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Abstract

The Thrace basin is one of the largest and most important basins in the North Aegean
region. The eastern part of this basin extends to NW Turkey and has been extensively
studied due to its high hydrocarbon potential. The western basin of Thrace is located
in NE Greece and is the study area of the present work. It belongs to the Rhodope —
North Aegean molassic basin and is characterized by Paleogene molassic deposits that
are marginalized in the NW part by the metamorphic rocks of the Rhodope massif.
Papanikolaou & Triantafyllou (2010) identified two fault zones (FZ), the Ardas FZ
and Soufli FZ, which divide the Western Thrace basin into three sub-basins (SB),
Petrota SB in the North, the Alexandroupolis SB in the South and the Orestias SB
between the other two. The most complete sequence of the molassic formations is
observed in the Alexandroupolis SB. As part of this research, sampling of the
formations of the Alexandroupolis SB was carried out, during which, 44 samples were
collected from natural and artificial outcrops. From these samples, 51 smear slides
were created and studied for their content in calcareous nannofossils, using a semi-
quantitative analysis under polarizing light microscope. Out of the 44 samples, 11
contained nannofossils. These were identified and the percentage of participation of
each species in the samples was determined. Despite the low preservation and content
of nannofossils, with the presence of index species, such as Isthmolithus recurvus,
Sphenolithus predistentus, S. distentus, S. ciperoensis, etc., it was possible to achieve
the biostratigraphical characterization of the samples. In this way, most of the samples
studied were classified in a specific biozone based on the biozonations proposed by
Martini (1971) and Agnini et al. (2014) defining, finally, a more detailed dating of the

molassic sediments that comprise the Western Thrace basin.
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Hepiinyn

H Aexdvn g Opakng omotehel pio amd TiG HEYAAVTEPESG KOl ONUOVTIKOTEPESG AEKAVEG
otV gvpLvTEPN TEPLoYN Tov Bdpetov Aryaiov. To avatoikd pépog g Aekdvng avtg
exteivetor oty BA Tovpxio wor €xet peiemnBel exktevog Adym g peydAng
mBavotTog vopoyovavhpdikwv. H Avtikn Aekdvn e Opdkng tonobeteitan otnv BA
EAMGda kot glvar ) meproyn peAéng g mapovoag pYaciog. AVINKEL TNV LOAOGGIKT
Aexdvn g Podomng - Bopelov Aryaiov xor yopoxtmpiletor omd Ilodooyeveig
poloooikég amoféoelg mov mepwkieiovion oto BA tuquo amd to petapopeouéva
netpopoata ™ palog g Podonng. Ov Homavikordov & Tpiavrapdirov (2010)
avayvopweoav 6vo pnyupotoyeveic (oveg (PZ), v PZ tov Apdd xar tv PZ tov
YovpAiov, o1 omoieg dwpovv v AvTikn Aekdvn g Opdkng o€ Tpeic emMUEPOLS
vmorekaveg (YA), ™mv YA 1ov Iletpotov otov Boppd, ™mv YA 11¢
Ale&avopovmoing oto Noto kat v YA g Opeotidoog evolaueso tov GAAmv 600.
Ymv YA g Ale€avdpodmoing maportnpeiton m wo TANPNG okoAovBio Tov
HOAOGGIKOV CYNUOTICUOV. 2T TACICI0. OLTNG TNG £PELVOG TTPOYLOTOTOWONKE
derypotoAnyio tov oynuatiop®y e YA g AreEavopovmoing kotd tnv omoio
ocLAAEYONKaY 44 detypoato amd QUOIKES Kol TEYVNTEG TOUEG. Ao avtd to Oetypota
Kataokevaotnkay S1  aviikelpnevoeopeg mAAKEG Ol Oomoieg peAetnOnkav Yoo 10
TEPLEYOUEVO TOVG G€ AGPECTOMOIKA VOVVOOTOAMOMOUATO HE M-TTOCOTIKY OVOALGN
KGT® omd TOA®MTIKO pukpookomio. Amd to 44 Odetypota, 11 mepielyav
VavvoamoMOdITe, TO OmOoio avayvVOPIGTNKOV Kol TPOGOOPIGTNKE TO TOGOGTO
OLUUETOYNG TOV KGOE €idovg ota delypata. [Tapd 10 YaunAd m0c0GTO SLTPNoNS Kot
TEPLEKTIKOTNTOS  vavvoarmoMbopdtov, emtedydnke o  Plootpopatoypoeikds
YOPOKTNPIGUOC TOV OEYUAT®V HE TNV TOPOVGIO YOPUKTINPIOTIKOV OOV, OTMG
Isthmolithus recurvus, Sphenolithus predistentus, S. distentus, S. ciperoensis k.a. Mg
aVTOV TOV TPOTO TO MEPLGGOTEPA OElYIATO TOV UEAETNONKAY KATOTAYTNKOV GE pia
ovykekpévn Prolovn pe Paon tig frolwvaoelg mov tpotddnkayv amd Martini (1971)
kot Agnini et al. (2014) npocdiopifovtog, TEMKA, U0 TO AETTOUEPT YPOVOAIYNON

TOV HOAUGGIKOV WNUATOV TOV GUVTEAOVV TNV AVTIKT Agkdvn TG Opding.
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1. Introduction

1.1 Study Area
The study area of this master thesis is the Western Thrace basin, located at the

northeastern part of Greece.

In general, the Thrace basin is one of the largest Tertiary basins in the North Aegean
region. It extends from NW Turkey (eastern Thrace basin) until NE Greece (western
Thrace basin) including a small part in the SE Bulgaria. As shown by seismic sections
and hydrocarbon wells (e.g., Kopp et al., 1969; Turgut et al., 1991; Gorir & Okay,
1996) the Thrace basin hosts Eocene — Oligocene siliciclastic and Neogene —
Quaternary sedimentary deposits of up to 9 km in thickness which are marginalized
by the metamorphic rocks of Strandja and Rhodope massifs located in its northeastern

and northwestern part, respectively.
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Figure 1.1 Left: The location of the Thrace basin in the NE Greece. Right: Map by Okay et al.

(2019) showing the extent of its sedimentary rocks.
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1.2 Scope of this study

Through numerous works and the presence of nummulite bearing limestones it is
known that the molassic sediments of the western Thrace basin show an age from
Eocene to Oligocene (Christodoulou, 1958; Dragomanov et al., 1986; Roussos, 1994;
Mainhold & BonDagher-Fadel, 2010).

Aim of this study is to analyze through polarized microscopy the nannofossil
assemblages found in samples from the formations of Alexandroupolis sub-basin
which is one of the three sub-basins that comprise the Western Thrace basin and also
hosts the most complete sequence of the Tertiary formations. After this analysis the
main objective is the biostratigraphical characterization of these samples by defining a
biozone for each one using the biohorizons of identified index species and the
biozonation schemes proposed by Martini 1971 and Agnini et al. 2014, eventually
providing a more detailed dating of the molassic sediments of the Western Thrace

basin.
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2. Subject of this Study

2.1 Calcareous Nannoplankton

The term Calcareous nannoplankton or nannofossils is used to describe a
heterogenous group of marine organisms and calcareous fossil structures. These
organisms are smaller than 60 um, unicellular free floating marine phytoplankton and
even though calcareous nannoplankton are largely diverse as a group, in the fossil
state, the only representative that is found preserved are the coccoliths which are the
calcitic plates that compose the coccolithophores.

Coccolithophores are the most dominant group of calcareous nannoplankton. They are
marine unicellular autotrophic algae so their habitat is restricted to the photic zone, 0-
200m depth of the water column. Taxonomically, they belong to Phylum Haptophyta
and Division Prymnesiofyceae (Jordan & Chamberlain, 1997). Like most
haptophytes, their eukaryotic cell possesses three flagella, two of the same length and
one in a form of a coiled whip called “haptonema”. What differentiates them from the
rest of this phylum is the ability to create numerous minute (<20um) coccoliths.
Coccoliths are composed by calcium carbonate and a small amount of magnesium and
by interlocking/overlapping each other, create a spherical exoskeleton that encloses

the cell (coccosphere) (Figure 2.1.).

The life cycle of coccolithophores is characterized by “pleomorphism” which is the
transition between a non motile diploid stage (2N) into one or more motile haploid
stages (N). During these two stages the coccolithogenesis occurs which is the

formation of two types of coccoliths;

i.  Heterococcoliths are formed during the diploid stage and are comprised of a
radial array of complex shaped intergrown calcite crystals. They vary in
form but they all share some basic morphological well distinct
characteristics such as a radial structured rim and a central area which may

be empty, crossed by bars, filled with a plate/net or bearing a spine.

ii.  Holococcoliths are formed during the haploid stage and are made of
uniformly shaped minute calcite crystals held together by an organic

matrix. In comparison to heterococcoliths, holococcoliths show great
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homogeneity making difficult to distinct the rim from the central area and
are less likely to be found preserved in fossil state.
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Figure 2.1 Schematic represantation of (a) the structure and components of a coccolithophore

cell and (b) the plan view of a single coccolith under microscope (Source: Bown & Young, 1998)

All the other forms of coccoliths that are different from the two types mentioned

above consist a third informal group called “nannoliths”. Nannoliths are of similar

size or larger than the other coccoliths and the shape of their structure varies

considerably (starlike, rodshaped, florets, etc.).
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2.2 The role of Calcareous Nannoplankton in the marine Carbon cycle
‘The marine Carbon cycle or Biological pump is the mechanism by which carbon-
containing compounds are exported via biological processes from the surface to the
deep ocean (Sarmiento & Gruber, 2004). Coccolithophores, which are considered to
be the most productive calcifying organisms on earth, have a major role in the marine
circulation of Carbon through two main processes; photosynthesis and calcification.
(Figure 2.2)

Through photosynthesis (CO2 + H2O — CH20 + O2) , coccolithophores accumulate
carbon dioxide (COz2) in order to create organic matter while through the process of
calcification (HCOs- + Ca2+— CaCOs + H20) they produce carbon dioxide (CO2) in
order to form coccoliths.

