamination is not significant (Ford &
Williams 2007). Since the flowstone from Tindari cave
speleothem shows a 2>°Th/??Th activity ratio > 90, a
single sample provided the actual age of the speleothem,
which results of 40 + 4 ka. Uranium concentration,
activity ratios and the age of the flowstone are reported

in Tab. 1.
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Tab. 1

- Uranium and thorium activ-
ity ratio of a sample of the

Sample |U ppm

(234U/238U) (230Th/234U) (230Th/232Th) Age (ka)

flowstone from the Tindari
Cave stalagmite crust.

2007SP321.804 +0.110

1.005+0.029 [0.311+0.029 [95.147+5.132 [40+4

Discussion on new data

At Cape Tindari the exposed features indicate a
complex history of marine and continental sedimentary
processes. The ubiquitous presence of Lithodomus holes
suggests that the Donnavilla Cave was shaped under
marine conditions, which gave also origin to the littoral
conglomerate recognised by Malatesta (1958) nearby
the cave at the height of 70 m a.s.l. Detrital deposits
with angular fragments mixed to abundant fossil re-
mains of terrestrial mammals point to depositional pro-
cesses in continental environment. This detritic phase
was followed by a time interval characterized by quiet
circulation of carbonate-charged water, which led to the
deposition of the stalagmite layer. The uppermost layers
rich in fine matrix were probably deposited from pa-
laeosoils containing volcanic ash and located outward of
the cave.

This uppermost deposit, overlying the stalagmite
crust, previously attributed to eolic transport by Mala-
testa (1958), probably might be attributed to the re-
working by running water of external palaeosoils, also
containing the volcanic ash. The exclusive eolic supply
is to be excluded as at that time the cave entrance was
almost completely closed by the bone breccia and the
overlying stalagmite crust.

Widespread peculiar pyroclastic deposits, known
as “Brown Tuffs” and emplaced in the time span be-
tween about 70 and 13 ka, occur all over the Aeolian
Islands (Calanchi et al. 2002; Lucchi et al. 2004). Volca-
nic ash known as “Tuffloess” probably coming from the
Aeolian Islands overlies MIS 5.5 littoral deposits at
Cape Milazzo (Colonna & La Volpe 1968; Crisci et al.
1983). The volcanic ash contained in the bone breccia at
Cape Tindari, probably coming from the Aeolian Is-
lands, may have been emplaced in the time span be-
tween about 70 and 13 ka.

The structural features of the bone breccia indi-
cate multiple sedimentation events under gravity con-
trol along a palaeorelief extended eastward of the cave,
L.e. eastward of Cape Tindari. The present geometry of
the Cape is in fact not compatible with the structural
features of the detrital body. Rock fragments and fine
brown matrix have been carried by gravity and/or by
superficial water stream inward into the cave.

Vertebrate-bearing deposits in North-Eastern Sicily

To assess the palaecoenvironmental significance of
vertebrate-bearing deposits of Cape Tindari they have

to be discussed in the context of the vertebrate-bearing
deposits of North Eastern Sicily, often embedded in the
continental sedimentary cover of Pleistocene marine
terraces.

Faunal assemblages

In Sicily the rich fossil record of endemic verte-
brates allows the construction of a fairly detailed bio-
chronological frame based on stratigraphic data, as well
as geochemical and radiometric dating.

Taphonomic data show that Pleistocene verte-
brates remains are distributed in deposits of both cave
environment and broad, open coastal environments.
Close relationships have been found between verte-
brate-bearing deposits and terraced marine deposits
which can be correlated with the 8'*O isotopic record
and the main palaeogeographic events in Sicily (Di
Maggio et al. 1999).

At present five Faunal Complexes (FC), charac-
terised by the occurrence of differently marked endemic
features, have been recognised (Masini et al. 2008).

The two older FC (Monte Pellegrino FC, Elephas
falconeri FC) are not found in North-Eastern Sicily. Of
the three younger Faunal Complexes which are found
in North-Eastern Sicily (Elephas mnaidriensis FC,
Grotta di S. Teodoro-Pianetti FC, and Castello FC)
only the assemblages of the Elephas mnaidriensis FC
are contained in deposits of open environments, such
as the fully marine deposits of the “Messina Formation”
and the coastal plain deposits overlying some marine
terraces.

