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Nannofossil biostratigraphy of Argostoli Gulf Quaternary marine sequence (Kefallonia Island, lonian Sea)

Abstract

The purpose of this thesis was to study the Quaternary sediments of the Argostoli Gulf of Kefallonia,
located on the lonian Sea in NW Greece. This study was carried out with the help of calcareous nannofossils,
which provide information on biostratigraphy, paleogeography and paleoenvironment of the study area.

This research was carried out in the framework of the Odysseus Unbound project, in collaboration with
the Odysseus Unbound Foundation (OUF), the National Technical University of Athens (NTUA), and the National
and Kapodistrian University of Athens (NKUA). This program had as its main goal the proof of the theory that
NW Kefalonia and more specifically the Paliki peninsula is the Homeric Ithaca.

Samples from three different boreholes from Livadi 1, Livadi 2 and Livadi 4 were used to carry out this
work. Originally the sampling was conducted at the School of Mining Engineering, of National Technical
University of Athens. The samples were taken from three boreholes, which were mentioned above, and more
specifically from the cores 7, 8, 9 and 10 of each borehole. Sampling was conducted steadily every 10
centimeters in each core. Afterwards, the specimens were processed in the laboratory of the Department of
Historical Geology and Paleontology of the National and Kapodistrian University of Athens, following the
standard micropaleontological methods and techniques. Then, the micropaleontological analysis and taxonomy
of the calcareous nannoplankton was carried out under the light microscope (LM) and the scanning electron
microscope (SEM).

The samples analyzed under the SEM were 83 in total, originated from all three boreholes. Where it was
considered necessary we took more samples and the cores were analyzed in high resolution. After the
identification and the statistical analysis of the samples, the biozonal indicators were used in order to verify the
biostratigraphic age assignment. These biozones give us the relative geological age of the sediments and thus
the reconstitution of the past, the absence or presence of biozonal indicators and coccolithophores, in general,
is another index that provides us with useful information on paleoenvironment.
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Nepiinym

H mapovoa SUTAWPOTIKA Epyacia eixe wg oToXo T KEAETN TwV TETOPTOYEVWVY LW{NUATWY TOU KOATIOU TOU
Apyootohiou tng Kedalovidg, n omola Bploketal oto lovio mélayog otnv BA EAAASa. H pelétn auth
TipaypaTonolOnke pe tv PBonbela twv acBeotoAlBikwy vavvoamoAlBwpdtwy, Ta onoia divouv mAnpodopieg
yla tnv Blootpwuoatoypadia, tnv malaloyswypadia kal to maAotoneptBaAAov TnG meploxng LEAETNC.

H mpokeipevn £peuva €ylve ota mAaiola Tou mpoypappatog Oduaoéag AUOUEVOC, O CUVEPYAOLA LE TO
Odysseus Unbound Foundation (OUF), to EBvikd MetooBio MoAutexveio (EMNM) kat to EBVIkS kat Kamodilotplako
MNaveniotAplo ABrnvwy (EKMA). To CUYKEKPLUEVO TPOYpOUpO EiXe B€0el WG PAOCLKO Kal KEVIPLKO OTOXO TNV
anodelén tng Bewplag mwg n BA Kedpalovid Kol MO CUYKEKPLUEVA N XEPOOVNOOG TG MaAKng elvat n Ounpikn
10akn.