Base of euphotic zone

physical mixing
and bacterial decomposition
passive active DIC Conc

sinking of vertical
POC. PIC migration
consumption,
decomposition repackaging excretion

e
- R

{bacteria) (zooplankton) U respiration
;respiration I

Figure 2.2 Schematic representation of the Biologic Pump (Ducklow, 2001)

Furthermore, coccolithophores contribute essentially (50%) in the total oceanic
carbonate sediments (Milliman, 1993) as after their death their calcitic exoskeleton
sinks through the water column until it reaches the sea floor above the carbonate
compensation dept (CCD). This sinking is very slow as it is usual for the coccosphere
to disintegrate into coccoliths after the death of the cell. This process though, gets
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accelerated when the coccoliths are embedded in the fecal pellets of zooplankton such

as the crustacean copepods, in that way they sink faster in the form of “marine snow”.

2.3 Calcareous Nannofossils as tools in Biostratigraphy

Biostratigraphy is the branch of stratigraphy which through the use of fossils provides
dating and correlation of rock formations and stratigraphic sequences in which they
are discovered. The fundamental divisions of biostratigraphy are the biozones which
are defined through the recognition of two or more biohorizons. A biohorizon can be
described as the stratigraphic boundary where an alteration in the fossil content can be
observed. The most basic biohorizons that are used in order to define a biozone are
the first occurrences (Base, B), last occurrences (Top, T) of taxa as well as the
beginning (Base common, Bc) and ending (Top common, Tc) of ranges when taxa

start or stop being common and continuous.

These four types of biohorizons can define five different types of biozones (Agnini et
al., 2017) (Figure 2.3):

e Species A Base Zone (BZ), defined as the interval between the Base of
species A and the Base of species B.

e Species A Top Zone (TZ), defined as the interval between the Top of Species
A and the Top of species B.

e Species A Taxon Range Zone (TRZ), defined as the interval between the Base
and the Top of species A.

e Species A/species B Concurrent Range Biozone (CRZ), defined by the
concurrent range of species A and species B.

e Species C Partial Range Zone (PRZ), comprised within the stratigraphical

range of species C, between the Top of species A and the Base of species B.

Taxa whose biohorizons can provide valuable information and are used in defining of

biozones are called index species.
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Figure 2.3 Range, Interval and Abundance Zones used in calcareous nannofossil biozonations.
(Redrawn by Agnini et al. 2017 after Wade et al., 2011 and Backman et al., 2012)

Calcareous nannofossils provide undeniable qualities in biostratigraphic analysis
making them an advantageous tool over other fossil groups, especially in industrial
applications. First of all, calcareous nannofossils generally show very short
stratigraphic ranges due to their rapid rate of evolution and disappearances of species.
This characteristic, along with the fact that large amount of data was acquired during
the Deep Ocean Drilling Programs since 1960, have advanced the resolution of
nannofossil biostratigraphy by showing detailed first and last occurrences of species
and thus creating new and more accurate biozones. The fact also that they derive from
planktic organisms gives them the benefit of large biogeographic distribution which

helps in the correlation of the same stratigraphical levels between wide areas.

Calcareous nannofossils are also abundant in marine carbonatic sediments which
along with their miniscule size makes them very easy to collect as from just a small
amount of sample millions of individuals can be gathered. Their size also provides
them the advantage of being generally well preserved as mechanical damage is
improbable. However, these characteristics come with some disadvantages as the
preservation of nannofossils can get compromised in deep water sediments because of
the dissolution of calcium carbonate below the carbonate compensation depth (CCD)
while also their resistance to mechanical damage makes them susceptible to

reworking.

The vast amount of data which has been gathered through decades concerning first

and last occurrences of calcareous nannofossil taxa have led to the creation of
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integrated and cohesive biozonations for the Cenozoic. The most notable are the ones
by Martini (1971), Okada and Bukry (1980) and Bown et al. (1988). Those
biozonations, even though they are generally accepted and still relevant today, have
room for re-evaluation or further and more detailed division of zones, especially when
it comes to regional alterations of the calcareous nannofossil record (e.g. differences
between high and low latitudes). A great example, are two new biozonations for
Neogene-Quaternary and Paleogene (Backman et al. 2012; Agnini et al. 2014), valid
for middle-low latitudes, whose aim was to re-evaluate the ones by Martini (1971)
and Okada & Bukry (1980) by validating or substituting, reliable or problematic

biohorizons respectively.
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Figure 2.4 Palaeogene calcareous nannofossil biozonations. CP (Okada & Bukry 1980), NP
(Martini, 1971), CN (Agnini et al., 2014). On the right, images of CN stage index-species are
taken from literature. (* = Base; + = Top; x = crossover) (Agnini et al., 2017)
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3. Geological Setting

The eastern Thrace basin has been intensely studied due to its high hydrocarbon
potential (e.g. Gorlr & Okay, 1996; Okay et al., 1990; Turgut & Eseller, 2000; Siyako
& Hiivaz, 2007; Ozcan et al., 2010) and is considered to be a fore-arc basin. Similarly,
a fore-arc basin model was determined for the western basin too (Gorur & Okay,
1996; Tranos, 2009; Maravelis & Zelilidis, 2010). More recently though, through
detailed tectonic analysis and geological mapping of the Tertiary molassic and
volcanosedimentary rocks, Kilias et al. (2013) have defined the Tertiary Western
(Greek) part of the basin as a “supradetachment basin associated with sedimentary

and volcanic infilling”.
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Figure 3.1 Simplified geological map showing the Thrace basin and the main structural units of
the Rhodope and Serbomacedonian massifs with their tectonic relationships, as well as the

Sakarya and Strandja metamorphic rocks in northwestern Turkey. (Kilias et al., 2013)
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Figure 3.2 Geological map of Alexandroupolis sheet (H.S.G.M.E., 1977) on the left and Ferai-Peplos-Ainos sheet (H.S.G.M.E., 1980) on the right.
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3.1 The Rhodope — North Aegean Molassic basin

The molassic formations of Greece can be grouped into three major molassic basins
which have been developed in different locations and periods during the southward
migration of the Hellenic arc (IToravicoidov, 2015).

These molassic basins (Figure 3.4) are:

e The Rhodope — North Aegean molassic basin located at the core of the
Hellenic arc and developed during Eocene — Oligocene.

e The Mesohellenic molassic Trough located at the middle of terrestrial Greece
and developed during Oligocene — Middle Miocene.

e The Cretan Sea molassic basin, representing the back-arc basin of the Hellenic

arc, still active since Upper Miocene.

Figure 3.4 The major molassic basins of Greece. 1: Rhodope — North Aegean molassic basin, 2:
Mesohellenic molassic Trough, 3: Cretan Sea molassic basin. (ITaravikoidov, 2015)
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The molassic formations that comprise the Western Thrace basin are part of the
Rhodope — North Aegean molassic basin.

The Rhodope — North Aegean molasse has been deposited mainly on top of the
metamorphic rocks of the Rhodope Massif as well as in the area of Vardar Zone
(former Axios Zone). Its molassic formations also extent in the North Aegean Sea
with the most notable observations on the islands of Limnos and Agios Efstratios.

In modern times there only a few appearances of the Rhodope — North Aegean
molasse as its greatest part is either covered by the post-Alpine sediments of Upper
Miocene — Pleistocene age or under the sea level in the North Aegean Sea or eroded.

The sedimentary rocks of the Molassic trough of Evros are conglomerates,
sandstones, marles, argilacceous marles and marly limestones and their ages range
from Low Eocene to the Oligocene/Miocene boundary (Kopp, 1966) while volcanism
of mainly Oligocene age can also be observed.

3.2 Tectonostratigraphy of the Western Thrace basin

Papanikolaou and Triantaphyllou (2010) have defined two NE-SW trending dextral
strike-slip fault zones, the Soufli fault zone in the south and the Ardas fault zone in
the north, dissecting the western part of Thrace Basin into three sub-basins (SB): the
Petrota SB in the north, the Alexandroupolis SB in the south and the Orestias SB in
the middle. (Figure 3.5)
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Figure 3.5 The Western Thrace basin dissected by Ardas and Soufli fault zones into three sub-

basins: Orestias SB, Petrota SB and Alexandroupolis SB. (Papanikolaou & Triantaphyllou, 2010)

The pre-Tertiary basement is different in the three western Thrace sub-basins.
Medium-high grade metamorphic rocks are observed below the southern margin of
Orestias SB and also below the western margin of Petrota SB. On the contrary, the
low metamorphic grade Makri unit (part of the circum-Rhodope Unit) is observed
below the western margin of Alexandroupolis SB, whereas the Melia Late Cretaceous
alkaline volcanic activity (diabase and gabbro) and strongly folded and silicified

“flysch”-type sediments are observed below the central part of the sub-Basin.