The Elephas mnaidriensis FC contains a balanced
faunal assemblage (Elephas mnaidriensis, Hippopotamus
pentlandi, Cervus elaphus siciliae, Canis lupus, Dama
carburangelensis, Ursus cf. arctos, Crocuta crocuta spe-
laea, Bos primigenius siciliae, Sus scrofa, Vulpes vulpes).
The hippo Hippopotamus pentlandi is exclusive of this
Faunal Complex. Most of the taxa of the Elephas mnai-
driensis FC found in North Eastern Sicily at present live
in open spaces and none of them inhabits caves.

The extant hippo (Hippopotamus amphibius),
which is closely related to the European Pleistocene
hippopotamuses, is a gregarious animal and lives in riv-
ers and lakes bordered by grassland. The extant cervids
(fallow deer, Dama dama, red deer Cervus elaphus) fa-
vour open deciduous woodland. The extant elephants,
which are however not closely related to extinct Eur-
opean Pleistocene elephants, are characteristic of
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forested savanna, usually not far from water (Stuart
1982).

Recent researches in Sicily clarified that most of
the vertebrate bearing deposits known in the literature
as cave deposits are in fact coastal plain deposits located
at the base of carbonatic cliffs where the caves open.

Vertebrate-bearing deposits and Pleistocene
marine terraces

Terraces are morphological features consisting of
a plane surface gently inclined seaward and bounded by
a scarp uphill and downhill (inner and outer paleo-sea
cliff; Carobene 1980). Each terrace is correlated with a
glacio-eustatic high sea level. The geological structure of
a terrace consists of different elements which have been
originated by the geological processes occurring in the
uplifted regions. In Fig. 7 an oversimplified outline of
the geological structure of a terrace is shown, according
to Bosi et al. (1996), Carobene (1980) and Ferranti et al.
(2006). Skeletal elements of vertebrate within the coastal
plain sedimentary cover are also shown.

Tidal notches, Lithodomus holes, abrasion plat-
forms and other sea level biological markers preserved
on the inner margin of a terrace represent the evidence
of the highest shoreline at high stand stage, generated
during a short time coastal uplift and more or less stable
sea level, though the exact position of shoreline is diffi-
cult to assess (Ferranti et al. 2006).

According to Ferranti et al. (2006) the distribu-
tion of the markers reflects primary paleoclimatic and
paleogeographic conditions and subsequent tectonic
processes, combining regional and local displacements.

Coastal plain deposits hosting continental, often
fossiliferous, deposits of different environment (fluvial,
lacustrine, colluvial) are often found overlying the sea
level markers.

The terrace chronology depends on dates ob-
tained from palaeontological evidence. Only the highest

littoral deposits of the inner margin and/or the notches
and biological sea level markers, when definitely dated,
are to be used to evaluate the uplift rate of the region,
while the faunal assemblages of the continental cover
give mainly palaeoenvironmental and/or palaeogeo-
graphic evidence. Geochemical dating from vertebrates
remains are often not strengthened by stratigraphic
data.

A comprehensive frame for the marine terraces of
North Eastern Sicily is not available at present, though
numerous recent papers deal with Pleistocene marine
terraces (Catalano & Cinque 1995; Catalano & Di Ste-
fano 1997; Catalano & De Guidi 2003; Catalano et al.
2003; Antonioli et al. 2006; Ferranti et al. 2006).

The most exhaustive paper concerning Pleisto-
cene marine terraces of North-Eastern Sicily is by Hu-
gonie (1979), who takes into account morphological
characters but points out also that the extension of a
terrace and the thickness of the sedimentary cover are
strongly conditioned by the nature of the substrate, by
the sediment supply and by the hydrographic features.
Unfortunately, at Hugonie’s time, definite chronologi-
cal data were lacking. According to field investigations
by Hugonie, pedogenesis, cementation and weathering
of terraced deposits have to be regarded as indices of
terrace age as they tend to be more advanced in higher
and older terraces.