MNa Tnv ekmovnon NG €pyaciog autng, xpnowdorowdnkav Oeiypota amd Tpel SLopOPETIKEG
YEWTPNOELG, ATO TNV MEPLOXN Tou KOATou Tou AlBadiov, pe ovopata Livadi 1, Livadi 2 kal Livadi 4. Apxikd to
oUVoOAo Twv Selypdtwy, SUAAEXBNKe amd tnv IXoAn MetaAAsloAoywv Mnyavikwy, tou EBvikol Metooflou
MoAutexveiou, amo TG mpoavapepOeioeg YEWTPOELG KAL TILO CUYKEKPLUEVA Ao TOug UPNVeC 7, 8, 9 kat 10 (pe
Kwdkoug Livadi-1.7, Livadi-1.8, Livadi-1.9, Livadi-1.10, Livadi-2.7, Livadi-2.8, Livadi-2.9, Livadi-2.10 kau Livadi-4.7,
Livadi-4.8, Livadi-4.9, Livadi-4.10). 3tnv cuvéxela, ta Selypata 6€xBnkav 181k enefepyacia 0To EpyaoTrpLo Tou
Topéa lotopikng Mewloyilag kot Malatovtodoyiag tou EBvikoU kat KamodiotplakoU Mavemiotnuiou ABnvwv,
Omou okoAouBnbnkav oL YVWOTEG MIKPOTIAAOLOVIOAOYIKEG MEBobSoL. ‘Emewta, €ywve n  ouMoyn, n
ULKPOTIAAQLOVIOAOYIKH aVAAUCH KAl N avoyvwplon Tou acBeotoAlBikol vavvormAayktou pe tnv BorBela tou
TOAWTIKOU (LM) kot Tou nAekTpovikoU pikpookomiou (SEM — scanning electron microscope).

To oUvoAo Twv Selypdtwy ou avaluBnkav nTav 83 Seilypata Kal amnod TIG TPELG YEWTPNOELS. H Aoyikn
TIoU TtAPBNKav ATavV ava S£KA EKOTOOTA 0€ KABE TUPHVA KL OTNV CUVEXELA N ULKPOTIOAQLOVTOAOYLKY avaAuon
€ylve ava Tévte oUMexBévta Selypata, Omou KpiBnke amapaitnto n HeAETN €yVe TILO AEMTOUEPNG KO
avaAuBnkav napanavw deiypata £€tol wote va e€axBouv KAAUTEPO KOL TILO EUTIEPLOTATWUEVO OTTOTEAETHLATO.

TEAOG, LETA TNV QVOyVWELON Kal TNV OTOTLOTIK avaAuon twv Selypdtwy, Xpnolpomolnénkav ta
TOOOOTA TWV aMoALBwHATWY — Selktwy, cLUdwva Ue Ta omoia mpaypatonolndnke n Blrootpwuatoypadikn
TafLlvouNnon Twv SELYUATWY KoL TTPooSLopLoTNKE N OXETLKN TOUC NALKIA, ETUTPEMOVTAG TNV TAAALOTIEPLBAAAOVTIKNA
oavaouotaon Twv HeAetnBeiowv akoAouBLwv.
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1. Introduction

1.1 Study Area

[thaki

Livadi Gulf  (

Paliki

Sami

26un,

Ikaha

Bapdiavol

& SOl
Figure 1: Satellite map of Livadi Gulf, Kefallonia Island, Western Greece.

The study area is Kefallonia, it belongs to the lonian Islands complex of Western Greece. It is the largest
of the lonian Islands, with a total area of 808Km?. Located south of Lefkas and Ithaki, north of Zakynthos and
opposite the opening of the Corinthian / Patraikos Gulf. More specific, the area of study of this master thesis is
defined in the Argostoli Gulf (in between Thinia, Paliki and Llvadi areas) and our samples were retrieved from
three boreholes. Kefallonia Island is located on the tectonic front of the Hellenic thrust and the geological
structure of the upper crust includes the relative autochthon unit of Paxos, occurring on Paliki peninsula in the
west and on the major part of the central Kefallonia, and the allochthon tectonic nappe of the lonian unit,
occurring along the eastern part (Papanikolaou et. al., 2013).