The Alexandroupolis SB consists of two Tertiary stratigraphic sequences separated by
an angular unconformity. The lower sequence comprises the Kirki Formation, made
of strongly folded and faulted sandstones, shales and reddish/greenish conglomerates,
unconformably overlying the Melia “flysch”. Kirki Formation is overlain by a 30m
thick sandstone member and by the Chorafaki Formation, made of alternations of

sandstones and pelites. Avas Formation, comprising Eocene neritic reefal limestones
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with corals and benthic foraminifera (e.g., Nummulites and Alveolina), is
unconformably overlying Chorafaki Formation.

Upwards, the Pylaca Formation is made of tilted “flysh”-type marls, sandstones and
some limestone interbeds. At the area around Fere, the Pylaea Formation contains
thick volcanic rocks and pyroclastics. Towards the top, Pylaea Formation displays non
deformed horizontal strata and the characteristic Pythion Member (near Didymoticho)
with pronounced Congeria beds. The uppermost part of Pylaea is characterized by
molassic-type cross-bedded sands, which are unconformably overlain by mostly
lacustrine (?Miocene) deposits of Fere Formation.

The Orestias SB is featured only by the upper part of Alexandroupolis sequence,
comprising Didymoticho and Pythion Formations Metaxades Formation, equivalent to
Avas and Pylaea Formations of Alexandroupolis SB. Volcaniclastic sediments are
located in the Metaxades area (e.g., Tsirambides et al, 1989).
Towards the northwestern margin of Thrace Basin, a basal clastic formation of
sandstones and conglomerates of Late Eocene age is exposed in the Petrota SB,

overlain by marls of Oligocene age.
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Figure 3.6 Correlated startigraphic collumns of the 3 sub-basins (Petrota SB, Orestias SB and

Alexandroupolis SB) that comprise the Western Thrace basin. (Papanikolaou & Triantaphyllou,
2010)
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4. Material and Methods

4.1  Sampling

In October of 2018 sampling was carried out on several outcrops, both natural and
artificial, of the formations which comprise the Alexandroupolis sub-basin in the
Western Thrace basin. In total, 44 samples were collected, by cleaning the outer layer
of the outcrops and picking a small quantity of “healthy” sediment for each. During
sampling, great attention was paid in avoiding contamination between samples and
priority was given to the most clayey/argillaceous layers of the formations in order to
maximize the possibility of richness and good preservation of nannofossils.

In order of stratigraphic succession the recovered samples were 4 from the Melia
formation (D1, D2, D3, D25), 10 from Kirki Fm (D5, D6a, D6b, D7, D8, D9, D10,
D12, D12-13A, D13), 1 from the sandstone member between Kirki Fm and Chorafaki
Fm (D15), 11 from Chorafaki Fm (D11, D14, D16, D16A, D16B, D16Ca, D16Cb,
D16D, D16E, D16Ea, D16F), 3 from Avas fm (D26, D26a, D26b) and 15 samples
from Pylaea formation of which 1 was from the base (D20), 1 from the limestone
lentil (D24), 11 from the middle (D28B, D28a, D27, D17, D17B, D18, D19, D21,
D22, D23a, D23b) and 2 from the top (D29, D30) (Figure 4.1, Figure 4.2 andFigure
4.3).
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Figure 4.1 Lithostratigraphic column of Alexandroupolis sub-basin and the collected samples.
(Papanikolaou & Triantaphyllou, 2010)
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Figure 4.2 Photos of outcrops showing the different formations and sampling points in the study
area. A: Melia flysch (sample D1). B: Kirki formation (Ba. sample D6, Bb. sample D7). C:
Kirki/Chorafaki (sample D15). D: Chorafaki formation (sample D16). E: Avas formation (sample
D26)
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Figure 4.3 Photos of outcrops showing the different formations and sampling points in the study
area. F: Lower Pylaea formation (Fa: sample D28, Fb: sample D27). G: Limestone lentil (sample
D24). H: middle/upper Pylaea formation (Ha: sample D17B, Hb: samples D17/D18/D19, Hc:

sample D29).

4.2 Calcareous nannofossil analysis
For the calcareous nannofossil analysis 51 smear slides were created, 1 slide for each
sample while in some cases, due to color or lithological alterations in the same

sample, the creation of a second one was deemed necessary (Table 4.1).
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Table 4.1 List of all collected samples and smear slides which were analyzed

Code

Formation

Smear slides

D1

D2

D3

D25

Melia Fm

1

D5

D6a

D6b

D7

D8

D9

D10

D12

D12-13A

D13

Kirki Fm

D15

Sandstone Mb

D11

D14

D16

D16A

D16B

D16Ca

D16Cb

D16D

D16E

D16Ea

D16F

Chorafaki Fm

D26

D26a

D26b

Avas Fm

D20

D24

D28B

D28a

D27

D17

D17B

D18

D19

D21

D22

D23a

D23b

D29

D30

Pylaea Fm

(N I TSN FNCT PN T TN T TN T T T N TN T [ N N T P N I R R N R N N R R RN RN R RN

Total number of slides

a1
[WEN
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4.2.1 Sample preparation
The smear slides for calcareous nannofossil analysis have been prepared according to
the standard preparation technique of Perch-Nielsen (1985). The steps of this

preparation technique are mentioned below and are shown in Figure 4.4.

At first the sediment sample was cleaned by paring its outer surfaces (i). Then
approximately 1-2 mm? of fine “dust” of material was scraped off with the use of a
water was then used to moisturize the material (iv) and a flat wooden toothpick to
carefully smear it and create transverse lines across the slide (v, vi). Once these
traverses were achieved the slide was placed on a VWR scientific hot plate until it
dried out (vii). Afterwards, the side of the slide bearing the material was glued to a
coverslip using a Norland optical adhesive 61 while applying slight pressure on it in
order to avoid capturing air bubbles (viii, ix). Lastly, the slides were cleaned, labeled
and were ready to be analyzed (x).

Figure 4.4 Methodology of smear slide preparation for nannofossil analysis under polarized light
microscope.
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4.2.2  Analysis of samples

The smear slides were analyzed under a Leica DMLSP polarizing light microscope at
1250x. The majority of the samples collected were barren of nannofossils while the
ones in which the nannofossils were present were intensely reworked and the state of
preservation was mostly low, therefore, in order to accurately determine the
biostratigraphic ranges, when needed, more than one smear slides for each sample
were created and studied.

Figure 4.5 Analysis of smear slides under polarized light microscope

At first a semi-quantitative analysis has been followed, counting and identifying all
species that were found in 3 traverses (1 traverse ~ 100 fields of view) spanned across
the slide, to determine which were common (C; 1 specimen/10 fields of view), rare
(R; 1 specimen/10-100 fields of view), present (P; 1 specimen/>100 fields of view) or
reworked (RW). Due to the extreme rarity of index species and the inability of
determining an exact biozone, the rest of each slide has also been studied counting
and identifying any additional species especially index ones in order to conclude in a
specific age. During this stage of the analysis, as index species were considered all
taxa whose biohorizons are used in the division of biozones for the Paleogene period
in general. Later on, once the data of all samples was collected and their relative age
was possible to be determined, some of the index species, despite their presence, were

disregarded as reworked.

In this study, the biostratigraphic indices Sphenolithus predistentus, S. distentus and S.
ciperoensis are extremely rare in the assemblages and therefore considered to be in
situ and not reworked as according to Backman and Shackleton (1983) when a species

is rare it provides a poor source for reworking.
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For the identification of all the different species, the detailed references for
nannofossil taxonomy by Perch-Nielsen (1985) and Bown (1998) were used while the
online database of the Nannotax project (www.mikrotax.org/Nannotax3) by Young et
al. (2017) has also been advised.

The biozonation that was used was the one according to Martini (1971) but also
according to Agnini et al. (2014) as the last one provided modern data and more
detailed biozones for the Paleogene period. The biostratigraphical scheme by Martini
(1971) uses the alphanumerical notation “NP” (Nannoplankton Paleogene) for the
Paleogene with a total number of 25 zones while the one by Agnini et al. (2014) uses
“CN” (Calcareous Nannofossils) followed by letters indicating the Epoch (P:
Palaeocene, E: Eocene, O: Oligocene).
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5. Results

Out of the 44 samples which were collected and studied, 33 were found to be barren
of calcareous nannofossils. The 11 samples in which nannofossils were present
(Figure 5.1 The outcrop positions from which the 11 samples that contained
calcareous nannofossils were collected.Figure 5.1), in stratigraphic order from lower

to higher, were:

e D16F from the base of Chorafaki Fm

e D26a from the base of Avas Fm

e D20 from the base of Pylaea Fm

e D24 from the limestone lentil in lower Pylaea Fm

e D28B, D28a, D27, D17B, D18 and D19 from the middle of Pylaea Fm
e D29 from the top of Pylaea Fm

As described in Material and Methods the analysis of each sample took place in two

parts. At first all species found in 300 fields of view (FOV) were identified and
counted while on the second part the whole smear slide (<1500 FOV) had to be
studied counting only any additional species found, specifically index ones, thus
concluding in a statistically safe result of the participation percentage of all species in

each sample.
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Kilometers
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Figure 5.1 The outcrop positions from which the 11 samples that contained calcareous nannofossils were collected.
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5.1 Chorafaki Formation
Sample D16F

For sample D16F one smear slide has been studied under polarized light microscope.

On Table 5.1 are shown the number of individual specimens of each species found in

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.2, are

shown the number of individual specimens of additional species found in the whole

sample (1500 FOV). Finally, Figure 5.2 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D16F.

