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CHAPTER 1. INTRODUCTION

1.1GENERAL INFORMATION

1.1.1 Historical background

In the 3" century B.C., Herodotus mentioned for the first timepttesence dfarge
Benthic ForaminiferdLBF) into the rocks of the Egyptian pyramids; considering them
as lentilsand food relics of the labebuilters. Later, the latin name of species,
Nummulitesvereapplied to Herodotus findingkater onancientphilosophergRliny,
Strabo) and scientists (Lineéjso referred to their existenddevertheless, the first
comprehensive classificatiomasi nt r oduced by ,dm@luddgtbemgny i n
among the cephalopods. Almost a decade latBujardin (1835) recognized
foraminifera as protozod@he following years, a plethora of studies were performed by
numerous researchers and in 1872 the first scientific oceanographic research expedition
took place. The voyage of H.M.S. Challenger allowed many scienisksding H.B.
Brady, to work on the ocean sea floor samples. Brady in 1884 published a monograph

of foraminifera that constitutes the fundamental reference until these days.

1.1.2 Morphology

Foraminifera are unicellar organisms characterized by subcellular components or
organelles that are responsible fiomerougunctions(Haynes 1981; Goldstein 1999).
All these organelles are surrounded/enclosed by a test that can be architectonically
simple or complicated (Haynes 1981; Goldstein 1999). The test may be comoposed
organic, agglutinated or calcareous material. Foraminifera with organiartadts of
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chitin, reflect the primitive forms. Genera with agglutinated walls built their tests using
the available material which is attached on the organic membrane and cemented with
calcareous material. Howeveanost foraminifera possess calcareous test which are
divided into three categories: porcelaneous, microgranular and hyaline (Brasier 1980;
Goldstein 1999;Haynes 1981;Hottinger 2000; Loeblich and Tappan 1964).
Foraminifera show a variety of test morphoésyand chamber arrangemeiisstscan

be unilocula andconsist only of one chamber with an opening (apertordheycan

be multilocular. In this case, the test is made of mone ¢in@ chamber and presents
different kinds of arrangementsuch as planispiral, fusiform, uniserial, biserial,
triserial, milioline, polymorphine, or trochospiréh these multilocular forms, the test
growth is periodic andftenthe new chamber is bigger than the previonsand they

are divided by septa. The aperture is always in the new added chamber and the aperture
of the pevious chamber is convedin a foramen. The position and morphology of the
aperture disgly a variety of types. Thprincipal ones are: open end of tube, terminal
radiate, terminal umbilical, loephaped, interiomarginal, single or multiple, orbate,
with phialine lip, with bifid tooth or umbilical teeth (Haynes 19&Igttinger 2000;
Loeblich and Bppan 1964)Through these apertural openings, foraminifera extrude
pseudopodia. These are networks of branched, fine anastomosedik@&eattusions.

They constitute the means by which foraminifera interact with the environment and
many essential life functionseaaccomplished. They are responsible for building and
structuring their test, as the available material fromstimeoundingenvironment can

be attachedr incorporated intdhe test(Bowser and Travis 2000; Goldstein 1999;
Hottinger 2000;Haynes1981; Makled and Langer 20Q9Additionally, pseudopodia
reflect the feeding mechanism as they facilitate the exploitation of trophic resources,
gather food orcatchprey Bowser et al. 1992; Goldstein 1999; Haynes 19&hps

1942 Langerand Bell199%). Motility and attachment can be conducted as pseudopodia
are dynamic. Finally, they are algovolved inreproductionprocesse¢Bowser and
Travis 2000Goldstein 1999; Hottinger 2000Qanger et al. 2009

1.1.3 Diet

For their nutrition, foraminifera utilize several trophic mechanisms such as
herbivory and bactivorygrazing, suspension feeding, parasitism, carnivory, direct
uptake of DOC, and omnivoryGpldstein 1999; Lee et al. 197%jpps 1983.

According to Hallock (1987)there are several ways that feeding mechanisms affect

14



biodiversity. These are the diversity along the trophic resource continuum, the
energetics and diversity, the ttop resources and the environmental stability and the
zonation in the euphotic habitats. Different species are adapted to take advantage of the
available food supplies, whicimadethese foaminifera moreabundantand which

allowed them to grovarger tests (Lipps 1983; Hallock 1987).

1.1.4 Habitat

Foraminifera are agpted to all aquatic habitats with the majority in marine
environments, but some can exist in brackistd in freshwater or even on land
(Holzmann et al. 2021 Adjustments are also observed in the full range of temperature
and salinities (Murray 1973; Boltovska@and Wright 1976; Haynes 1981ipps and
Langer 1999 Moreover, different species areapted to the full range of water depth.
However, this term constitutes a complex gradient, as it evolves the factors of
topography, illumination, water energy camydrostatic pressure (Whittaker B97
Hohenegger 1995Y opography affects the current system which costie type of
sedimentation and the formation of theedimentary deposit§Murray 1973;
Hohenegger 1995 lllumination is also a significant factorespecially forlarger
symbiontbearingforaminifera (LBF) that house symbionts anldey aretherefore
restricted to the euphotic zone (Hottinger 1977; Haynes 1981; Lee and Anderson 1991).
The factor of water energy can be easily overtaken by constructing tests with the
necessary and special mechanic features (Severin and Lipps F@8)y, the
hydrostatic pressure parameter maiakerts control on the availabilitgf oxygen
Depending on the amount aVailable oxygenenvironmentsre classifiedhs anoxic,
dysoxic and oxic and the microfauisahus considered to lamaerobic, dysaerobic and
aerobic respectively Allison et al. 1995). The distribution of foraminifera is not only
influenced by the aforementioned factors but &lgbiotic ones such as competition,
food supply and space (Lipps 198&llock 1987; Goldstein 1999%ccording to their
habitats and life strategy, foraminifera cansbddivided into planktonic foraminifera
which float freelyin the upper water column of the open ocean and into benthic
foraminifera which livan oron the sea floor free or attached to a substhaigeneral,
there are two types oficrohabitats for benthic foraminiferapifaunal (on the surface
of the substrate) and infaunal (in the sediment) (Haynes 1981; Murray 2006).
Additionally, benthic foraminifera can be subdivided into two inforrti@adonomic

groups, large and small benthic foraminifera. Tdassificationof large benthic
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foraminifera (LBF) relies on he complex internal structurethje symbiontbearing

characterand theireproductive strategfHaynes 1981; Goldstein 1999)

1.1.5 Life cycle and reproduction

Lister in 1895 was the first who outlined tigpeciespairo. Through the following
years, researcher®.g., Jepps 1942; Lister 1903ntroduced and explained the
heterophasic alternation asexual and sexual generation as the fundamental life cycle
of foraminifera.Through theasexual reproductiordaughter cellsare generated via
meiosis and grow to give gamonts, which are also known as mplgatizsforns (A-
form). These are characterized by large proloand a small test size. In sexual
reproduction, numerous gametggenerated via mitosis. When they meet and fuse,
a zygote is produced which cremtbe agamontalso calledmicrospheric form (B
form). There is also a third type of generatiarhere @ agamont via multiple fission

produces anegalospheric schizofitlaynes 1981; Goldstein 1999; Hatger 2000)

1.1.6 Large Benthic Foraminifera (LBF)

The Large Benthic Foraminifera (LBF) aren anformal group of benthic
foraminiferathat includes both fossil and living forms. Thane distinguishedue to
their complex internal morphology and usually have a volume of more than 3 mm
(Ross 1974). Their living representatives belong to the oodéfgiolida and Rotaliida
(LoeblichandTappan 1984)Hallock (1998) identified seven families of living LBF:
the Archaiadae, Peneroplidae, Soritidae and Alveolinidae, Amphisteginidae,
Calcarinidae and Nummulitidae.

They are most commonly found in shallow, tropical and carbonate environments,
with many specie$osting symbiotic algae, a feature that alsbaracterizesnany
extinct LBFs (Cowen 1983). Their presence is indicativevatier depthof less than
130m, and they live within the photic zone (Hottinger 1983; Hallock 1984).

Their distribution is often associated with periods of global warming, increases in
relative humidity, expansion of tropical and subtropical environments, and reduced
ocean circulation (HallockndGlenn 1986). During such periods, nutrient cycling in
surface waters declined dramatically as did organic productivity in the oceans
(Bralower and Thierstein 1984). These oligotrophic conditions are particularly
favorable for symbinots bearing_.BF. The early Quaternary is one such typical period
(BuxtonandPedley 1989).
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Under favourable conditions, livinfpraminiferagrow rapidly and reproduce in
relatively small shell sizes (HalloadndGlenn 1986). However, in populations living
in environments where environmental stress conditions prevail, due to temperature
change/fall, food or light deficiency, etc., individuals grow more slowly and emerge
with larger shell sizes (Bradshaw 195Mummulitesa characteristic genus Bbcene
LBF group, has been shown to respond quickly to environmental changes and
depositional conditins. Shell size is influenced by their mode of reproduction, water
agitation and depth, temperature, and light intensity (BeavifAgémmeyand Racey
2004).