1.2 Research Scope

The present thesis is about the Quaternary marine sequence of Argostoli Gulf, in Kefallonia, Western
Greece. The scope of our work is to contribute the hypothesis of Paliki, the peninsula on the western coast of
Kefallonia, to be Odysseus’ homeland of Ithaca, as described by Homer. The theory at the time being is based on
the geographical position of Paliki, which is facing west, while the surrounding islands face east; it’s the furthest
out to sea of the group of lonian Islands and it’s lying lower. After years of study, it was realized that a marine
channel could have separated Paliki from the main part of the island in the late Mycenaean age (around the
12th century BC) and it could have been filled in as a result of landslips from earthquakes and other major
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tectonic events, turning the island into the peninsula we see today (Poulter et al., 2012, Gaki-Papanastasiou et
al., 2011, Pirazzoli et al., 1994, Stiros et.al., 1994).

The main objectives of the present study are to date the Quaternary marine sequence from Livadi Gulf,
to determine their relative age through detailed biostratigraphic assignment. Our investigations will provide us
with a stratigraphic framework of the Quaternary formations and the careful micropalaeontological core
analysis will give us all the important dates for when sea levels rose to fill the channel between Paliki and the
rest of Kefallonia. Biostratigraphy is based on calcareous nannofossil analysis and biozonal scheme and
subsequent ages. Calcareous nannofossil analysis will be conducted with light microscopy (LM) and under the
scanning electron microscope (SEM), in order to justify the biostratigraphic age assignment of the study area.

Dating the sequence it is fundamental, because if our results can show what happened within the 3.200
years BC and that the marine channel still existed at the time, then Paliki was an island at the time of Odysseus
and the theory about the landslip which made the peninsula today might be validated.

2. Geological Overview

2.1 The Geographical Position

The study area is located on the island of Kefallonia, which belongs to the external Hellenides and it
consists of two different geotectonic units, with general direction NW — SE, the Pre — Apulian (Aubouin, 1959) or
Paxos zone which extends to the west and the lonian zone to the east. The lonian zone is an overthrust nappe
above the Paxos zone, (Aubouin 1962; Aubouin & Decourt, 1962, 1970; Bernoulli & Laubscher, 1972;
Papanikolaou 1997, Underhill, 1989). Kefallonia Island is located on the tectonic front of the Hellenic thrust and
represents the active plate boundary between the European and African plates, which is characterized of an
oceanic and continental subduction (Papanikolaou, 2011). Paxos unit of the External Hellenides occupies most of
the island of Kefallonia, unlike lonian unit which only occupies a small area on the southeastern part of the
island. Our study area is located on the western part of the island of Kefallonia and more specifically in Argostoli
Gulf which subsequently means that the surroundings of the area belongs to the Pre — Apulian zone.

2.2 Outer Platform of Hellenides

According to Papanikolaou, (2013), there are two tectonostratigraphic models for the two distinctive
types of terranes in the Hellenides, continental and oceanic, as they result from the general rifting, drifting,
ocean opening and accretion of paleogeographic and geodynamic stages. These geodynamic phenomena have
occurred inside or outside the Tethyan belt and apply the two tectono-stratigraphic models in the five
continental (H1, H3, H5, H7 and H9) and four oceanic terranes (H2, H4, H6 and H8) of the Hellenides. Here, we
are going to quote and describe the subduction, tectonics and stratigraphic history of Outer Hellenides.
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Figure 2: The stages of paleogeographic and geodynamic evolution of the continental terranes in the Hellenides
(Papanikolaou, 2013).

The start of the major orogenetic phenomena of the alpine cycle began in the Hellenides, as well as in
the rest of Tethys during the upper Jurassic — Lower Cretaceous. These events took place in the internal part of
the Hellenic arc, are characterized as paleo-alpine and were fossilized under the Cenomanian transgression.
Afterwards, the alpine cycle continued with the shallow — marine carbonate sedimentation on the site
throughout the Upper Cretaceous, and during the Eocene closed permanently with flysch, and then the
secondary orogenetic phenomena began during upper Eocene — Oligocene, where the alpine cycle was ended.