Table 5.1 Species and number of specimens found in 300 FOV in sample D16F.

D16F
Species Specimens / 300 FOV
Blackites clavus 4
Campylosphaera dela 3
Chiasmolithus nitidus 13
Clausicoccus subdistichus 4
Coccolithus eopelagicus 4
Coccolithus pelagicus 49
Cribrocentrum reticulatum 10
Cyclicargolithus floridanus 38
Dictyococcites bisectus 15
Ericsonia formosa 19
Reticulofenestra dictyoda 4
Reticulofenestra minuta 11
Sphenolithus furcatolithoides "morphotype A" 10
Sphenolithus furcatolithoides "morphotype B" 21
Sphenolithus moriformis 25
Sphenolithus radians 1
Sphenolithus spiniger 24
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Table 5.2 Additional species and number of specimens found in 1500 FOV in sample D16F.

DA6F _
Species Specimens / 1500 FOV

Discoaster distinctus 5
Discoaster nodifer 14
| Nannoconus funiculus

|k

| Neococcolithes dubius

fY

Pontosphaera obliquipons
Reticulofenestra hillae 15
Reticulofenestra umbilicus

Sphenolithus conspicuus
Umbilicosphaera bramlettei
Zygrhablithus bijugatus

= NN |

Species

Sample D16F

Blackites clavus 04

Campylosphaera dela 0.3

Chiasmolithus nitidus 7.1

Clausicoccus subdistichus 1.5

Coccolithus eopelagicus 0.5

Coccolithus pelagicus 8.7

Cribrocentrumreticulatum

Cyclicargolithus floridanus

Dictyococcites bisectus 1.6

Discoaster distinctus 0.5

Discoaster nodifer 1.4

Ericsoniaformosa 132

Nannoconus funiculus 0.1

Neococcolithes dubiug | 0.1

Pontosphaera obliquipons 0.4

Reticulofenestra dictyoda 34

Reticulofenestrahillae l.ﬁ

Reticulofenestraminuta

Reticulofenestraumbilicus 0.7

Sphenolithus conspicuus | 0.1

Sphenolithus furcatolithoides a 21

Sphenolithus furcatolithoides b 10.6

Sphenolithus moriformis

Sphenolithus radians 04

Sphenolithus spiniger 11.8

Umbilicosphaerabramlettei 02

Zygrhablithus bijugatus 0.6

0 2 4 6 8 10 12 14 16

Percentage (%)

Figure 5.2 Participation percentages of nannofossil species in the whole smear slide of sample
D16F.
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5.2 Avas formation
Sample D26a

For sample D26a one smear slide has been studied under polarized light microscope.

On Table 5.3 are shown the number of individual specimens of each species found in

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.4, are

shown the number of individual specimens of additional species found in the whole

sample (1500 FOV). Finally, Figure 5.3 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D26a.

Table 5.3 Species and number of specimens found in 300 FOV in sample D26a.

D26a
Species Specimens / 300 FOV
Braarudosphaera bigelowii 11
Coccolithus pelagicus 18
Cribrocentrum reticulatum 5
Cyclicargolithus floridanus 3
Dictyococcites bisectus 10
Discoaster saipanensis 1
Ericsonia formosa 8
Isthmolithus recurvus 3
Pontosphaera multipora 1
Pontosphaera obliquipons 1
Pontosphaera plana 1
Reticulofenestra dictyoda 2
Reticulofenestra hillae 1
Reticulofenestra umbilicus 1
Sphenolithus moriformis 5
Umbilicosphaera bramlettei 3
Zygrhablithus bijugatus 15

Table 5.4 Additional species and number of specimens found in 1500 FOV in sample D26a.

D26a

Species

Specimens / 1500 FOV

Braarudosphaera insecta

1

Chiasmolithus oamaruensis

Coccolithus eopelagicus

Discoaster barbadiensis

Pontosphaera ocellata

Sphenolithus obtusus

Zygrhablithus bijugatus subsp. cornutus

WIN[IN[WlWIN
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Species

Braarudosphaerabigelowii
Braarudosphaera nsecta
Chiagmolithus oamaruensis
Coccolithug eopelagicus
Coccolithus pelagicus
Cribrocentrumreticulatum
Cyclicargolithug floridanus
Dictyococcites bisectus
Discoaster barbadiensis
Discoaster saip anensis
Ericsoniatormosa
Isthmolithus recurvus
Pontosphaeramultipora
Pontosphaera obliquipons
Pontosphaera ocellata
Pontosgphaeraplana
Reticulofenestra dictyoda
Reticulofenestrahillae
Reticulofenestraumbilicus
Sphenolithus moriformis
Sphenolithus obtusus
Umbilicosphaera bramletter
Zygrhablithus bijugatus

Zygrhablithus byugatus subsp. cornutus

Sample D26a

20.0

5.8

_ 0.4

16.4

._ 07

(=}
(%]

10

Percentage (%)

25

Figure 5.3 Participation percentages of nannofossil species in the whole smear slide of sample D26a.
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Plate 5.1 Micrographs of calcareous nannofossil species found in samples D16F (1-17) and D26a

(18-31). All scale bars on bottom right of each photograph represent length of 5pm. 1: Blackites
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clavus, 2: Campylosphaera dela, 3: Chiasmolithus nitidus, 4: Clausicoccus subdistichus, 5:
Cribrocentrum reticulatum, 6: Discoaster distinctus, 7: Ericsonia formosa, 8: Micula staurophora,
9: Nannoconus funiculus, *10: Neococcolithes dubius, 11: Pontosphaera obliquipons, 12:
Reticulofenestra dictyoda, 13: Reticulofenestra hillae, 14: Reticulofenestra umbilicus, 15:
Sphenolithus furcatolithoides “morphotype B”, 16: Sphenolithus radians, 17: Sphenolithus
spiniger, 18: Braarudosphaera insecta, 19: Chiasmolithus oamaruensis, 20: Coccolithus
eopelagicus, 21: Cribrocentrum reticulatum, 22: Discoaster barbadiensis, 23: Discoaster
saipanensis, 24: Dictyococcites bisectus, 25: Ericsonia formosa, 26: Isthmolithus recurvus, 27:
Pontosphaera obliquipons, 28: Pontosphaera ocellata, 29: Reticulofenestra dictyoda, 30:

Reticulofenestra hillag, 31: Reticulofenestra umbilicus.

5.3 Pylaea formation
Sample D20

For sample D20 one smear slide has been studied under polarized light microscope.
On Table 5.5 are shown the number of individual specimens of each species found in
3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.6, are
shown the number of individual specimens of additional species found in the whole
sample (1500 FOV). Finally, Figure 5.4 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D20.

Table 5.5 Species and number of specimens found in 300 FOV in sample D20.

D20
Species Specimens / 300 FOV
Coccolithus pelagicus 42
Cyclicargolithus floridanus 236
Dictyococcites bisectus 8
Ericsonia formosa 4
Helicosphaera recta 2
Micula staurophora 1
Pontosphaera punctosa 3
Sphenolithus moriformis 13
Sphenolithus predistentus 6
Sphenolithus spiniger 3
Zygrhablithus bijugatus 40
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Table 5.6 Additional species and number of specimens found in 1500 FOV in sample D20.

D20

Species

Specimens / 1500 FOV

Clausicoccus subdistichus

1

Cribrocentrum reticulatum

Cyclicargolithus abisectus

Sphenolithus akropodus

Sphenolithus distentus ?

Sphenolithus furcatolithoides "morphotype B"

Sphenolithus obtusus

NIN|IOIN|ININ
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Species

Clausicoccus subdistichus
Coccolithus pelagicus
Cribrocentrumreticulatum
Cyclicargolithus abisectus
Cyclicargolithus floridanus
Dictyococcites bisectus
Ericsoniaformosa
Helicosphaerarecta
Miculastaurophora
Pontosphaera punctosa
Sphenolithus akropodus
Sphenolithus distentus ?
Sphenolithus furcatolithoidesb
Sphenolithus moriformis
Sphenolithus obtusus
Sphenolithus predistentus
Sphenolithus spiniger

Zyghablithus bijugatus

Sample D20

0.1

F 14

20

30

Percentage (%)

40

50

60

70

Figure 5.4 Participation percentages of nannofossil species in the whole smear slide of sample D20.
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Sample D24

For sample D24 one smear slide has been studied under polarized light microscope.
On Table 5.7 are shown the number of individual specimens of each species found in
3 traverses (300 FOV), randomly spanned across the smear slide. No additional
species found in the rest of the sample. Finally, Figure 5.5 is a diagram showing the
participation percentages of all species in the total nannofossil assemblage of sample
D24.

Table 5.7 Species and number of specimens found in 300 FOV in sample D24.