In the area of Acquedolci — Capo d’Orlando, Hu-
gonie (1979) and Robillard (1975) recognized Pleisto-
cene marine terraces at the height of: 700, 500 or 400,
300, 200, 80-100, 60, 35 m a.s.l.

The widest terrace of North-Eastern Sicily,
named “Grand replat” by Hugonie (1979) and “Po”
by Catalano and De Guidi (2003), is located between
the altitudes of 150-135 and 60 m a.s.l. and includes two
abrasion platforms, whose inner edges are located re-
spectively at the height of 150-135 m a.s.l. and the
height of 110 a.s.l. According to Catalano & De Guidi

Older terrace

<——— Inner margin

Inner margin of the marine platform T

Abrasion marine platform

O\ <— Coastal plain | Sedimentary
==om\ <— Littoral

Fig.7 - Oversimplified outline of the
geological structure of a ter-
race (according to Carobene
1980; Bosi et al., 1996; Fer-
ranti et al. 2006). Circles:

Lithodomus holes.

cover

Younger terrace

l
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(2003) the “Po”, in the Cape Rasocolmo area, is repre-
sented by a 1.5 km-wide platform that carves crystalline
rocks and consists of a polycyclic marine feature made
up of two distinct abrasion surfaces, named I (inner
edge at about 140 m a.s.l.) and II (inner edge at about
100 m a.s.l.). This widest terrace extends from Cape
Peloro westwards up to Acquedolci and to the South
on the Tonian cost up to Taormina. It has been used as
key terrace for regional terrace correlation in North
Eastern Sicily (Bonfiglio 1991; Antonioli et al. 2006).
The widest terrace is lacking in the area between Cape
Tindari and Capo d’Orlando.

Palaeontological, radiometric and geochemical
dating

At present in North Eastern Sicily, palaeontolo-
gical dating from terraced littoral deposits containing
Strombus bubonius at Cape Peloro (Bonfiglio & Violan-
ti 1983), geochemical dating from Cape Peloro and Mi-
lazzo (Hearty et al. 1986a) and ESR methodology from
Taormina (Antonioli et al. 2006) are only available.

At Cape Peloro terraced deposits overlie an abra-
sion surface cutting the Middle Pleistocene gravels of
the “Messina Formation”. The sedimentary cover is
made up by a sequence of marine sands culminating
with brackish deposits at the height of 110 m a.s.1. Con-
tinental reddish gravels, about 20 m thick, constitute the
top of the sedimentary cover. Strombus bubonius and
Glycimeris sp. have been found at the height of about
105 m a.s.l. Strombus bubonius is the worldwide known
palaeontological evidence for the last interglacial high-
stand in the Mediterranean, referred to the marine iso-
tope substage MIS 5.5, whose geochronology is based
on orbital tuning of high-resolution deep-sea oxygen
isotope stratigraphy. Absolute dating, primarly U-series
dates on corals directly associated with Strombus bubo-
nius, provided an indipendent date of 127 + 4 ka
(Hearty et al. 1986 b) or 121 + 7 ka (Myiauchi et al.
1994).

The aminoacid ratios (alle/ile ratio) in specimen
of Glycymeris sp. collected at Milazzo and Cape Peloro
(0.41 £ 0.03 and 0.41 respectively) have been assigned to
the aminogroup E which has been correlated with the
MIS 5.5 substage and a marine transgression ~ 125 k.a.
B. P. (Hearty et al. 1986a; 1986b).

A fossiliferous marine conglomerate deposit on a
terrace with an inner margin at 115 m, has been discov-
ered and studied at Taormina by Antonioli et al. (2006).
Palaeontological analysis on molluscs collected at +105
m indicates that the sea was few metres deep. Based on
ESR methodology applied to a Patella and Venerupid
shells, Antonioli et al. (2006) obtained an age of 124.5 +
15.0 ka and attribute this terrace to MIS 5, probably
MIS 5.5 substage. On geomorphological grounds, An-
tonioli et al. (2006) made correlation of the MIS 5.5

terrace at Taormina with the terrace at Capo Peloro that
contains Strombus bubonins. Bonfiglio (1991) also on
geomorphological grounds made correlation of the
MIS 5.5 terrace at Capo Peloro with the widest terrace
extending on the northern side of the Peloritani up to
Acquedolci.

