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Pleistocene
deposits,

T eivar n NMaAaloyewypa@ikn avoamnapioTach;

H eappoyr YEWPOPEPOAOYLKWY TEXVIKWV YLO TOV TIPOCGOLOPLOUO TNG -
XWPLKNAG KOl XPOVLKNG CUOXETIONG TWV CTPWHATWY TwV ICNUATWY, \ﬁ .
LE OKOTIO TNV GVOYVWPLON TWV TEPLBOAAOVTIKWY GLUVONKWY TOU ) o Eany Holocene s
TIPEABOVTOC KaL TNV EKTIUNON TOL TPOTIOU PETAPOANG Kot eEEAENG

TOL AVOYAVPOU.

Kata Lowe and Walker, 1997 o€ Tpelg PEYOAEG KATNYOPIEG SEIKTWV
A) yewpoppoAoyikoi SeikTeg

B) I{npatoAoyikoi deikTeg

I BloAoyikoi deikteg




ALOKPLON PUOIKWV ICNUOTWV

Ta l{npata Sokpivovtal o @) KAAGTIKE, B) opyavika Kot y) XNHIK& (Broxnpiks)

KAaotika i{Apata: cuvictavtal o€ eva TANB0G 0TEPEWY VAKWY BpauouATwWY (OPUKTWY, TIETPWHATWY) TA
OTIOLO £XOUV OTTOTEDEL KOl CUCOWPEVTEL ATTIO VAV N TIEPLOCOTEPOVG TIAPAYOVTEG LETAPOPAG (VEPO, AEPQ,
BoputnTa). INM.X. AOALKN) AUOG, TIOTAULEG KPOKOAAEG, AUV LAUG

OpyaviKa W{ANATO: TIEPLEXOUV MEYOAEC TTOCOTNTESG LTTOAELUATWY OPYQAVICHWY (OCTPAKA, (PUTIKX
LTTOASIppOT). MNapadelypata amoTteAOUV OL TUPPEG KAL OL aTOBETELG aTTO Alpuvaia 1 BaAaoola 60 TPOKX

Xnpka WQpata: oxnuoatidovtal amo tTnv Kabidnon SICAVPATWY, JE 1 XWPIG TNV CUMUETOXN

MULKPOOPYOVIOHWV. [1.X. OTOAQKTITEG O€ EVal OTINAQLO, TIOTAULOL TPAPBEPTIVES K.QL.

‘OAa Ta TTAPATtAVW QTOTiOevTaL HéoWw pLag W(NHUXTOYEVOUG Stadikaaiag n omoix AapBavel xwpa o€
OUYKEKPLUEVO WNUATOYEVEG TTEPIBEAAOV.



[CNUOTOAOYIK O KPLTN PO

I{NHATOAOYIK& KPLTAPLX: ZUVOAO TIXPAPETPWY TIOU EPPNVEVOLV TO TIEPLPAAAOV amtoBeong.

» Kokkopetpla

* Ta&wounon

« AwfabBuon

* [1pocavaTOALGHOG
* |{nuaTodopEC

* JUPOLUO KOl KUALON
Metagpopa W(AUATOG * Avamndénon

* Awwpnon




KOKKOPETPLO

To pEyeBog TwV KOKKWV LTTOSNAWVEL TOV TPOTIO
UETQPOPAG Kol amoBeonc.
0/100

[.x. MeyoAa peyebn utodnAwvouv vPnAn evepyeLa.

Ovopaoia MéyeOog
WQpaTog

Gppog

ApyLAog <45 pm

IANVC 45-63 pm
Appog 63 pm —2 mm
XOAIKEC >2 mm

100/0
Eux. 12. Toryovixé Suaypoppo takivounong inudtwy (amé Tucker 2003).
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KOKKOMETPLKEG TTAPAMETPOL
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KOKKOUETPLKN ToElvouNnaon
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KOKKOMETPLIKOC TIPOCONVOTOALCUOC (imbrication)

KOKKOMETPLKOG TIPOCGAVATOALGHOG:

Mopatnpeital oTIg amoBEoeLg IOV
dnuiovpyouvTal Ao PEVUATA OTIOU OAOL OL
KOKKOL oo TIOEVTOL O€ OUYKEKPLUEVN OlevBuvan,
TIOPAAANAQ OTO PEVUA LETAPOPAC.




