Tsunami and storm deposits preserved within a ria-type rocky coastal
setting (Siracusa, SE Sicily)
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Summary.  Sedimentological and palacoecological observations, accompanied by archacological
determinations and absolute dating, have been carried out on a recent beach-barrier system succes-
sion located 20 km south of Siracusa, south-castern lonian coast of Sicily (Italy). These deposits fill
the back edge of a ria incised within Miocene limestones and are composed of three main stratal
units characterized by distinct sedimentological features. The two lower units, formed by cross-
bedded sands and laminated clays, recorded the development of a small confined beach-barrier depo-
sitional system, influenced by frequent high-energy events. The upper unit, represented by chaotic
coarser sediments, can be attributed to a destructive marine high-energy event. The physical prop-
erties of the composing stratal units and the morphological setting of the study area allowed us to
reconstruct a suite of storm- and tsunami-related marine depositional processes that might have
occurred in recent times along this area of elevated seismicity. In particular, absolute dating and
archaeological determinations allow correlating the upper unit to a tsunami wave triggered by the
1693 AD catastrophic earthquake. The same depositional mechanism can also account for some of
the coarse levels occurring into the underlying stratal units.
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1 Intreduction

Tsunami waves typically affect ceastal arcas subject te permancnt er frequent current
rewerking, that arc envirenments characterized by a lew prescrvatien petential fer “event
depesits” (WawseN & STEWART 2007 and references therein). Cenversely, beach-barrier
systems in the innermest part of narrewing engulfed recky ceasts can be censidered as a
highly-censervative depesitienal sctting fer sedimentary depesits triggered te destructive
high-cncrgy marine events. In these cenditiens, tsunami dcposits can be suﬂicicntly pre-
served by marine cresien er alluvial sediment cevering and, when cxposcd, their interpreta-
tive analysis can be censidered as a high-potcntial teel for interpreting anemaleus marine
cvents eccurred in the past.

Eastern Sicily is enc of the mest scismically active arcas of the central Mediterrancan.
Nermal faulting accemmedates WNW-ESE eriented extensien, active aleng the Sicule-
Calabrian rift zenc (Fig. 1la; MenNace & Terrerict 2000). In castern Sicily the nermal
fault belt is mostly lecated effshere and is marked by a high level of crustal seismicity
(PestriscHL 1985; BescHI ct al. 1995) that generated several tsunamis aleng the lenian
ceast of seuth-castern Sicily in histerical times (SeL®VIEV ct al. 2000; TINTI ct al. 2004).
The cffects of the 1169 AB, 1693 AP and 1908 AP tsunamis arc still recegnizable in the
Siracusa ceastal arca where beulders up te 182 tens in weight, encrusted by dated marine
erganisms, were remeved and transperted inland at a distance of up te 70 m (SciccHITAN®



ct al. 2007). Tsunami depesits can be recerded alse in ether different ceastal settings
aleng the same arca, where sediment depesited after high-energy events can be sufhciently
prcscrvcd by the cresive actien ef incident waves and by ether dcpositional alluvial pre-
cesses. An impressive example of this cenditien is represented by the narrew embayment
of Ognina, lecated abeut 20 km seuth ef Siracusa (Fig. 1b). In the inncrmest part ef this
engulfed arca, sediments of distinct features have been paid eof attentien and a sedimen-
telegical and palceccelegical analysis, accempanied by archacelegical determinatiens and
abselute dating, has been carried eut in erder te determine their possiblc cerrclatien with
depesitienal mechanisms ef tsunami waves.

The analysis and discussien ef the physical attributes detected within the Ognina sedi-
ments suggest that the merphelegical sctting of the recky ceast in which the depesits were
preserved, played a fundamental rele for the hydraulic amplificatien of anemaleus marine
events and their censcquent dcpositional preccsscs within supratidal ceastal envirenments.
Pctailed ficld analyses and discussien en the sediment prepertics allewed us te recen-
struct distinct ceastal dcpositional preccsscs and suggcstcd an interpretative medel for the
cmplacement of the whele sedimentary sequence.

2 Jlectenic settin g

Seuth-castern Sicily (Fig. 1a) censtitutes the emerged fercland ef the Sicule-Maghrebian
thrust belt and it is characterized by a centinental crust everlain by thick Mesezeic te
Quatcrnary carbenate and terrigeneus sequences, and velcanics mainly eutcrepping in the
Hyblean Platcau (A.A.V.V. 1987). The lenian sccter of the Hyblean Platcau is lecated en
the feetwall of a large nermal fault system which since the Middle Pleistecene (Branca et
al. 1999) has reactivated the Malta Escarpment, a Mcsezeic beundary scparating the centi-
nental demain frem the eceanic crust of the Ienian basin (ScANDONE ct al. 1981; MaKkris
ctal. 1986; SART@RI et al. 1991; ArRGNANI & Benazzi 2005).

Active faulting centributes te a centinueus cxtensienal defermatien frem castern Sicily
te western Calabria (Sicule-Calabrian rift zene, Fig. 1a; MeNace ctal. 1997; Menace &
Terrericr 2000). The ESE-WNW extensien dircction is deduced frem structural analysis
(TerTerICI ct al. 1995; MeNace ct al. 1997; JacqUEs et al. 2001; FERRANTI et al. 2007),
scismelegical data (CELL® ctal. 1982; GasPaRINI ctal. 1982; ANDERsON & JackseN 1987;
CMT 1976-2006 and RCMT 1997-2006 Catalegucs) and frem VLBI (\War® 1994) and
GPS (W'AcesTiNe & SeELvAaGGI 2004) velecity ficlds. In castern Sicily the nermal faults are
mestly lecated effsherc, and centrel the lenian ceast frem Messina te the castern lewer
slepc of Mt. Etna, jeining seuthwards te the system of the Malta Escarpment (Fig. 1a).
Offsherc fault activity is related te histerical scismicity characterized by intensitics of up te
XI-XII MCS and M -7, such as the 1169 AB, 1693 ABD and 1908 AP cvents (BARATTA
1901; PestriscHL 1985; BescHictal. 1995). Several carthquake-generated tsunamis struck
the lenian ceast ef seuth-castern Sicily in histerical times (AW 1169, 1329, 1693, 1818,
1908, 1990; TINTI et al. 2004). Accerding te published geelegical data and numerical
medecling, the scismegenic seurces of these events sheuld be lecated in the Messina Straits
and in the lenian effsherc (the Malta Escarpment) between Catania and Siracusa (MeNace
& Terrerici 2007 and references therein).
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Fig. 1. (a) Seismotectonic skexch map of the Siculo-Calabrian riftzone (SCRZ; Mexace & Terrerici
2000) and iw locason in the central Mediterranean area (line with triangles indicates the frontal
thrust of the orogenic belt). (b) Geographical posision of the studied site along the Ionian coast of
south-eastern Sicily, in the Siracusa area, see (a) for locasion.