The D-alloisoleucine/L-isoleucine (alle/ile) ratio
measured in the tooth enamel of some taxa of the Ele-
phas mnaidriensis FC from several sites of Sicily, includ-
ing Dama carburangelensis from Cape Tindari, yielded
an average value of 0.094 + 0.004 to which an age of 200
+ 40 ka has been attributed by Bada et al. (1991).

ESR dating for teeth enamel of Elephas mnai-
driensis and Hippopotamus pentlandi from Contrada
Fusco (South Eastern Sicily), underlying Tyrrhenian
marine deposits, provided an age ranging between
146.8 + 28.7 and 88.2 = 19.5 ka (Rhodes 1996).

Taphonomical and stratigraphical evidence

In North Eastern Sicily the vertebrate bearing
deposits of the Elephas mnaidriensis FC are contained
in the following deposits:

Messina Formation. Disarticulated, fragmented,
worn and mechanically selected fossil remains of ele-
phant, hippopotamus, red deer, bear and tortoise are
contained in the “Messina Formation” deltaic marine
deposits (Bonfiglio & Berdar 1979) which extend from
Cape Peloro to South of Cape S. Alessio (Lentini et al.
2000). At Cape Peloro, the MIS 5.5 marine terrace de-
posits containing Strombus bubonius truncate the un-
derlying foreset beds of the Gilbert-delta setting.

Acquedolci. At Acquedolci the north-western
front of the carbonate Mesozoic Longi-Taormina Unit
crops out, resting directly on the Apenninic-Maghre-
bian terrigenous substratum (Monte Soro Flysch). Car-
bonatic outcrops are limited northward by vertical cliffs
of tectonic origin (Robillard 1975) and the widest ter-
race located between the height of 135 and 60 m a.s.l.
extends northward. Fig. 8 summarizes the geological
structure of the largest terrace (“Po” by Catalano &
De Guidi, 2003) according to the evidence recognised
at Acquedolci but also at Taormina, Scodoni, Pace del
Mela, Villafranca Tirrena (see after). The older terrace,
extending 180-220 a.s.l. and the younger terrace (ex-
tending ~ 30 m a.s.l.) are also shown.

At Acquedolci vertical cliffs are articulated in a
complex alternation of small rocky promontories and
fissures which are oriented according the NN'W-SSE —
striking set of faults recognised in the Mesozoic Unit by
Robillard (1975) and Lentini et al. (2000).

On the inner margin of the 135 — 60 m terrace, at
the base of the carbonate cliffs, seven trenches have been
excavated (Fig. 9, a-b). Detailed mapping of the verte-
brate-bearing deposits has demonstrated that the site is
a Pleistocene lacustrine basin, where thousands of re-
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25-30 m terrace

| I

100 m

180-220 m terrace

Fig. 8 - Schematic representation of

the geological structure of
m the largest terrace (“Po” by
Catalano & De Guidi 2003),
< according also to Bonfiglio

B (1987, fig. 2). The older ter-
race, extending 180-220 a.s.l.
and the younger terrace (ex-
tending ~ 30 m asl.) are
| also shown. I: abrasion plat-
form at the height of 131 m
B a. s. L; II: MIS 5.5 abrasion
platform at the height of 60-
90 m a. s. L; circles: Lithodo-
mus holes.
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mains of hippo (Hippopotamus pentlandi) and scarce
remains of deer (Cervus elaphus siciliae), wolf (Canis
lupus), bear (Ursus cf. arctos), tortoise (Testudo cf. her-
manni) and birds have been accumulated (Bonfiglio
1992, 1995; Mangano 2005).

Large clasts, made up of debris from the lime-
stone cliffs, are scattered in a fine grained matrix made

up of fine silts with variable contents of clay fraction
(trench F; Fig. 9, b). A silty, laminated portion of the
lacustrine deposits, mostly destroyed by erosion, ex-
tends northward.

Palaeontological, sedimentological and taphono-
mical evidence suggests an unusual depositional envir-
onment in which a slope talus was accumulating on the

N =

4----.-'-_-.'