Lipps (1982) suggestithat the asexual reproductive process is the dominant reason
for the increase in population size when environmental conditions are associated with
increased nutrient supply. Therefore, macrospheric forms dominate in these
environments. In general, a patteof unequal distribution of macroversus
microspheric forms is observed. Blondeau (1972), considers that a typical, normal
population ofNummuliteshas an A/B forms ratio of 10:1. This pattern suggests that
the intrinsic reproducte process isestricted to certain ecological conditions, zones
that are also related to depth (Hottin6i77; Leutenegger 1977).

Based on numerous studies, systematic changes in shell morphology have been
documented in relation to variations in depth, habitat, and the ability to bring sytmbio
into the shell (e.g., Haynes 1965; Hottingard Drehner 1974; Larseand Drooger
1977; Hallock 1979; Hallockand Hansen 1979). These researchers correlated
morphological withthe decrease in photosynthetic activity of symiigoand with
increasing water depth. Morphological trends can be reflected both in different species
of the same genusd in the same species (Hallock 1979; HallaokiHansen 1979).

More flattenedormswerereported in species inhabitidgppemwaters, thus suggesting

that light availability controls shell morphology through interaction with symbionts
(Hallock 1979). Tisinteractionand morphological adaptatiopsovidea powerful tool

for the interpretation of paleoenvironmsrftallock 1980; Leutenegger 1984). For
example, Trevisani and Papazzoni (1996) observed changes in the distribution and
shape oNN. fabianiiin the Italian Alps. Two subspecies were identified, one of which
represents flattened formshile the second belongs to the robust ones. The changes
were attributed to the influence of water energy and light intensity. Hallock (1979),
suggested that water movement is also a factor that can affect the shape of the shell.

Their small massesponds extremely rapidly to small changes in water, although these
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are partially dependent on changes that may occur simultaneously with other
environmental variables such as salinity and temperature (KBW@®. Temperature is
generally considered the most important physical factor affecting the distribution of
larger foraminifera(Lee 1974 Langer andHottinger 2000. Also, the total size of
microspheric forms increases over geolagitme. A similar increase in size of
macrospheriforms occurs to a lesser extent, with a parallel incregsmloculussize
(Blondeau 1972). The firdlummulitesoccus in the late Paleoceneand they were
represented by smadized speciePuring the middle Eocenéhey develop extremely

large forms and thegeachamaximum sizdO 1 Q. ¢ m

1.20BJECTIVES
The purpose of this study is to investigate the benthic foraminiferal assemblages
alongthePaleogeneémmed shelf of the Greek paot Thrace Basimn order to provide
apaleoenvironmental reconstructiorodel. The aims of this thesis are:
A arevised and completed systematic description of the LBF
A thedetailedmicrofacies analysesf the carbonated deposits
A arevised and comprehensiaxonomy of thesmallbenthic foraminifera
A theestablishment of the benthic foraminiferal biofacies
A record the assemblage distributiéacies and biostratigraptand compare
themwith Turkishpart of the Thrace basin
A the developnent of a paleoenvironental model based on benthic
foraminiferal biofacies

A give an overview of the LBF distribution, facies and biostratigraphy
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CHAPTER 2. REGIONAL GEOLOGY

The Thrace basin is a large Tertiary molassic basin located in the North Aegean
region expanding from Greece to Bulgaria and finally terminates/ends in NW Turkey.
The basin is formed upon the metamorphic rocks of the Rhodope massif in northern
Greece andni Bulgaria and on the Strandja and Sankarya massifs in Turkey (Kopp
1965; Burchfiel et al. 2003; Bonev et al. 2006; Okay et al. 2010; Kilias et al. 2011;
2013). The westerfgreek)part of the basin at NE Greece, is borddrgthe Pangaion
Mts. in the wet Evros River in the east, the Rhodope Mountain chain massif in the
north while in the south it is sporadically exposed as small remnants mainly at Lemnos,
Agios Efstratios and Samothraki Islands. The evolution of the Thrace basin is also
related to volcaic activity, which seems to have started in middle Eocene
(Innocenti et al. 1982; Fytikas et al. 1984). Pyroclastic and subordinate lavas are
exposed at FerreSoufli-Petrota and MaroniKirki-Esimi and their age ranges
between 323.6 Ma (Innocentet al. 1982) or 33:49.5 Ma (Christofides et al. 2004).
However, the volcanic activity seems to have started in midtbeEocene as its
products are intercalated with clastic sediments of the same age (Kopp 1965; Zagorchev
1998; Burchfiel et al. 2003According to Kilias et al. (201,2013) and Tranos (2009),
the wider region underwent intense tectonic events which attributed to the architecture
of the basin. A NESW extension that initiated duritigemiddle-late Eocene dominates
the area and is assatedwith strike-slip faults. As a result, a supdetachment basin
was formed (Kilias et al. 20112013 2015), divided ito three sukbasins
(Alexandroupolis, Orestias and Petrota, respectivepanikolao@andTriantaphyllou

2010). After this extensional event, Tertiary deposition took place. Paleogene mollase
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type deposits, -B km in thickness are present and overlie Rhodope basement. The
stratigraphy of the Tertiary sequence can be divided into two general sequences
followed by Neogene and Quaternary deposits (Kopp 1965; Papanikalau
Triantaphyllou 2010).

The lower sequence deposition, which is exposed only in the Alexandoupelis sub
basin, started around mideligper Lutetian (Kirki Formation), with red conglomerates.
They considered as basal conglomerates and their maximum thickness is more than
1000 m, wih type locality north of Avas (PapanikolaandTriantaphyllou 2010). The
deposition continues with sandstones, alternating with sand, marl and shales. The type
locality of these shales is Kirki, wheké perforatusandA. exponensvere recovered
among dber macrofauna, indicating a late Lutetian to early Bartonian age
(KarageorgiowandChristodoulou 1957; SBZ 16/ Dimou et al. 2021), most possibly
redeposited within. The Kirki Formation, which is assigned to calcareous nannofossil
biozone NP17 (late Bartonian) and is overlain by alternations of sandstones and pelites
of the ChorafakFormation (PapanikolacandTriantaphyllou 2010).

The upper sequence, exposing in all three-lmagins, refers to nummulitic
limestones (Avas/Metaxades Formation), followed by marls, sandstones and limestone
interbeds (Pylaea/Pythion Formation; Papanikoland Triantaphyllou, 2010). The
middle-upper Eocene nummulitic limestone can be divided into two layers, the first
layer is light yellowish and full dNummulitesand the second one that is gragdish,
massive and is characterized by the presence of corals (Kopp 1965). The type locality
of this limestme is Avas. An equivalent limestone is reported from Didymotichon
(Orestias sulbbasin). The upper Eocene to lower Oligocene deposits are the most
widespread and differentiated. They can be expressed as fine, gray sandy marls
alternating with dark gray fineandstones, nummulitic limestones, conglomerates,
shales and marls or andesitic lava flows and tuffites that in places are intercalated with
thin limestone beds (Kopp 1965; nannofossil biozones NPA9PZB- Papanikolaou
andTriantaphyllou 2010).

The Oligocene deposits consist of grey sandstones alternating with marls and
overlain by Neogene sedimentary deposits composed by conglomerates, siltstones
sandstones and limestones. The following Quaternary deposits consist of gravels, and

sandstones (Kapl1965; Caracciolo et al. 2012).
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CHAPTER 3. MATERIAL AND METHODS

3.1INTRODUCTION

Foraminifera provide a great amount of information about biostratigraphy,
paleoecology and taxonomic research, due to their abundance in the marine sediments.
They occupy different habitats; therefore, they vyield lots of information about
environmental pameters such as ecological, climate and geochemical aspects.
Consequently, methodical and systematic field work along with varying preparation,
laboratory techniques are required. Protocols that were used for field sampling and
laboratory techniques weratioduced by Cummingél950, Hagn (1953, Kremp
(1953, MacVicar (1951, 1952, Todd et al.(1966) and are summarized by Green
(2001) in his book with the titlBA manual of practical laboratory and field techniques
in palaeobiolgy. The methods described within this chapter are those that have been
used throughout this thesis. Moreover, all the samples and the studied material in this
work aredeposited at th&useum of GeologyPalaeontologyPalaeoanthropology of

Aristotle University of Thessaloniki.

3.2FIELD WORK

The field work was conducted in the Greek part of the Thrace basin and referred to
a total of eight localities, Didymoticho, Pyea, Avantas, Palagia,Kirki, Maronig
Fanariand Lemnos Islanffom east to west respectively. The stratigraphic sections,
outcrops of these localities were measured and sampled. Additionally, observation
about the stratigraphy, lithology and other macroscopic features were noted during the

field work. Almost all smplesderived from hard, compact carbonate sedimgnts
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therefore they were collected almost at a regular interval om5where possible.
Sampling also occurred where alternations in the lithology or any other kind of changes,
were visible Except for these hard rock samplsampling was conducted from loose
sediments that contained foraminiferal fadram Fanari,Kirki, Pylaea(Fig. 2) and
Lemnos IslandFew samples were provided from KipOape located at the eastern end
of Samothraki IslandSamples were collected from a rstnatified horizon; however,
they were used in order to come up with some preliminary results that can be compared
in terms of age assessment, microfossil content, microfacies analysis and finally
paleoenvironmental condbns to the other studied sectioAstotal number 068 rock
samples and loose sediments were colleftted all localities

More detailed information on the stratigraphy of particular localities is provaled
the chapterbelow.