3 Sedimentological and paleoecological analysis
3.1 Methods

The present study is based en a detailed facies analysis and lateral cetrclatien of sedimente-
legical legs measured aleng a study sectien. Legging has been accempanied by grain size,
merphelegy, sphericity and reundness estimatien fecused en the pebbly clastic fractien.
The eutcrep was sketched frechand with the assistance of enlarged celeured phetemesaic
(Fig. 2) en which the main beundaries were traced, in erder te recenstruct spatial variability
and geemetrical features of the cempesing lithesemes. Fessil assemblages were determined
in micre- (feraminifers) and macre- (melluscs) asseciatiens. Samples for feraminiferal analyses
were first dehydrated in even at 48 *C, subsequently disaggregated in distilled water and
washed with a 63 pm sieve. Semi-quantitative analyses were perfermed en all the samples
using eptical micrescepe (magnificatien of 40—108x). Semi-quantitative analyses of melluscs
were determined in the > 40 pm fractiens. 'The fellewed mellusc species nemenclature is
after SABELLI et al. (1990) and each species was attributed te a biecenesis accerding te the
bienemic medel of PErEs & Picarm (1964). Radiecarben dating ef marine erganisms

and archacelegical age determinatiens en pettery fragments have been perfermed in erder



Fig. 2. (a) Acrial phetegraph shewing the lecatien of the study sectien. () Paneramic (inland) view of the sectien. (c) Phetem emic of the study
section (the erientatien is WNW-ESE). (d) @utcrep skeich shewing the three cempesing Straral Units 1,2 and 3,and () the main stratigraphic
architectures with legand phete lematiens.



to constrain the deposition timing of the recognized stratal units and to reconstruct the

dcpositional cvelutien ef the arca. All age determinatiens are AMS MC, analyscd at the
Peznari Radiecarben Laberatery (Peland).

3.2 The @gnina section

The eutcrep is cxpescd aleng a natural scctien lecated en the cdge of a ceastal cmbayment
incised within Miecenc limestencs (Figs. 1b and 2a). Within this 74, a fessilized Helecenc
beach-barrier system lying uncenfermably ente the Miecene calcarceus bedreck, has been
preserved by marine cresien ef the deminant waves thanks te the internal and pretected
pesitien and te the recent censtructien ef a little harbeur quay at the end eof the natural
channel. The Ognina sectien (Fig. 2c) is ENE-WSW ericnted, 20 m leng and 0.3-1.8 m
thick. It shews a stratigraphic sequence made ef finc te cearse grained sediments that can be
divided inte three stratal units beunded by discenfermity surfaces, which have been distin-
guished threugh their textural characters and physical attributes (Table 1; Figs. 2d and 2¢).

Table 1. Overall morphological, stratigraphic and sedimentary features identified for Stratal Units 1,

2 and 3 composing the Ognina section.

Feamres Stratal Unit 1 Stratal Unit 2 Stratal Unit 3
the unit thins inland and - the unit is cenfined in the cenwal - the unit eccupies the entire
eccupics the eutermest segment of the sectien: the seciien, has a wedge-shaped
) (seaward) segment of the everall geemenry is tabular; geemeiry and thickens
merphelegical B offis . i
sectien; everall geemetry landward;
impessible te eutline because
the tep is wuncated:

- the base, net visible in - the base is gradatienal en te the - the base is eresive and cuts
eutcrep, is suppesed te be Statal Unit 1 and is sharp en te the underlying Units 1 and 2:
gradatienal en te the bedreck the calcarceus bedreck: the tep is a surface of
or pre-existing beach - the unit is erganized inte twe medern expesure.

- . depesits; the tep is truncated.: superimpesed sub-units 2a and 2b; - the eutermest part of the unit
stwatigraphic b o , r )

- the unit is erganized inte twe is massive, whilst the
cress-swatified sub-units Ja innermest part censists of
and /b ferming a landward- twe landward-dipping
and a seaward-dipping clinebedded sub-units 3a
fereset, respectively: and 3b;

- very well serted mixed - sub-unit 2a is eresive-based and - very unserted sands,
(siliciclasic/bieclastic) sands centains fining-upward lenses of granules and gravels
and granules, erganized inte shell fragments, pebbles and apparently massive te
fereset laminatien; bieclastic granules passing te indistinctly erganized:

- cress-laminafien indicates cress-laminated silts and flat- - clinebedded sub-units censist
wactien and sand avalanching laminated clays: these lenses of cresive based, inverse
ever aleng-term peried of suggest everwash depesition graded beds of chaetic sub-

sedimentary depesition. #em high-energy waves:; angular te reunded clasts;

sub-unit 2b is gradatienal-based
and censists of thinner herizens
of very well serted sands passing
te clays with flat- laminatien,
erganized inte cm-scale rhythmic
cycles: this interval suggests
depesitien in a lew-energy
pretected area.

neptunian dikes and
calcareeus breccias eccur at
the interface between the
innermest part of the unit
and the bedreck.




3.2.1 Stratal Unit 1

The lewermest Stratal Unit 1 (Table 15 Figs. 2d and 3) is cenfined in the casternmest
(scaward) sccter of the scctien and censists ef alternating sandy and gravelly layers of vary-
ing thickness centaining small shell fragments and pebbles. Sediments are very well serted
theugh they arc erganized in packages ef laminac of different grain size, ranging frem
medium te very cearsc sands te granules. Finer fractien is tetally absent. This unit is cress-
stratified and can be furthermere divided inte twe fercsct sub-units, shewing eppesite
directiens of migratien. The lewer sub-unit (1a in Fig. 3a) represents a cress-bed up te
0.8 m thick, characterized by angular fereset inclined up te 25°. Fercsct laminatien shews
a landward dircctien ef migratien and is fermed by alternating cearser and finer mixed
siliciclastic/bieclastic particles (Fig. 3b). Part ef it exclusively censists of laminated small-
sized melluscs and gastrepeds (Fig. 3c), whereas small pebbles (up te 5 cm) sparscly eccur
within the unit. The upper sub-unit (1b in Fig. 3a), 20-25 cm thick, censists ef finer
particles (medium sands with scattered small pebbles) erganized in lew-angle (up te 10°),
scaward-dipping feresct laminatien (Fig. 3a). The tep is represented by an irregular cresive
surface everlain by the Stratal Unit 3. Organic centent (Table 2) is represented by abundant
melluscs, benthic feraminifers and fragments of cchineids (Paracentrerus lividus), and sub-
erdinate bryezeans. Mellusc centent (samples A and B in Table 3) is characterised by mestly
encrusted and breken shells. Abundant specimens ef specics belenging te the biecenesis
of Posidenia mcadews (HP) and phetephilic algac (ADP), such as the gastrepeds Gibbula
ardens, Jujubinus exasperarus, Rissea ventricesa and the bivalve Venericardin antiquara arc
alse present. Species with wide ccelegical distributien (Ire) such as Bir tiume reticularum and
Cerithium vulgarum eccur in high percentage. Hydrebia ventresa and ether lageen species

arc badly PI‘CSCI‘VCC[ ancl SC&I‘CCIY PI‘CSCI’II.