D24
Species Specimens / 300 FOV
Coccolithus pelagicus 34
Cyclicargolithus floridanus 24
Dictyococcites bisectus 11
Ericsonia formosa 12
Isthmolithus recurvus 1
Reticulofenestra hillae 19
Reticulofenestra umbilicus 5
Sphenolithus moriformis 6
Sphenolithus tawfikii 4
Zygrhablithus bijugatus 1
Sample D24
Coccolithus pelagicus 29.1
Cyclicargolithus floridanus 20.5
Dictyococcites bisectus 9.4
Ericsoniaformosa 10.3
g Isthmolithus recurvus 0.9
5-7 Reticulofenestrahillae 16.2
Reticulofenestraumbilicus 43
Sphenolithus moriformis 51
Sphenolithus tawfikii 34
Zyghablithus byugatus 0.9
0 5 10 15 20 25 30 35
Percentage (%)

Figure 5.5 Participation percentages of nannofossil species in the whole smear slide of sample
D24.
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Plate 5.2 Micrographs of calcareous nannofossil species found in samples D20 (1 - 17) and D24
(18 - 25). All scale bars on bottom right of each photograph represent length of Spm. 1-3:
Cyclicargolithus abisectus, 4-5: Ericsonia formosa, 6-8: Helicosphaera recta, 9: Micula
staurophora, 10: Pontosphaera punctosa, 11-12: Sphenolithus akropodus, 13-14: Sphenolithus
distentus ?, 15-17: Sphenolithus predistentus, 18: Cyclicargolithus abisectus, 19: Discoaster
barbadiensis, 20: Ericsonia formosa, 21: Isthmolithus recurvus, 22-23: Reticulofenestra hillae, 24-
25: Sphenolithus tawfikii.

Sample D28B

For sample D28B one smear slide has been studied under polarized light microscope.
On Table 5.8 are shown the number of individual specimens of each species found in
3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.9, are

shown the number of individual specimens of additional species found in the whole
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sample (1500 FOV). Finally, Figure 5.6 is a diagram showing the participation
percentages of all species in the total nannofossil assemblage of sample D28B.

Table 5.8 Species and number of specimens found in 300 FOV in sample D28B.

D28B
Species Specimens / 300 FOV
Coccolithus pelagicus 34
Cyclicargolithus floridanus 105
Dictyococcites bisectus 14
Ericsonia formosa 1
Sphenolithus moriformis 14

Table 5.9 Additional species and number of specimens found in 1500 FOV in sample D28B.

D28B
Species Specimens / 1500 FOV

Sphenolithus distentus 3
Sphenolithus obtusus 3
Sphenolithus predistentus 4
Sphenolithus tawfikii 4

Sample D28B

Coccolithus pelagicus 19.9
Cyelicargolithus floridanus 61.3

Dictyococcites bisectus 82
Ericsoniaformosa 0.6
Sphenolithus distentus 0.4

Sphenolithus moriformis 82
Sphenolithus obtusus # 0.4
Sphenolithus predistentus # 0.5
Sphenolithus tawfikii 0.5

Species

0 10 20 30 40 50 60 70

Percentage (%)

Figure 5.6 Participation percentages of nannofossil species in the whole smear slide of sample
D28B.

Sample D28a

For sample D28a one smear slide has been studied under polarized light microscope.
On Table 5.10 are shown the number of individual specimens of each species found in
3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.11 are

shown the number of individual specimens of additional species found in the whole
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sample (1500 FOV). Finally, Figure 5.7 is a diagram showing the participation
percentages of all species in the total nannofossil assemblage of sample D28a.

Table 5.10 Species and number of specimens found in 300 FOV in sample D28a.

D28a
Species Specimens / 300 FOV
Cyclicargolithus floridanus 68
Dictyococcites bisectus 20
Ericsonia formosa 2
Sphenolithus moriformis 12
Sphenolithus predistentus 2
Umbilicosphaera bramlettei 1

Table 5.11 Additional species and number of specimens found in 1500 FOV in sample D28a.

D28a
Species Specimens / 1500 FOV
Sphenolithus distentus 5
Sphenolithus tawfikii 4
Sample D28a
Cyclicargolithus floridanus 63.7
Dictyococcites bisectus 18.7
Ericsoniaformosa 19
é Sphenolithug distentus 0.9
£
& Sphenolithus morifornis 11.2
Sphenolithus predistentus 19
Sphenolithus tawfikii 0.7
Umbilicogphaerabramlettei 0.9
0 10 20 30 40 50 60 70

Percentage (%)

Figure 5.7 Participation percentages of nannofossil species in the whole smear slide of sample
D28a.

Sample D27

For sample D27 one smear slide has been studied under polarized light microscope.
On Table 5.12 are shown the number of individual specimens of each species found in

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.13 are
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shown the number of individual specimens of additional species found in the whole
sample (1500 FOV). Finally, Figure 5.8 is a diagram showing the participation
percentages of all species in the total nannofossil assemblage of sample D27.

Table 5.12 Species and number of specimens found in 300 FOV in sample D27.

D27
Species Specimens / 300 FOV
Coccolithus pelagicus 14
Cribrocentrum reticulatum 1
Cyclicargolithus floridanus 18
Dictyococcites bisectus 4
Discoaster barbadiensis 2
Ericsonia formosa 1
Reticulofenestra hillae 4

Table 5.13 Additional species and number of specimens found in 1500 FOV in sample D27.

D27
Species Specimens / 1500 FOV
Sphenolithus distentus 5
Sphenolithus predistentus 8
Sphenolithus tawfikii 3

Sample D27

Coccolithus pelagicus 233
Cribrocentrumreticulatum 1.7
Cyclicargolithus floridanus 30.0
Dictyococcites bisectus 6.7
Discoaster barbadiensis 3.3

Ericsoniaformosa 1.7

Species

Reticulofenestrahillae 6.7
Spheneolithus distentus 8.3
Sphenolithus predistentus 13.3
Sphenolithus tawfikii 5.0

5 5
1 :P?l‘l‘(’llt‘.lg? (%TD

Figure 5.8 Participation percentages of nannofossil species in the whole smear slide of sample
D27.

Sample D17B

For sample D17B one smear slide has been studied under polarized light microscope.

On Table 5.14 are shown the number of individual specimens of each species found in
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Species

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.15, are

shown the number of individual specimens of additional species found in the whole

sample (1500 FOV). Finally, Figure 5.9 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D17B.

Table 5.14 Species and number of specimens found in 300 FOV in sample D17B.

D17B
Species Specimens / 300 FOV
Coccolithus pelagicus 27
Cyclicargolithus floridanus 150
Dictyococcites bisectus 74
Sphenolithus moriformis 12

Table 5.15 Additional species and number of specimens found in 1500 FOV in sample D17B.

D17B

Species

Specimens / 1500 FOV

Braarudosphaera bigelowii

2

Clausicoccus subdistichus

Cyclicargolithus abisectus

Ericsonia formosa

Sphenolithus distentus

Sphenolithus predistentus

Sphenolithus tawfikii

Zygrhablithus bijugatus

AR |O|WlW|IOIN

Braarudosphaerabigelowii
Clausicoccus subdistichus
Coccolithus pelagicus
Cyclicargolithus abisectus
Cyclicargolithus floridanus
Dictyococcites bisectus
Ericsoniaformosa
Sphenolithus distentus
Sphenolithus moriformis
Sphenolithus predistentus
Sphenolithus tawfilii

Zygrhablithus bijugatus

0.1

0.1

10.1

0.4

0.2

0.2

4.5

0.4

0.1

0.3

Sample D17B

27.6

20 30 40

Percentage (%)

50

Figure 5.9 Participation percentages of nannofossil species in the whole smear slide of sample

D17B.
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Plate 5.3 Micrographs of calcareous nannofossil species found in sample D28B (1-8), D28a (9-12),
D27 (13-16), D17B (17-23). All scale bars on bottom right of each photograph represent length of
Spm. 1: Chiasmolithus oamaruensis, 2: Cyclicargolithus abisectus, 3: Cribrocentrum reticulatum, 4-
6: Sphenolithus predistentus, 7: Sphenolithus distentus, 8: Sphenolithus tawfikii, 9: Sphenolithus
distentus, 10: Sphenolithus tawfikii, 11: Ericsonia formosa, 12: Sphenolithus predistentus, 13:
Sphenolithus tawfikii, 14: Cribrocentrum reticulatum, 15: Discoaster barbadiensis, 16: Sphenolithus
distentus, 17: Braarudosphaera bigelowii, 18: Cyclicargolithus abisectus, 19-20: Sphenolithus
distentus, 21-23: Sphenolithus predistentus.
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Sample D18

For sample D18 one smear slide has been studied under polarized light microscope.

On Table 5.16 are shown the number of individual specimens of each species found in

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.17, are

shown the number of individual specimens of additional species found in the whole

sample (1500 FOV). Finally, Figure 5.10 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D18.

Table 5.16 Species and number of specimens found in 300 FOV in sample D18.

D18
Species Specimens / 300 FOV
Coccolithus eopelagicus 2
Coccolithus pelagicus 85
Cyclicargolithus floridanus 75
Dictyococcites bisectus 14
Discoaster deflandrei 4
Ericsonia formosa 1
Helicosphaera compacta 3
Pontosphaera plana 1
Pontosphaera pulchra 2
Reticulofenestra umbilicus 2
Sphenolithus moriformis 43
Sphenolithus obtusus 2
Sphenolithus predistentus 4
Zygrhablithus bijugatus 73

Table 5.17 Additional species and number of specimens found in 1500 FOV in sample D18.