Figure 2. Field work sampling from Pylaea sectig¢ihhrace)
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3.3LABORATORY WORK

The laboratory work included four different techniques and preparations, based on
the nature of the materialhese are theedimentary thin sections, subsampling and
sieving, heat and cool technique and the orientated thin sectioning of individual

microfossils.

3.3.1 Sediment thin sections

Rock samples from carbonate formations of Didyioho, Pybea Palagia,
Avantas Maronia, Lemnos and Samothraki Islarstsidied in thin sections. Thin
sectioning took place in the specialized laboratory of Department of Minerology
PetrologyEconomic Geology, School of Geology, Faculty of Earth Science of Aristotle
University of Thessaloniki. Rock samples were cut into tmmallel slices with a
diamondcutting wheeland both surfaces were gaiedflat and smoottwith silicon
carbid (SiC) #400 grade and water on an iron pleig. 3), in order tobe examined
under the stereoscope aral delect the appropriate aréa further thinsectioning
Meanwhile,microscopgglass slidesH.0x5.0 cm and 2.5x6.0 grare grinded in order
to make their surface rough so the rock sample can be fixed using epoxy resins.
Afterwards, thenounted on the flass rodhip is slowlytrimmed in thickness with a
thin diamond cutting wheelThen, follows grinding andpolishing with successive
grades of silicon carbid (#600, #800 and #1200) and water to achieve a flat, smooth
polishedsurface of approximately 3m thicknesgFig. 3)where the microfauna can
be visible under the microscope. The sedimentary thin sections were studied and
photographed undemicroscopeZeiss Axioskop 40 with Canon Power Shot A640
camera A total number of64 thin sections were prepared in order to study the
foraminiferal assemblages and to manage a microfacies analysis. The classification and
identification of foraminifera followed that of Loeblich and Tappan 8 98ess(1987,
1998, SerraKiel et al.(1998, Less et al(2011), Less and Ozca(2012, Ozcan et al.
(201Q 2022 and many others.

For the microfacies analysis the meth@dl Dunham (1962), Embry and Klovan
(1972) and Flugel(1982 2009 were followed (analysis of lithology, grain types,

textures and foraminiferal assemblages).
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Figure 3.Sedimentary thin section stages: griding surfaces with silicon carbid (SiC) #400 grade
and water on an iron plateft), polishing with successive grades of silicon carbid and water
on a glass plat@ight), in Lab. ofMineralogy and PetrologyAUTH.

3.3.2 Subsampling and extractiontechniques

The loose sediments from Fanari, Kjrldylaea and Lemnos Islandontained
abundant microand macrofauna that can be studied and analyzed using a binocular
microscope or stereoscope. These samples preparation relying on washing and sieving
the sediment. This technique took place in the specialized laborat@trumitural,
Historical and Applied Geologpepartment School of Geology, Faculty of Earth
Science of Aristotle University of ThessaloniRb0 gr of dry sediment was sievd from
each sampleThey were placed into a suitable container and after theyswsakedn
a solution of water anH>0, (70%). The samplewereleft to soak over the night and
subsequentlyvere washed under tap water usangolumn of Jieves (125, 250, 500
em) (Fig. 4), thus the washed residue was separated in 3 fractionsthet after drying were
stored for further analysisThe faunal richness of the sedimentaswariable
Observation and counting were performed on the whole fracfidre restfractions
were splited into smaller partsLater on, the representative fractions were studied
under the microscope and the microfauna were separated from the sediments. The taxa
obtainedas far as they concerned the small benthic and planktonic foraminifera, were
identified andcounted Nevertheless, for the LBF, the procedure of identification
required the internal morphology to be examined and biometrics had to be applied upon
the equatorial plane. Fordbkereasos, two different techniquewere usegddepending
onthe characteristics of the taxa and the type of preservation.
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Figure 4. Sieving of sample using different sieve fractiongeft), in Lab. of Geologyand
PalaeontologyAUTH. Stage of the first BF sectioningtechniquewhere themicrofossil
is heatedright) in Lab. ofInstitute of Exploration Geoscienceasniversity of Miskolc

The first technique referred to high temperature heating and quenching method and
was used upon LBF taxa that were characterized by a planispiral test that are bilaterally
symmetrical about the equatorial plane, suchNasnmulites Spiroclypeusand
Heterostegina According to this, a number of microfossils were heated on a burner
(Bunsen burner or butane gas burner) until they reached the highest temperature and
after they wereémershedn a container full of cold watéFig. 4) At that time, in some
cases specimens wesplitted across the equatorial platige rest of them that did not
opendirectly, wereopenedwith the help ofpliers. This procedure took place for only

one specimen each time. A total numbeé&gindividualswerebisected

3.3.3 Microfossils thin sectioning

The following method is not commonly fully described in papers and so was
demonstrated to the author by Prof. Ercan O#an IstanbulTechnical University.

The orientated thin sectioning iodividual LBF (Fig. 5)took place when it was not
possible to section the specimens with the prevamssribed techniqudueto their
poor preservation or their haracteristics (orthophragminids whose tests can de
truncated or their equatorial plane was not flat). This technique requicedscope
glass slideswaterproof abrasivpapersandthermoplastic cemerfLexite). Firstly, the
glass slides were grinded with silicon carlp#@d00) and water in order to achieve a

rough surface, where the microfossil can be attached/ mounted using the thermoplastic
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cementThe glass with a small amount of Lexite were placed on a hot plate (temprerate
of 120 ) so the thermoplastic cement coul
Before the cement sets, using a mounted needle, the LBF was manipulated under the
microscope until & equatorial plane orientated parallel to the glass.sAfterwards,

when the cement sets, the specimen was grinded alpasivepaper (#8300, #1200)

until the equatorial plane can be visible under the binocular microscope. Later on, the
glassslide with the specimen wereheatedn thehot plate (temperature of 120) to
remeltthe thermoplastic cement. Then the specimen was turned c@dtacbed to the

glass slide using a needle in order to make sure tisattiachedlat, firmly and without
bubbles. Thereupon, the LBF was grinded until the equatorial plane and the proloculus
could be visible under the microscope. At the end of the procedure, the equatorial plane
was cleanedand then labeled. A total number 246 orientated thin secties of
individual LBFs were prepared.

The last two techniques took place in the Laborator$taictural, Historical and
Applied GeologyDepartment, School of Geology, Faculty of Earth Science of Aristotle
University of Thessalonikiand the Laboratory ofaculty of EarthScience and
Engineering, University of Miskolc.

® b

Figure 5. Oriented thin sectioningrrocessof individual LBF (left) and close up view of
oriented thin sectioifright), Lab. of Institute of Exploration Geosciengédniversity of
Miskolc.

3.3.4 Morphometric measurements oL BF specimens

The small benthic and planktonic microfauna were determined only from the
external features of the tests and imggyy Scanning Electron Micrography (SEM),
used for taxonomical purposes, using the Jeol-88MA microscope of the scanning
microscope laboratory of the Aristotle University of Thessalohikithe LBF prepared
samples are imaged using a digital cam®&®TICAMSG6) attacled on Zeiss Stemi
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305 trinocular microscopand Zeiss Discovery V.8 stereoscdqpeistotle University

of Thessaloniki). Digital photographs were also detiywm Zeiss Imager.A2m
microscopeand Zeiss Discovery.V28tereoscop&University of Miskolc) Images

were calibrated and measurements taken usigMbtic image manager software
Different protocols of measurements were used upon the LBF according to the genus.
Although, for many genera, such @scocyclina, Asterigerinand Operculing only

the measurements of the leryo were taken so that the identification could take place.
For the genera dlummulitesHeterosteginaSpiroclypeusandPellatispiraa protocol

for biometrics, proposed biess (1987) and Les®t al. (2011) was used. In the
following image(Fig. 6), every measurement that took place is shown for eaalsgen

respectively.