Table 2. Organic content of the examined samples. Frequency: R = rare; C = common; A = abun-
dant.

STRATAL UNITS 1 2 3
SAMPLES A B C D E F G H I J K L | M| N
MOLLUSCS A (C} A A (c: A A A C A A A | A
FORAMS A A A A (O A A G A A (@ A A A
OSTRACODS R C A (C A A © A R R € C
ECHINOIDS (Paracentretus lividus) @ @ A R C G @ R A (G A A
BRYOZOAN A C A A (C A A A A A A A
SERPULIDS @ @ A R A @ A @ C @ C
CRUSTACEA R R R R
POSIDONIA A A A
CORALLINE ALGAE R R R
SPICULES R R R C R R @ R C R
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Fig. 3. (2) @utermost ouwrop of the @gnina secwon showing the erosive contact between Stratal
Uniw 1 and 3 (see fig. 2¢ for locasion along the study secon). In turn, Swratal Unit 1 consisw of two
sub-units (1a and 1b) exhibising landward- and seaward-dipping high-angle foresets, respectively.
(b) Foreset laminae of sub-unit 1a. Large clasw sparsely occur along the lee face. (c) Peuil of sub-unit
1a. Foreset laminae display alernasing bioclassic-rich intervals.

3.2.2 Stratal Unit 2

The intermediate Stratal Unit 2 (Table 1; Figs. 2d and 4) eccupies the central segment of
the Ognina sectien, enlaps beth the undetlying Unit 1 and the calcarceus bedreck and
censists of bieclasts-rich sands, silts and clays. The thickness ranges frem €.3 m, where
the underlying calcareeus bedreck creps eut, up te 1.8 m in the depecentre zene. Sedi-

ments can be subdivided inte twe sub-units (Fig. 4a): the lewermest sub-unit 2a is abeut



Table 3. Bionomic distribution of the mollusc species. Biocenosis nomenclature after Peres &
Picarm (1964) and Peres (1967). LDL = biocenosis of the slowly-diying wracks; RMI = biocenosis
of the lower mid-littoral rock; LEE = euryaline and eurythermal biocenosis in brackish waters;
SVMC = biocenosis of the superficial muddy sands in sheltered areas; SFBC = biocenosis of fine
well-sorted sands; HP = biocenosis of the Posidonia meadows; AP = biocenosis of the photophilic
algae; SGCF = biocenosis of coarser sands and fine gravel under the influence of bottom currents.

STRATAL UNITS 2 3
SAMPLES A R 1 1] 3 i s Il 1 J b L Ll )
LDL
Truncatella subcylindrica RR RR| R |RR | RR R |RR |RR | RR
@vatella miviml kv RR RR
LEE
fiivadredhia acuza R R |IRR|C| R | R RR|RR| R
Hydrebia ventresa RIR|C|A|A|R|A|C|A|A|C| R|RJ|A
Cveligis neritea R | R RR | RR | RR | RR | RR RR | RR
Cerastoderma glaucum RR R | Ry | € C |RR| R
Abra evata FE /RR| R | R | R R |RR| R |RR|RR |RR | RR | RR
SVMC
Cenus mediterraneus RR | RR RR RR RR RR RR
Leripes lacteus K C|RR|R | C C|/RRIR|R | R |R|R]|RR
Ctena decussata vy RR RR | RR RR | RR
Venerupis aurea RR | RR
SFBC
Neverita jesephinia RR
Acanthecardia tuberculata R RR | RR RR | RR | RR | RR | RR RR
Spisula subtruncata RR
Chamelea gallina RR
AP
Acmaea virginea RR RR
Ternus subcewinatus RR
Gibberulina clandestina RR | RR RR RR | RR
Matlamer minimus RR
HP
Gibbula ardens A | A|RR|RR| R |RR| R|RR|R |RR| R | R | R |RR
Gibbula guttadauri RR | RR
i Erarmerans A A RR|RR|RR|RR|RR|RR| R R R
Alvewia beani RR | RR RR R |RR|C | R | C |RR|RR| R
Barleeia imifiarima RR | RR | RR RR R |RR/RR| R | R
Mitrelumma eliveidea RR
Venericew dia cwtlijmitis Cl A RR RR|RR |RR|RR| R |RR| R
AP-HP
Tricelim puslls RR | RR RR RR | RR | RR RR RR
Rissea auriscalpium RR
Rissoa guwisll RR RR RR
Rissea variabilis R R |[RR|RR|RR|RR| R | R
Rissea ventricesa 4 | A |RR R R|IR|C|R|A A|A
Alvewia concellata RR
Alvemia cimex RR RR RR | RR | RR | RR
Alvewmia discers RR R | RR RR | RR RR
Felinia 'Almzonli) costata RR RR
Pusillina radiata R R RR RR R
Gibberula miliaria RR | RR | RR RR RR RR |RR | RR | R |RR
SGCF
Calyptraca chinensis RR
Geedallia triangularis RR | RR RR
Plagiocardium papillesum RR | RR




Table 3 (continued). Bionomic distribution of the mollusc species. Biocenosis nomenclature after
Peres & Picarm (1964) and PEres (1967). DC = biocenosis of detritic coastal bottoms; lre = species
with wide ecological distribution; sspr = species without a definite ecological significance. Frequency:
RR = very rare; R = rare; C = common; A = abundant.

STRATAL UNITS 1 2 3
SAMPLES & 113 i [1] I F i H 1 J = 1 i I
DC
Diodera gracca RR
Melanella (Eulima) pelita RR RR
Ire
Cerithium vulpusy sy A A R C /RR| C R C R C @ (G C
Bittium reticulatum A | A R R |RR R © C C | RR
Naticowius srillepuniiois RR | RR
Nucula nucleus RR | RR
SET
Crepidula unguifermis RR

5
5
%
5

Hinia incrassata R

RR RR
Hinia reticulata RR RR | RR
Mamgelin costata RR
Raphitema echinata RR | RR RR
Raphitema linearis RR RR RR
Chivaallida indistincta RR
Turbenilla lactea | RRE | RR | | RR | RR | RR | RR
Retusa truncatula HE | RR RR | RR RR RR | RR RR
Ringirmis comrems RR | RR
Lopion nitidum HE | RR R | R R |[RR R R |RR|RR RR
Parvicardium evale RR RR RR

1 m thick and is erganized inte five (beds nes. 1 te 5 in Fig. 5) fining-upward 10 te 25 cm
thick herizens, cach characterized by a basal sharp surface and fermed by a tripartite pat-
tern of mixed bie-/siliciclastic cearse sand, silt and dark clay intervals. Semec ef these beds
(beds ne. 3 and ne. 5 in Fig. 5) exhibits a cencave cresive basal surface characterized by a
cencentratien ef mellusc fragments, small pebbles and bieclastic granules (Fig. 4b). In cach
level, this interval passes upwards te cress-laminated silt and flat-laminated dark clay. The
uppermest sub-unit 2b (Fig. 4a) is abeut 0.8 m thick and censists ef a rhythmic successien
of scven (beds nes. 6 te 12 in Fig. 5) herizens, fermed by thinner fining-upward 5 te 12 cm
thick beds. Cempared with the underlying sub-unit, these beds shew a lack ef cresive sur-
faces, shell fragments and pebbles basal cencentratien, but thicker laminated clay intervals
(Fig. 40).