The geotectonic units of the Hellenic area were divided into Outer and Inner, mainly on the basis of the
orogenetic tectonism that the formations of these units have undergone. More precisely, the External Units
have undergone a single orogenetic tectonism during the Tertiary and occupy the western and southern parts of
Greece, while the Internal Units, in addition to Tertiary tectonics, have also undergone an early orogenetic
deformation, which took place during the Upper Jurassic — Lower Cretaceous, and occupy the eastern (inner)
part of Greek territory.

In Outer Hellenides belong the following units with orientation from west to east: Paxos or Pre-Apulian
units, lonian unit, unit of Plattenkalk (tiled limestones), Phyllitic — Quartz unit, Gavrovos-Tripolis unit, the unit of
Pindos or Olonos-Pindos unit, the submarine ridge units of Koziakas — Trilofos — Penterion — Geranion —
Trapezonas, the units of the submarine trough Vardousia — Epidauros, Parnassos or Parnassos — Giona unit,
Viotia unit and the new - Hellenic tectonic cover unit. Outer Hellenides are placed in Apulian microplate, which
was detached from Gondwana and represent areas of continuous continental neritic sedimentation during the
Alpine ages (Karakitsios & Rigakis, 2007).

Pre-Apulian unit (Aubouin, 1959) or Paxos unit (Renz, 1940) is characterized by a continuous
carbonaceous sedimentation and the absence of typical flysch deposits, which is observed in the other units.
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lonian unit on the other hand, it is believed to be a submarine trough (Philippson, 1898) and according to
Aubouin (1959) it’s a geo-syncline. Gavrovos unit (Aubouin, 1959) or Gavrovos-Tripolitza unit (Dercourt, 1964) it
is a ridge which separates the lonian trough and the Pindos trough. As it was said before, Pindos unit, like lonian
unit it’s a trench (Pindos is deeper than the lonian) and those two units were characterized as geo-synclines.

2.3 Pre-Apulian or Paxos unit

Paxos unit is the most external unit of Hellenides, it was named after Paxos islands by Renz (1940) and it
is characterized from the lack of typical flysch. Aubouin (1959), named the unit pre-Apulian, because it is the
inner (eastern) margin of the Apulian unit, which responds in the form of an underwater platform in the
southern Italian region. It is considered to be extended western in the Ocean of eastern Mediterranean, in the
lonian Sea (HO), before the recent subduction beneath Paxos Island and the rest of the platform H1. It is a ridge
in Greece but it is considered also as a slope, and becomes a clear platform in the Apulian peninsula (South Italy)
(Papanikolaou, 1989, 2009).

Pre-Apulian’s thickness, as it has been documented by the terrestrial impressions and the drillings, it
increases very significantly from north to south. In Paxos Island it is less thick and in Zakynthos island much
thicker, while in Kefallonia it has an intermediate thickness. This explains the position of the lonian Islands in
relation to the continental slope. Zakynthos is near the Apulian unit, Kefallonia is in the middle of the slope and
Paxos is near the lonian basin.

Paxos unit is displayed, in Paxos island, Antipaxos, in the western section of Lefkada island, in Kefallonia
and Zakynthos islands. The largest section of the Paxos unit it is certain that, it appears underwater in the lonian
Sea.

2.4 Tectonics and Stratigraphy of the Paxos unit

West of the lonian islands, which are formed by both the Paxos and lonian unit formations, is the
Hellenic trench, along which we have the great movement of the Hellenic arc, which reflects the sinking of the
northern margin of the African plate below the Eurasian plate. This movement, which for the Paxos unit stopped
at the Miocene — Pliocene boundary, continues today by activating another surface, located several kilometers
to the west (Papanikolaou, 1997, 2010).
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Figure 3: Stratigraphic column of Paxos unit (Karakitsios & Rigakis, 2007.)