Figure 6. Measurement system for megalosphé&iger benthic foraminifera with parameters
for the definition of megalospheric orthophragmines (A, 7 paramebiusymulitegB, 6
parameterskteterosteginandSpiroclypeugC, 4 parametershy Less et al. 2011
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CHAPTER 4. SYSTEMATIC PALEONTOLOGY AND
BIOSTRATIGRAPHY OF THE UPPER EOCENE
LARGE BENTHIC FORAMINIFERA

OF FANARI (THRACE BASIN, GREECE)

4.1INTRODUCTION

The Eocene deposits of the Thrace basin have been the subject of study for plethora
of researchers (e.g., Kopp 1965; Christodoulou 1957) over the decades. Regardless, the
Greek part of the basin remains poorly documented concerning detailed systematic and
biostratigraphical description of Larger Benthic Foraminifera (LBF). Hochstetter
(1870), noted for the first time, nummulitearing limestones in the Greek Thrace
basin (Alexandroupolis and Ferres; East Rhodope), mentioning the Naxomulites
planulata Kopp (1965) also undertook studies on the Eocene foraminifera of this area,
and recognized several genera and species, which were assigned to late Eocene.
According to Kopp (1965), Mountrakis et al. (2006) and Papanikolaou and
Triantaphyllou (2010), thickummulitic limestones (Avas limestones) are displayed in
the Avantas region (western Thrace basin). In the broader Thrace basin (Samothraki
Island) Christodoulou (1957) reported a Priabonian assemblage characterized by
Nummulitessp., N. fabianii Discocylina sellag D. varians Asterocyclinasp.,
Actinocyclinasp.,Operculinasp.,Heterostegina helveti¢&ypsina globulug-abiania
sp.,Asterigerinarotula, Eorupertiacristata Schlosserinap., Textulariasp.,Pyrgosp.,
Triloculina sp.,Nodosariasp.,Robulussp.,Epistominasp., andslobigerina Meinhold
and BouDagheFadel (2009), referred to a nummulitic limestone formation also from

Samothraki Island close to North Aegean coastline, suggesting a late feachne
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Oligocene age based on the presencH.di&abianii, N. striatusPellatispira sp. and
Operculinasp. In accordance, Zagorchev et al. (2010), also noted the occurrence of
Nummulites incrassatusN. cf. fabianii, Spiroclypeus granulosug\sterigerinacf.
lancicula, Haddonia heissigi Fabiania cassis, Heterosteginsp., Glomalveolin2,
Orbitolites sp., Sphaerogypsinap., Gypsinasp., in the limestones of Samothraki
Island. Karageorgiou and Christodoulou (1957) and later Dimou et al. (2021) reported
isolated pecimensNummulites perforatusndAssilina exponens Kirki shales (Greek
Thrace basin), while Papanikolaou and Triantaphyllou (2019) referred to nummulitic
limestones in the southeastern part of Lemnos Island (North Aegean Sea).

The aim of the present study is to provide a revised and completed systematic
description of the LBF from the shallemvarine succession of Fanari (western Thrace
Basin, Greece), mostly based on biometric measurements. In addition, our intention
was to (1) to assess the biostratigraphic age according to the most updated
biostratigraphical scheme of Shallow Benthic Zones (SBZ) ($@elzet al. 1998; Less
et al. 2008, 2011; Ozcan et al. 2022), for the Paleogene of the Neotethys. (2) to describe
the biofaciesand the response of the mieemd macrofauna to environmental changes
during the functioning of a carbonate platform upper foreslope and reconstruct its

paleoenvironmental evolution.

4.2MATERIAL

Despite that several, restricted or not, Paleogene outcrops are exposed in several
localities within the Greek Thrace basin, the present study is focused on two of them,
located 30 km southwest of Komotini city, at the coastline of Fanari villaige 1).
The two selected neighboring outcrops (FAN A, FAN B) that are described here for the
first time, are separated by a normal fault, comprising in general fossiliferous
sandstones and siltstoneBig6. 8A, 9A). The foot wall of the fault exposes eastwards
the lower FAN A outcrop, while the upper FAN B outcrop is exposed westwards on the

hanging wall.
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Figure 7. Geological map of FanafThrace) modifiedafter .G.M.E. (198).

In total 16 samples were collected from two measured outcrops along the coastline
of Fanari village. The outcrops are ratleentinuous, although the actual thickness of
the section could not be estimated due to the occurrence of a normaFigu8A).

Thus, the two outcrops allowed us to obtain a composite section, with the lower part
beingFAN A section, followed by thEAN B section Fig. 9A).

The lower part of the investigated sedimentary succession is exposed in the section
FAN A (latitude 40° 57' 48.40" and longitude 25° 07' 74.16i).(8A). It is estimated
to be around 8 m thick, although due to the difficulty in access, only the first 4 m were
sampled with an interval of 240 cm. Up to 3 m, the section consists of a dark gray in
colour siltstone that finally in the last meter becomegelowish to brown marly
sandstoneHgs. 8C, 10). Eight samples were collected, bdtbm the siltstoneand
sandstone. All of them contained free isolated specimens of LBF, characterized mainly
of abundant nummulitidd=(g. 10).
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-

Figure8. (A) Field photos of FAN A sectio(Fanari, Thraceyith the normal fault separating
FAN B section(located at theight side)from section FAN Allocated at théeft side of the
fault), (B) close up view of echinoids, (C) distribution of samples, (D) close up view of
corals.

32



The upper part of the sampled section FAN-I§.(9A) is located at latitude 40° 57
52.90" and longitude 25° 07" 74.60" and is 6 m thick. Nevertheless, due to dense
vegetation, only the first 4 m were sampled with an interval e8B0m Fig. 9B). It
comprises a bioclastic sandstone that becomes more compact going upwards, with
intercalations of loose siltstone. In total 8 samples were collected, all of them containing

free, isolated tests of abundant and diverse assemblage of LBF, including

orthophragmines, nummulitids and other benthic taxa.

Figure 9. (A) overview of the studied section$ Fanari (Thrace)(B) distribution of samples
of FAN B section, (C) close up view of FAN B section.
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Figure 10. Lithostratigraphic column and distribution of LBF and other fossil groups of Fanari
sections.

4.3METHODS

The investigated specimens were extracted from the sandstone and siltstone
samples after soaking in water ang0(70%) and wet sieving. Even if the specimens
are wellpreserved externally, internally they were infilled and calcified. When
possible, specimens were heated in a Bunsen flame and then quickly dropped in a glass
beaker full of cool water, thus they becaeagiatorially split. Otherwise, thin sections
have been prepared. More than 1000 specimens were elaborated: 246 specimens were
prepared in odgnted thin sections, whereas 685 specimens were bisected. The internal
morphological features were examined under a Zeiss Stemi 305 trinocular microscope,
while specimens were digitally photographed under Zeiss Imager.A2m and Zeiss
Discovery.V20. Morphomey was based on the biometric measurements and counts
that were carried out on equatorial sections of the megalospheric specimens and the
LBF were determined at the specific or subspecific level based on the detailed
biometrical analysis (e.g., Less 198%&ss et al. 2008; Ozcan et al. 2022). Standard
biometric data for nummulitids and pellatispirids are summarized in Tables 1, 2, 3 and 4.
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The identification and description of small benthic foraminifera will be the subject
of further investigation. All studied material is stored at the Museum of Geelogy

Palaeontology Palaeoanthropology of Aristotle University of Thessaloniki.

4.4FORAMINIFERAL DISTRIBUTION

A total number of 37.300 fossils were recovered from the whole sequence, almost
9.000 are small benthic and planktonic foraminifera, around 500 ostracods, fragments
and whole tests of brachiopods, gastropods, bivalves, echinoids, corals and bryozoans
and he rest 27.800 are LBIFif). 11).

The FAN A section is characterized by the high abundanc&uhmulites
(dominated byN. fabiani), few Assiling and rareHeterosteginaand Spiroclypeus
(Figs. 10, 11). The assemblages are exclusively composed HgrrAs of typical
nummulitid species of low energy hydrodynamic regime (Hallock and Glenn 1986).
Bioerosion traces, such as borings and incrustations, are frequent on LBF tests. Apart
from the LBF, this out@p is also characterized by the presence of abundant small
benthic foraminifera (SBF) belonging to Bolivinidae, Vaginulinidae, Cibicididae,
Textulariidae, Nodosariidae and Miliolidae. The LBF assemblage is rich but compared
to the section FAN B, appearssediversified and with lower abundancEsgy(11). In
the uppermost samples, a distinct change in foraminiferal assemidadserved as
the abundance decreases abruptly, with fewer LBF but still plenty SBF, suggesting
transitional environmental conditions. The almost monospecific assemblage of mainly
reticulateNummulitess replaced by the highly diversified assemblage of the following
FAN B section.