Mellusc assemblages deriving frem sub-unit 2a (samples C and B in Table 3) are gener-
ally badly preserved, net particularly rich and shew lew diversity. They are deminated by
beth adult and juvenile specimens ef curyaline and curythermal lageens bieccnesis spe-
cics. Leripes lacteus, a characteristic specics of the superficial muddy sands in sheltered arcas
bieccnesis (SVMC), eccurs in lew abundance. Specics of ether biecenetic stecks related
te marine infralitteral envirenment arc scarcc. Posidenia fragments arc particularly abun-
dant in sample C, whereas Paracentretus lividus remains are absent (Table 2). Mellusc cen-
tent of sample E and frem samples G te K is merc abundant and shews higher diversity.
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Fig. 4. (a) Erosive contact between Stratal Unit 2 and Suatal Unit 3 cropping out in the central
segment of the smdy secsion (see fig. 2¢ for location). Stratal Unit 2 consists of two sub-uniw (2a and
2b). (b) Peuail of sub-unit 2a showing a lens of coarse-grained sediment with erosive base (arrows) and
bioclastic fragmenw concentrasion. (c) Weuil of sub-unit 2b showing flat-laminated silt and clay.

It is represented by a mixture of brackish water and marine benthic species. Abnz ovata,
Cerastoderma glaucum, Hydrobia ventrosa, species belenging te curyaline and euryther-
mal biecenesis in brackish waters, deminate in the samples cellected frem the sub-unit
2b. Species of the biecenesis of Posidonia meadews (HP) and phetephylic algae (AP) are
abundant as well. Cenithium vulgatum and Bittium reticulatum, wide ecelegical distributien
gastrepeds, are well represented in the assemblage.

The feraminifer centent of Stratal Unit 2 is abundant and shews high diversity (Table 4).

It censists of typical lageen species, such as Ammonia te pidla and smeeth carapax estraceds,



Table 4. List of benthic foraminifers yielded in the examined samples. Reworked benthic and plank-
tonic foraminifers are also listed. Frequency: RR = very rare; R = rare; C = common; A = abundant.

STR T L UNITS i
S MPLES i D
Adelosing spp
Ammenia beccarii R | R
Ammoria tepida R
Asteriyerinata mamilla RR
Astrononion stellicerion
Bolivina sp RR R
Calcituba golimerpha R R (& A | R | A
Cibicidella variabilis R | R R | RR R | R
Cibicides vefulgens RR R RR| C
Cibicides verniculatus R
Cribrestomeides jeffersi RR
Discerbis mp RR
Elshidium advemon
Elphicium Comglanatum RR| R R RR
fa® i L G |7C | Re [
Elphidlivwn deciniens R
Fleorilus boucanus
Guttulina cennanis RR
Lachanella variolata
Lebatula lobatila
Massiling secans
Miniacina miniacea
Nubecularia lecihgn
Peneroplis planatus'P pwrtusus
Planerbulina mediterranensis
Whetigueloculing spp
Resalina =i
Resalina ebtusa R | C
Serites erbicularis
rhaer ina ylebula
Teweloculina g
Textularia spyp R
Trileculina spp. CF PR IC R | C
Trochammina inflata R
Vertebr alina siiata RR | R R RR
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Ampehicerina scalaris RR
Anemalineides helicinus RR RR
Buliming costata RR
Cassislulina rutyghs b RR | RR RR RR | RR | RR
Cibicidoides sy R RR RR
FLagena stricta RR
Lenticulina calcar RR
Martinettiella connanis RR
Melonis sp, RR
Planulina ariminensis RR RR
Pullenia bulloides RR
Sizhenina planecenvexa RR
Irhaereidina bulleides RR
Wvigerina paregrina RR | RR RR RR
Uvigerina rutila RR | R RR

REWORKED BENTHIC
FORAMINIFERS

[EEALT R | R
Glebigerina bulloides X
Globizerina falcenensis
Globizerineides elongrr X
Globigrrinskhs extremaes
Globigerinoides obliguus
Glebigerinoides ruber
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associated to shallow marine water forms (Elphidium crispum, E. complanarum, Sorites
erbicularis, Trileculina spp., @uingueloculina spp.) and species preferably living in Pesidenia
mcadews (Lebarula lebatiuln, Nubecularia lecifuga, Rosalina ebtusa). It is werthy ef netc the
presence of high percentage of rewerked planktic species mainly frem Upper Miecenc and
Lewecr Pliecenc herizens, chicfly within the lewermest sub-unit 2a. Sample F is character-
ized by peer, badly preserved mellusc assemblage and very abundant Pesidenia fragments.
Melluscs are present with few specimens of brackish specics (Hydrobia veniresa and Cyclepe
neritea) and very rare specics of Pesidonia mecadews bieccnesis (Gibbula ardens, Jujubinus
exasperarus).

Several pettery and glass fragments have been feund at distinct levels in the bieclastic
lenses. The tep ef Stratal Unit 2 is characterized by an extensive cresive surface en which

the everlying Stratal Unit 3 develeps (Fig. 2).

3.2.3 Stratal Unit 3
The uppermest Stratal Unit 3 (Table 1; Figs. 2d and 6) cerrcspends te a widespread wedge

of cearsc te very cearse sands and granules, centaining many pebbles and shell fragments.
This bedy cresively lics ever the previeus units fer the whele sectien extent, thickening
inland frem 0.5 te 1 m, and lapping en Miecene limestencs (landward terminatien ef
the sectien; Fig. 6a). Sediment displays variable textural characters: i) particle lithelegy is
mainly represented by limestenc and calcarenitic clasts, ranging in grain size frem medium-
fine sand te granule and pebble; rare gneiss and schist pebbles eccur; ii) the shape of larg-
est clasts ranges frem disks te reds; iii) the sphericity index ranges frem lew te medium;
iv) the reundness index indicates well reunded te angular clasts. Stratal Unit 3 shews an
evcrall inland decreasing of the average grain size and can be divided inte twe segments that
eccupy the euter (scaward) and the inner (landward) part ef the scctien, respectively. The
eutcr pertien is prevalently unerganized: clasts are randemly fleating within a cearse matrix
tegether with mellusc remains te ferm a single massive bed (Figs. 6b and 6¢). The inner per-
tien (Fig. 6d) shews a certain degree of internal erganizatien, represented by gently te high-
angle (up te 40°) landward-dipping clinestrata, scparated by indistinct, irregular beunding
surfaces of cresive truncatien. Strata censist ef unserted, reverse-graded clasts (Fig. 6¢).
This inner pertien is cempesed by twe superimpesed sub-units (3a and 3b in Fig. 6¢). The
lewermest sub-unit 3a censists ef repeated landward-dipping angular clinestrata, charac-
terized by 1.5-2 m thick feresets directly lapping ente the bedreck. In the upper pertien,
thinner feresets dipping in the eppesite dircction (scaward) eccur (Fig. 6¢). This sub-unit
is tep truncated by an irregular cresive surfacc en which the clinestrata of the uppermest
sub-unit 3b dewnlap. This uppermest sub-unit is irregularly cress-stratified and censists of
a single landward-dipping, 1-1.2 m thick fereset, made up ef reverse graded beds of chaetic
sand-rich gravels and scattered sub-angular pebbles (Fig. 6¢). The landward centact ef the
Stratal Unit 3 against the calcarceus bedreck is diffuscly characterized by several injection
structures filling pre-existing fractures (Fig. 7a). These structures ferm small sedimentary
dikes of fine sediment (WEM@ULIN 2003) shewing randem dircctiens ef prepagatien and
suggesting high-energy impact of a landward-directed sediment surge.