[CNUOTOVEVELC OOUEC

O TPOTOC pe TOV OO0 AVATITUCCOVTAL GTOV XWPO OAX T
TIOPATIAVW XOPOAKTNPLOTIKA SN LOUVPYWVTOC SLOKPLTEG
TPLOSLAOTATEG OOMEG OL OTTOLEG XOPOKTNPI(OVV CUYKEKPLLEVA
Tiepparrovta I NUATOYEVEDNG.

2TPWON — CTPWHX

OepeAwong Wnpatoyevng Sopn TTou SnULOVPYELTAL OTAV TA
(PUOLKA KOIL XNULKX XOPOKTNPLOTIKA ToU TEPLBAAAOVTOG amoBeong,
TIOPAEIVOUV OTaBEPK Yy 000 Slapkel n amtoBeon Tou

Emtapn

To OpLo petady dVo oTpwPATWY. AlakpiveTal o€ fabuaia n T
OTOTOMN : | &

e e 1 e §\\\\\ ik 17 ,/Ql s
A HPWVLIX Disconformi Angular Unconformi Nonconformi
g
: 1. Beds 1-6 deposited. 1. Granite formed.
;: E::;Jﬁz fepostied 2. Beds 1-6 tilted. 2. Granite exposed by erosion.
3. Beds 5-7 deposited 3. Erosion 3. Beds 1-3 deposited.

4. Beds 9, 10 deposited.

H KaTwTEpN ETLPAVELX EVOC OTPWHUATOG N OTIOIX KOPEL
TIEPLOCOTEPO OTIO EVOL UTIOKELUEVA OTPWHATO



2TPWUATOVPOPLIKEC APXEC

A) Apxn t™ng urtépOsong
TO UTTEPKEIPEVO OTPWHA EVAL VEOTEPO ATIO TO UTIOKEIPEVO
B) Apxn tng opt{ovTioTnTag

Aoyw BoputnTag Ta INUATOYEVN OTPWHATA TEIVOUV VO
amotiBevtal opllovTia ) axedov opllovTia

N Apxn t™ng op{OVTIAG CUVEXELXG
Eva otpwpa £xeL TNV IOl nAKIa KOs onueio Tou
A) Apxn TWV SLACTAUPOVUHUEVWV CXETEWV

Eva otpwpa ov dtaoy el 1 KOPEL eval AAAO, Elval VEOTEPO
QTIO AUTO
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E) ApX1n TOU TIEPLEXOUEVOU UALKOU

Evat OTPWHA UTIOPEL VA TIEPLEXEL VALKAL
TIOAXLOTEPA OTIO TNV NAKIa Snulovpyiag Tou
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[CNUATOAOYIKEC KOTOYPAPEC CLUPAVTWY BAANOOLOC
ETIIKALONC LYWNANC evépyaaq
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Morton et al., 2007

Characteristics of modem tsunami and coastal storm deposits examined for this study