The FAN B section presents a diversified assemblage including orthophragmines,
nummulitids (mainly Spiroclypeus carpaticjsand other benthic taxa such as
Pellatispira madaraszandSilvestriella tetraedrdFig. 11). It is worth mentioning that
S. carpaticushows a slightly opposite trend o madaraszialthough both species
present elevated abundances. The assemblage is dominatedroy, Aowever a few
B-forms of Heterosteginaand Pellatispira were recoveredSBF and planktonic
foraminifera are also preseiigs. 9C, 10). The LBF tests are all weireserved apart
from the larger orthophragmines. This event can be characterized as in situ breakage
caused most probably by mechanical compaction.
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Spiroclypeus Pellatispira
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Figure 11 Contents of total LBF and the absolute abundance of the most common taxa.
Nummulitids include the genera BummulitesOperculing AssilinaandHeterostegina

Furthermore, a slight imbrication of the dominating flatten forms has been
observed. These conditions reflect autochthonous tegqpacehthonous accumulations
of foraminifera (BeavingtofPenney 2004; BeavingtdPenney et al. 2006). A clear
increase in watr depth is registered in section FAN B according to the increase in
flattened orthophragmines and increase in lentidulanmulites

The most abundant species &ellatispira madaraszwith 3.809 specimens,
reaching its mass abundance in sample FAN B Hf. (11), and Spiroclypeus
carpaticuswith 3.903 specimens. They were both recovered from FAN B samples
outcrop plus only a few specimens 8f carpaticusfrom FAN A. Its highest
accumulation is found in FAN B 19 sample, showing a slightly opposite treRd to
madaraszi Another worth mentioning fact is th&t. ¢ a r poputatioc in BAN B
outcrop showed an increase (aboute®) in the inner crossection diameter of the
proloculus simultaneously with its massive abundance in sample FANBJL92).

In both sections macrofauna is also presEigs(8B and O 13). It is represented
by both regular and irregular echinoids (whole tests, spicules and fragments), corals
(solitary and fragments of colonies), bryozoans, bivalves and gastropods (whole tests,

fragments and cast®erpuloid bioconstructions, ostracods and fish bones.
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Figure 12 Distribution of Spiroclypeugpopulation from Fanari area (mean values at the 68%
confidence level corresponding to 1 s.e.) on thé(Proloculusdiameter versus the number
of undivided postembryonic chambers) bivariate plot (X is on a logarithmic scale) with the
specific subdivision of Eocer&piroclypeusinformation on localities in Turkey and Europe

was given by Less and Ozcan (2008), Ozcan et al. (2010), Less et al. (2011), and Yiicel et
al. (2020).

Figure 13. A-B: Brachiopod, C: Bioerosion onNummulitegest, D: fragment oPectnidae
valve, E: gastropod, F: fOstegvae.nt of an echino
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4.5SYSTEMATIC PALEONTOLOGY
The systematic description of stratigraphically important groups such as
orthophragmines and nummulitids (e.leterosteginaSpiroclypeusndNummulitey
and other benthic foraminifera suchRallatispira madarasziSilvestriella tetraedra
Sphaerogypsina globuluand Fabiania cassisare given below. In this study,
comprehensive data carried out of the biometric analyses of these taxa is also presented.
The identifications (description and conducted measurements) are based on Cole
(1970), Hottinger (1977), Schaub (1981), Ferranda@adell and Sernidiel (1992),
Papazzoni and Sirotti (1995), Ferrandeafiadell (1998), Less et al. (2008, 2011), Less
and Ozan (2008, 2012), Ozcan et al. (2010, 2016, 2018, 2019, 2022), Ali et al. (2018),
Zakrevskaya et al. (2020) and Yducel et al. (2020). Specifically, the determination of
Nummulitesand Pellatispira is based on the morphometric method described by
Drooger (193), whereas fdrleterosteginandSpiroclypeusit is based on the method
described by Drooger and Roelofsen (1982), modified by éeat (2008) and Less
and Ozcan (2008). As concerns orthophragmines, the principles used by Less (1987,
1993, 1998) and Ozcan et al. (2022) are adopted. For the genAssilifia and
Operculinaonly the internal crosdiameter of the proloculus (P) was measured. All
the parameters and the biometric data are explained and summarized in Tables 1, 2, 3
and 4.

Phyllum FORAMINIFERIDA Eichwald, 1830

Family NUMMULITIDAE de Blainville, 1827

GenusNummulited amarck, 1801

This genus (the only one, found in the whole section except for the uppermost
samples of the sectionFAN B 20, 21) is represented by reticulabdutnmulites
fabianii), radiate N. budensis N. incrassatus N. chavannesiN. stellatu$ and
granulatedl. garnierj forms. Among thenN. budensisindN. stellatusare described
for the first time from the Greek peninsula. All the species were morphometrically
analyzed (Table 1). Since except Nf garnieri the other species were recently
described by Less (1999), Ozcan et al. (2010), Less et al. (2011), Zakrevskaya et al.
(2020) and Yiucel et al. (2020), a more detailed description of these five taata is n

given below.
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Nummulites budensisiantken 1875

Plate 1, figure J

1875Nummulites budensidantken p. 74, pl. 12, fig. 4.

2020 NummulitesbudensisHantken Zakrevskayaet al., p. 290, fig. 15n (with
synonymy).

Material: In the study area, only three specimens were recovered, one of them
belonging to FAN B 18 and the other two to FAN B 21 sample respectively, although
only in one specimen morphometric measurements were possHitgmB of N.
budensiave not yet found in the Fanari material.

Description:The A-forms of this small, flat, radiate taxon are characterized by very
small proloculus and very narrow and high equatorial chambers, straight in the lower
part, however strongly arched in the upper part. The single species that its preservation
allowedmeasurements reaches 1.6 mm in diameter and its proloculus measures 89.7
em (Table 1).

Stratigraphic rangeAccording to Less et al. (2011), the biostratigraphimge of
this species refers to SBZ-P9 (Fig. 14).

Nummulites chavannesie la Harpe 1878

Platel, figure G, |

1878Nummulites chavannede laHarpe, p. 232 (nomen nudum).

2011 Nummulites chavannede la HarpelLesset al., p. 830, fig. 39 v,-x, A, B
(with synonymy).

2020Nummulites chavannede la HarpgZakrevskayaet al., p. 919, fig. 14g.

Material: This species is recovered mainly from FAN A section and one specimen
from FAN B 16 sample. Borms have nobeen found yet in Fanari.

Description: The Aforms of this radiate taxon with a distinct umbo are
characterized by moderately small embryon, moderately loose spiral and moderately
arched, relatively high chambets.our material, the diameter of the test ranges from
2.8 to 3.1 mm and the mean inner proloculus diametgfa(R9 is 176.5£9.1em
(Table 1).

Remarks:From the Greek territory, Christodoulou (1965) documenitiedtf.
chavannesfrom ThessalonikJannitza area (photos of equatorial and axial sections),

and laterjn 1967 he also reportddummulitesaff. chavannes(externalphoto) from
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Karpathos Island. Barattolo et al. (2007), sign&ledhavannesrom Mount. Klokova,
but without providing any illustrations.

Stratigraphic rangeSerraKiel et al (1998), suggested a late Bartonian to
Priabonian age (SBZ 130) for the stratigraphic range Nf chavannes{Fig. 14).

E OCENE
middle late
B_arto— Priabonian
nian
Shallow Benthic zones 17 18 19 20
(SBZ) AlB|C|A|B
«w |N. fabianii L
éf N. incrassatus — =
g N. chavannesi - —
& |N. budensis 2
§ N. stellatus
N. garnieri <

Operculina ex gr. gomezi¢
Assilina alpina
Heterostegina gracilis
H. reticulata *
Spiroclypeus carpaticus
Pellatispira madaraszi *
Silvestriella tetraedra ¢
Discocyclina euaensis ¢
D. radians labatlanensis ¢
D. dispansa umbilicata *
D. augustae t
Asterocyclina stella stellaj<
A. alticostata danubica *
A. stellata stellaris ¢
Orbitoclypeus furcatus [<
O. varians cf. scalaris |«

I

++++++++++—.—l——o—l~l—+++-¢—+—o y

Figure 14. Range chart of biostratigraphically significAiBF species, based on SeK&el et
al. (1998) Less (1998) and Less et al. (2011).
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Nummulites fabianii(Prever in Fabiani 1905)

Plate 1, figures KP

1905Bruguieria fabianiin. sp. Peverin Fabianj p.1805, 1811.

1998Nummulites fabiani{Prever in Fabianj}Papazzonip. 165, 168, pl. 1, figd-

15, pl. 2, figs 115 (with synonymy).

2010Nummulites fabiani{Prever in Fabianj)Ozcanet al., p. 65, figs. 3tk

2011Nummulites fabiani{Prever in Fabianj)Lesset al., figs. 372M.

2020Nummulites fabiani{Prever in Fabianj)Zakrevskayaet al., p. 922, 924, figs.
16w-D, 17, 18b, 18c.

Material: N. fabianiioccurs in the whole Fanari sequence except samples FAN B
20-21.

Description:The A-forms of this taxon with heavy reticulation have medisized
embryon, regular spire and almost isometric chambEns. mean inner diameter
(Pmeanzs.9.is 214.6£3.2m and 215.8+ 4.7 for FANB and FANA respectively (tégt
8, Table 1). Bforms of this species are very seldom in our matekiadording to Less
et al. (2006), Ozcan et al. (2009, 2010), Less et al. (2011) and Zakrevskaya et al. (2020),
the mean inner cross diameter of the proloculugFP200-300 um) distinguishes
Nummulites fabianiirom its ancestof\N. hormoensisvith Pmea<200 um (see alsBig.

15), within thefabianii lineage (sensu Schaub, 1981).