A ArcEeriigcd Fagments

 Fragren=! shes

& “C AMS daizd shed sample
and cafrzied age feee Table 5)

‘Nmmlm
\ Reverse graing
&]——" Biostraigraphic sl
(1) Bed and s grogressive mamber

e S .
R R PGP S e e R

Fig. 5. Salimenrological logs measnral acrmoss the stndy succasion showing iw snb-division into straml nmis and sub-unis (see Fig. 2e for
location). Mumbers indicate the stndied intervals within marsh depesits. Levess indicare biesratig raphic samples. Samples for radiocarkon and
archacelogical diuriag are abo indicawd.






Fig. 6. (a) Inland terminasion of the study section occupied by Stratal Unit 3 (see Fig. 2e for loca-
vWon); the unit is incised by present-day ephemeral streams, the calcareous bedrock in the back-
ground. (b, ¢) Peuails of the outer segment (seawards) of Stratal Unit 3. This unit shows here the
minimum thickness and overall chaosic assemblage with unsorted, sub-angular clasw. (d) ®n the
contrary, the inner (landwards) segment of Stratal Unit 3 is organized into two sub-uniw, probably
related to two successive depositional events. (e) The lower sub-unit 3a shows reverse-graded beds
(black arrows) and landward-dipping foresew (grey arrows). In the inner part, this sub-unit exhibis
a foreset with seaward dipping-laminae (white arrows), probably induced by after-impact back-flow.
The upper sub-unit 3h truncates the underlying sub-unit and records the inferred total run-up of
the marine flooding. Note the occurrence of calcareous breccias as result of violent mechanical rock
fragmentasion and high-pressure sedimentary dikes.

Stratal
Unit 3

Fig. 7. (2) Peuil of the calcareous bedrock at the innermost termination of Stratal Unit 3 (see Fig. 6a
for locasion). Note red-coloured sedimentary dikes filling pre-exissing fractuies, organized in centri-
fugal direcions (white arrows). (b, c) Archaeological fragmenw within Stratal Unit 3.



Mellusc assemblage (Table 3) is mainly represented by marine species of Pesidenia
meadows (HP) and photophylic algae (AP) biocenosis, with abbundant Rissoidae and
Trechidac; Cerithium vulgarum and Bittium reticularum arc alse well represented. Lageen
species are less frequent er very scarce. Fragments of bivalves living in the sublitteral zenc,
such as Pinna nebilisand @strea sp., have been feund in the cearser fractien. The feraminifer
centent (Table 4) is similar te that described fer Stratal Unit 2. It's netewerthy the bad
degree of prescrvatien especially of the marine species and the high percentage of mellusc
fragments. Rewerked ferams are very abundant as well.

Sediment of Stratal Unit 3 is alse characterized by the eccurrence of abundant frag-
ments of human manufactures, eften incrusted by serpulids (Figs. 7b and 7¢).

3.3 Abselute and archacels gictl datin g

Archacological determinatiens have been pcrformcd in erder te ebtain chronological cen-
straints fer the studied depesits, uscful in the attempt of recenstructing the depesitienal
cvelutien ef the arca. Pettery and glass fragments have been feund at distinct levels in the
Stratal Units 1 and 2 (Fig. 5). The archacelegical age determinatien allewed us te attribute
these scquences te the Latc Reman-Middle Age peried (IV-XII century). As regards the
Stratal Unit 3, several earthenware fragmcnts are dispcrscd in the chaetic dcposit. Semc of
these (c.g., the well preserved pipe in Fig. 7¢) have been attributed te XVII-XVIII century,
whereas ne yeunger human manufactures have been feund. This allewed us te well cen-
strain the age of the upper unit that sheuld have depesited at the passage between the XVII
and XVIII centuries.

Radiecarben age determinatiens have allewed us te better censtrain the dating of the
Stratal Units 1 and 2 (Table 5). The results of the AMS analyses have been calibrated by
using the CALIB 5.0 seftwarc (STUIVER & REIMER 1993; STUIVER et al. 2005) whesc
marine calibratien incerperates a time-dependent glebal eccan rescrveir cerrcction of abeut
400 years. “C AMS dcterminatien for Cerastoderma sp. shells cellected frem the base, the
lewer and the upper part of Stratal Unit 2 (sce Fig. 5 fer lecatien) yiclded calendar ages of

Table 5. 14C AMS dating results from shells collected in the Ognina outcrop (see hig. 5 for location)
and analyzed at the Poznan Laboratory (Poland). All samples were calibrated using the program
Calib 5 (Sturver & Remver, 1993; STUIVER et al. 2005) whose marine calibration incorporates a
time-dependent global ocean reservoir correction of about 400 years.

Sample Laboratory
Number number

n : . 14 Calibrated Age
Fossil species Stratal unit C Age [yr BP] [cal yr BP 2a]

®gnina 4 Pez-17756 Cerastoderme sp. 2 (sub-unit 2b) 1340 + 30 791-951
@gnina3 Pez-25141 Cerithium sp. 1 (sub-unit 1b) 1800 =30 1273-1408
@gnina? Pez-20537 Cerastoderma sp. 2 (sub-unit 2a) 188530 1344-1515

@gnina 1 Pez-20404 Cerastoderme sp. 2 (sub-unit 2a) 2010 £ 30 1495-1680




1495-1680 yr BP, 1344-1515 yr BP and 791-951 yr BP, respectively (Table 5), cenfirm-
ing the archacelegical attributien ef Stratal Unit 2 te the Late-Ancient age. Furthermere,
HC AMS result frem Cerithium sp. shell sampled in the upper pertien ef Stratal Unit 1
(Sub-unit 1b) yiclded calendar ages of 1273-1408 yr BP. These radiecarben ages suggest
that depesitien ef the Stratal Units 1 and 2 was partially cecval.