Deposit features 1998 tsunami Papua 2001 tsunami Peru 1961 Hurricane Carla 2003 Hurricane Isabel
New Guinea Gulf of Mexico westemn Atlantic Ocean
Trench scale (m)
Grain-size range  Mud 10 boulders, mostly Mud 10 boulders, mostly Sand and pebbles (shell) Sand
medium sand fine to medium sand
Internal mud Mud cap ot surface Mud cap at top of layers No mud No mud
layers or at surface where mud
is in sediment source
Grading Beds usually normally graded  Beds usually normally Lamanasets usually normally Laminasets usually
overall, some places multiple  graded overall, some graded, some places ungraded  normally graded, some
normal graded layers places ungraded, rare places inverse grading
inverse grading of kayers
Sorting Moderate to well sorted Moderate o well-sorted Poorly sorted (proximal) 1o well  Well sorted
within sand layers sorted (distal), depends on cross-
Event deposit 0.5 10 26 cm, average 0.5 10 28 om, average 26 10 126 cm, average 19 1o 97 cm, average
thickness 8 cm (60 sites) 7 em (88 sites) 56 cm (6 sises) 43 cm, (13 sites)
Sedimentary Noae Usually not present, npple Mostly planar lammae Mostly planar laminae
structures crossbeds found in retum with some foresets
flow deposits near beach
Number of layers/ 102 Fto3typical upto 8 More than 15 7 1o more than 20
laminasets
Rip-up clasts Some Found in muddy environments, None observed None observed
usually at base of sand beds
and on surface of deposit
Basal contact Abrupt contact above organic-  Erosional base Erosional base or abrupt shelly  Abrupt sand contact with
rich soil, occasionally erosional sand contact with underlying underlying oeganic-rich
Shell lamina Few shells on surface Rare within deposits Common {source dependent) Rare (source dependent)
Heavy-mineral None At base of most sand layers Rare (source dependent) Common
lamina (source dependent)
Transect scale (100s m)
Cross-shore Tabular, sometimes Landward thinning, local Narrow thick deposits (terraces)  Narrow thick
geometry landward thinning thickening or thinning related  and moderately broad thin deposits (terraces)
to local topography deposits (fans)
Extent of erosion S0-150 m <S50t 140 m 0-575m Not observed
or bypass zone
Inundation limit 300 to 750 m 360 mw | km 15 10 30 km 15 10 35 km
Landward limit of Maximum 750 m Maximum 490 m Maximum 930 m (fan), average Maximum 260 m,
deposit 195 m (termaces and fans) average 200 m (terraces)
Distance between 40-50 m Typically 10 m 100s to 1000s of meters 10s to 10005 of meters
depost and
wrack line
Deposit elevation Uptwo3im Dd4wsiim Approximately 25 m Approximately 2.0 m
Sub-regional scale (10s ki)
Longshore extent 40 km ~50 km 600 km 400 km
Lateral continuity Mostly continuous Maostly continuous Mostly continuous Mostly continuous
Depositional Coastal plain and barrier spit =~ Beach, crop fields, stream Barrier islands and Barrier islands
setting valley coastal-plain headlands
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De Martini et al., 2021

Tsunami Intensity
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https://www.sciencedirect.com/science/article/pii/S0012825221000775#bb0060

MeAeTn Tepimtwonc: EAoc Alpadiou, Kepahovia

« Complex tectonic regime
(collision subduction,
transform faulting)

« Tectonically and seismically

| 2“"?:IGARIA Ce s highly active area
FYROM | « Uplift is the dominant
£| mmann - longterm movement during
= B the Quaternary
| e, W ) « Livadi swamp is a low lying
B, o SR 2 marshy area (maximum
N elevation 2.8 m)
* mainly affected by marine
’ N processes
* g 2 « Beach ridges — recent
. e propagation of the swamp
| s 2 8 towards the sea — indicative
of former limits of a lagoon

during the late Holocene



MeAeTn Tepimtwonc: EAoc Alpadiou, Kepahovia

XapnAn mapaktia EAwdng meploxn Ke
HEyLoto upopeTpo 2.8 m a.s.l.