D18
Species Specimens / 1500 FOV
Clausicoccus subdistichus 7
Cyclicargolithus abisectus 3
Sphenolithus ciperoensis 3
Sphenolithus distentus 1
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Species

Clausicoccus subdistichus
Coccolithus eopelagicus
Coccolithus pelagicus
Cyclicargolithus abisectus
Cyclicargolithus floridanus
Dictyococcites bisectus
Discoaster deflandrei
Ericsoniaformosa
Helicosphaera compacta
Pontogphaeraplana
Pontosgphaerapulchra
Reticulofenestraumbilicus
Sphenolithus ciperoensis
Sphenolithus distentus
Sphenolithus moriformis
Sphenolithus obtusus
Sphenolithus predistentus

Zygrhablithus bijugatus

Sample D18

Ll

27.1

— 13.7

0] 5 10 15 20

Percentage (%)

30

Figure 5.10 Participation percentages of nannofossil species in the whole smear slide of sample D18.
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Sample D19

For sample D19 one smear slide has been studied under polarized light microscope.
On Table 5.18 are shown the number of individual specimens of each species found in
3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.19, are
shown the number of individual specimens of additional species found in the whole
sample (1500 FOV). Finally, Figure 5.11 is a diagram showing the participation
percentages of all species in the total nannofossil assemblage of sample D19.

Table 5.18 Species and number of specimens found in 300 FOV in sample D19.

D19
Species Specimens / 300 FOV
Braarudosphaera perampla 1
Coccolithus pelagicus 61
Cyclicargolithus floridanus 291
Dictyococcites bisectus 13
Ericsonia formosa 2

Table 5.19 Additional species and number of specimens found in 1500 FOV in sample D19.

D19
Species Specimens / 1500 FOV
Clausicoccus subdistichus 12
Sphenolithus ciperoensis 3
Sphenolithus distentus 9
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Species

Sample D19

Braarudosphaeraperampla | 0.3

Clausicoccus subdistichus F 0.6

Coccolithus pelagicus # 15.6

Cyclicargolithusfloridanus _ 74.3

Dictyococcites bisectus 33

Ericsoniatormosa i 0.5

Sphenolithus ciperoensis | 0.2

Sphenolithus distentus F 0.5

Sphenolithus moriformis _ 33

Sphenolithus obtusus | 0.3

Sphenolithus predistentus F 0.5

Zygrhablithus bijugatus _ 0.8
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Figure 5.11 Participation percentages of nannofossil species in the whole smear slide of sample D19.




Sample D29

For sample D29 one smear slide has been studied under polarized light microscope.

On Table 5.20 are shown the number of individual specimens of each species found in

3 traverses (300 FOV), randomly spanned across the smear slide. On Table 5.21, are

shown the number of individual specimens of additional species found in the whole

sample (1500 FOV). Finally, Figure 5.12 is a diagram showing the participation

percentages of all species in the total nannofossil assemblage of sample D29.

Table 5.20 Species and number of specimens found in 300 FOV in sample D29.

D29
Species Specimens / 300 FOV
Coccolithus pelagicus 20
Cyclicargolithus abisectus 1
Cyclicargolithus floridanus 28
Dictyococcites bisectus 11
Ericsonia formosa 17
Micula staurophora 2
Reticulofenestra umbilicus 1
Sphenolithus moriformis 8
Sphenolithus spiniger 1
Zygrhablithus bijugatus 1

Table 5.21 Additional species and number of specimens found in 1500 FOV in sample D29.

D29
Species Specimens / 1500 FOV
Campylosphaera dela 1
Chiasmolithus nitidus 3
Clausicoccus subdistichus 7
Cribrocentrum reticulatum 19
Discoaster barbadiensis 2
Helicosphaera recta 1
Nannoconus kamptneri subsp. minor 3
Reticulofenestra hillae 1
Sphenolithus ciperoensis 1
Sphenolithus distentus 2
Sphenolithus furcatolithoides "morphotype B" 2
Umbilicosphaera bramlettei 5
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Species

Campylosphaera dela
Chiasmolithus nitidus
Clausicoccus subdistichus
Coccolithus pelagicus
Cribrocentrumreticulatum
Cyclicargolithug abisectus
Cyclicargolithus floridanus
Dictyococcites bisectus
Discoaster barbadiensis
Ericsoniaformosa
Helicosphaerarecta
Miculastauropliora
Nannoconus kamptneri subsp. minor
Reticulofenestrahillae
Reticulofenestraumbilicus
Sphenolithus ciperoensis
Sphenolithus distentus
Sphenolithus furcatolithoides b
Sphenolithus moriformis
Sphenolithus spiniger
Umbilicosphaera bramlettei
Zygrhablithus bijugatus

Sample D29

? 28.2

— 8.0

10

15

Percentage (%)
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Figure 5.12 Participation percentages of nannofossil species in the whole smear slide of sample D29.




66



Plate 5.4 Micrographs of calcareous nannofossil species found in samples D18 (1-9), D19 (10-19)
and D29 (20-29). All scale bars on bottom right of each photograph represent length of Spm. 1-3:
Cyclicargolithus abisectus, ‘4: Sphenolithus ciperoensis, 5-7: Sphenolithus distentus, 8-9:
Sphenolithus predistentus, 10: Braarudosphaera perampla, 11: Sphenolithus ciperoensis, 13-16:
Sphenolithus distentus, 17-19: Sphenolithus predistentus, 20-21: Cyclicargolithus abisectus, 22-23:
Helicosphaera recta, 24: Micula staurophora, 25: Nannoconus kamptneri subsp. minor, 26:

Sphenolithus ciperoensis, 27-29: Sphenolithus distentus.
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6. Discussion / Biostratigraphical characterization

6.1 Chorafaki formation
Sample D16F

In the calcareous nannofossil assemblage identified in sample D16F no index species
were found whose biohorizons could determine a specific biozone. However, its
biostratigraphical characterization was possible by the absence of specific index

species.

First of all, the coexistence of Dictyococcites bisectus, Cribrocentrum reticulatum,
Coccolithus eopelagicus, Reticulofenestra hillae and Reticulofenestra umbilicus
indicate a range between the top of biozone NP16 and the undividable biozones
NP19/20. Martini’s biozonation shows uncertainties in defining the boundaries of
biozones NP16-NP17, NP17-NP18 and NP19-NP20. This problem can be solved by

advising the new biozones proposed by Agnini et al., 2014,
Agnini et al. (2014) have divided this interval into five separate biozones:

e CNEL15, defined as the Dictyococcites bisectus / Sphenolithus obtusus
concurrent range zone, between the Base of Dictyococcites bisectus and the
Top of Sphenolithus obtusus.

e CNELS6, defined as the Chiasmolithus grandis partial range zone, between the
Top of Sphenolithus obtusus and the Base common of Cribrocentrum erbae.

e CNEL7, defined as the Cribrocentrum erbae taxon range zone.

e CNEL18, defined as the Isthmolithus recurvus partial range zone, between the
Top common of Cribrocentrum erbae and the Base of Cribrocentrum
isabellae.

e CNE19, defined as the Cribrocentrum isabellae / Cribrocentrum reticulatum
concurrent range zone, between the Base of Cribrocentrum isabellae and the

Top of Cribrocentrum reticulatum.

In sample D16F, there is total absence of the species Sphenolithus obtusus,
Chiasmolithus grandis, Cribrocentrum erbae, Isthmolithus recurvus and
Cribrocentrum isabellae placing it between the Top of Cribrocentrum erbae and the

Base common of Isthmolithus recurvus.
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The reason for that, despite the fact that Isthmolithus recurvus is absent, is because
this specific index species, according to higher resolution studies of I. recurvus
abundances, shows an initial temporary and short-lived occurrence in Chron C17n,
followed by an absence interval prior to the reentry of continuous (Base common) I.
recurvus (Backman 1987, Catanzariti et al. 1997, Villa et al. 2008, Fornaciari et al.
2010).

Consequently, sample D16F has been determined to belong in the lower part of
biozone CNE18 (Agnini et al., 2014) or NP18 (Martini, 1971) dating it between 36.9
Ma and 37.4 Ma.

The “in situ” calcareous nannofossil assemblage of sample D16F is represented by the
species Chiasmolithus nitidus, Clausicoccus subdistichus, Coccolithus eopelagicus,
Coccolithus pelagicus, Cribrocentrum reticulatum, Cyclicargolithus floridanus,
Dictyococcites bisectus, Discoaster nodifer, Ericsonia formosa, Neococcolithes
dubius, Pontosphaera obliquipons, Reticulofenestra dictyoda, Reticulofenestra hillae,
Reticulofenestra minuta, Reticulofenestra umbilicus, Sphenolithus moriformis,

Sphenolithus radians, Umbilicosphaera bramlettei and Zygrablithus bijugatus.

Reworked species that have been found were Blackites clavus, Campylosphaera dela,
Chiasmolithus nitidus, Discoaster distinctus, Nannoconus funiculus, Sphenolithus

furcatolithoides “morphotype A” / “morphotype B” and Sphenolithus spiniger.
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Table 6.1 Calcareous nannofossil distribution for sample D16F based on the semi-quantitative
analysis and the biostratigraphical characterization (P: Present, R: Rare, C: Common and RW:
Reworked).

Sample D16F
Species Distribution
Coccolithus pelagicus C
Cyclicargolithus floridanus
Ericsonia formosa
Chiasmolithus nitidus
Clausicoccus subdistichus
Cribrocentrum reticulatum
Dictyococcites bisectus
Discoaster nodifer
Reticulofenestra dictyoda
Reticulofenestra hillae
Reticulofenestra minuta
Reticulofenestra umbilicus
Sphenolithus moriformis
Sphenolithus radians
Zygrhablithus bijugatus
Coccolithus eopelagicus
Neococcolithes dubius
Pontosphaera obliquipons
Umbilicosphaera bramlettei
Blackites clavus
Campylosphaera dela
Discoaster distinctus
Nannoconus funiculus
Sphenolithus furcatolithoides "morphotype A"
Sphenolithus furcatolithoides "morphotype B"
Sphenolithus spiniger
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=
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Noteworthy observations that derive from the age determination of sample D16F is
the presence with high percentage of the reworked species Sphenolithus
furcatolithoides and Sphenolithus spiniger as well as the fact that defining biozone
NP18 for the base of Chorafaki formation is in agreement with previous

biostratigraphical study carried out by Papanikolaou and Triantaphyllou (2010).
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According to this study the base of Kirki formation has been determined as the lower
part of biozone NP17 according to Martini (1971) or the top of CNE15 according to
Agnini et al. (2014) due to the presence of Sphenolithus obtusus.