Remarks:n the study area\. fabianiiis the most abundant nummulite species,
detected from the whole sequence of Fanari and presented in almost all samples. On
the other hand, it is the most abundant species found in the material from FAN A. In
these samples, some individuals present grararighe test surface and, also a distinct
umbo. Nummulites fabianiwas previously reported from the Greek Thrace basin
(Christodoulou 1957; Kopp 1965; Zagorchev et al. 2010; MeinanttBouDagher
Fadel 2009), from Thessaloniannitza area (Christodawl 1965; Mercier 1960) and
representatives of the group were reported from other Greek localities, such as Gavrovo
unit (Barattolo et al. 2007), Tripolis unit (Florida 1932; Thiebault 1982), Pindos unit
(Dalloni 1923; Dimou et al. 2021) and lonian unitrfi2iu et al. 2021). These previous
works, however, excepor Christodoulou (1965), not accompanied by figures in most
cases.

Stratigraphic rangeAccording to Less et al. (2011, fabianiiranges in the SBZ
19-21 interval Fig. 14).
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Figur 15. Distribution of populations of thllummulites fabianiiineage (with their proposed
specific subdivision by Ozcan et al. 2010) from Fanari and other localities from the Western
Tethys (mean values at the 68% confidence level corresponding to 1 s.e.) dn(ihad?
cross diameter of the proloculus versusrage length of chambers in the third whorl)
bivariate plot. For localities other than Fanari see Less and Ozcan (2012).

Nummulitesgarnieri de la Harpe in Boussac 1911

Plate 1, figure €5, X

1911Nummulites garnierile la Harpen Boussagp. 56, pl. 1, figs. 12, 14, 16, 18
20, pl. 2, figs. 10, 11, pl. 3, figs:-BL, pl. 4, fig. 5, pl. 5, figs. 1, 113.

1973Nummulites garnieri garniede la Harpén BoussagHerbel& Hekel p. 440,
figs. 27-29.

1975Nummulites garnieri garnierile la Harpen BoussagHerbel& Hekel, pl. 3,
figs. 812.

1981 Nummulites garnierde la Harpe in Boussa€chaub, p. 153, pl. 52, figs. 9
27, table 150 (with synonymy).

Material: N. garnieriis reported only from samples of section FAN A where only
A-forms were found.

Description:Externally, the test is small, lenticular with rounded periphery. The test

surface shows heavy ornamentation, such as granules and filaments. The granules are
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distributed over the filaments and around the umbo. Internally, in equatorial section,
the proloculus is spherical and small and is followed by a deuteroconch of almost the
same size and shape. Tinean inner diameter of the proloculus¢fR:s.d. is 82.5+3.0

em (Table 1)The septa are almost straight to slightly inclined, forming subrectangular
chambersThe thick spiral lamina is growing progressively.

Remarks:The most detailed description of this species can be found in Herb and
Hekel (1973, 1975). They distinguished two subspecids¢. gfarnieri (N. g. garnieri
andN. g. inaequaliy among which the Fanari specimens correspond to the first one.
This species has been previously reporteibycier (1960) an€hristodoulou (1965)
from the Thessalonikiannitza area but only with external illustrations.

Stratigraphic rangeéAccording to Less et al. (2011), tNemmulitegarnieri-group
distribution refers to SBZ 120 (Fig. 14).

Nummulitesincrassatusde la Harpe 1883

Plate 1, figures A-

1883Nummulites Bouchetxiar.incrassatade la Harpe p. 179, pl. 7, fig 53a.

2011Nummulites incrassatae la Harpe; Less et al., p. 823, figs.-B@aith synonymy).

2020Nummulites incrassatude la HarpgZakrevskayaet al., p. 917, figs. 14z.

Material: Nummulites incrassatdsom Fanari was found abundantly in the FAN B
section, whereas rarely from FAN A.

Description:The Aforms of this mediunsized radiate taxon (usually with umbo) is
characterized by small to meditsized proloculus, evenly coiled spiral and slightly
arched, more or less isometric chambers. The diameter offtirenAest shows variation
ranging from 1.5 to 3.8 mm whereas the diameter of very réoents can reach 13 mm.
Themean inner crosdiameter of the proloculus {Binzs.d. is 213+4.&m (Table 1).

RemarksN. incrassatusvas reported from many localities in Greece (Barattolo et
al. 2007; Zagorchev et al. 2010; Brunn 1956; Aubouin et al. 1958; Mercier 1960),
however lacking in most cases any illustration.

Stratigraphic rangeSerraKiel et al (1998), indicated a late Bartonian to Priabonian
age (SBZ 180) for this speciedHg. 14).
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Table 1. Statistical data oNummulitespopulations.” : number of -stapdard i men s,
error.

Number of post-

Inner cross-diameter of the Outer diameter of the embryonic chambers Index of spiral opening 3.
Parameters proloculus first two whorls T ——— whorl vs. 3 whorls
P(um) d(um) E K=100*(D-d)/(D-P)
Taxon Sample Ne |range meants.e. |Ne |range meanzs.e |[Ne |range|meants.e. |Ne |range meanzs.e.
FANB 18
g0 39
g g 1 89.7 1 1615 1 1 36.76
52
=
- Eﬁzgigm 11| 119-240 176.549.1 | 11 [ 825-1117 | 958+27 |11 |22-33| 30.18£0.95 | 11 | 36-50 | 43.73x1.14
§ FANB 16 1 118.9 1 895 1 22 1 4211
% FANA 3 6 169-240 186.749.9 | 6 [825-1040 | 948435 | 6 |29-33| 31.00£0.62 | 6 |36.1-50.2 | 43.48+1.90
= FANA 6 4 141205 | 175.8412.9 | 4 | 859-1117 | 987447 | 4 |27-33| 31.00+1.17 | 4 | 41.5-48.5| 44.52+1.49
E@L\Ig‘; 18-3;4 97 | 134-295 | 214.6+£3.9 |97 |962-1736 | 1251+14 | 95 |14-28| 19.81+0.22 | 92 | 29.5-37.7 | 34.34+0.29
FANA 1 15| 134-276 202.649.9 | 15|992-1395| 1238+28 | 15 (17-24| 19.33+0.47 | 13 | 31-40.1 | 34.44+0.69
FANA 3 19| 152-264 218.748.6 | 19| 962-1540 | 1237434 | 18 |14-25| 19.78+0.54 | 17 | 29.4-39.8 | 33.66+0.67
FANA 4 13| 168-269 | 220.348.4 |13 [1106-1462| 1279431 | 13 [18-23| 20.69+0.51 | 13 | 30.4-36.7 | 33.96+0.48
FANA 5 1 273.6 1 1439 1 20 i 30.71
) FANA 6 36| 143-295 206.9+6.8 | 36 | 967-1460 | 1236+21 | 35 [14-23| 19.20+£0.34 | 36 | 29.7-42.3 | 34.61+0.51
§ FANA 8 5 172-264 | 229.0+14.7 | 5 (1068-1736(1284+104| 5 [19-28| 22.40+1.40 | 5 | 30.9-38 | 34.87+1.02
g FANA 9 8 | 203-282 245.5+9.1 | 8 |1039-1449| 1291+41 | 8 |18-23| 20.38+0.61 | 8 | 31.9-41.4 | 35.87+1.05
FANB15-19 | 35| 162-274 215.8+4.7 | 35 |1002-1635| 1262+24 | 35 [13-30| 21.86+£0.58 | 35 | 22.4-42.0 | 33.42+0.59
FANB15 6 174256 | 210.2+10.2 | 6 |1019-1404| 1237447 | 6 |22-26| 23.17+0.60 | 6 | 30.6-39.3 | 34.17+1.07
FANB16 8 162-254 227.0+1.8 | 8 |1087-1420| 127643 | 8 [13-21| 17.63+0.58 | 8 | 26.2-42 | 34.49+0.73
FANB17 v/ 166-274 | 207.5+12.7 | 7 |1050-1254( 1176+24 | 7 [18-25| 21.60+£1.00 | 7 | 31-37.1 | 34.12+0.67
FANB18 11| 170-244 220.8+6.6 | 11 |1002-1635| 1352+49 [ 11 |21-30| 24.45+0.80 | 11 | 22.4-35.5 | 31.01+1.01
FANB19 3 174-226 | 197.7+¢12.3 | 3 [1108-1174| 1142416 | 3 |21-22| 21.67+0.27 | 3 | 35.4-37.2| 36.31+0.44
FANA 1+3+4 [ 13| 62-102 82.5+3.0 | 13| 530-700 | 585+14 |12 |19-26| 23.00+0.55 | 13 | 32.1-44.8 | 38.38+0.96
:§ FANA 1 6 67-96 83.8+3.7 | 6 | 530-700 | 605+26 | 6 |19-25| 22.33+0.87 | 6 |32.2-43.8 | 36.76+1.48
S’ FANA 3 2 69-102 85.6+11.5 | 2 | 552-588 | 570+13 | 2 (25-26| 25.50+0.35 | 2 | 35.6-40 | 37.83+1.56
= FANA 4 5 62-92 79.8445 | 5 | 534-621 [569+14.9 | 4 |22-23| 22.75+0.22 | 5 | 38.2-44.9 | 40.54+1.05
FANB15-21 (79| 125-312 213.044.8 | 79 | 872-1797 | 1291+23 | 74 (15-33| 23.85+0.47 | 79 | 30.4-46.6 | 37.86+0.32
FANB 15 5 137-187 153.6+7.7 | 5 [1024-1221 1075433 | 5 [18-30| 23.20+1.73 | 5 [ 38.5-41.2| 39.96+0.48
U, FANB 16 8 137274 | 209.5+14.4 | 8 |1031-1582| 128356 | 7 |20-31| 23.86+1.33 | 8 | 36.5-40.6 | 37.85+0.47
§ FANB 17 8 190-312 | 238.0+14.2 | 8 (1064-1312[ 1166+33 | 8 [18-27| 22.25+1.03 | 8 | 34.7-40.6 | 37.98+0.65
g FANB 18 12| 175-276 223.4+9.2 | 12|994-1684 | 1345+53 | 11 |20-33| 26.91+£1.02 | 12 | 33.5-46.6 | 38.46+0.98
; FANB 19 28 [ 123-291 204.747.7 |28 |873-1541| 1219+30 | 27 [15-30| 21.56+0.60 | 28 | 30.4-43.6 | 38.27+0.58
FANB 20 9 169-277 | 232.8+12.4 | 9 |1209-1764| 153645 | 8 |22-32| 28.25+1.01 | 9 | 33.5-38.7 | 35.63+0.48
FANB 21 9 149-276 | 218.7+13.5 | 9 |1066-1797| 1437+66 | 8 |19-29| 25.00+1.21 | 9 | 31.6-40.9| 36.71+0.93
FANB 16+18| 2 43-45 44.2+0.7 | 2 | 487-636 | 562453 | 2 21 2 |42.3-46.7 | 44.47+1.54
= ;% FANB 16 1 45.2 1 636 1 21 1 42.28
% FANB 18 1 43.3 1 487 1 21 1 46.65
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Parameters