Ataxwpiletal amno tov KoAmo tou
ApyooTOALOU Ao Evav ETUUNAKN OLUWON
$paypo




MeAeTn Tepimtwonc: EAoc Alpadiou, Kepahovia

20°25'30°E 20°26'15'E ,
> S7G MeOodoAoyia
| & <)
. \ « 4 yswTtpnoslg Baboucg (3-5 m)
o z * |{npatoloykn avaiuon ava 10cm
% ¢ MIKpO/UGaKPO TTOAXLOVTOAOYLKI) avAALGN
ova 10 cm
«  AMS padloxpovoAoynon
* [eWMOPPOAOYIKN XOPTOYPAPNON
z » Ektetapevn gpeuva Tediov
3] z
8
Gu lf Of % le&s 0 toli Core ID  Coordinates  Surface elevation (cm)  Core max. depth (cm) Setting description
— s N 38° 16.856¢' Back barrier depression
s e e e = = E 20° 25.943' oo N Veg. Patchy Suaeda maritima
N 38° 16.804’ Channel depression
£2 E 20° 25.538’ 0 20 Veg. Patchy Suaeda maritima
L3 IE ;g: ;g?gﬁ: 230+ 10 440 Slight depression
T 150 £ 10 500

E 20° 25.429'




Padloypovoloynon (Radiocarbon Dating)

Carbon 14

Nitrogen 14 Neu ab
@

e 0 padievepyoc 4C napayeral anod TNV KOOUIKN aKTIVOBOAia OoTa avwTepd
OTPWHATA TNG AaTHOOPaIpaAc OTav VETPOVIO NpooninTel o€ atodo 14N kal
ueTaTpeneral o€ 14C xavovrag Tautoxpova €va npwTovio

e KOOWIKN akTIvoBoAia (cosmic rays): upnAnc evepyeiac npoonintTovTtd
owpaTidla and To d1aoTNPA NPOEPXOMEVA ano EKPNEEIC HAKPIVWV AOTPWV



Padloypovoloynon (Radiocarbon Dating)

e pe TN popen CO,

npoocAauBaverar ano

Ta PUTA KAl HEOW

auTwv ano Ta {wa Kal

ToVv avbpwno

e UETA TNV anoppopnon

ano Tov €upio

opyaviouo, Ta icoTona

12C, 13C, kal 14C eykaBioTavTal

OTOV OKEAETO N OTOV

opyaviouo

e UEPOG TOU 14C BpioKETAl OTOUC WKEAVOUC
e oI 12C kal 13C eival otaBepoi aAAa o 14C oxi

e 0 14C dev avavewVveTal o€ opyaviouo otav navoel va (ei

e N NEPIEKTIKOTNTA TOU TEiVEl 0TO PNOEV dlACTIWUEVA OTOV XPOVO

e 0c 5730 xpovia Ta pyioa atopa Tou 14C Ba €xouv anopueivel ano Tnv
apxIKnN CUYKEVTPWON EVW TA UnNoAoina 6a £XouVv UETACTOIXEIWOEI

1 L 1
6000 12000 18000
Time (years)




MeAeTn Tepimtwonc: EAoc Alpadiou, Kepahovia
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A.Lithology

Holocene
Alluvium and scree

Pleistocene
Sandstones

Pleistocene
Conglomerates

Pliocene - Conglomerates
and

C. Topography

;fi-»&?: Contour lines
- int. 100m

D. Bathymetry
' Isobaths
55,(6,10,15m)

E. Hvdmgraphy

Miocene - Conglomerates
and brecciated limestones

Eocene - Oligocene
Massive limestones
1 Upper Cretaceous
" 11 Thin bedded limestones

B. Tectonics

Fault — = — Fault probable

XA flow
A charmel

F. Fluvial deposit landforms
\- Alluvial cones/fans
) Quaternary age

G. Structural landforms
Break of slope

A4 Convex

—x—x_ Concave

H. Coastal Geomorphology
Steap coast Beach rid
- W|th sediment z Racirgee
w Swampy area
- Coaslal Cifr Permanent swamp
m Sandy beach - Advancing shoreline
Gravel Cobble
4 Beach - Stable shoreline

Mixed Beach Retreating shoreline
e

Uplifted marine terraces
[ 2-16m||18-32m J 136-160m [l 180-300m
I Planation surfaces