3.4 Envirenmental interpretation

The interpretatien of the three stratal units detected within the Ognina sectien is strictly
rclated te their sediment cempesitien and physical prepertics, such as sediment grain size
and serting, degree of internal erganizatien, naturc of beunding surfaces, fessil centent and
relative pesitien aleng an eriginal depesitienal prefile (Fig. 5). All these features, supperted
by radiemetric and archacelegical dating, have allewed us te recenstruct the timing and the
medality ef depesitienal precesses sctup (c.g. flew energy, sediment deliver) and the influ-
ence excrted by the eriginal setting en the depesitienal envirenments.

Stratal Unit 1 eccupics the eutermest pesitien aleng the bay (scawards) and censists of
twe sub-units, 1a and 1b (Fig. 3a). The ebscrved textural features and depesitienal archi-
tectures are very similar te these described by Scuwartz (1982), FesTER ctal. (1991) and
TUTTLE ctal. (2004) for wash-ever ceastal depesits (c.g. SWITZER ct al. 2006; KORTEKAAS &
PawseN 2007; MerTeN ct al. 2008b). In detail, internal erganizatien ef the lewermest
sub-unit la suggests the influence of a series of landward-directed pulsatery flews, pre-
ducing uninterrupted avalanching ef well-serted sandy sediments and the censequent
fermatien ef fercscts. The abundance of shell fragments erganized inte packages of ferc-
scts (Fig. 3b), indicates that the flews were gencrated by waves shealing aleng a shallew
water shereface. The eccurrence of scattered pebbles suggests that the flews reached picks
of cnergy during the mest vigereus events. Repeated wave-driven flews preduced a beach-
barrier system, iselating the innermest sccter and favering the depesitien ef Stratal Unit 2.
Fessil centent, represented by shallew water marine ferms, alse cenfirm a beach enviren-
ment strengly influenced by wave metien, during sediment accretien. Unbreken shells
erganized inte packages of fercset laminac imply that their emplacement mechanism devel-
epcd ever a leng peried (frem days te wecks), excluding instantanceus and catastrephic
depesitien ef mass flews. In centrast, the upper sub-unit 1b, characterized by a better sert-
ing ef sediment erganized inte scaward gently dipping laminae, is typical of beach swash
zenc (fercsherc sensu WaLKER & PLINT 1992). This subunit prebably represents the cense-
quent backwash and re-establishment of lew-cnergy (fair-weather) beach cenditiens after a
peried ef reiterated marine sterms. Accerdingly, the whele Stratal Unit 1 can be interpreted
as a sandy supratidal bar, built under the initial actien ef pulsatery wave-induced flews,
ferming a small beach-barrier system lecated in the innermest part of the narrew recky
embayment (Fig. 8).

Stratal Unit 2 eccupics an intermediate pesitien aleng the study sectien (Fig. 2), enlap-
ping scawards the underlying Unit 1 and landwards the calcarceus bedreck. Beth sediment
grain size and internal erganizatien suggesta lew energy envirenment, where sedimentatien
of finc particles eccurred by scttling aleng a pretected water celumn. The fining-upward
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cycles, ebscrved in the lewermest sub-unit 2a and characterized by cresive basal surfaces
and shell/pebble cencentratiens (Fig. 4b), can be attributed te high-energy, speradic events
that, directed toward the bay and enhanced by the narrowing of the embayment (see
Scctien 4.2), eccasienally breached the beach-barricr system fleeding a pretected lageenal
arca (MYRew & SeUTHARD 1996; c.g. K@RrTEKAAS & BawseN 2007). The cress-laminated
silty intervals may represent the effect of incrtial tractiens deriving frem unencrgetic flews,
whilst the flat-laminated intervals may be related te the re-cstablish of marsh cenditiens.
These sedimentary structures are absent in the uppermest sub-unit 2b, where the menete-
neus altcrnatien ef thinner clay-rich intervals suggests typical marsh rhythmites (Fig. 4¢),
regulated by scasenal cyclic little variatiens ef particle grain sizes, frem fine sands te clays
(FreY & Basan 1985) witheut any significant high-energy depesitienal event. The envi-
renmental interpretation is alse cenfirmed by the fessil centent which is represented by
badly preserved shallew marine water asseciatien within sub-unit 2a, and by well preserved
brackish assemblages within sub-unit 2b.

Stratal Unit 3 shews sedimentary features cempletely different frem the underlying
Stratal Units 1 and 2, in terms ef sediment grain size, serting, internal erganizatien and
evcrall gcemctry. The fellewing peints arc particularly remarkable:

1) The basal beunding surface irregularly extending ever the underlying units shews
decp cresien thus suggesting high-energy, very rapid prepagatien ef a landward
directed mass surge.

2) The highly variable grain size of clasts indicates high transpertatien capacity by
a nen-gravitative mass flew, generating, turbulent suspensien of different-in-size
clastic particles. In a similar ceastal setting, this kind ef mass flew can be preduced
by vielent and sudden dynamic events, as marinc sterms, hurricancs er tsunami
waves (NARDIN ct al. 1979), meving frem the sca landward and capable te run up
ever supralitteral envirenments. Landward-dipping fercscts of sub-unit 3a, which
exhibit thinner ferescts with eppesite (scaward) directien, may gencrate by the
bedreck which acted as an ebstacle in the inland prepagatien ef this sediment
surge. After a first impact, part of the flew may return back, preducing a scaward

directed high-cncrgy back-flew.

3) 'The fessil centent, censtituted by a chaetic mixturc of shallew marine water and by
brackish asseciatiens, indicate a vielent transpert and a subsequent sudden depesi-
tien.

4) 'The indistinct beunding surfaces that delimitate landward-dipping strata are inter-
preted as the result of depesitienal mechanism eccurring simultanceusly with the
flew inland prepagatien. Altheugh the depesitien mighteccur very rapidly, the sed-
imentary building ef the depesit might fellew a pregressive landward shitt caused
by a pregressive cnergy less during its translatien ever the beach- and back-barrier
systems. This is alse cenfirmed by a landward slight decrease in the main sediment

grain size (c.g. K@RTEKAAS & PawseN 2007; MerTeN ct al. 2007; 2008a).



5) The reverse-grading ef clinestrata in the innermest part ef Stratal Unit 3 indicates
that the flew was subjcctcd te an increasc of energy during the dcpositional event
(Hiscert 2003), prebably triggered by the narrewing ef the embayment. This
cenditien may have producccl grain cellisien in a basal grain-rich laycr sheared
aleng by an everriding flew caused by dispersive pressure (BacneLm 1956).

6) Dettery fragments encrusted by serpulids scattered within this chaetic depesit alse
indicate that archacelegical rests were transperted in te the supratidal zenc after a
pcriod of permanence in subaqucous cenditiens.