Third whorl

average length of chambers

Average shape of chambers

Relative width of the spiral cord

L=d*1r/N (um)

F=100%(D-d)/(D-d+2d*T/N)

m=100%(D-M)/(D-d)

Taxon |Sample Ne| range | meants.e. |Ne[ range meants.e. | Ne range meants.e.
FANB 18
s g 1 2037 | 1 6851 | 1 2153
£ 3
=
. B ec® 11| 105162 | 1298149 |11| 64176 | 6996£105 11| 179364 | 2461151
§ FANB 16 7 1495 |1 6537 | 1 27.28
£ [FANA3 6 | 105-162 | 1269270 | 6 | 641748 | 69.74t139 | 6 | 170365 | 24272237
2 FANAG 4| 116136 | 1292841 | 4 | 68776 | 7144£147 | 4 | 199308 | 24.44x2.04
Earseo 91| 179306 | 244.56:2.9 |90| 442612 | 52506038 |92| 189507 | 33.98:066
FANA 1 13| 200288 | 247975 13| 46593 | 52361083 |13| 204507 | 40.30194
FANA 3 17| 179205 | 243372 17| 442-50.2 | 51008086 |17| 231386 | 31.501.13
FANA 4 13| 218-305 | 250976 [13| 465-50.7 | 5203£0.96 |13| 18.9467 | 34.10£2.18
FANA 5 1 2497 | 1 5083 | 1 37.61
_ [FANAS 34| 205306 | 2432t44 | 34| 46.6608 | 52512061 |36| 22946 | 33.12£0.82
E FANA 8 5 | 202265 | 2252395 | 5 | 539560 | 55.06:047 | 5 | 269371 | 32.00:187
S [FANAS 8 | 187-285 | 248.4512.21 | 8 | 456612 | 54.10£168 | 8 | 22.01-409 | 33.70:1.82
FANB15-19 | 35| 146-340 | 21607473 |35| 43668 | 5498101 |35| 215608 | 35.73:1.28
FANB 15 6 | 184252 | 2143295 | 6 | 501624 | 5536£160 | 6 | 215437 | 36892308
FANB 16 8 | 197340 | 2408227 | 8 | 46.1620 | 5348:071 | 8 | 203608 | 38.33:157
FANB 17 7 [ 162276 | 2042131 | 7 | 448608 | 55356189 | 7 | 254424 | 33.22:223
FANB 18 1| 146302 | 219x15.1 | 11| 43668 | 53.95:2.23 |11| 27.2527 | 34.39:2.02
FANB 19 3 [ 164175 | 1707227 | 3 | 59.1629 | 61472091 | 3 | 337428 | 37.23£2.30
FANA1+3+4 [ 12| 90-130 | 107.1£33 |12 51.1-66 | 5932:137 13| 27.6482 | 3781£1.60
§ [FANAT 6| 90130 | 1127249 | 6| 51166 | 57.14t207 | 6 | 27.7465 | 36.02:269
5 |FANAS 2| 91101 | 959t35 | 2 | 552655 | 6041363 | 2 | 332409 | 37.0722.72
= |Fanaz 4| 95112 | 1043:34 | 4 | 614631 | 62031033 | 5| 363483 | 40.26:191
FANB 1521 |74 | 123326 | 1953132 |73| 53.7-732 | 62582049 |79| 18.950.1 | 33.16£0.80
FANB 15 5 [ 174226 | 196.9:7.6 | 5 | 58.9653 | 60.92£1.00 | 5 | 18.0454 | 35.33:4.27
. [FANBT6 8 [ 123228 | 1949131 | 7 | 53.7-732 | 63231207 | 8 | 322501 | 39.13:2.18
5 [FANB 17 8 | 184242 | 204x72 | 7 | 55638 | 58274112 | 8 | 235424 | 20942203
é FANB 18 11| 170210 | 186943 [ 11| 59.2-68.8 | 64041098 |12| 203408 | 31.96£2.00
Z [FANB19 27| 149246 | 1915:48 |27| 552715 | 62.08:073 |28| 180474 | 33.36:1.18
FANB 20 8 | 163200 | 189.2:58 | 8 | 634670 | 6576:046 | 9 | 21.1-36.2 | 29.17:187
FANB 21 8 | 175:326 | 21626162 | 8 | 54870 | 6208158 | 9 | 222459 | 34472237
FANB 16+18 | 2 | 102123 | 127475 | 2 | 63.7656 | 64.62:066 | 2 | 17.0321.14 | 19.08£1.54
:“% FANB1S 1 12330 | 1 6370 | 1 17.03
2
Z |[FANB 1S 1 10207 |11 6555 | 1 21.14
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Nummulites stellatufkRoveda 1961

Plate 1, figure H

1961Nummulites stellatuRovedap. 181, pl. 15:14, pl. 17: 7, 11, pl. 19: &xtfigs. 1213.

2011Nummulites stellatuRovedalesset al., p. 829, fig.39tX (with synonymy).

2020Nummulites stellatuRoveda Y ucelet al., p. 102, figs 15iE.

2020Nummulites stellatuRoveda Zakrevskayeaet al., p. 921, fig. 15m.

Material: Only two A-forms of Nummulites stellatuare recovered from samples
FAN B 16 and 18 respectively.

Description: This small radiate form is characterized by very small proloculus,
regular spire, and nearly isometric chambers bordered by strongly archedsbaybdzl
septa. The diameter of the test ranges from 2.2 mm to 3.2 mm and mean inner cross
diameter of the @loculus (Rhean:s.g. is 44.2+0.&m (Table 1).

RemarksThis taxon is described for the first time from Greece.

Stratigraphic rangeAccording to Less et al. (2011) and considering the shift of the
Bartonian/Priabonian boundary by Agnini et al. (2011), its distribution range fills the
entire Priabonian, SBZ 18B0 (Fig. 14).
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equatorial sections: 1 mm
3 I

external views: 2 mm

PLATE 1. A-F Nummulites incrassatwde la Harpe 1883, A, FAN B 20.4; B, FAN B 21.6; C,
FAN B 16 (micropaleontological slidg/3,4) D, FAN B 20.8; E, FAN B 15.20; F, FAN B
17.9 G, | Nummulites chavannesdie la Harpe 1878, G, FAN A 6.1; I, FAN A 3.8
Nummulites stellatuRoveda 1961, FAN B 16.20 Nummulites budensidantken 1875,
FAN B 18.4 K-P Nummulites fabianii(Prever in Fabiani 1905), K, FAN B 16
(micropaleontological slidg/3,3);L, FAN A 9.3; M, FAN B 18.1; N, FAN A 6.1; O, FAN
A 6.4; P, FAN A 6,12Q-S, X Nummulites garnierde la Harpe in Boussac 1911, Q, W,
FANA1.4;T,U FANAL15;RS,V, FAN A 9(micropaleontological slidg/2,5); X, FAN
A 6 (micropaleontological slid&é/3,1) All A-forms. A, B, C, K, L, R, S, V, »xternal
views,D, E, F, G, H, |, J, M, N, O, P, Q, T, U,"4fuatorial sections.
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GenusHeterosteginal 6 Or bi gny 1826

The Eocene representatives of this genus from the Neotethys have recently been
revised by Less et al. (2008), therefore be®wnotpresentdtheir detailed description.
Heterosteginahas been previously reported from the Eocene of Greece (e.g.,
Christodoulou 1963ylercier 196(. Two species were determined from the material of

the whole section, however only a few specimens were recovered.