6.2 Avas formation
Sample D26a

In the calcareous nannofossil assemblage identified in sample D263, the index species
Isthmolithus  recurvus is sufficiently represented which indicates that
biostratigraphically D26a is above the Base common of Isthmolithus recurvus. This
fact along with the coexistence of Discoaster barbadiensis, Discoaster saipanensis
and Cribrocentrum reticulatum defines that D26a belongs to the indivisible zones
NP19/NP20 (Martini, 1971).

Agnini et al. (2014), by considering as biohorizons the Base of Cribrocentrum
isabellae and the Top of Cribrocentrum reticulatum, have divided the interval of

NP19/20 biozones into three new zones:

e CNE18 which is defined as the Isthmolithus recurvus partial range zone,
between the Top common of Cribrocentrum erbae and the Base of
Cribrocentrum isabellae.

e CNE19 defined as the Cribrocentrum reticulatum/Cribrocentrum isabellae
concurrent range zone, between the Base of C. isabellae and the Top of C.
reticulatum.

e CNEZ20 defined as the Top zone of Discoaster saipanensis, between the Top of
C.reticulatum and the Top of D.saipanensis.

In the assemblage of sample D26a Cribrocentrum isabellae was absent, thus
concluding that D26a is placed between the Base common of I. recurvus and the Base

of C. isabellae.

Consequently, sample D26a (base of Avas formation) has been determined to belong
in the upper part of biozone CNE18 (Agnini et al., 2014) or low NP19/NP20 (Martini,
1971) dating it between 36.2 Ma and 36.9 Ma.

The “in situ” calcareous nannofossil assemblage of sample D26a is represented by the

species Braarudosphaera bigelowii, Chiasmolithus oamaruensis, Coccolithus
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eopelagicus, Coccolithus pelagicus, Cribrocentrum reticulatum, Cyclicargolithus
floridanus, Dictyococcites bisectus, Discoaster barbadiensis, Discoaster saipanensis,
Ericsonia formosa, Isthmolithus recurvus, Pontosphaera multipora, Pontosphaera
obliquipons, Pontosphaera plana, Reticulofenestra dictyoda, Reticulofenestra hillae,
Reticulofenestra umbilicus, Sphenolithus moriformis, Umbilicosphaera bramlettei,
Zygrhablithus bijugatus and Zygrhablithus bijugatus subsp. cornutus.

Reworked species that have been found were Braarudosphaera insecta, Pontosphaera
ocellata and Sphenolithus obtusus.

Table 6.2 Calcareous nannofossil distribution for sample D26a based on the semi-quantitative
analysis and the biostratigraphical characterization (P: Present, R: Rare, C: Common and RW:
Reworked).

Sample D26a

Species Distribution
Coccolithus pelagicus
Dictyococcites bisectus
Zygrhablithus bijugatus
Braarudosphaera bigelowii
Cribrocentrum reticulatum
Cyclicargolithus floridanus
Discoaster saipanensis
Ericsonia formosa
Isthmolithus recurvus
Reticulofenestra dictyoda
Sphenolithus moriformis
Umbilicosphaera bramlettei
Chiasmolithus oamaruensis
Coccolithus eopelagicus
Discoaster barbadiensis
Pontosphaera multipora
Pontosphaera obliquipons
Pontosphaera plana
Reticulofenestra hillae
Reticulofenestra umbilicus
Zygrhablithus bijugatus subsp. cornutus

V|O|O|(O|(T|O0|TD|T0|TD|A|D|D|A|D|D|D|DIOIO|IOI0

Braarudosphaera insecta RW
Pontosphaera ocellata RW
Sphenolithus obtusus RW
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6.3 Pylaea formation
Sample D20

In the assemblage of sample D20, the coexistence of the species Helicosphaera recta
and Cyclicargolithus abisectus as well as the absence of Reticulofenestra umbilicus
strongly indicates that sample D20 belongs in biozone NP23.

This is further endorsed by the presence of the species Sphenolithus tawfikii which has
its Base in NP23. The species S. tawfikii is a species of the genus Sphenolithus that
has been introduced and described by Bergen et al. (2017). Aside from Bergen et al.,
2019 no further references have been found considering this species making it not
well established. The found specimens, though, show great resemblances to its
description and so have been identified as such.

Additionally in the assemblage of sample D20 occur rare specimens of the genus
Sphenolithus that show an intermediate morphology between S. predistentus and S.
distentus. This fact matches the remarks by Agnini et al 2014 considering the
assemblages for biozone CNO3 and in the present research these specimens are

mentioned as “Sphenolithus distentus ?”.

To conclude, sample D20 has been determined to belong in lower biozone NP23
(Martini, 1971) or lower CNO3 (Agnini et al., 2014) dating it between 31 Ma and 32
Ma.

The “in situ” calcareous nannofossil assemblage of sample D20 is represented by the
species Clausicoccus subdistichus, Coccolithus pelagicus, Cyclicargolithus abisectus,
Cyclicargolithus floridanus, Dictyococcites bisectus, Helicosphaera recta,
Sphenolithus  akropodus, Sphenolithus distentus, Sphenolithus moriformis,

Sphenolithus predistentus, Sphenolithus tawfikii and Zygrhablithus bijugatus.

Reworked species that have been found were Cribrocentrum reticulatum, Ericsonia
formosa, Micula staurophora, Pontosphaera punctosa, Sphenolithus obtusus and

Sphenolithus spiniger.
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Table 6.3 Calcareous nannofossil distribution for sample D20 based on the semi-quantitative
analysis and the biostratigraphical characterization (P: Present, R: Rare, C: Common and RW:
Reworked).

Sample D20
Species Distribution
Cyclicargolithus floridanus C
Zygrhablithus bijugatus C
Coccolithus pelagicus C
Dictyococcites bisectus R
Helicosphaera recta R
Sphenolithus moriformis R
Clausicoccus subdistichus P
Cyclicargolithus abisectus P
Sphenolithus distentus ? P
Sphenolithus predistentus P
Sphenolithus akropodus RW
Cribrocentrum reticulatum RW
Ericsonia formosa RW
Micula staurophora RW
Pontosphaera punctosa RW
Sphenolithus furcatolithoides "morphotype B" RW
Sphenolithus obtusus RW
Sphenolithus spiniger RW

Sample D24

In the identified calcareous nannoplankton assemblage of sample D24 the species
Sphenolithus tawfikii is present while Sphenolithus distentus is totally absent. By
taking into consideration, also, that sample D24 is stratigraphically higher than sample
D20 it can be concluded that sample D24 belongs in lower Zone NP23 (Martini,
1971) or upper Zone CNO3 (Agnini et al., 2014) dating it between 30 Ma and 31 Ma.

The “in situ” calcareous nannofossil assemblage of sample D24 is represented by the
species Coccolithus pelagicus, Cyclicargolithus floridanus, Dictyococcites bisectus,

Sphenolithus moriformis, Sphenolithus tawfikii and Zygrhablithus bijugatus.

Reworked species that have been found were Ericsonia formosa, Isthmolithus

recurvus, Reticulofenestra hillae and Reticulofenestra umbilicus.
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Table 6.4 Calcareous nannofossil distribution for sample D24 based on the semi-quantitative
analysis and the biostratigraphical characterization (P: Present, R: Rare, C: Common and RW:
Reworked).

Sample D24
Species Distribution
Coccolithus pelagicus C
Cyclicargolithus floridanus R
Dictyococcites bisectus R
Sphenolithus moriformis R
Sphenolithus tawfikii P
Zygrhablithus bijugatus P
Ericsonia formosa RW
Isthmolithus recurvus RW
Reticulofenestra hillae RW
Reticulofenestra umbilicus RW

Samples D28B, D28a, D27 and D17B

The calcareous nannofossil assemblages of samples D28B, D28a, D27 and D17B are
all characterized by the coexistence of Sphenolithus predistentus and Sphenolithus
distentus while also the absence of Sphenolithus ciperoensis indicating that they
belong in upper Zone NP23 (Martini, 1971) or CNO4 (Agnini et al., 2014) which is
the S.predistentus/S.distentus Concurrent Range Zone dating it between 27,2 Ma and
30 Ma.

The “in situ” calcareous nannofossil assemblage of sample D28B is represented by
the species Coccolithus pelagicus, Cyclicargolithus floridanus, Dictyoccites bisectus,
Sphenolithus distentus, Sphenolithus moriformis, Sphenolithus predistentus and
Sphenolithus tawfikii.

Reworked species that have been found were Ericsonia formosa and Sphenolithus

obtusus.

For sample D28a the “in situ” assemblage is represented by Cyclicargolithus
floridanus, Dictyococcites bisectus, Sphenolithus distentus, Sphenolithus moriformis,

Sphenolithus predistentus, Sphenolithus tawfikii.
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Reworked species that have been found were Ericsonia formosa and Umbilicosphaera
bramlettei.