All these features allewed us te interpret Stratal Unit 3 as the sedimentary recerd of a sud-
den and vielent mass flew caused by a marine fleeding. Furthermere, similar characteristics
have been described and have been related te tsunami depesits (c.g. F@sTER ct al. 1991;
Pavwsen 1994; PawseN ctal. 1996; GoFF ct al. 1998; BawseN & Su1 2000; K@RrEkaas
2002; SwiTZER ct al. 2006; K @rTEKAAS & PawseN 2007; MerTeN ct al. 2008a; 2008b).
In particular, Stratal Unit 3 may represent a tsunami washever fan (Fig. 8) caused by a
catastrephic wave capable te transpert a great ameunt ef debris landwards inte a pretected
back-barrier area. Since the inland terminatien ef the dcposits is fermed by a rocky wall,
it is reliable te suppesc that the marine surge ceuld have reached a mere inland extensien
than thesc cffectively eccupied by the study depesit. This is cenfirmed by the eccurrence of
high-pressure ferceful injection structures ebscrved at the bedreck centact (Fig. 7a), preb-
ably duc te the vielent impact of the flew against an ebstacle (scc LE Reux et al. 2008).

4 Physical precesses of tsunami depesition
4.1 Depesitional implicarions

Stratal Unit 3 recerds the vielent emplacement ef a tsunami-driven mass flew en a wave-
and sterm-influenced beach-barrier system fermed by Stratal Units 1 and 2. High-speed
and high-concentration sediment mass flows are primarily granular flows (STRAUB 1996).
In nature, seme granular flews can be generated by nen-gravitative mass precesses related te
sudden high-cnergy events, suchasvielent sterms, typheens, hurricancs er tsunami (NARBIN
ctal. 1979). Seme aspects related te mechanic behavier ef these flews are quite similar te
‘canenically gravitative’ mass flews (c.g. NEMEC 1990). Fer what cencerns tsunami-driven
mass flews, the main transpert mechanism is represented by an anemaleus marine wave (er
a sct of shertly eutdistanced waves) shealing landwards and induced by submarine slides,
subacrial landslides that enter water bedics and/er effsherc carthquakes (c.g. Bryant 2001).
As the wave appreaches shallew-water envirenments, a surge fermed by marine water, sedi-
ment detached frem the sca fleer and living erganism develeps. When such a catastrephic
flew strikes the ceast, it may gencrate a cehesien-less debris flew centaining a varicty ef
grain size ranging frem silt te beulders (BawseN & Su1 2000), whesc prepagatien memen-
tary prevails en te the gravity ferce. When a high-cnergy statc of stress is applicd te a rapidly
meving flew a shear-strain rate may eccur, preducing vielent impacts between particles
aleng a slip surface invelving the entire mass of sediment; censequently, this cenditien can



be censidered as develeping in a rapid-flew regime (Savace 1983; CAMPBELL & BRENNEN
1983; STRAUB 1996). The preccss of grain dispersien within a rapidly-meving surge may be
pervasive with mementary centact between particles that meve in a quasi-randem manner
(granular flews at the micrestructural level are govcrncd by deterministic chaes; STRAUB
1996) abeut the average metien vecter of the shearing sediment mass (CampBELL 2002;
2005). This cenditien might have eccurred during the depesitien ef Stratal Unit 3 at the
scale of cach single clinestratum. Their depesitien may reflect repeated, quasi-instantanceus
stages of sediment accumulatien duc te vielent pulsatory surges. Hypothcticaiiy, if the
cnergy of a debris flew is particularly high, the censequent sediment assemblage may eccur
witheut the fermatien ef signiﬁcant dcpositionai structures. On the centrary, if sediment
depesitien eccurs after a partial dissipatien ef its eriginal energy, sediment may be depesited
under a certain degree of internal erganizatien and feresct strata may ferm, cach character-
ized by reverse-graded ef clasts indicating high-cnergy particle dispersiens during depesi-
tien (NEMEC 1990).

In our case, the dcposition of Stratal Unit 3 might reflect this condition of ‘cncrgy
dissipatien’. Such cenditien may have eccurred during the tsunami wave inland translatien
against an ebstacle rcprcscntcd by the ridgc of the Ognina beach-barrier system.

The internal erganizatien ef Stratal Unit 3 inte twe sub-units, cach cempesed by
clinestrata may suggest that the tsunami event prebably was net represented by a single
wave, but by a sequence of anemaleus waves that streke the ceast during a shert time
interval. The tsunami dcposition might take piacc within a restricted secter, beunded by a
recky internal scawall that vielently stepped the initial flew inland prepagatien preducing
energy dissipation. This preccss may cxpiain the eccurrence ef calcarceus breccias at the
tep of the bedreck, as censcquence of mechanic reck fragmentatien after the impact, and
the scaward-dipping laminatien ebscrved within the sub-unit 3a, as censequence of a pest-
impact backflew (Fig. 6¢). This latter feature is absent within the sub-unit 3b, because the
tsunami fleed level (run up) might have been higher than the clevatien eof the internal recky
wall of the channel, se that ne ebstacles might exist during this secend phasc of inundatien
and censequent sediment depesitien.

4.2 Merphelegical implications

The clements that cencur te better distinguish sterm frem tsunami prevenance of ceastal
depesits were critically discussed by Nanayama ct al. (2000), KerTEkas & Bawsen
(2007; Tab. 1, p. 209) and MerTeN ct al. (2008b) ameng ethers. Tsunami depesits dif-
fer frem storm-dcpositcd sediments fer a serics of physicai attributes, coinciding er net,
such as everall merphelegics and stratigraphic architecture of the depesits, sedimentelegi-
cal features, gcechemical and palacentelegical cvidences. In particular, sterm washever fans
preserved behind breached barriers are thinning inland and ef relative smaller extent, cen-
sist of better serted, ﬁning-upward sediments and centain Wcii-prcscrvcd fessils of shallew-
water prevenance (SCHWARTZ 1982; N@E-NYcaar® & SURLYK 1988). In centrast, tsunami
washever fans recegnized within similar depesitienal scttings, shew a thickening-inland



larger extent (c.g. WawseN & STEWART 2007), unsorted chaotic sediments (c.c. MoRrTON
ctal. 2008a) and a mixture of poorly-preserved, marine and brackish water fossils (e.g.
MerTeN ct al. 2007; sce alse VOTT ct al. 2006, 2009).