Stratigraphically speaking, Paxos unit is a neritic carbonate sequence (Jurassic up to Miocene), with some
disconformities in Paleogene (i.e. Zakynthos). The stratigraphic structure of the Paxos unit, from the newest to
oldest stratigraphic horizons, is (Papanikolaou, 1997 and Underhill, 1988, 1989):
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e Marly limestones and turbiditic limestones appear in the Aquitanian period, replacing the typical flysch,
which is present.in all the other geotectonic units. Paxos unit in Burdigalian and in Middle Miocene is
dominated by clay and marls, without characteristic sandstone horizons and that is the reason why it is
considered as the only unit of Hellenides that lacks a typical flysch.

e Oligocene and Eocene are represented by neritic limestones, which are similar to the limestones, of the
Apulian unit, and they are characterized by alterations with micro-breccia limestones. All these
limestones are rich in micro-fossils (Globigerina, Nummulites, Orbitoides, Dscocyclina, Alveolina).

e The carbonated sequence continues to the Paleogene (Oligocene, Eocene, Paleocene) and throughout
the Cretaceous with deposition of neritic limestones and small breccias, with total thickness 1.500
meters, approximately.

e |n more detail, the Upper Cretaceous is represented by neritic and reefal limestones with Hippurites and
horizons with Orbitoides, Globotruncana (Maastrichtian).

e Continuing downwards, there are Upper Jurassic limestones and dolomites (Clypeina sp.) with insertions
of slates and marls laminations. Their thickness is about 500 meters.

e Finally, evaporites, dolomites and neritic limestones, from Upper to Middle Jurassic age, are the oldest
sediments of this unit and show a clear analogy with those of the lonian unit. Their thickness is
approximately 1.500 meters.

Pre-apulian or Paxos unit it is considered as the foreland of Hellenides. In the geotectonic map of Greece,
the last overthrust is the one that brings lonian unit on top of the Paxos unit, and it can be spotted in the
perimeter of the Hellenic arc on the west. Paxos unit tectonism is taking place during Miocene and more
specifically in Zakynthos and Kefallonia it is detected on the boundary of Pliocene — Miocene (Underhill, 1989).
In Zakynthos the stratigraphic column ends with the Messinian gypsum and on top of that, is placed with
tectonic contact, the Triassic gypsum of the lonian unit in Scopos peninsula. In Zakynthos, a complete
stratigraphic profile can be found of several hundred meters thick (Dermitzakis, 1978). In between the tectonism
of the Messinian — Lower Pliocene strata and the Upper Pliocene — Middle Pleistocene strata (disconformity),
there is a stratigraphic gap which is translated in 1 — 2 Ma (Papanikolaou et al., 2010).

This unit is characterized by high curvature folds and is considered autochthonous, while all other units of
Hellenides are allochthonous. On the island of Kefallonia the faults and tectonic folds that have been observed,
have direction NW — SE, NE — SW, N — S and ENE — WSW (Underhill, 1989). The main tectonic forms created
during the phase of alpine deformation on the island are genetically linked to the placement of the lonian nappe
on the Paxos unit during the Lower Pliocene. These tectonic forms are (Underhill, 1989, Lekkas et al., 2001):

e inverted faults with direction NW — SE or SW — NE and folds with axes of the same orientation as in
Paxos unit, which are considered to be older tectonic structures, which during the sedimentation period
defined the various paleogeographic regions of Pre-Apulian platform. In some of these faults a
horizontal movement component is observed besides the thrust (e.g. Agia Efimia SW of Oros Kalo, Ainos
ridge),

e thrusts, anticlines are observed with direction NW — SE,

e gravity faults with NE — SW and E — W directions within the lonian unit. Folds' axes and thrusts are
parallel to the main tectonic surface of the lonian overthrust on the Paxos unit. In the older tectonic
forms of Lower Pliocene are added newer structures which are associated with the deformation
episodes of the Pliocene — Pleistocene. These structures are called neotectonic forms and are mainly
represented by the faults, which intersect all the geological formations of the island. There is a wide
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