[ 100-260m [ 260-340m

J. Karst L

—» Surface dip

=

(({{ Main road network

T Karstified g,
m® g face Cave

FewpopPoAoyLkn XaptToypa@non

AluvoBalacoa n omola mepLlkKAeioTNKE Ao TNV e€EALEN
ETMUUNKWV AppwowV ppaypwv Katd To Méoo — Avwtepo
OAOKkalvo.
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MeAeTn Tepimtwonc: EAoc Alpadlou, Keparovid
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FIG. 9 - Relative local sea-level changes of the Livadi coastal plain. Samples
from L1, L2 and L4 cores are plotted against the sea-level curve predicted
by the glacio-hydro-isostatic model of Lambeck & Purcel (2005) and the
local relative sea-level curve proposed by T. Willershauser & a/zi (2013).
Sample elevation vertical uncertainties are adopted from Vacchi & aliz
(2016).

The peat layer found above the relative sea
level curve proposed by Willerhaeuser & alii,
(2013), implies a co-seismic tectonic uplift of
the study area around 5257-4866 cal BP.
Estimation however of the precise co-seismic
uplift is considered risky, as intercalated peat
beds have only an indirect relation to sea level
and therefore lies beyond the available data
and the methodology applied in the present
study.
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Conclusions

Our data show a high-resolution record of the coastal evolution of the Livadi plain, which is located on the northern part of the Gulf of Argostoli (Cephalonia
Island).

The sedimentological, macro- and micro-palaeontological analysis of sediment samples collected from four shallow boreholes, along with the radiocarbon dating;
suggest that the beginning of the formation of the Livadi plain can be safely put before the fifth millennium BP.

The marine base recorded in the sedimentary sequences is the result of the marine transgression which occurred before the stabilization of the sea-level in the
Mid-Holocene.

The formation of a barrier spit which extended towards the east, had confined a lagoon in the north during the period of Mid- to Late Holocene. The spit has
advanced eastwards due to the action of a (W-E) longshore drift which led to the formation of one generation of beach ridges with an almost (W-E) orientation.

The formation of the beach barrier has created a more sheltered low energy environment depositing finer sediments after 4280-4060 BP. During this period, a
semi-enclosed lagoon functioned in the northern part of the cur- rent swamp, but progressively was isolated, and turned into a coastal lagoon environment.
The stratigraphic facies found in the present study are in accordance with the findings of Willerhaeuser & alii, (2013).

High energy sedimentation layers documented both in the present study as well as by Willerhdeuser & alii, (2013) could be attributed to tsunami events but
storm events, even though of low possibility, cannot be totally excluded.

However, the presence of sedimentary layers which contain terrigenous angular and subangular washed material, quartz and feldspars intersecting the sediments
of the basal marine unit and the brackish-freshwater lagoonal unit indicates tsunami backwash.

The sea-level in the inner Gulf of Argostoli was never higher than the present sea level. The peat layer found above the relative sea level curve proposed by
Willerhaeuser & alii, (2013), implies a co-seismic tectonic uplift of the study area around 5257-4866 cal BP. Estimation however of the precise co-seismic uplift
is considered risky, as intercalated peat beds have only an indirect relation to sea level and therefore lies beyond the available data and the methodology applied
in the present study.
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The lower part of the sequence is featured by marine gastropods (Rissoidae). This
evidence indicates this unit as shallow marine.

In the following interval Ammonia beccarii, Elphidium spp. and marine Miliolids
are associated with Abra alba community and Ctena decussata, indicating a very
shallow marine high energy environment.

At 380-390cm brackish mesohaline conditions are supported by the presence of
small Ammonia parkinsoniana and Cyprideis torosa.

From this interval to 258-268cm, brackish environment is supported by the
dominance of taxa as Hidrobiidae, Abra alba, Cerastoderma glaucum, Cyprideis
torosa and small Ammonia parkinsoniana.

At 268-275cm a fluctuation between brackish and marine environment is
also marked, as brackish ostracods are associated with marine ostracods and
gastropods.

Towards the top of the core, mesohaline to oligohaline conditions prevailed as
lliocypris among other ostracods and the monospecific occurrence of Aubignyna
perlucida indicate.

At the top, the plant remnants, the absence of shells and the oxidized layers
indicate a coastal environment.
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