Fig. 9 - Acquedolci: a) the northern
steep cliffs of the Longi-
Taormina carbonate massif
and the northward extending
terrace; the arrow shows the
location of the excavated
trenches; I and II represent
respectively the 131 and the
MIS 5.5 abrasion platforms;
b) topography of the inner
margin of the largest terrace

136

134

132

at Acquedolci and location
of the trenches. F: trench F;
c), d) structure of the fossili-
ferous deposits in the trench
F, overlying the steep carbo-
nate cliffs and the abrasion
platform (from Bonfiglio
1995).
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edge of a lacustrine basin. The bone assemblage consists
of mixed skeletal material which has not been brought
into the site as sedimentary clasts but accumulated in
situ as a consequence of carcass floating in a lacustrine
environment and subsequent entrapment within the
silty and/or detritic bottom. A maximum thickness of
14 m has been reconstructed (Bonfiglio 1995). The ver-
tebrate-bearing deposits overlie a coastal line made up
by sterile beach gravels and an abrasion platform which
cuts the base of the carbonatic substrate for about 8 m at
the height of 131 m a.s.l. (I, Fig. 9, a-c). Rare Lithodo-
mus holes, polished by the erosion, are preserved on the
carbonatic cliffs up to about 142 m a.s.l.

The lacustrine deposits point to the previous ex-
istence of a coastal plain environment North of the car-
bonatic cliffs which partially protected them by wash-
ing of meteoric water up to the present.

The sedimentary cover of the terrace northward
(IL, Fig. 9, a) has been investigated by means of several
drillings for building purpose. It has a maximum thick-
ness of about 20 m and is made up by sterile gravels,
silts, travertines and blackish clays (unpublished data by
L. Bonfiglio) overlying an abrasion platform extending
from 90 to 60 m a.s.l. correlated to the MIS 5.5 substage.

Rocca Scodoni. At Rocca Scodoni the MIS 5.5
abrasion platform, which extends between 90 and 60
m a.s.l, cuts the carbonatic substratum of the Longi-
Taormina unit and is overlain by sterile gravels and
continental vertebrate-bearing gravels with Elephas
mnaidriensis, Hyppopotamus pentlandi and Ursus cf.
arctos remains. The fossiliferous deposits have not been
excavated. The inner margin of the abrasion platform is
not well defined as it cuts the Apenninic-Maghrebian
terrigenous substratum. The vertical cliffs of the carbo-
natic Rocca Scodoni, which crops out from terraced
deposits, are partially covered by slope debris. The

Fig. 10 - Continental reddish gravels

and sands (about 20 m
thick) overlying late Lower
Pleistocene epybathial cla-
yey marls at Villafranca Tir-
rena; m: clayey marls; a:
MIS 5.5 abrasion platform;
c: continental reddish grav-
els and sands.

top of Rocca Scodoni, located at about 132 m as.l
and bored by Lithodomus holes, probably represents
the evidence of the same 131 m coastal line highlighted
at Acquedolci. The inner paleo-sea cliff of a younger
terrace extending 25-30 m is densely bored by Lithodo-
mus holes (Bonfiglio 1987, Fig. 2).

Pace del Mela, Villafranca Tirrena. In this area the
largest terrace has a great extension but its inner margin
is not clearly identifiable, owing to the lithology of the
substratum which is prevalently made up of Lower and
Middle Pleistocene sands, clays and epibathyal marls. A
continental sedimentary cover made up of reddish grav-
els, grey silts and clays, up to 20 m thick, overlies the
MIS 5.5 substage abrasion platform extending 80-90 m
a.s.l. (Fig. 10). Assemblages of the E. mnaidriensis FC
have been found in the continental deposits (Mangano
2000).