In erder te justity the medality of cmplacement of cearse depesits of Ognina scctien,
we retain strategic te analyze the physiegraphy ef the Ognina area, as it may have played
a fundamental rele in the depesitienal precesses and sediment accumulatien. The Ognina
cmbayment is a narrew V-shaped channel incised aleng a recky ceast that has net undergenc
substantial merphelegical variatiens during last hundreds ef years. Beach-barrier systems
arc largely diffused aleng the central Mediterrancan ceasts but rarcly de they develep within
quasi-cenfined embayments of recky sherclines. This kind ef merphelegical sctting presently
eccurs aleng the Pacific ceast of the Japan, recently subjected te the cffects of catastrephic
tsunami waves (Naxkae 2007). Accerdingly, en Junc 15, 1896, a huge tsunami wave struck the
Sanriku ceast ef the Teheku regien, characterized by 7ia-type merphelegy. This anemaleus
wave shealed inside semc of the narrew embayments aleng the recky ceast and underwent
hydraulic amplificatien. In this sctting, the drastic reductien ef the hydraulic cress-scctien
during the wave prepagatien induced a rapid increasing in the flew velecity and wave height
alse caused by the drastic landward reductien ef bettem depth. Such a circumstance can be
applicd alse te stermy, high-cnergy waves that scasenally characterize the lenian ceast of
Sicily. Their effect, in terms of sedimentary recerd, is “nermal” aleng a rectilinear ceast, but
can be censidered “anemaleus” aleng cemplex recky ceast, as 7ias er cmbayments, subjected
te hydraulic amplificatien. Fer thesc reasens, it is eften difficult te distinguish sterm frem
tsunami-generated depesits and this is a large debated issue especially in the very recent sci-
entific literature (c.g. KORTEKAAS & BAWSON 2007; MORTON ct al. 2007; BRIpGE, 2008 and
reply by JAFEE ct al. 2008; MORTON ct al. 2008b; Sw1TZER & JoNEs 2008).

Anether indicatien ef tsunami wave transpert can be represented by several archace-
legical ceramic fragments, encrusted by marine erganisms, scattered in chaetic depesits. In
the Ognina sectien, this feature has been ebserved in the Stratal Unit 3 even theugh seme
cearsc levels of Stratal Unit 2 centain small pettery and glass fragments. In cenclusien,
if the uppermest Stratal Unit 3 can be unquestienably referred te a catastrephic tsunami
cvent, the cearser depesits eccurring within Stratal Unit 2 can be attributed te high energy
marinc fleeds that were capable te reach pretected ceastal envirenments as back-barrier
marsh er lageens, and that can be interpreted cither as amplified marine sterm waves er as
lewer-energy tsunami events.

S Cenclusiens

Beach-barrier systems are largely diffused aleng the central Mediterrancan ceasts but rarely
they develep in quasi-cenfined embayments aleng recky sherclines. The Ognina sectien
represents enc eof these unusual settings, where landward-shealing waves can be subjected
te hydraulic amplificatien and their effects inte the beach can simulate destructive events.
Accerdingly, distinctien between sterm and tsunami depesits has te be afferded using
multidisciplinary appreaches (c.g. TarpiN 2007; KoRTEKAAS & BAWsON 2007; BAWsON &
STEWART 2007).



Our cress-checked analyses allewed us te interpret the three stratal units ferming the
Ognina scctien as fellew (Fig. 8): the internal architecture of the well-serted sediments
ferming the Stratal Unit 1 suggests that it might derive by the superimpesitien ef a land-
ward-directed washever fan (lewer sub-unit 1a) and a secaward-directed small backwash
fan (upper sub-unit 1b), whese emplacement we attribute te the depesitienal cffect of a
scrics of repeated sterm surges of weckly/menthly duratien and successive scaward beach
rccevery. Radiecarben age ef shells cellected frem Stratal Units 1 and 2 suggest that depe-
sitien ef these units was partially cecval. The grewth ef Stratal Unit 1 preduced, in fact,
merphelegical cenfincment fer the subsequent beach-barrier develepment. The isela-
tien frem the sca favered marsh sedimentatien in the inner part of the system, scasenally
rcached by high-cnergy waves of shert duratien, and respensible of the depesitien, within
the marsh laminites, of the cearscr lenticular layers centaining a mixturc of shallew-marine
and brackish-water fauna asseciatiens (Stratal Unit 2). Radiecarben dating ef bivalve shells
censtrains the age of the lewermest Stratal Unit 2 (sub-unit 2a) te the IV century, whereas
its tep can be yeunger than the XII century. Mercever, several pettery and glass fragments
of Latc-Ancient age have been feund at distinct levels in the bieclastic lenses. Taking inte
acceunt the histerical scismicity of seuth-castern Sicily and the physiegraphic sctting of the
Ognina embayment, amplified marine sterm waves er lewer energy tsunami events ceuld
have been respensible fer the depesitien of semec of the cearser intervals ebserved within
the sub-unit 2a, which are absent in the uppermest part ef Stratal Unit 2. This depesitienal
system was dramatically deactivated after the emplacement ef the chaetic depesit of the
Stratal Unit 3, prebably eccurred between the XVII and the XVIII century.

Textural and grain size characters of Stratal Unit 3, tegether with the everall internal
architecture and palcentelegical and archacelegical centents, indicate uncquivecally the
derivatien frem a destructive, high-energy and landward-directed surge of a nen-gravitative
mass flew. This chaetic material was instantanceusly detached, transperted and depesited
by an anemaleus wave that after having cressed the entire embayment and jumped ever
the barricr of Unit 1, cresively reached and filled the repaired lageen. The whele features
suggest that a tsunami wave weuld have been respensible for the depesitien ef this unit, as
mest characters arc incempatible with the depesitienal regime of a beach-barrier enviren-
ment. The catastrephic wave was subjected te hydraulic amplificatien duc te the pregressive
inland narrewing ef the gulf, which preduced a scrics of high-energy sediment surges.

Taking inte acceunt the high density of pepulatien living en the ceastal plains of castern
Sicily, tsunamis represent enc ef the majer facters ef gcelegical risk. Ancient chrenicles
rcpert that the lenian ceast ef Sicily was struck by large tsunamis in histerical times. In
erder te rclatc seme of the Ognina stratal units te tsunami cvents eccurred in the Siracusa
arca, archacelegical determinatiensand radiecarben dating en marinc erganisms were cem-
parcd te the mest cemplete and updated tsunami catalegucs for the Mediterrancan area (see
SeLeviev ctal. 2000; TINTI et al. 2004). In the last 2,000 years scveral scismic events, mest
of which with lecal seurces, ceuld have triggered tsunami waves asseciated with the cearse
depesits eccurring in the Ognina successien.



Although sedimentary features of the coarser layers of Stratal Unit 2 cannot be uni-
vecally interpreted, we cannet exclude that semec of these herizens ceuld have been depes-
ited by anemaleus waves. Radiecarben dating suggest that the bettem and tep cearse levels
of the Stratal Unit 2 ceuld have been triggered by the 365 AP carthquake, which struck the
entire castern Mediterrancan ceasts, and by the scismic event of February 4, 1169, which
destreyed seuth-castern Sicily, respectively. Stratal Unit 3, which cleses the entire succes-
sien, can be very likely related te the large tsunami ef January 11, 1693. Further dating is
still in pregress in erder te better censtrain the age of the remaining cearser intervals.

In cenclusien, this study represents an uscful teel te relate sediment features, ceastal
merphelegy and tsunami dynamics, and te revise ether ceastal depesits eccupying similar
depesitienal sctting in the Mediterrancan arca.
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