Heterostegina gracilidHerb 1978

Plate 2, figure €~

1978Heterostegina gracilislerb, p. 761762, figs.31-34, 37.

2008 Heterostegina gracilisderly Lesset al., p. 338, 341, figs) 1 15L-V (with
synonymy).

2020Heterostegina graciliglerb; Ycelet al., p. 11, 12, figs 9A, B, 11K.

Material: A few specimens dfl. graciliswere recovered from samples of the FAN
B section, and only three from samples FAN A 3 and 6.

Description:This taxon is easily recognizable due to (i) the presence of granules on
the test surface, (ii) large embryon, (iii) very loosely coiled spiral with densely spaced
and strongly arched chambers subdivided into small chamberlets is described here for
the first time from GreeceThe mean inner diameter of the proloculus.éfzs.¢. is
221.5+ 10.5em. The number of postembryonic undivided chambers (parameter X) is
2 and the number of chamberlets in chamber 14 (parameter S) is up to 24.

Stratigraphic range4. gracilishas a narrow stratigraphic range in the SBZ 20 Zone
(Herb 1978; Less et al. 2008iq. 14) pointing to the latest Priabonian.

Heterostegina reticulatdritimeyer 1850

Plate 2, figure AB

1850Heterostegina reticulat®utimeyer p. 109, pl. 4, 61.

Material: Heterostegina reticulataappears with only a few specimens in the
samples FAN A 6 and FAN B 15.

Description:The biometric data derive from one thin section; the diameter of the
proloculus is 118.8m and the number of postembryonic undivided chambers
(parameter X) is 1 (Table ZBecause of the lack of sufficient number of specimens for
statistical evaluation, the very few specimens cannot be attributed to any subspecies of

H. reticulatadefined by Less et al. (2008). The very low value of operculinid chambers
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(X=1) in the Fanari material suggests, however, an advanced subspécies,

mossanenesis H. r. italica, both characteristic for the SBZ-P® Zones.

Remarks:This species has been previously reported from the Greek territory by

Accordi et al. (1998) from Cephalonia Island and from Zakynthos Island by Barattolo
et al. (2007), although not illustrated.

Stratigraphic rangeAccording to Less et al. (2008), reticulataranges from SBZ
18B to SBZ 2(Fig. 14), which in the interpretation of Agnini et al. (2011) corresponds

to the entire Priabonian

Table 2. Statistical data oSpiroclypeus carpaticus, Heterostegina gracdlisdH. reticulata
B n ustabdard error f

popul ations.

speci mens,

N Inner crgfsi)igmier of the | Outer diam‘f’:]e;r;)sf the first twol Nurr;)?_:h%ftg%j:gﬁ%omc Numflzirn(g;t;:n;::;e;:rin the
chambers
P(um) d(um) X S
Taxon Sample Ne [range meants.e. |Ne [range meants.e. |Ne [range |meants.e. |Ne [range meants.e.
FANB 1618 | 97 | 91-221 145.742.5 (96| 518-1771 1232430 | 87| 02 1.17£0.04 | 90 3-8 5.41x0.09
FANB 16 37| 103199 | 145.6+3.8 | 37| 5181591 1059+57 | 34| 1-2 1.15£0.06 | 35 37 5.20+0.16
é FANB 17 19| 91221 149.146.3 | 19| 909-1771 1341£51 | 18| 1-2 1.22¢0.10 |18 56 5.44+0.12
% FANB 18 41| 95210 | 1442439 | 40| 10491745 | 1342425 |35| 02 1.17£0.08 | 37 48 5.59t0.16
§ FANB 19-21 | 73| 105244 162+3.2 | 73| 9362107 1500¢56 | 60| 1-2 1.23£0.055 | 62 48 5.91+0.13
;i% FANB 19 23| 109220 | 166.4:5.8 |23 | 9362107 1462467 |20 1-2 1.15:0.08 | 20 58 6.15:0.25
‘E-). FANB 20 35| 105211 | 159.2442 | 35| 1104-1845 | 1444426 | 28| 1-2 1.26£0.08 | 30 58 5.95t0.16
FANB 21 15| 127-244 161.88 15| 1037-2101 144379 |12 1-2 1.33+0.14 |12 58 5.92¢0.28
FANA 6 1 1256 1 805 1 0 1 5
FANB
16+19+20¢2 | 9 | 168269 | 221.5¢10.5 | 4 | 14462187 | 1949134 | 8 0-2 0.71£0.23 | 4 8-24 14.00+3.08
1
FANB 16 6 | 168269 | 224.9:14.1 | 1 2187 5| 02 0.60£0.25 | 2 10-14 12.00+1.42
FANB 19 1 186 1 1911 1 1 1 8
2 FANB 20 1 236 1 1749 1 1 1 24
é FANB 21 1 238 ;| 1446 1 1
% FANA 3+6 3 | 203283 | 233+206 | 1 1361 1 0.00 1 6.00
% FANA 3 | 283.3 1 1361 1 0.00 1 6.00
i FANA 6 2 | 203214 | 208.1+3.9
retig;lata FEAR 1 118.8 1 1.00
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GenusSpiroclypeudouvillé 1905

The Eocene representatives of this genus have recently been revised by Less and
Ozcan (2008), therefore haeenotpresenedtheir detailed description. All specimens
from Fanari belong t8. carpaticugthe more advanced species of the genus), described
and measured for the first time from Greece (Table 2). Abundant number of specimens
were recovered mainly from the upper part of the section, however only very few
specimens were collected from the lowart, too. This genus from Greece was earlier
repored (with no internal illustration and morphometric data) from the Gavrovo
Tripolis unit by Fleury (1980), from Thessalonrikannitza area by Mercier (1960),
Cephalonia by Hagn (1958) and from Zakynthos Island by MifRexipopolou (1975).

Spiroclypeus carpaticugUhlig 1886)

Plate 2, figures &

1886Heterostegina carpaticblhlig, p. 202202, pl. 2: 14, 15, fig. 10.

2008Spiroclypeus carpaticudJhlig); Less& Ozcan p. 312313, figs. 7R, S, U, Z,
7AA-AD (with synonymy).

2020Spiroclypeusarpaticus(Uhlig); Yicelet al., p. 18, figs 9E, 13AM.

Material: S. carpaticusvas retrieved from almost the whole section FAN B, and
samples FAN A 6 to 9. However, only one specimen was measured from FAN A.

Description:Based on the morphometry, an increase in the proloculus size was
detected leading to the subdivision of the population of FAN B outcrop into two groups.
Fanari 1 (samples FAN B 1B) where the mean inner cross diametetedRs.d.is
145.7+2.%em and Fanari 2 (samples-22) where it is 162+3.2m (Fig. 12). The mean
number of postembryonic chambers (parameter X) hganX1.17 and Xear1.23
respectively (Table 2).

Remarks: This species is the second most abundant one in the material of FAN B
and a total number of more than 3.000 specimens were collected. On the other hand,
only few specimens were recovered from FAN A, which preservation did not allow
morphometricaimeasurements. It occurs in large numbers in samples FANIH,16
and then in FAN B 18 it decreases. Upsection, in sample FAN B 19 it shows abrupt
increase, reaching its mass abundance with 1659 specimens and then decreases again

dramatically.
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Stratigraphic range: These values unequivocally sep@rai@paticuslefining the
late Priabonian SBZ 20 Zone (LemsdOzcan 2008) from the less advan&dirottii
characteristic for the middle Priabonian SBZ 19 Zdhe. (14).

PLATE 2. A-B Heterostegina reticulat&Ritimeyer 1850, A, FAN A 6.1; B, FAN B 16
(micropaleontological slid&/3, 10) C-F Heterostegina gracilisglerb 1978, C, FAN B 16
(micropaleontological slidg/3,9); D,FAN B 19.7; E, FAN A 6.19; F, FAN B 16.2G-L
Spiroclypeus carpaticudJhlig 1886), GFAN B 16 (micropaleontological slid2/3,9); H,
FAN B 18.28; I, FAN A 6.2; J, FAN B 16.20; K, FAN B 16.21; L, FAN B 18.R4-P
Pellatispira madarasz{Hantken 1875), M, FAN B l1énticropaleontological slidg/3,8);
N, FAN B 16.7; O, FAN B 18.4; P, FAN B 21.1Bparto fromF which is -B-form, ahe
rest aréA-forms. B, C, G, HM-exterral viewsandA, D, E, F, I, J, N, K, L, O, Requatorial
sections.
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