Taormina. Several recent papers deal with marine
terraces of the Taormina area which are carved in the
different lithotypes of the carbonate Longi-Taormina
Unit. Catalano & De Guidi (2003) recognized in the
Taormina area six orders of marine terraces. Seven or-
ders of marine terraces have been recognized by De
Guidi et al. (2003) who have carried structural and mor-
phological analyses based on 1:10.000 and 1:33.000 scale
aerial photographs and field surveys on 1:10.000 scale
topographic maps. Antonioli et al. (2006) based their
interpretation on field surveys of the inner margins
and study of 1:10.000 aerial photographs. They analysed
only three terraces whose inneredges are respectively:
225, 205, 115 m a.s.l. The 115 m terrace is correctly
attributed to MIS 5.5 substage by Antonioli et al.
(2006) who disagree with the Catalano & De Guidi
(2003) and De Guidi et al. (2003) estimates for the ele-
vations of the MIS 5.5. terrace whose inner margin ele-
vation arrives at 180 m a.s.l. in the Taormina area.
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CAPE TAORMINA A

Fig. 11 -a) Map of the Taormina
area: 1, 2, 3, terraces re-
spectively 220-180, 160-
140, 120-90 m a.s.l; circle:
Taormina town; black cir-
cles: caves; A-A’; B-B”:
traces of the profiles; b) lit-
toral and overlying conti-
nental deposits upon the
220-180, 160-140, 120-90
m terraces; the 60-30 ter-

%&\,&]’

CAPE S. ANDREA race is also shown; c) de-

tails of the 131 m cave. a:
littoral gravels; Circles:
Lithodomus holes (modi-
fied from Bonfiglio 1981,
1991).

200 m

Bonfiglio (1981) based the study of Taomina area
on 1: 2.000 scale topographic maps and detailed field
survey of the sedimentary covers of terraces. Fig. 11, a
shows the distribution and the extension of some Pleis-
tocene marine terraces which have been controlled by
the different lithotypes of the substrate. The profile A-
A’ (Fig. 11, b) shows the 180-220 terrace (the terrace
upon which Taormina town is built and the terrace
around the Greek theatre), the 90-120 terrace (corre-
lated with the substage MIS 5.5) and a younger terrace
30-60 m a.s.l. Inside a cave at about 131 m a marine
notch, Lithodomus holes, Vermetid (Dendropoma) and
a sterile conglomerate are the evidence of a coastal line
which however, apparently is not associated with any
terraces. In the North Eastern sector of the map a 140 -
160 m terrace (the terrace upon which the cemetery is
located, profile B-B’, Fig. 11, b) carves the scarcely re-

sistant calcareous semischists. This terrace is probably
to be correlated with the coastal line inside the cave at
131 m. The 90-120 terrace lacks east of the A—A’ profile
where several caves open on the steep cliff of hard-re-
sistant carbonate rocks at the same heights of the MIS
5.5 abrasion platform. On these cliffs Lithodomus holes
are also found.

The marine sedimentary covers of the 180-220,
140-160 and 90-120 terraces are made by littoral fossi-
liferous deposits (Bonfiglio 1981, and references there-
in).

According to Seguenza (1900) the remains of Hip-
popotamus pentlandi and Cervus siciliae, come from ce-
mented littoral gravels contained inside a cave at the
height of 200 m a.s.l. Only the continental covers of
the 140-160 and 90-120 terraces, which are made pre-
valently by gravels and piroclastites, and the correlated
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Fig. 12 - N-S profile of the steep cliffs of Cape Tindari. I: 104-111

coastal line; II: MIS 5.5 abrasion platform and coastal
line. The profile of the Donnavilla cave is also shown;
circles: Lithodomus holes.

caves, contain remains of Pleistocene mammals (Cervus
elaphus siciliae, Elephas mnaidriensis, Hippopotamus

pentlandi).

Discussion and tectonic implications

At Cape Tindari two coastal lines have been re-
cognised respectively at the altitude of 70 and 104-111
m a.s.l. Fig. 12 shows a N-S profile of the steep cliffs of
Cape Tindari. I and II represent the higher and the low-
er coastal line. The mammal bearing deposits overlie the
70 m coastal line evidence and the bone breccia has
similar features to the detrital portion of the Acquedolci
mammal-bearing deposits. Palaeontological and sedi-
mentological evidence now recognised at Donnavilla

cave, which is very similar to that observed by detailed
excavations on the innermost margin of the 135-60 m
terrace at Acquedolci, point to the previous existence at
Cape Tindari of the inner margin of a marine terrace
and overlying coastal plain deposits. The width of this
terrace is unknown, but it may have been very narrow,
as it was cut into resistant carbonate rocks.