For sample D27 the “in situ” assemblage is represented by the species Coccolithus
pelagicus, Cyclicargolithus floridanus, Dictyococcites bisectus, Sphenolithus
distentus, Sphenolithus predistentus and Sphenolithus tawfikii.

Reworked species that have been found were Ericsonia formosa and Reticulofenestra
hillae.

The “in situ” calcareous nannofossil assemblage of sample D17B is represented by
the species Braarudosphaera bigelowii, Clausicoccus subdistichus, Coccolithus
pelagicus, Cyclicargolithus abisectus, Cyclicargolithus floridanus, Dictyococcites
bisectus, Sphenolithus distentus, Sphenolithus moriformis, Sphenolithus predistentus,
Sphenolithus tawfikii, Zygrhablithus bijugatus.

Reworked species that have been found were Ericsonia formosa.

Table 6.5 Calcareous nannofossil distribution for samples D28B, D28a, D27 and D17B based on
the semi-quantitative analysis and the biostratigraphical characterization (P: Present, R: Rare,
C: Common and RW: Reworked).

Species Samples
D28B|D28a|D27] D17B
Cyclicargolithus floridanus C C | R C
Dictyococcites bisectus R R | R C
Coccolithus pelagicus C R R
Sphenolithus moriformis R R R
Zygrhablithus bijugatus R
Braarudosphaera bigelowii P
Clausicoccus subdistichus P
Cyclicargolithus abisectus P
Sphenolithus distentus P P P P
Sphenolithus predistentus P P P P
Sphenolithus tawfikii P P P P
Sphenolithus obtusus RW
Ericsonia formosa RW | RW [RW| RW
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Samples D18 and D19

Samples D18 and D19 show similar assemblages, characterized by the coexistence of
the index species Sphenolithus predistentus, S. distentus and S. ciperoensis. Martini
(1971) has defined the interval when these three species coexist as Zone NP24, a
concurrent range zone from the Base of S. ciperoensis until the Top of S. distentus,
with the Top of S. predistentus occurring in between them. However, Agnini et al.
(2014) have disregarded this zone as inconsistent due to the fact that the biohorizons
used (Base of S. ciperoensis and Top of S. distentus) occur slightly below and above
the Top of S. predistentus. In contrast, in Agnini et al. (2014) biozonation, for the
same interval, only the Top of S. predistentus is used as a biohorizon that separates
zones CNO4 (S.distentus/S.predistentus CRZ) and CNO5 (S.ciperoensis TZ) while
also mentioning that “in upper Zone CNO4 specimens with intermediate morphology
between S.ciperoensis and S.distentus become present before the genuine
Sphenolithus ciperoensis is established (Olafsson & Villa, 1992; Blaj et al., 2009).”

The specimens of Sphenolithus ciperoensis found in samples D18 and D19 are badly
preserved therefore it can’t be said with certainty whether they are genuine S.
ciperoensis or the intermediate morphotypes that Agnini et al. (2014) have described.
In either case, these specimens along with the presence of S. predistentus and S.
distentus indicate that samples D18 and D19 belong to Zone NP24 (Martini, 1971) or
upper Zone CNO4 (Agnini et al., 2014) dating it between 27 Ma and 27,2 Ma.

The “in situ” calcareous nannofossil assemblage of sample D18 is represented by the
species Clausicoccus subdistichus, Coccolithus pelagicus, Cyclicargolithus abisectus,
Cyclicargolithus floridanus, Dictyococcites bisectus, Discoaster deflandrei,
Helicosphaera compacta, Sphenolithus ciperoensis, Sphenolithus distentus,

Sphenolithus predistentus and Zygrhablithus bijugatus.

Reworked species that have been found were Coccolithus eopelagicus, Ericsonia
formosa, Pontosphaera plana, Pontosphaera pulchra, Reticulofenestra umbilicus and

Sphenolithus obtusus.

The “in situ” calcareous nannofossil assemblage of sample D19 is represented by the

species Braarudosphaera perampla, Clausicoccus subdistichus, Coccolithus
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pelagicus, Cyclicargolithus floridanus, Dictyococcites bisectus, Sphenolithus
ciperoensis, Sphenolithus distentus, Sphenolithus moriformis, Sphenolithus
predistentus and Zygrhablithus bijugatus.

Reworked species that have been found were Ericsonia formosa and Sphenolithus
obtusus.

Table 6.6 Calcareous nannofossil distribution for samples D18 and D19 based on the semi-
guantitative analysis and the biostratigraphical characterization (P: Present, R: Rare, C:
Common and RW: Reworked).

: Samples
Species

D18 | D19
Braarudosphaera perampla P
Clausicoccus subdistichus R R
Coccolithus pelagicus C C
Cyclicargolithus abisectus P
Cyclicargolithus floridanus C C
Dictyococcites bisectus R R
Discoaster deflandrei R
Helicosphaera compacta P
Sphenolithus ciperoensis P P
Sphenolithus distentus P P
Sphenolithus moriformis C R
Sphenolithus predistentus P P
Zygrhablithus bijugatus C P
Coccolithus eopelagicus RW
Ericsonia formosa RW | RW
Pontosphaera plana RW
Pontosphaera pulchra RW
Reticulofenestra umbilicus RW
Sphenolithus obtusus RW | RW

Sample D29

Sample D29 is from the upper part of the Pylaea formation. Its assemblage is

characterized by intense reworking with the presence of reworked species that
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resembles the assemblage of sample D16F like Sphenolithus furcatolithoides
"morphotype B" and Cretaceous species (Micula staurophora, Nannoconus
kamptneri). Concerning the index species, Sphenolithus distentus and S. ciperoensis
were present while Sphenolithus predistentus was absent. Similarly with samples D18
and D19 the rare specimens of S. distentus are not considered reworked therefore the
age of sample D29 should be below the Top of S. distentus. Along with the presence
of S. ciperoensis, the absence of S. predistentus as well as the fact that sample D29 is
stratigraphically higher than samples D18 and D19 it is concluded that sample D29
belongs to Zone NP24 (Martini,1971) or lower CNO5 (Agnini et al., 2014) dating it
between 26,8 Ma and 27 Ma.

The “in situ” calcareous nannofossil assemblage of sample D29 is represented by the
species Chiasmolithus nitidus, Clausicoccus subdistichus, Coccolithus pelagicus,
Cyclicargolithus abisectus, Cyclicargolithus floridanus, Dictyococcites bisectus,
Helicosphaera recta, Sphenolithus ciperoensis, Sphenolithus distentus, Sphenolithus

moriformis, Zygrhablithus bijugatus.

Reworked species that have been found were Campylosphaera dela, Cribrocentrum
reticulatum, Discoaster barbadiensis, Ericsonia formosa, Micula staurophora,
Nannoconus  kamptneri subsp. minor, Reticulofenestra hillae, Reticulofenestra
umbilicus, Sphenolithus furcatolithoides "morphotype B", Sphenolithus spiniger and

Umbilicosphaera bramlettei.
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Table 6.7 Calcareous nannofossil distribution for sample D29 based on the semi-quantitative
analysis and the biostratigraphical characterization (P: Present, R: Rare and RW: Reworked).

Sample D29
Species Distribution
Chiasmolithus nitidus R
Clausicoccus subdistichus R
Coccolithus pelagicus R
Cyclicargolithus floridanus R
Dictyococcites bisectus R
Sphenolithus moriformis R
Cyclicargolithus abisectus P
Helicosphaera recta P
Sphenolithus ciperoensis P
Sphenolithus distentus P
Zygrhablithus bijugatus P
Campylosphaera dela RW
Cribrocentrum reticulatum RW
Discoaster barbadiensis RW
Ericsonia formosa RW
Micula staurophora RW
Nannoconus kamptneri subsp. minor RW
Reticulofenestra hillae RW
Reticulofenestra umbilicus RW
Sphenolithus furcatolithoides "morphotype B" RW
Sphenolithus spiniger RW
Umbilicosphaera bramlettei RW

Finally, in Figure 6.1 is a chart summarizing the results along with the
biostratigraphical characterization. It futures a simplified stratigraphic column of the
Alexandroupolis sub-basin (not in scale), the analyzed samples in their stratigraphic
position, index nannofossil species which were found in their assemblages, the
adjusted biozones according to both schemes by Martini (1971) and Agnini et al.
(2014) and eventually the determined age range.
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Figure 6.1 Chart showing the final results and the biostratigraphic interpretation of the samples that contained nannofossils and have been analyzed in this study.
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7. Conclusions

To conclude, even though the low preservation of calcareous nannofossils and the
intense reworking proved to be a challenging factor, the biostratigraphical
characterization of the Paleogene molassic formations which comprise the

Alexandroupolis sub-basin has been achieved.

All samples from the startigraphically lowest molassic formations including the flysch
of Melia Fm, Kirki Fm and the Sandstone member were barren of nannofossils

rendering it unable to determine a biozone for them.

The formations of Chorafaki Fm and the base of Avas Fm have been determined to be
of Late Eocene age, the Lower part of Pylaea Fm of Early Oligocene age and the
upper part of Pylaea of Late Oligocene.

The exact Eocene - Oligocene boundary could not be determined as there appears to
be a lack of nannofossil data from the base of Avas Fm until the base of Pylaea Fm.
This “hiatus” lasts for approximately 4 Ma and could be translated as the period
during which the carbonatic platform was active depositing the neritic limestones of

Avas Fm.
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