The evidence collected during field researches and
systematic excavations at numerous sites of North-East-
ern Sicily shows that, except for the mammal remains
found in the Middle Pleistocene marine deposits of the
Messina Formation and of the 220-180 m terrace at
Taormina, the assemblages of the Elephas mnaidriensis
FC are contained in coastal plain deposits overlying two
marine terraces, respectively the terrace attributed to
the MIS 5.5 substage, whose abrasion platform extends
at the height of 90-60, and an older marine platform,
whose inner edge is about 130 m a.s.l.

Consequently the Pleistocene terrace underlying
the mammal-bearing deposits at Cape Tindari may be
correlated with the 90-60 m marine platform, attributed
to the MIS 5.5 substage, or alternately with the older
terrace about 40 m higher.

The difference in elevation of the two coastal
lines recognised at Cape Tindari seems to be not casual
as it is the same difference existing between the two
abrasion platforms of the largest terrace at a regional
scale (see Fig. 8). The downthrown of about 20 m of
the two coastal lines at Cape Tindari represent a local
displacement due to tectonics (Ferranti et al. 2006). The
70 m coastal line underlying continental mammal-bear-
ing deposits is to be correlated with the MIS 5.5 sub-
stage

The 40 + 4 ka old speleothem, previously depos-
ited upon the bone breccia and now hanging and slop-
ing inward into the cave, shows that erosion of the bone
breccia started after 40 + 4 ka, and that up to that time
the palaeorelief lying eastward of the cave protected the
mammal-bearing deposits from meteoric water. At
Cape Tindari, unabraded Lithodomus holes point to a
very recent age for the erosional process of the bone
breccia.

These observations imply two consequences for
the chronology of the Upper Pleistocene tectonics at
Cape Tindari: 1) the inner margin of the abrasion plat-
form referred to the MIS 5.5 substage, which is as high
as 90 m a.s.l. in North Eastern Sicily, has been down-
thrown by about 20 m after the MIS 5.5 substage; 2) a
palaeorelief lying eastward of the cave has been down-
thrown after 40 + 4 ka. Faults previously recognized at
Cape Tindari may be involved in the downward displa-
cement of the MIS 5.5 substage marine platform (see
Fig. 1, A — d) and of the palaeorelief previously lying
eastward of the cave (see Fig. 1, A —e).
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In fact according to Billi et al. (2006) Marinello
beach formations, eastward of Cape Tindari, lie on the
hanging wall of a segment of the Tindari fault system.

Conclusions

The palaeoenvironmental significance of Upper
Pleistocene mammal-bearing deposits preserved at Cape
Tindari has been applied to reconstructing the previous
existence of a coastal plain populated by mammal com-
munities.

For the first time chronological data from strati-
graphy and biochronology are available to constrain the
timing of the Upper Pleistocene tectonics of Cape Tin-
dari.

At Cape Tindari, the mammal bearing deposits of
coastal plain environment overlie the inner margin of
the MIS 5.5 substage marine platform, located at 70 m
a.s.l., while the inner margin of the same MIS 5.5 sub-
stage terrace is as high as 90 m a.s.l. all around North
Eastern Sicily.

The portion of the inner margin of the MIS 5.5
substage marine platform lying eastward of the cave has
been cut after the deposition of a 40 + 4 ka old spe-
leotheme.

The extensional faulting previously recognized at
Cape Tindari is probably responsible for the cutting of

most of the coastal plain deposits and for the downward
displacement of the inner margin of the MIS 5.5 sub-
stage terrace. These tectonic events are posterior to the
MIS 5.5 substage and/or to 40 + 4 ka.

The previously recognized undated marine notch
at about + 4.00 — 6.00 m a.s.l. probably postdates these
faults, as it is probably correlated with the Holocene
uplift notches at Taormina and Cape S. Alessio and with
the Holocene littoral gravels at Milazzo.

The downward displacement of the latest Pleisto-
cene coastal plain deposits represents local displace-
ments which are the surface expression of the crustal
processes which affected Cape Tindari in the latest
Pleistocene interval.
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